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Association of physical activity and vitamin D deficiency with cognitive impairment in older adults: a population based cross-sectional analysis
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Objectives: The global aging situation is becoming increasingly critical and cognitive impairment in the elderly has become a public health burden of concern. Physical activity (PA) and vitamin D may play a key role in improving cognitive impairment. However, little studies have examined the interaction between these two. The purpose of this study was to assess the association of PA and vitamin D with cognitive impairment in older adults, as well as the interactions of PA and vitamin D.

Materials and methods: This study was conducted by multi-stage random sampling of elderly people ≥60 years old, and a total sample of 2,492 (1,207 male and 1,285 female, mean age of 69.41 ± 6.75 years) with complete data was included in the analysis. PA was assessed by the Global Physical Activity Questionnaire, and < 600 MET-min/week was used as the division criteria. Serum vitamin D was measured by high-performance liquid chromatography tandem mass spectrometry, and 25-hydroxyvitamin D2/D3 concentration < 20 ng/mL was used as a vitamin D deficiency criterion. Cognitive function was assessed by three subtests: the Consortium to Establish a Registry for Alzheimer’s disease word learning test (CERAD-WL) for immediate and delayed learning, the Animal Fluency Test (AFT) for verbal fluency; and the Digit Symbol Substitution Test (DSST) for information processing speed and switching attention. All three subtests were scored at less than the lowest quartile of the score as a criterion for cognitive impairment. Statistical analysis was performed using SPSS for chi-square test, rank sum test, interaction analysis, subgroup analysis, and regression analysis.

Results: Lower level of PA is associated with higher odds of cognitive impairment (CERAD W-L: OR = 1.596, 95% CI: 1.338–1.905, p < 0.001; AFT: OR = 1.833, 95% CI: 1.534–2.190, p < 0.001; DSST: OR = 1.936, 95% CI: 1.609–2.329, p < 0.001). Vitamin D deficiency has significant effects in AFT (OR = 1.322, 95% CI: 1.103–1.584, p = 0.003) and DSST (OR = 1.619, 95% CI: 1.345–1.948, p < 0.001). After adjusted for covariates, PA and vitamin D have multiplicative interaction on AFT (OR = 0.662, 95% CI: 0.448–0.977, p = 0.038) and DSST (OR = 0.775, 95% CI: 0.363–0.868, p = 0.009). The interaction between PA and vitamin D was not significant in the CERAD W-L (OR = 0.757, 95% CI: 0.508–1.128, p = 0.172).

Conclusion: The results showed that lower level of PA and vitamin D deficiency were associated with higher odds of cognitive impairment in the elderly population and that there was a multiplicative interaction between PA and vitamin D on cognitive function, with a significant effect of vitamin D on cognitive impairment in high PA conditions.
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1 Background

The global aging situation is becoming increasingly critical, leading to a rapidly deteriorating situation of cognitive impairment in the elderly population. The World Health Organization (WHO) has previously estimated that the global population with cognitive impairment will increase acutely from 55 million in 2019 to 139 million by 2050 (1). Cognitive impairment is a group of severe learning and memory deficits due to the abnormalities in the processing of higher brain intelligence related to learning, memory, and thinking judgments (2). The prevalence of cognitive impairment is significantly higher in the elderly population than in other age groups (3). The occurrence of cognitive impairment in the elderly population has a significant economic impact on families and communities, increasing social exclusion and individual stigma. Cognitive functioning is also directly related to quality of life, interpersonal relationships, and self-independence in this population, which together constitute a significant public health burden (4). However, there are currently very limited treatments for cognitive impairment and no targeted medications (5). Therefore, it is particularly important to uncover potential risk factors and protective factors for cognitive impairment in the elderly population to guide the development of prevention strategies.

