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Abstract

INTRODUCTION: Low vitamin D intake and low vitamin D circulating levels have been 

associated with increased risk for dementia. We aimed to examine the association between vitamin 

D intake and dementia in a multi-ethnic cohort.

METHODS: A longitudinal study of 1759 non-demented older (≥65 years) participants of the 

Washington Heights-Inwood Columbia Aging Project with follow-up visits and completed a food 

frequency questionnaire. Dementia was diagnosed by consensus using DSM-IV criteria. Cox 

hazard regression was performed.

RESULTS: During a mean follow up of 5.8 years, 329 participants developed dementia. 

Participants with the highest tertile of vitamin D intake from food sources had decreased risk 

(HR=0.72, 95%CI=0.54–0.97, p=0.030) for dementia compared with those with the lowest tertile, 

adjusting for age, sex, race/ethnicity, education, APOE-ε4, physical activity, MEDI score, income, 

depression, hypertension, diabetes, cardiovascular disease, and smoking.

DISCUSSION: Higher vitamin D intake is associated with decreased risk of dementia in a multi-

ethnic cohort.
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1. Background

Vitamin D deficiency is highly prevalent in the general population and among older adults,
1,2 often unrecognized, and is potentially a modifiable risk factor for dementia. Low vitamin 

D may be a risk factor for cognitive impairment and subsequent dementia via multiple 

potential mechanisms. Vitamin D receptors are distributed throughout the brain, with 

evidence from immunohistochemistry showing restriction to the cell nucleus, suggesting a 

“neurosteroid” paracrine/autocrine function for vitamin D.3 Vitamin D exerts broadly 

protective effects on the central nervous system, through regulation of neurotrophic factors, 

inducing beta amyloid clearance, maintenance of calcium homeostasis, modulation of 

oxidative stress, and regulation of the immune response.4 Multiple epidemiological studies 

have consistently found an association between low circulating vitamin D level5–9 and 

increased risk of dementia. There is also some evidence linking higher vitamin D intake10,11 

and decreased risk of dementia or better cognition. Many studies have included participants 

who were predominantly White,12 potentially limiting the generalizability of their 

conclusions. One recent study in a multi-ethnic cohort found that individuals with lower 

serum vitamin D levels had faster rates of cognitive decline.13 This study, however, did not 

have dietary intake data.

Our study sought to address the limitations of previous studies. The primary objective of this 

study was to determine if there is an association between vitamin D intake and dementia in 

the Washington Heights-Inwood Columbia Aging Project (WHICAP), a multiethnic, 

community-based cohort in Northern Manhattan.

2. Methods

2.1. Study Population

Study subjects were selected from participants of the Washington Heights-Inwood Columbia 

Aging Project (WHICAP) cohort, a community-based multiethnic cohort that was recruited 

via random sampling of Medicare beneficiaries (ages 65 and older) living within a 

geographically defined area of northern Manhattan, New York. The WHICAP-II cohort 

includes a combination of the cohort recruited in 1999 and continuing members of the 

cohort recruited in 1992. The study was approved by ethics committees at Columbia 

University and the New York State Psychiatric Institute. All participants provided written 

informed consent. At study entry, each participant underwent an examination that included 

an assessment of health and function, a physical and neurological examination, and a 

neuropsychological battery of tests. Follow up visits were conducted approximately every 18 

months.

The baseline visit for the primary analysis was defined as the date of study entry into the 

WHICAP-II cohort in 1999. Out of 2800 participants from the WHICAP-II cohort, 374 

participants had dementia at baseline (prevalent dementia) and were excluded. Of the 2426 

participants without dementia, 2234 had dietary information at baseline. Among the 2234, 
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475 participants did not have follow-up visit(s) and were excluded. The remaining 1759 non-

demented participants with both diet data and follow up visit(s) were included in the study. 

(See Figure 1.)

