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VITAMIN D may be neuroprotective as it influences 
neurogenesis, calcium homeostasis, the expression of 

neurotrophic factors, detoxification, and amyloid-beta 
clearance (1–3). Recent population-based studies have 
linked low serum 25-hydroxyvitamin D (25(OH)D) levels 
to cognitive dysfunction in older adults in England (4) and 
across Europe (5). However, the evidence from studies in 
the United States is less consistent. Low 25(OH)D levels 
were associated with cognitive dysfunction in homebound 
elderly adults from Boston (6). However, those with the 
highest levels of serum 25(OH)D were more likely to be 
impaired on a test of delayed verbal memory in older U.S. 
adults from the Third National Health and Nutrition Exami-
nation Survey (NHANES III) (7). We hypothesized that the 
inconsistency between the results from NHANES III and 
other studies might reflect the minimal adjustment for �
potential confounders or the limited use of available cognitive 
measures. We therefore examined the multivariate adjusted 

association between vitamin D and cognitive impairment 
using data from NHANES III.

Methods

Participants
NHANES III is designed to assess the health and nutri-

tional status of the noninstitutionalized U.S. population. 
NHANES III is a large, nationally representative, cross-
sectional population-based study of persons aged 2 months 
and older living in the United States between 1988 and 1994 
selected using a stratified multistage probability sampling 
design. Data were collected via detailed household inter-
views, including demographic, socioeconomic, dietary, and 
health-related questions. Participants also completed medi-
cal and dental examinations, physiological measurements, 
and laboratory tests administered by trained medical per-
sonnel. The overall household interview response rate was 
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high (86%). Five thousand two hundred and fifty-two adults 
aged 65 years and older were eligible for inclusion in the 
present analyzes. Of these, 1,238 (23.6%) did not have �
serum 25(OH)D measurements, and a further 618 (11.8%) 
had missing data relating to cognitive impairment or other 
variables selected as potential confounders. In comparison 
with the 3,396 participants with complete data, participants 
with missing data were older, had fewer years of education, 
and were more likely to be women (all p < .01), though 
were no more likely to be white (p = .2). NHANES III was 
approved by the National Center for Health Statistics Insti-
tutional Review Board, and written informed consent was 
obtained from all participants.

Serum 25(OH)D Concentration
Blood samples were collected as part of the nutrition bio-

marker component of NHANES III. 25(OH)D assays were 
performed at the primary environmental and nutritional 
health laboratory at the National Center for Environmental 
Health (CDC, Atlanta, GA) by radioimmunoassay (RIA kit; 
DiaSorin, formerly Incstar Corp., Stillwater, MN). The 
assay coefficient of variation was 10%–25% for lower �
values (20–62.5 nmol/L) and 12%–18% for higher values 
(85–147.5 nmol/L). Full details of the assay method for this 
measurement and correlates of 25(OH)D in NHANES III 
have been published elsewhere (8–10).

Neuropsychological Tests
Six neuropsychological tests incorporated in NHANES 

III were designed for administration in the participants’ pre-
ferred language (English or Spanish) and were selected to 
assess cognitive functions typically affected in dementia 
(see Table 1). The evaluation included measures of orienta-
tion, immediate and delayed verbal memory, and attention. 
Orientation in time and place was assessed using six items 
from the Mini-Mental State Examination (11). Immediate 
and delayed verbal memory was assessed using object and 
story recall tasks. The object recall task incorporates three 
words (“apple,” “table,” and “penny”) and is also taken 
from the Mini-Mental State Examination (11). In the test, 
the interviewer repeats the three words up to three times 
until they have been successfully learned (participants were 
scored on the first trial only). Participants were then asked 

to recall the objects again after a short delay. The story re-
call task was taken from the East Boston Memory Test (12) 
and involved the immediate and delayed recall of the fol-
lowing story: “Three children were alone at home and the 
house caught on fire. A brave fireman managed to climb in 
a back window and carry them to safety. Aside from minor 
cuts and bruises, all were well.” Participants were asked to 
repeat the story immediately after it was read to them and 
again after a few minutes of answering unrelated questions. 
Points were allocated for recall of each of the six following 
ideas: three children, house on fire, fireman climbed in, 
children rescued, minor injuries, and everyone well. Atten-
tion was assessed by asking the participant to count back-
ward from 20 in intervals of three. The series of digits were 
selected from the Weschler Adult Intelligence Scale (13).