Evidence suggested that daily physical activity (PA) may be an important intervention for cognitive decline in older adults (6). PAs are performed by skeletal muscles for any movement that requires energy expenditure, where moderate-to-vigorous physical activity (MVPA) are PAs greater than 3 metabolic equivalents (METs) and include activities such as brisk walking, cycling, and conditioning exercise (7). MVPA can prevent a variety of chronic conditions including cognitive impairment in the elderly, and studies have found that PA can reduce the risk of dementia and Alzheimer’s disease by 28 and 45%, respectively (8). Vitamin D is another factor that may significantly affect cognitive conditions in elderly population. Vitamin D deficiency is a global public health burden that afflicts over 1 billion people worldwide (9), which consequences should not be underestimated. Vitamin D can affect neurocognition through multiple pathways, including induction of neuroprotection, regulation of oxidative stress, modulation of calcium homeostasis, and inhibition of inflammatory processes (10). Previous studies have found that Vitamin D deficiency may be more common in older populations and may contribute to cognitive decline, dementia, and Alzheimer’s disease (11).

Physical activity and vitamin D have long been interrelated, and evidence have suggested that both PA and vitamin D have positive interactive effects on numerous psychiatric outcomes (12). However, the relationship between vitamin D, PA, and cognitive impairment, and the interactive effects of vitamin D and PA on cognitive impairment in elderly population are yet not fully understood. Older adults may have difficulty participating in regular PA due to decreased mobility, lack of safe outdoor facilities, and other health issues. At the same time, cognitive decline may also lead to decreased PA and reduced time spent outdoors. In addition, vitamin D deficiency has been shown to play a role in age-related cognitive decline (13), further complicating its relationship with PA and cognitive impairment. Given these challenges, further research is needed to understand the relationship between vitamin D deficiency, PA, and cognitive function in elderly population. Therefore, in this study, we analyzed the effects of PA and vitamin D deficiency on cognitive impairment in a national representative elderly population, respectively, and additionally analyzed the interaction between PA and vitamin D deficiency on cognitive impairment. These analyses will allow us to develop evidence-based interventions to promote brain health and physical health in elderly population.



2 Materials and methods


2.1 Study population

In this study, we analyzed data from the National Health and Nutrition Examination Survey (NHANES), a population-based cross-sectional survey designed to collect information on the health and nutritional status of an all-age population in the United States (U.S.). The survey is conducted on a 2-year cycle and includes household interviews and health assessments. The NHANES protocol and secondary analysis of the data were approved by the National Center for Health Statistics (NCHS) Ethics Review Board, and all adult participants signed a written notice of consent. In this study, we extracted data from two survey cycles, 2011–2012 and 2013–2014. Participants aged 60 years and older, with complete demographic information, who completed the cognitive function assessment tests, serum vitamin D examinations, and the PA questionnaire were included in this study. We screened a total of 3,544 participants aged 60 years and older and excluded those with missing data on demographic characteristics (n = 234), incomplete or ineligible data on cognitive function, missing vitamin D data, and missing PA data (n = 818). Finally, a total of 2,492 participants were included in the analysis of this study (See Figure 1).
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FIGURE 1
 Flow chart of the selection process for selecting eligible participants.




2.2 Cognitive function assessments

In this study, cognitive function is measured by the following three tests: word learning and recall modules from the Consortium to Establish a Registry for Alzheimer’s disease (CERAD), the Animal Fluency test (AFT), and the Digit Symbol Substitution test (DSST). The three tests above assess three different aspects of cognitive function.

The CERAD Word Learning subtest (CERAD W-L) consists of three consecutive learning trials and a delayed recall to assess the ability to learn new words and recall words, which has been used in major epidemiological studies in different ethnic and cultural communities (14). During the learning trials, participants first engage in learning 10 unrelated words and after recall as many as possible immediately after learning them. Delayed recall will be done after AFT and DSST are finished.

The AFT test evaluates categorical verbal fluency, whose scores have been shown to discriminate the cognitive function between the cognitive impairment and normal cognitive functioning (15). There will be a practice test before AFT, participants who finished the pretest will continue the AFT. The AFT requires participants to name as many as animals as possible in 1 min. The score of AFT is the sum of the names of the animals in 1 min.

The DSST test is a well-established measure to assess executive function and processing speed, which has been used in epidemiological and clinical studies (16). According to the NHANES, participants who did not finished the practice test will not continue. The DSST asked participants to match the numbers and the symbols; the score is the total number of numbers correctly matched with their corresponding symbols for 133 numbers in 2 min.