2.2. Dementia Assessment

Based on information obtained at the baseline and follow-up visits, dementia diagnosis was 

made by consensus during diagnostic conferences that included at least one attending 

neurologist and at least one attending neuropsychologist. The dementia diagnosis was based 

on Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition criteria14, which 

required evidence of cognitive impairment on neuropsychological testing, as well as 

evidence of impairment in social or occupational functioning. Diagnosis of Alzheimer’s 

disease (AD) was based on criteria from the National Institute of Neurological and 

Communicative Disorders and Stroke-Alzheimer’s Disease and Related Disorders 

Association (NINCDS-ADRDA).15 Diagnosis of mild cognitive impairment (MCI) was 

based on standard research criteria16 as previously described.17 Briefly, participants were 

considered to have MCI if they had: 1) subjective memory complaint; 2) objective 

impairment on neuropsychological testing in at least one of four cognitive domains 

(memory, executive function, language, and visuospatial function), defined based on the 

average scores within that domain and a 1.5-SD cutoff using corrections for age, years of 

education, race/ethnicity, and sex, as based on previously established norms; and 3) no 

diagnosis of dementia at the consensus conference. These criteria and have been previously 

used in analysis of data in this cohort.18

2.3. Dietary Data

Participants completed a 61-item semi-quantitative food frequency questionnaire (FFQ) by 

Willett et al. (Channing Laboratory, Cambridge, MA).19 The reliability and validity of the 

Willett FFQ in the WHICAP cohort has been reported previously.20–22 Interviewers 

administered the FFQ by telephone in English or Spanish at baseline. The FFQ contains 61 

food items as well as additional questions regarding the frequency of use of supplements. 

Food items included in the FFQ covers a variety of foods found in the typical American diet, 

including meat, vegetable/fruit, dairy, and carbohydrate intake. For food items, frequency 

intervals ranged from never to six times per day (never, < 1 time / month, 1 to 3 times / 

month, 1 to 2 times / week, 3 to 4 times / week, 5 to 6 times / week, daily, 2 to 3 times / day, 

4 to 5 times / day, 6 or more times daily.) The FFQs were sent to Channing Laboratory for 

calculation of daily nutrient intake, which was obtained by multiplying the frequency of 

consumption of each unit of food by the nutrient content of the portions.23 Intake of vitamin 

D was measured in international units per day, and classified as supplemental, non-

supplemental, and total (supplemental plus non-supplemental). Total and non-supplemental 

intake of vitamin D were adjusted for total caloric intake, by calculating the residuals from 

linear regression models (nutrient intake regressed on total caloric intake). Residuals were 

standardized, then categorized into tertiles of vitamin D intake and used for all analyses.

2.4. Covariates Assessment

Demographic information including age, sex, ethnicity, and education was obtained by self-

report from baseline interviews. Age (in years), sex (male sex as the referent group), race/
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ethnicity (White, Black, or Hispanic/Other), and education (in years) were input into basic 

adjusted models. Full models further adjusted for apolipoprotein E (APOE-ϵ4) status 

(absence or presence (either 1 or 2) of ϵ4alleles), physical activity, Mediterranean diet score 

(MeDI, a measure of healthy diet), income, depression (history of major depression by 

DSM-IV criteria), hypertension, diabetes, cardiovascular disease, and history of smoking. 

History of hypertension, diabetes, or cardiovascular disease were obtained by self-report or 

by use of disease-specific medications, as previously described.24 Physical activity was 

assessed via the Godin leisure time exercise questionnaire25, and a summary physical 

activity score (total metabolic equivalent minutes in 2 weeks) was calculated, as previously 

described,26 then divided into tertiles. MeDI is a proxy measure of overall diet quality, and 

was calculated as previously described.27

2.5. Statistical Analysis

To evaluate differences in demographic characteristics for participants with different tertiles 

of vitamin D intake, Chi-square tests were conducted for categorical variables (sex, race/

ethnicity, APOE-ε4 status, physical activity), and ANOVA tests were conducted for 

continuous variables (age, education). Cox hazard regression models were conducted with 

tertiles of total vitamin D intake and vitamin D intake without supplements as the exposures 

of interest, incident all-cause dementia as the outcome, and time-to-event as the time metric. 