We obtained a global cognitive function score by sum-
ming the standardized scores from each of the six neuropsy-
chological tests (Table 1). Composite scores are commonly 
used because they integrate information from multiple 
sources and provide a more stable representation of cogni-
tive function than a single test (14). We also derived a sepa-
rate memory composite score by summing the standard 
scores from each of the four memory tests as previous re-
sults from the same sample suggested no association with a 
limited measure of delayed verbal memory (7). We defined 
cognitive impairment as the lowest 10% of the distribution 
of cognitive performance. Such a population-based cutoff 
point is a sensitive and specific indicator of cognitive im-
pairment (15) and has been used previously (16–18).

Statistical Analyses
Multivariate logistic regression models were used to �

determine the relationship of serum 25(OH)D to cognitive 
impairment. We divided the levels of serum 25(OH)D into 
clinically relevant groups to aid interpretation: severely 
25(OH)D deficient (defined as <25 nmol/L), 25(OH)D defi-
cient (defined as ≥25 < 50 nmol/L), 25(OH)D insufficient 
(defined as ≥50 < 75 nmol/L), and sufficient 25(OH)D 
(defined as ≥75 nmol/L) (19,20). In fully adjusted models, 
we controlled for the following variables that have previ-
ously been identified as potential confounders in studies of 
25(OH)D and cognition (4): age in years, sex, race/ethnicity 
(white, black, or other), education in years, season during 
which blood samples were obtained (to account for seasonal 

Table 1.  Neuropsychological Test Details

Cognitive Domain Number of Items/Tasks Source of Items/Tasks Range of Raw Scores Mean (SD) of Raw Scores

Orientation (time and place) 6 MMSE (11) 0–6 3.3 (2.1)
Immediate verbal memory (object) 3 MMSE (11) 0–3 2.7 (0.8)
Immediate verbal memory (story) 6 East Boston Memory Test (12) 0–6 3.4 (1.7)
Delayed verbal memory (object) 3 MMSE (11) 0–3 2.2 (1.0)
Delayed verbal memory (story) 6 East Boston Memory Test (12) 0–6 3.3 (1.8)
Attention (serial 3s) 5 Weschler Adult Intelligence scale (13) 0–5 3.8 (1.8)

Note: MMSE = Mini-Mental State Examination.
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variation in sunlight exposure), current smoking status, body 
mass index (kg/m2), alcohol consumption (0 drinks/month, 
1–10 drinks/month, or ≥11 drinks/month), serum vitamin E 
(alpha tocopherol [mmol/L]), total combined family income 
during the last 12 months (<$20,000, $20,000–34,999, or 
≥$35,000), impaired mobility (mean gait speed ≤0.4 m/s 
during two-timed 4-m walks at normal pace) (21), and lim-
ited physical activity (not having walked a mile, cycled, 
swam, or undertaken gardening/yard work in the past month).

In a series of secondary analyses, we examined whether 
any observed association was mediated by medical condi-
tions that are thought to be associated with both 25(OH)D 
deficiency (22–24) and cognitive impairment (25): diabetes 
(using antidiabetic agent, self-reported physician diagnosis, 
or having fasting plasma glucose ≥126 mg/dL), stroke (self-
reported physician diagnosis), and untreated and treated �
hypertension (using antihypertensive drugs, self-reported 
physician diagnosis, and mean systolic ≥140 mmHg or 
diastolic ≥90 mmHg from three readings). We also exam-
ined whether 25(OH)D levels were associated with memory 
impairment in a series of further logistic regression models. 
Sufficient 25(OH)D is also commonly defined as ≥50 
nmol/L (19). We therefore compared those who were 
severely deficient (defined as <25 nmol/L) or deficient �
(defined as ≥25 < 50 nmol/L) with this broader reference 
group. We examined whether natural log-transformed levels 
of vitamin D were also associated with the odds of cognitive 
impairment. Finally, we investigated possible two-way �
interactions between 25(OH)D and age or sex by including 
product terms in a fully adjusted model.