In the present study, we referred to the classification method of previous studies and used the lowest quartile of participant scores on the CERAD W-L, AFT, and DSST tests, respectively, as cut-off points (17). Participants with test scores below or equal to the cut-off point were included in the Cognitive Impairment group, whereas participants with test scores above the cut-off point were included in the Normal Cognition group. For the processing of the data, we did not sum or take the maximum of the scores of the three tests but exhibited them separately in the subsequent table.



2.3 Physical activity assessments

In this study, PA was assessed through interview that was based on the Global Physical Activity Questionnaire (GPAQ) conducted at participants’ home by trained technicians using the Computer Assisted Personal Interview (CAPI) system. According to the questions related to daily activities and leisure time activities, PAs were classified as work physical activity (WPA), transportation physical activity (TPA), and recreational physical activity (RPA) according to their different purposes or intensity of implementation by the participants. WPA refers to the things that must be done, such as household chores, yard work, and paid or unpaid work. Vigorous WPA causes a large increase in breathing or heart rate and lasts for at least 10 min continuously, such as lifting or carrying heavy loads. Activities like walking at a fast pace or lifting light loads for at least 10 min that causes a slight increase in breathing or heart rate are considered moderate WPA. TPA is defined as walking or biking for at least 10 min continuously on the way to school, shopping, or work. The RPA excludes work and transportation activities already mentioned, and high-intensity sports, fitness, or recreational activities that cause a large increase in breathing or heart rate are classified as vigorous RPA, such as running and basketball, and activities that cause a small increase in heart rate or breathing, such as biking and swimming, are classified as moderate RPA. During this process, participants answered what types of PAs they had performed in the past week and the duration of time they performed that type of PA. According to the NHANES metabolic equivalent score recommendations: eight METs for vigorous WPA, four METs for moderate WPA, four METs for TPA, eight METs for vigorous RPA, and four METs for moderate RPA. In this study, we assessed PA by multiplying the “duration of different types of activities (in minutes)” by the “intensity (in METs)” score of participants’ performance in the past week. According to the U.S. Physical Activity Guidelines, high-intensity PA is defined as ≥600 MET-min/week and low-intensity PA is defined as <600 MET-min/week (18). Therefore, we used 600 MET-min/week as the cut-off point for PA in this study.



2.4 Vitamin D assessment

Vitamin D level was measured through methods from Centers for Disease Control (CDC): the test principle used high-performance liquid chromatography tandem mass spectrometry (HPLC-MS/MS) to quantitatively detect 25-hydroxyvitamin D3 (25OHD3), 3-epi-25-hydroxyvitamin D3 (epi-25OHD3), and 25-hydroxyvitamin D2 (25OHD2) in human serum. In this study, we used the concentration of serum 25-hydroxyvitamin D2 plus serum 25-hydroxyvitamin D3, collectively referred to as 25(OH)D, to assess the participants’ vitamin D level. According to the Endocrine Society, 20 ng/mL was used as a classification criterion for vitamin D level in adults (9). Therefore, in this study, 25(OH)D < 20 ng/mL was classed as vitamin D deficiency, and 25(OH)D ≥ 20 ng/mL was classed as moderate to excessive level (no deficiency).



2.5 Covariates

The covariates in this study contained gender, age, race, season of exam, education level, marital status, income to poverty, body mass index (BMI), and recent health status. Each of these covariates may have an impact on the outcomes of this study. Age was categorized into three age groups: 60–69, 70–79, and ≥ 80 years. Race was divided into five categories: Hispanic, non-Hispanic White, non-Hispanic Black, non-Hispanic Asian, and Other. The season of exam consisted of two periods: November 1 to April 30 and May 1 to October 31. Education level was divided into three categories: below high school, high school, and above high school. Marital status was categorized as “married/living with partner” and “married living alone (widowed, divorced, separated)/never married.” In this study, income to poverty was used to indicate the income status of participants, which was divided into two categories: impoverished and moderate income. Income to poverty <1.3 was defined as impoverished, and ≥ 1.3 as moderate income (19). BMI was classified into three categories, with <25 kg/m2, 25 to <30 kg/m2, and ≥30 kg/m2 indicating low and standard weight (here we combined the classifications because the number of underweights with BMI <19 is so small that may trigger bias), overweight and obese (20). According to the NHANES classification, recent health status was classified into five categories: excellent, very good, good, fair, and poor.