Martingale residuals were plotted and the Supremum test was conducted to assess for 

proportional hazards. The proportional hazards assumption was met (p > 0.1). For the 

primary analysis (n=1759), the time-to-event variable was the time from baseline to the first 

visit of dementia diagnosis for incident cases, or the time of the last follow-up for non-cases.

The basic model adjusted for age, sex, race/ethnicity, and level of education. Fully-adjusted 

models additionally controlled for APOE-ε4 status, physical activity, MeDI, income, 

depression, hypertension, diabetes, cardiovascular disease, and smoking. We assessed for 

interaction between vitamin D and APOE-ε4, sex, race/ethnicity, education, as well as 

smoking. In addition, we conducted the following sensitivity analyses: 1) restricting analysis 

to AD participants, 2) excluding participants with MCI on or before the first visit (prevalent 

MCI), and 3) excluding participants with limited follow-up (less than 2 years) SPSS version 

25 and SAS version 9.4 were used for data preparation. SAS version 9.4 was used for all 

statistical analyses.

3. Results

During a mean follow up of 5.8 years, 329 participants developed dementia. Age, APOE-ε4 

status, physical activity, MeDI score, depression, hypertension, cardiovascular disease,did 

not differ across total vitamin D intake tertiles. Tertiles of total vitamin D intake did differ 

by sex, race/ethnicity, education, income, smoking, and diabetes (See Table 1a). Those with 

the highest total vitamin D intake tended to be women, white, more highly educated, non-

smokers, with healthier overall diet (higher MeDI score). A greater proportion of 

participants with diabetes was observed in the middle tertile of vitamin D intake. Analyzing 

vitamin D intake from food sources only, age, sex, APOE-ε4 status, physical activity, 

depression, hypertension, diabetes, cardiovascular disease did not differ across tertiles of 
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vitamin D intake without supplements. Tertiles of vitamin D intake without supplements did 

differ by race/ethnicity, education, MeDI score, income, smoking (see Table 1b). Those with 

the highest vitamin D intake from food sources tended to be non-blacks who were more 

highly educated and had a higher income, non-smokers, with a healthier overall diet (higher 

MeDI score).

Participants in the highest tertile had a median total vitamin D intake of 571 IU (IQR 514 to 

681 IU), and a median vitamin D intake from food sources of 340 IU (IQR 213 to 605 IU). 

Participants in the middle tertile had a median total vitamin D intake of 203 IU (IQR 159 to 

293 IU) and a median vitamin D intake from food sources of 174 IU (IQR 133 to 522 IU). 

Participants in the lowest tertile had a median total vitamin D intake of 95 IU (IQR 59 to 140 

IU), and a median vitamin D intake from food sources of 108 IU (IQR 59 to 436 IU).

Participants in the lowest and middle tertiles of total vitamin D intake did not meet the 

estimated average requirement of vitamin D intake (400 IU for individuals over 1 years 

old28). Participants in the highest tertile of total vitamin D intake met the estimated average 

requirement and were close to meeting the recommended dietary allowance (600 IU for ages 

1 to 70, 800 IU for older adults over 7028). Median intake of vitamin D from food only 

appeared to be insufficient to meet the recommended dietary allowance.

Participants in the highest tertile of total vitamin D intake had decreased risk of dementia 

compared to participants in the lowest tertile in the unadjusted (HR 0.62, 95% CI 0.48–0.81, 

p=0.0005) and basic (HR 0.74, 95% CI 0.55–0.98, p=0.037) models. There was a significant 

p-trend in the unadjusted and basic models (p-trend < 0.05). Participants in the highest tertile 

of vitamin D intake from food sources only (without supplements) had decreased risk of 

dementia compared to participants in the lowest tertile in the unadjusted (HR 0.76, 95% CI 

0.59–0.99, p=0.042), basic (HR 0.69, 95% CI 0.52–0.91, p=0.0087), and full (HR 0.72, 95% 

CI 0.54–0.97, p=0.030) models There was significant p-trend in all three models (p-trend < 

0.05) (See Table 2b.)