Because differential participation, the deliberate overs-
ampling of minority groups, and similarities between �
related observations have the potential to bias results, we 
performed weighted logistic regression analyses using �
official NHANES III population weights, clusters, and 
strata. Two-sided statistical tests were used throughout, and 
the Type I error rate for statistical significance was preset at 
.05. All analyses were performed using Stata SE version 
10.1 (StataCorp, College Station, TX).

Results
The study population is described in Table 2. Participants 

who were cognitively impaired were more likely to be 
25(OH)D deficient or severely deficient in comparison with 
those who were cognitively normal when unadjusted fre-
quencies were compared. A number of further differences 
were observed between the characteristics of participants 
who were cognitively impaired and those who were cogni-
tively normal. Those who were cognitively impaired were 
also more likely to be older, of black or other race/ethnicity, 
tested between September and November, physically inac-
tive, have impaired mobility and diabetes, and have lower 
education, body mass index, alcohol consumption, serum 
vitamin E, and income.

In an unadjusted logistic regression model, participants 
who were severely 25(OH)D deficient were more likely to 
suffer from cognitive impairment (Table 3). Significant lin-
ear trends between groups suggested a monotonic relation-
ship. These associations were attenuated but remained 
significant following adjustment for age, sex, race/ethnicity, 
education, season tested, current smoking status, body mass 
index, alcohol consumption, serum vitamin E, combined 
family income, impaired mobility, and physical inactivity. 
In fully adjusted models, those who were severely 25(OH)
D deficient were around four times more likely to be cogni-
tively impaired. Additional adjustment for stroke, diabetes, 
and hypertension slightly attenuated the association be-
tween 25(OH)D and cognitive impairment (Table 3). Post 
hoc analyses revealed that the observed attenuation was due 
to the influence of diabetes rather than of stroke or of hyper-
tension, perhaps suggesting partial mediation of the associ-
ation by diabetes (data not shown).

In a further unadjusted logistic regression model, partici-
pants who were severely 25(OH)D were more likely to have 
impaired memory (Table 4), and there was evidence for a 
monotonic relationship. However, participants who were 
25(OH)D insufficient were less likely to have impaired 
memory than those who were sufficient. The association be-
came less clear in the fully adjusted model, and there was 
no longer the suggestion of a monotonic association. Addi-
tional adjustment for stroke, diabetes, and hypertension did 
not change the pattern of associations.

When a broader definition of 25(OH)D sufficiency was 
adopted, a highly similar pattern of associations was ob-
served (Figure 1). Participants who were 25(OH)D deficient 
(≥25 < 50 nmol/L) and severely deficient (<25 nmol/L) in 
comparison with those sufficient (≥50 nmol/L) were again 
more likely to be cognitively impaired (p for linear trend = 
.002). A fully adjusted logistic regression model incorporat-
ing natural log-transformed levels of 25(OH)D rather than 
predefined categories also indicated that low levels of 
25(OH)D were associated with greater odds of cognitive 
impairment (p = .015). No significant two-way interactions 
were observed between 25(OH)D levels and sex (p = .34) or 
age (p = .92).

Discussion
In this large population-based study, we found that �

elderly people with low levels of 25(OH)D were at increased 
risk of cognitive impairment, and there was evidence of a 
monotonic relationship. The association remained signifi-
cant following adjustment for a wide range of potential con-
founders. The association between 25(OH)D and memory 
impairment was unclear. This is one of the first population-
based studies to show that 25(OH)D deficiency is associ-
ated with a greater risk of cognitive impairment.