2.6 Statistical analysis

We first screened the raw data using Microsoft Excel 2010 to exclude participants who did not meet the inclusion criteria, which included missing demographic information, missing recent health status or BMI data (n = 234), and participants who did not complete the cognitive function test or missing serum vitamin D or PA data (n = 818). Afterward, we performed chi-squared tests to initially screen for covariates with statistically significant differences between the Normal Cognition group and Cognitive Impairment group in the CERAD W-L/AFT/DSST tests, respectively. A-entry = 0.05 and a-exit = 0.10 were used to select and exclude independent variables.

We then performed binary logistic regression analyses to estimate the association between PA and cognitive function as reflected by CERAD W-L/AFT/DSST test results, and the association between cognitive function as reflected by vitamin D status CERAD W-L/AFT/DSST test results, respectively. We also developed binary stepwise regression models with vitamin D as the independent variable and PA as the dependent variable, and divided PA into “High PA group” and “Low PA group” to analyze the association between vitamin D status and PA after excluding the effects of confounding variables. In this stepwise regression analysis, three models were developed: Model 1: original model without adjusting for any variables; Model 2: adjusted for age, gender, race, education level, marital status, income to poverty, recent health status and BMI; Model 3: adjusted for the independent variables in Model 2 plus test results from CERAD W-L/AFT/DSST tests.

Finally, we constructed binary stepwise logistic regression models for interaction analyses, which were used to analyze the interaction relationship between PA and VD in their association with cognitive function. To analyze the effect of vitamin D on cognitive function as reflected by the recognition CERAD W-L/AFT/DSST tests in both high and low PA conditions, respectively. We have set two subgroups, “high PA group” and “low PA group,” with vitamin D status as the independent variable and cognitive function reflected by CERAD W-L/AFT/DSST test as the dependent variable and analyzed the association between vitamin D and cognitive function, respectively, in the subgroups. To exclude the effect of confounding variables, we sequentially included statistically significant covariates from chi-square tests (p < 0.05) in the stepwise regression model. In the model setting, we considered the possible significant impact of recent health status on cognitive function (21). This led to the development of three models: Model 4: original model without adjusting for any variables; Model 5: adjusted for age, gender, race, education level, marital status, income to poverty; Model 6: adjusted for the independent variables in Model 5 plus recent health status. In this study, all data were analyzed using the Statistical Package for Social Sciences (SPSS) version 28.0. Visualization was achieved through GraphPad Prism 8th Generation. p values less than 0.05 were considered statistically significant (two-sided test).




3 Results


3.1 Demographic characteristics

A total of 2,492 participants aged 60 years and older who completed cognitive function tests and had complete demographic, physical activity, and vitamin D data were included in this study. The mean age of the participants was 69.41 ± 6.75 years, of which 1,207 (48.4%) were male and 1,285 (51.6%) were female.

On the CERAD W-L, differences in age, gender, education level, income to poverty, and recent health status between the Normal Cognitive Group and the Cognitive Impairment Group were statistically significant (all p < 0.001), as were differences in race and marital status (p = 0.002, p = 0.029), while differences in season of exam and BMI were not significant (p = 0.768, p = 0.116).

On the AFT, differences in age, race, education level, income to poverty, and recent health status between the Normal Cognitive Group and the Cognitive Impairment Group were statistically significant (all p < 0.001), as were differences in marital status (p = 0.004), whereas differences in gender, season of exam, and BMI were not significant (p = 0.378, p = 0.569, p = 0.116).

On the DSST, differences in age, gender, race, education level, marital status, income to poverty, and recent health status between the Normal Cognitive Group and the Cognitive Impairment Group were statistically significant (all p < 0.001), while differences in season of exam and BMI were not significant (p = 0.068, p = 0.616). (See Table 1).