No significant interaction was found between total vitamin D intake and APOE-ε4, sex, 

race/ethnicity, education, or smoking. A significant interaction was found between vitamin 

D intake without supplements and APOE-ε4 (p=0.044), and the interaction between vitamin 

D and smoking bordered on significance (p=0.092). Stratifying by APOE-ε4, we found a 

significant association between vitamin D intake and dementia among non- ε4 carriers in the 

unadjusted (HR 0.73, 95% CI 0.53–0.99, p=0.042) model, and associations bordering on 

significance in the basic (HR 0.74, 95% CI 0.53–1.029, p=0.073) and full (HR 0.72, 95% CI 

0.52–1.017, p=0.063) models. No association between vitamin D intake without 

supplements and dementia were found among APOE-ε4 carriers. No significant interaction 

was found between vitamin D intake without supplements and sex, race, education (all p > 

0.1).

Out of 329 demented participants, 285 participants had AD. Sensitivity analyses restricted to 

AD as the outcome showed similar results for vitamin D intake from food sources 

Participants in the highest tertile of vitamin D intake without supplements had 

approximately 30% decreased risk of AD in the full model (HR 0.70, 95% CI 0.51–0.96, 
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p=0.027), compared to participants in the lowest tertile of intake. For total vitamin D intake, 

the association between vitamin D and AD was not significant in the fully adjusted model 

(HR 0.81, 95% CI 0.59–1.12, p=0.20).

Excluding 384 participants with MCI at baseline and limiting the analyses to 1375 

cognitively normal subjects, we found those in the highest tertile of total vitamin D intake 

had decreased risk of dementia compared to those in the lowest tertile in the unadjusted (HR 

0.54, 95% CI 0.39–0.75, p=0.0003, p-trend=0.0002), basic (HR 0.68, 95% CI 0.49–0.95, 

p=0.025, p-trend=0.020, n=1371), and full (HR 0.68, 95% CI 0.47–0.99, p=0.044, p-

trend=0.036, n=1159 )models. For food-source only vitamin D intake, participants in the 

highest tertile also had decreased risk of dementia compared to those in the lowest tertile in 

the unadjusted (HR=0.67, 95% CI 0.49–0.93, p=0.015, p-trend=0.014), basic (HR 0.66, 95% 

CI 0.48–0.92, p=0.013, p-trend=0.011, n=1371), and full (HR=0.58, 95% CI 0.41–0.84, 

p=0.0034, p-trend=0.0027, n=1159 ) models.

Cognitively normal participants in the second tertile of total vitamin D intake had decreased 

risk in the unadjusted (HR 0.69, 95% CI 0.51–0.95, p=0.021), basic (HR 0.73, 95% CI 0.53–

1.00, p=0.051), and full (HR 0.75, 95% CI 0.53–1.054, p=0.098) models. Similarly, 

cognitively normal participants in the second tertile of vitamin D intake without supplements 

had decreased risk in the unadjusted (HR=0.72, 95% CI 0.52–0.99, p=0.043), basic 

(HR=0.66, 95% CI 0.48–0.91, p=0.011), and full (HR=0.65, 95% CI 0.46–0.91, p=0.014) 

models.