The strengths of this study include the statistical adjust-
ment for a wide range of potentially confounding variables, 
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such as sociodemographics, health behaviors, clinical status, 
and dietary factors. Response rates were high, and minimal 
bias is likely due to attrition. The assessment of cognitive 
impairment included a range of neuropsychological tests 
that assess different cognitive domains. NHANES III is a 
large well-characterized study, which incorporates a diverse 
sample that is representative of the U.S. population. These 
results are therefore more likely to generalize to other popu-
lations. A number of limitations should be considered when 
interpreting our findings. Low levels of 25(OH)D may re-
flect the limited outdoor activity of participants who are cog-
nitively impaired and it is not possible to discount the 
possibility of reverse causality on the basis of cross-sectional 
evidence. However, we adjusted for impaired mobility and 
physical inactivity, which did not greatly attenuate the �
association. Although the response rate was high, it is still 
possible that missing data and nonresponse biased our 
results. We therefore conducted weighted analyses to allow 
for nonrandom attrition.

It is not likely that the difference observed between our 
findings and those reported in a previous analysis of 
NHANES III (7) reflects differences in adjustment for �
potential confounders as both our unadjusted and fully 
adjusted models suggested a robust association with cognitive 
impairment. More likely, the differences observed reflect 
the different cognitive measures incorporated. In the previ-
ous analysis, the raw scores of the delayed element of the 
object and story recall tasks were summed to derive a “
memory and learning score.” In our analyses of cognitive 
impairment, we utilized a composite score, which incorpo-
rated the full range of NHANES III cognitive measures (ad-
ditional tests of orientation, immediate verbal memory, and 
attention). By integrating information from multiple sources 
in this way, we obtained a more stable representation of 
cognitive function than a single measure (14). It is also pos-
sible that 25(OH)D levels are primarily associated with 
cognitive dysfunction in domains other than memory as 
we have previously hypothesized (4). We observed no clear 

Table 2.  Baseline Characteristics of Elderly Participants in Third National Health and Nutrition Examination Survey According to 
Cognitive Status*

Characteristic All Participants (n = 3,396) Cognitively Normal (n = 3,056) Cognitively Impaired (n = 340) p†

Serum 25-hydroxyvitamin D (nmol/L)
  ≥75 1,104 (37.5) 1,019 (37.9) 85 (30.1) <.001
  ≥50 < 75 1,306 (39.0) 1,194 (39.4) 112 (31.3)
  ≥25 < 50 894 (21.8) 770 (21.2) 124 (31.7)
  <25 92 (1.8) 73 (1.5) 19 (7.0)
Age (y), M (SD) 73.7 (10.9) 72.6 (11.3) 76.6 (12.6) <.001
Women 1,736 (55.2) 1,571 (55.4) 165 (52.7) .4
Race/ethnicity
  White 2,744 (90.9) 2,521 (91.9) 223 (74.0) <.001
  Black 594 (7.6) 488 (6.7) 106 (23.0)
  Other 58 (1.5) 47 (1.4) 11 (3.0)
Education (y), M (SD) 10.7 (8.1) 11.3 (8.2) 7.7 (7.9) <.001
Season tested
  December to February 700 (13.4) 615 (13.4) 85 (13.8) .04
  March to May 898 (29.5) 823 (29.7) 75 (25.6)
  June to August 824 (31.5) 780 (32.1) 44 (21.9)
  September to November 974 (25.6) 838 (24.9) 136 (38.8)
Current smoker 424 (12.8) 379 (12.7) 45 (14.8) .6
Body mass index (kg/m2), mean (SD) 26.6 (6.7) 26.8 (9.1) 25.2 (8.0) .001
Alcohol consumption
  0 drinks/mo 2,314 (62.0) 2,049 (61.4) 265 (72.1) .03
  1–10 drinks/mo 571 (18.4) 523 (18.6) 48 (16.2)
  ≥11 drinks/mo 511 (19.6) 484 (20.1) 27 (11.8)
Serum vitamin E (mmol/L), mean (SD) 32.8 (20.8) 33.4 (21.1) 27.6 (18.8) <.001
Combined annual family income
  <$20,000 2,137 (52.6) 1,855 (51.4) 282 (74.6) <.001
  $20,000–34,999 781 (26.8) 742 (27.4) 39 (15.2)
  ≥$35,000 478 (20.6) 459 (21.2) 19 (10.2)
Impaired mobility 289 (5.9) 213 (5.1) 76 (20.7) <.001
Physically inactive 1,107 (25.9) 949 (24.9) 158 (44.2) <.001
Stroke 245 (6.2) 211 (6.1) 34 (8.3) .1
Diabetes 695 (16.7) 612 (16.3) 83 (24.0) .02
Hypertension
  Untreated 1,109 (30.9) 982 (30.7) 127 (34.1) .6
  Treated with antihypertensive drugs 1,207 (34.6) 1,098 (34.8) 109 (31.8)