TABLE 1 Demographic characteristics of participants age ≥ 60 from NHANES 2011 to 2014 by cognitive function.
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3.2 Association of PA and cognitive impairment

The differences in PA between the Normal Cognitive Group and the Cognitive Impairment group were statistically significant in all three cognitive function tests of CERAD W-L/AFT/DSST (all p < 0.001) (See Table 2). Cognitive impairment was more prevalent in low PA than in high PA. Binary logistic regression analysis revealed that lower levels of PA may be associated with higher odds of cognitive impairment. Compared with higher PA, lower PA was associated with 59.6% higher odds in CERAD W-L (OR = 1.596, 95% CI: 1.338–1.905), 83.3% in AFT (OR = 1.833, 95% CI: 1.534–2.190), and 93.6% in DSST (OR = 1.936, 95% CI: 1.609–2.329) (See Figure 2).



TABLE 2 Cognitive function characteristics of NHANES 2011 to 2014 adults age ≥ 60 by physical activity.
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FIGURE 2
 Forest plot of the post-hoc relationship between cognitive function and physical activity.




3.3 Association of vitamin D and cognitive impairment

The differences in vitamin D between the Normal Cognitive Group and the Cognitive Impairment group were statistically significant in the cognitive function tests of AFT and DSST (p = 0.003, p < 0.001), but not in CERAD W-L (p = 0.226) (See Table 3). Binary logistic regression analysis revealed that vitamin D deficiency may be associated with higher odds of cognitive impairment. Compared with the non-deficiencies, vitamin D deficiency was associated with 32.2% higher odds in AFT (OR = 1.322, 95% CI: 1.103–1.584), and 61.9% in DSST (OR = 1.619, 95% CI: 1.345–1.948) (See Figure 3).



TABLE 3 Cognitive function characteristics of NHANES 2011–2014 adults age ≥ 60 by vitamin D.
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FIGURE 3
 Forest plot of the post-hoc relationship between cognitive function and vitamin D.




3.4 Association of PA and vitamin D

In analysis for the association of PA and vitamin D, age, gender, race, education level, marital status, income to poverty, recent health status and BMI, as well as test results from CERAD W-L/AFT/DSST were included in the regression models. Model 1 (without excluding any confounders) showed an odds ratio (OR) of 1.300 (95% CI: 1.100–1.536) (p = 0.002) for the association of PA and vitamin D; Model 2 (adjusted for variables of age, gender, race, education level, marital status, income to poverty, recent health status, and BMI) showed OR = 1.255 (95% CI: 1.046–1.506) (p = 0.015), Model 3 (adjusted for test results from CERAD W-L/AFT/DSST) showed OR = 1.232 (95% CI: 1.026–1.480) (p = 0.025). The results suggest that lower levels of PA is associated with higher odds of vitamin D deficiency after adjusted for confounders. Participants with low PA are 23.2% more likely to be vitamin D deficient than those who attend greater intensity PA (See Table 4).



TABLE 4 Association of PA and vitamin D deficiency in NHANES adults age ≥ 60.
[image: Table4]



3.5 Interaction association of PA and vitamin D with cognitive impairment

First, we explored the multiplicative interaction of PA and vitamin D, with cognitive impairment screened by CERAD W-L/AFT/DSST, respectively. In these analyses, the statistically significant covariates from the univariate analysis: age, gender, race, education level, marital status, income to poverty, and recent health status, was included in regression models. Model 4 (without excluding any confounding variables) showed that PA and vitamin D, on all three tests of CERAD W-L (p = 0.046), AFT (p = 0.007), and DSST (p = 0.001), had significant multiplicative interaction on cognitive impairment. Model 5 (which included age, gender, race, education level, marital status, and income to poverty as confounding variables in the regression analysis) showed that PA and vitamin D, on the AFT (p = 0.032) and DSST (p = 0.008), had a significant multiplicative interaction on cognitive impairment, while no statistically significant difference was observed in CERAD W-L (p = 0.154). Model 6 (based on model 5 with additional exclusion of recent health status) showed that PA and vitamin D, on the AFT (p = 0.038) and DSST (p = 0.009) tests, had a significant multiplicative interaction on cognitive impairment, while no statistically significant difference was observed in CERAD W-L (p = 0.172). The results showed that there was a significant multiplicative interaction between PA and vitamin D on cognitive impairment in AFT and DSST, especially in DSST (See Table 5).