Excluding 197 participants with less than 2 years follow-up, among 1562 participants with 

follow up, we found those in the highest tertile of total vitamin D intake had decreased risk 

of dementia compared to those in the lowest tertile in the unadjusted (HR 0.65, 95% CI 

0.48–0.87, p=0.0034, p-trend=0.0031), basic (HR 0.79, 95% CI 0.59–1.068, p=0.13, p-

trend=0.12, n=1559), and full models (HR 0.85, 95% CI 0.61–1.16, p=0.30, p-trend=0.26, 

n=1385). For food-source only vitamin D intake, participants in the highest tertile also had 

decreased risk of dementia compared to those in the lowest tertile in the unadjusted (HR 

0.74, 95% CI 0.55–0.98, p=0.036, p-trend 0.029), basic (HR 0.73, 95% CI 0.55–0.97, 

p=0.032, p-trend=0.026, n=1559), and full (HR 0.73, 95% CI 0.53–1.00, p=0.051, p-

trend=0.040, n=1385) models.

Participants with follow up in the second tertile of total vitamin D intake also had decreased 

risk in the unadjusted (HR=0.77, 95% CI 0.58–1.022, p=0.070), basic (HR 0.83, 95% CI 

0.62–1.11, p=0.20), and full (HR 0.81, 95% CI 0.59–1.10, p=0.17) models. Similarly, 

participants with follow up in the second tertile of vitamin D intake without supplements had 

decreased risk in the unadjusted (HR 0.69, 95% CI 0.52–0.93, p=0.013), basic (0.65, 95% CI 

0.49–0.87, p=0.0042), and full (HR 0.67, 95% CI 0.49–0.92, p=0.014) models.

4. Discussion

Higher total vitamin D intake and higher vitamin D intake from food sources were 

associated with decreased risk for dementia in this multiethnic, community-based cohort. 

Specifically, individuals in the highest tertile of vitamin D intake from food sources had 
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decreased risk for all-cause dementia and AD, as compared to individuals in the lowest 

tertile of intake, while adjusting for age, sex, race/ethnicity, education, APOE-ε4, physical 

activity, MeDi score, income, depression, hypertension, diabetes, cardiovascular disease, and 

smoking.

There were no significant interactions between race/ethnicity or sex on the association 

between vitamin D intake and dementia. A significant interaction was found between 

APOE-ε4 and vitamin D intake from food sources on risk for dementia. Specifically, among 

non-ε4 carriers, a significant association was observed between vitamin D intake from food 

sources and dementia. APOE-ε4 is associated with dementia in late-life; however, it remains 

prevalent in certain regions across the globe, particularly in regions with diminished sun 

exposure or individuals with melanin-rich skin. Thus, it been previously hypothesized 

APOE-ε4 may exert a protective role against vitamin D deficiency.29 Our study is limited by 

lack of serologic vitamin D data. Further research is necessary to clarify the relationship 

between APOE-ε4 and vitamin D level in vivo.

Sensitivity analyses excluding participants with MCI at baseline, and excluding participants 

with limited follow-up (less than 2 years) showed similar or an even stronger association 

between vitamin D and dementia. Overall, our results replicate findings from prior 

epidemiological studies.

A systematic review and meta-analysis found that low vitamin D was associated with 

increased dementia risk, but that the majority of participants included in studies were White.
12 There is evidence that individuals with darker skin pigment require more sun exposure to 

generate similar amounts of vitamin D as individuals with less skin pigment.30 Darker-

skinned individuals have higher prevalence of low vitamin D levels1, which potentially 

makes vitamin D intake from food even more important for non-Whites. Our findings add to 

the literature by replicating prior findings in a diverse, multi-ethnic, cohort, which increases 

the generalizability (external validity) of our findings for the general population.

Whereas multiple prior studies have examined the relationship between serum vitamin D 

levels and dementia risk, our study adds to the literature by specifically examining the role 

of vitamin D intake. Our findings may also be particularly relevant for women from certain 

minority groups, who have chronic reduced sun exposure due to cultural clothing habits 

(veiling) and might benefit from higher vitamin D intake from food.31 While our findings 

suggest an important role for vitamin D intake, further studies are needed before definitive 

conclusions can be drawn. Specifically, future studies should assess both vitamin D intake 

and serum vitamin D level (reflective of vitamin D from both food sources and sun 

exposure), to disentangle the effects of vitamin D from food sources and vitamin D from sun 

exposure.