Notes: *Data are expressed as number and percentage unless otherwise indicated. Means and percentages are weighted to adjust for the sampling design.
† p Value for c2 test for categorical variables and analysis of variance for continuous variables.
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association with memory impairment utilizing a composite 
score, which incorporated the full range of NHANES III 
memory measures.

Our findings are consistent with recent European studies 
that have suggested that low 25(OH)D levels are associated 
with increased odds of cognitive impairment (4) and poor 
sustained attention but not memory or visuospatial ability 
(5). Similarly, low 25(OH)D levels in homebound elderly 
adults from Boston were associated with poor executive 

function and processing speed but not memory (6). Further 
research incorporating a comprehensive neuropsychologi-
cal test battery is therefore needed to confirm whether vita-
min D deficiency is primarily associated with frontal lobe 
deficits, such as impaired executive function, processing 
speed, and attention. In the meantime, caution should be 
exercised when interpreting results from studies that only 
incorporate measures of memory or otherwise limited mea-
sures of cognitive function.

Several mechanisms have been proposed to explain why 
vitamin D deficiency may increase the odds of cognitive im-
pairment. Vitamin D deficiency may increase the risk of 
stroke (23), diabetes (22), and hypertension (26), and these 
conditions may in turn be associated with cognitive impair-
ment (25). Our findings provide some support for the possi-
bility that diabetes may partially mediate the association, 
although stroke and hypertension appear unlikely mediators. 
Vitamin D receptors are present in a wide variety of cells, 
including neurons and glial cells, and genes encoding the en-
zymes involved in the metabolism of vitamin D are also ex-
pressed in the brain (1). A series of animal and in vitro studies 
suggest that vitamin D influences antioxidative mechanisms, 
neurogenesis, neuronal calcium homeostasis, and the expres-
sion of neurotrophic factors and enhances nerve conduction 
and detoxification (1–3). Vitamin D may play a role in brain 
detoxification pathways by reducing cellular calcium, inhib-
iting the synthesis of nitric oxide synthase and protecting 
neurons from reactive oxygen species by increasing levels of 
glutathione (27). Vitamin D stimulates neurogenesis and 

Table 3.  Logistic Regression Models Illustrating Odds of Cognitive 
Impairment (95% Confidence Intervals) by Serum 25-hydroxyvitamin 

D3 (25(OH)D) Levels*

Unadjusted �
Model

Fully Adjusted �
Model†

Fully Adjusted 
Model Plus 

Medical 
Conditions‡

Serum 25(OH)D (nmol/L)
  ≥75§ 1.0 1.0 1.0
  ≥50 < 75 1.00 (0.66–1.51) 0.86 (0.59–1.26) 0.83 (0.57–1.22)
  ≥25 < 50 1.88 (1.30–2.73) 1.42 (0.96–2.09) 1.33 (0.90–1.97)
  <25 5.97 (2.82–12.61) 3.94 (1.49–10.43) 3.68 (1.37–9.90)
  p for linear 
    trend

<.001 .017 .033

Notes: *Cognitive impairment was defined as the worst 10% of the distribu-
tion of scores. Population weights are used to adjust for the sampling design.