TABLE 5 Multiplicative interaction association of vitamin D plus physical activity and cognitive function in NHANES 2011 to 2014 participants age ≥ 60 years.
[image: Table5]

Based on the results of interaction analysis, to explore the effect of vitamin D deficiency on cognitive impairment at different levels of PA, we further divided PA into two subgroups, the high PA group and the low PA group, and within each of the two subgroups, we analyzed the effect of vitamin D deficiency on cognitive impairment screened by the three tests CERAD W-L/AFT/DSST. As in previous analyses, we set up the same three models (Models 4/5/6) to exclude confounding variables (age, gender, race, education level, marital status, income to poverty, and recent health status). The results showed that in AFT, Model 6 (excluded all confounders) showed: OR = 1.456, 95% CI: 1.067–1.986, p = 0.018 in the high PA subgroup; OR = 1.029, 95% CI: 0.792–1.337, p = 0.831 in the low PA subgroup. In DSST, Model 6 (excluded all confounders) showed: OR = 1.934, 95% CI: 1.363–2.744, p < 0.001 in the high PA subgroup; OR = 1.043, 95% CI: 0.781–1.393, p = 0.775 in the low PA subgroup. In CERAD W-L, statistical analysis was not meaningful, so we do not present the data. The results suggest that vitamin D deficiency is associated with higher odds of cognitive impairment in older adult population engaged in higher levels of PA, increasing their potential risk by 45.6% (AFT) and 93.4% (DSST). However, this association was not significant in the group of older adults engaged in lower levels of PA: statistically significant difference was not observed in the association of vitamin D deficiency with cognitive impairment (p > 0.05) (See Table 5).




4 Discussion

This study analyzed the effects of vitamin D and PA on cognitive function based on NHANES data from 2011 to 2014 and showed that vitamin D deficiency and low levels of PA may be associated with higher odds of cognitive impairment. There was a multiplicative interaction between the effects of vitamin D and PA on cognitive function, vitamin D deficiency is less prevalent in high levels of PA than in low levels of physical activity. The proportion of cognitive impairment in the three cognitive tests with vitamin D deficiency at high levels of PA was smaller than the proportion of cognitive impairment in the three cognitive tests with vitamin D deficiency at low levels of PA (Figure 4).
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FIGURE 4
 Proportion of three cognitive impairments in the presence of vitamin D deficiency at different levels of physical activity. CERAD-WL, Consortium to Establish a Registry for Alzheimer’s disease word learning test; AFT, Animal Fluency Test; DSST, Digit Symbol Substitution Test; and PA, Physical activity.


The present study suggests that men and women differ in the development of cognitive impairment and that the prevalence of cognitive impairment increases substantially with age. The differences in sex are caused by two factors, firstly an organizing effect, which occurs as early as during neuronal development, and secondly an activating effect, whereby sex steroids (e.g., estradiol) influence brain function in adulthood (22). Research by Hogervorst has shown that women who have menopause before the age of 47 have an increased risk of cognitive impairment in later life, suggesting that the risk of cognitive impairment increases with the number of years of hormone loss (23). Aging is a complex and irreversible process and is considered the most important risk factor for cognitive impairment. It occurs in multiple cellular systems and organs and is accompanied by a reduction in brain volume, loss of synapses, and enlargement of ventricles in specific regions of the brain, which may lead to cognitive decline (24).

Physical activity and vitamin D may differently affect various aspects of cognitive function, such as learning and memory, executive function, and attention and processing speed. PA supports memory and learning process by prompting the growth of new neurons, improving synaptic plasticity, and enhancing hippocampal function, which is critical for memory formation (25). Vitamin D is essential for synaptic plasticity, neurotransmission, and neuroprotection, therefore adequate vitamin D is important for cognitive function, including memory and learning ability (26). Executive functioning, including skills such as decision-making, problem-solving, and task-switching, can also be improved during engagement in PA (27), while maintaining optimal vitamin D levels can improve cognitive flexibility and problem-solving skills (28). PA also enhances neural connections and optimizes brain function, which leads to faster information processing and improved concentration and control (29). Research has shown that vitamin D deficiency is associated with slower processing speeds and reduced attention, thus maintaining optimal vitamin D levels may support these functions (30). Overall, PA and vitamin D have different effects on various aspects of cognitive function. Combining these factors through a healthy lifestyle that includes regular PA and maintaining optimal vitamin D levels may provide comprehensive support for cognitive health.