Low vitamin D has been broadly linked to many negative health outcomes aside from 

dementia, including increased risk for cardiovascular disease, type 1 diabetes, cancer, and 

autoimmune diseases.2 Increasing vitamin D intake likely has benefits beyond primary 

prevention of dementia, including the prevention of other poor health outcomes as evidenced 

in previous studies.
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One major strength of our study is the study design, which excluded prevalent dementia in 

the primary analysis, as well as participants with MCI, and participants with limited follow-

up in additional sensitivity analyses. By restricting our analysis to participants without MCI, 

we minimized the possibility of recall bias (increased in participants with baseline cognitive 

impairment) as well as reverse causation (participants with cognitive impairment eating a 

more poor diet), thus improving internal validity. By excluding participants with limited 

follow-up, we also minimize the possibility of reverse causation. Another major strength of 

our study is the use of cohort data from WHICAP, a well-established multi-ethnic cohort. 

All measurements made in WHICAP were made prospectively as part of a longitudinal 

study of dementia and its risk factors. Furthermore, dementia and MCI diagnosis was made 

in a standardized fashion by consensus, according to accepted criteria. Lastly, we were able 

to control for a number of potential confounders, including sociodemographic, lifestyle, and 

vascular risk factors for dementia.

One limitation is potential unmeasured confounders. It is possible that comorbid conditions 

and/or medication use may confound the relationship between vitamin D intake and 

cognitive status. We sought to minimize this possibility by controlling for vascular risk 

factors. However, it should be noted that we lacked data on severity of disease among 

participants (i.e. adequate vs. inadequate control of blood glucose, among diabetics), and we 

did not specifically adjust for medication use. Future studies would ideally account for 

disease severity as well as specific medication use as potential confounders. It is also 

possible that high vitamin D intake may be a marker of overall healthy diet and/or lifestyle. 

We minimized this possibility by including physical activity, MEDI score (a measure of 

healthy diet), income, and smoking status as covariates in the full model. Another limitation 

of our study is the lack of vitamin D serologic data. We relied on a semi-quantitative FFQ to 

ascertain vitamin D intake. FFQs are subject to recall bias and may have underestimated 

vitamin D intake due to limited number of food items included in the questionnaire. 

Nevertheless, a FFQ has previously been validated against a 24-day weighted food record, 

which does not rely on memory and is not limited by food items/categories or portion sizes.
32 Furthermore, FFQs have been widely used in prior epidemiological studies.19,21,33,34

In addition, higher vitamin D intake was associated with higher serum vitamin D level in a 

population-based study, even after adjusting for confounders including sun exposure and use 

of vitamin/mineral supplements. Of note, however, this association reached statistical 

significance for participants < 50 years old, but not for older participants, which may have 

been due to the overall low dietary vitamin D intake among elderly participants.35 These 

findings suggest that food sources of vitamin D are particularly important to maintain higher 

serum vitamin D levels in the elderly, who are already at higher risk for dementia.

Future studies should employ both objective measures (serologic levels) and subjective 

measures (FFQ) of vitamin D, to distinguish between vitamin D intake from food and 

vitamin D from sun exposure. Further studies are needed, which employ more nuanced 

approaches to the study of lifestyle factors in both the design and analytic phases. In 

conclusion, we found that in an elderly, diverse population, higher intake of vitamin D is 

associated with reduced risk of dementia.
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Figure 1: Participant Selection
Participant Selection From participants in Washington Heights-Inwood Columbia Aging 

Project (WHICAP-II), we excluded 374 participants with prevalent dementia. We then 

excluded 192 participants without diet data. Among 2234 non-demented participants with 

diet data, 416 participants with no follow up visit and 59 participants with diet data at the 

last visit were excluded. The remaining 1759 non-demented participants with diet data and 

follow up visit(s) were included in the study.
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