† Adjusted for age, sex, race/ethnicity, education, season tested, current 
smoking status, body mass index, alcohol consumption, serum vitamin E, com-
bined family income, impaired mobility, and physical inactivity.

‡ Adjustment as for fully adjusted model plus medical conditions that may 
mediate the association between 25(OH)D and cognitive impairment (stroke, 
diabetes, untreated hypertension, and hypertension treated with antihyperten-
sive drugs).

§ Participants with serum 25(OH)D concentrations ≥75 nmol/L served as 
the reference group.

Table 4.  Logistic Regression Models Illustrating Odds f Memory 
Impairment (95% confidence intervals) by Serum 25-hydroxyvitamin 

D3 (25(OH)D) Levels*

Unadjusted �
Model

Fully Adjusted �
Model†

Fully Adjusted 
Model Plus 

Medical 
Conditions‡

Serum 25(OH)D (nmol/L)
  ≥75§ 1.0 1.0 1.0
  ≥50 < 75 0.69 (0.52–0.92) 0.59 (0.43–0.83) 0.58 (0.42–0.80)
  ≥25 < 50 1.45 (1.01–2.08) 1.18 (0.78–1.81) 1.12 (0.73–1.72)
  <25 4.46 (2.07–9.59) 3.18 (1.20–8.44) 2.98 (1.13–7.88)
  p for linear 
    trend

.011 .18 .26

Notes: *Memory impairment was defined as the worst 10% of the distribu-
tion of scores. Population weights are used to adjust for the sampling design.

† Adjusted for age, sex, race/ethnicity, education, season tested, current 
smoking status, body mass index, alcohol consumption, serum vitamin E, com-
bined family income, impaired mobility, and physical inactivity.

‡ Adjustment as for fully adjusted model plus medical conditions that may 
mediate the association between 25(OH)D and cognitive impairment (stroke, 
diabetes, untreated hypertension, and hypertension treated with antihyperten-
sive drugs).

§ Participants with serum 25(OH)D concentrations ≥75 nmol/L served as 
the reference group.
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Figure 1.  Odds of cognitive impairment by serum 25-hydroxyvitamin D 
[25(OH)D] levels. Bars indicate 95% confidence intervals. Cognitive impair-
ment was defined as the worst 10% of the distribution of scores. Population 
weights are used to adjust for the sampling design. Results are also adjusted for 
age, sex, race/ethnicity, education, season tested, current smoking status, body 
mass index, alcohol consumption, serum vitamin E, combined family income, 
impaired mobility, and physical activity.
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regulates the synthesis of neurotrophic factors, which �
are important for cell differentiation and survival (1,28). 
Vitamin D is also an immunosuppressor and inhibits auto-
immune damage to the nervous system (27). Vitamin D 
stimulates amyloid-beta clearance and phagocytosis while 
protecting against programmed cell death (3). Vitamin D 
deficiency may also be associated with an increased risk of 
neurological diseases, such as multiple sclerosis (29) and 
Parkinson’s (30).

We discovered that low levels of 25(OH)D were associ-
ated with increased odds of cognitive impairment and that 
this association remained after adjusting for a wide range of 
potential confounders. Taken together, the results from sev-
eral large population-based studies in Europe and the 
United States suggest that vitamin D deficiency is associ-
ated with cognitive impairment. Further research is needed 
to clarify the association between vitamin D deficiency and 
memory. Neuroimaging and neuropathological studies 
would also be useful to identify the mechanisms underlying 
these associations. The correction of vitamin D deficiency 
may have immense potential for the prevention of cognitive 
impairment and dementia, given the high prevalence of de-
ficiency and the easy, inexpensive, and safe way in which 
vitamin D can be supplemented. Future prospective studies 
and randomized controlled trials to more clearly identify a 
potential causal relationship between Vitamin D deficiency 
and cognitive impairment are therefore warranted.
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