4.1 Differences in the results of subgroup analyses

The results of this study suggest that vitamin D deficiency is associated with higher odds of cognitive impairment at high levels of PA, but not at low levels of PA. There are several explanations for why vitamin D deficiency may affect cognitive function more strongly in individuals who participate in high PA. First, people who engage in high PA may not be spending more time outdoors. Evidence suggests that older adults tend to workout or exercise more in indoor settings (31, 32). Therefore, high PA sometimes did not increase their exposure to sunlight, which is the main way to obtain vitamin D (33). Additionally, high PA can place significant stress on the body, leading to inflammation and an increased demand for nutrients such as vitamin D (34). If an individual is deficient in vitamin D, the body may not be able to adequately repair the damage caused by the PA, leading to cognitive impairment over time. Another possible explanation for the link between vitamin D deficiency and cognitive impairment in individuals with high level PA is that this type of activity may place a greater cognitive demand on the brain. In order to perform complex movements and activities, individuals need to have good spatial awareness, attention, and executive function (35, 36). Vitamin D plays a crucial role in maintaining these cognitive functions, which may be why deficiency in this vitamin can be particularly damaging in individuals who engage in this type of physical activity. In contrast, low PA may not be as demanding on the body or brain, which could explain why vitamin D deficiency does not have a significant effect on cognitive function in this population.

However, it is important to note that this does not mean that older adults who engage in low PA do not need to be mindful of their vitamin D levels. In fact, even individuals who spend most of their time indoors or engage in only light PA can be at risk for vitamin D deficiency, particularly if they live in areas with limited sun exposure or have dietary restrictions that limit their intake of vitamin D-rich foods (37). Ultimately, the link between vitamin D deficiency and cognitive impairment is complex and multifaceted, and much more research is needed to fully understand how these two factors interact. However, maintaining adequate vitamin D levels as we age is critical to maintaining cognitive function, especially in individuals who engage in moderate to vigorous exercise. Previous studies have shown uncertainty about the potential effects of vitamin D supplementation on cognition (38, 39), so it is important for older adults at risk for vitamin D deficiency to work with their healthcare providers to determine the best course of action to maintain optimal vitamin D levels and minimize the risk of cognitive impairment.



4.2 Limitations

There are several limitations: (1) general limitations of NHANES cross-sectional studies. Including recall bias: NHANES cross-sectional study usually takes a question-and-answer format in the process of data collection, participants may have subjective or objective factors that may bias the results in the process of answering; Raw data covariates: there may be other influences on cognitive function that are not taken into account. Due to data limitations, some covariates were not included in this study, such as years of menopause. (2) Environmental-specific limitation: the study used NHANES data from 2011 to 2014, however, after the emergence of the Corona Virus Disease 2019 (COVID-19) pandemic may directly or indirectly lead to a decrease in the proportion of older adults in the total population and does not reflect the current situation well. (3) Limitations of nutritional factors: the vitamin D status involved in this study may be influenced by various nutritional factors such as diet, dietary habits, and fasting, which we did not include as covariates. In our future design, we will consider avoiding these limitations and further explore the deeper mechanics of PA and vitamin D on cognitive function.




5 Conclusion

The present study showed that low PA and vitamin D deficiency are both risk factors for cognitive impairment in elderly population, and low PA is also a risk factor for vitamin D deficiency. The study also showed an interaction between PA and vitamin D in their association with cognitive impairment. In older adults who participate in higher levels of PA, vitamin D deficiency is a risk factor for cognitive impairment; this association is not significant in older adults who engage in lower levels of PA. We advocated that older adults to participate in high levels of PA and take appropriate vitamin D supplements, to prevent cognitive impairment.
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