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ABSTRACT

Background: Vitamin D deficiency has potential adverse effects on neurocognitive health and
subcortical function. However, no studies have examined the association between vitamin D sta-
tus, dementia, and cranial MRI indicators of cerebrovascular disease (CVD).

Methods: Cross-sectional investigation of 25-hydroxyvitamin D [25(OH)D], dementia, and MRI
measures of CVD in elders receiving home care (aged 65–99 years) from 2003 to 2007.

Results: Among 318 participants, the mean age was 73.5 � 8.1 years, 231 (72.6%) were women,
and 109 (34.3%) were black. 25(OH)D concentrations were deficient (�10 ng/mL) in 14.5% and
insufficient (10–20 ng/mL) in 44.3% of participants. There were 76 participants (23.9%) with de-
mentia, 41 of which were classified as probable AD. Mean 25(OH)D concentrations were lower in
subjects with dementia (16.8 vs 20.0 ng/mL, p � 0.01). There was a higher prevalence of dementia
among participants with 25(OH)D insufficiency (�20 ng/mL) (30.5% vs 14.5%, p � 0.01). 25(OH)D
deficiency was associated with increased white matter hyperintensity volume (4.9 vs 2.9 mL, p �

0.01), grade (3.0 vs 2.2, p � 0.04), and prevalence of large vessel infarcts (10.1% vs 6.9%, p �

0.01). After adjustment for age, race, sex, body mass index, and education, 25(OH)D insufficiency
(�20 ng/mL) was associated with more than twice the odds of all-cause dementia (odds ratio [OR] �

2.3, 95% confidence interval [CI] 1.2–4.2), Alzheimer disease (OR � 2.5, 95% CI 1.1–6.1), and
stroke (with and without dementia symptoms) (OR � 2.0, 95% CI 1.0–4.0).

Conclusions: Vitamin D insufficiency and deficiency was associated with all-cause dementia,
Alzheimer disease, stroke (with and without dementia symptoms), and MRI indicators of cere-
brovascular disease. These findings suggest a potential vasculoprotective role of vitamin D.
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GLOSSARY
25(OH)D � 25-hydroxyvitamin D; AIREN � Association Internationale pour la Recherché et l’Enseignement en Neuro-
sciences; BMI � body mass index; CI � confidence interval; CVD � cerebrovascular disease; DSM-IV � Diagnostic and
Statistical Manual of Mental Disorders, 4th edition; FFQ � food frequency questionnaire; FLAIR � fluid-attenuation inversion
recovery; GFR � glomerular filtration rate; MPRAGE � magnetization prepared rapid acquisition gradient echo; MTL �
medial temporal lobe; NAME � Nutrition and Memory in Elders; NINDS � National Institute of Neurological Disorders and
Stroke; OR � odds ratio; WMH � white matter hyperintensities.

Cerebrovascular disease (CVD) and microvascular changes are etiologic hallmarks of vascular
dementia1,2 and also may contribute to the worsening of Alzheimer disease (AD) symptoms.3

Medial temporal lobe, cortical atrophy, and white matter hyperintensities (WMH), also re-
ferred to as leukoaraiosis, have been reported in AD1 but do not occur exclusively in individuals
with this diagnosis. Furthermore, studies have shown that MRI demonstration of CVD is
associated with an increased risk of dementia and poorer cognition.4

There is evidence of neuroprotective functions of vitamin D and growing evidence of a potential
role of vitamin D in cognitive function.5-7 Vitamin D may help to prevent neurodegenerative
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diseases of aging through protection against co-
morbidities such as cardiovascular and cerebro-
vascular disease,8,9 peripheral artery disease,10

oxidation and inflammation,11 and neuronal
health.12,13 However, there is a paucity of data
on the association between biomarkers of vita-
min D, cognition, dementia, and MRI measures
of CVD.

The objectives of the current study were to
explore mechanisms through which vitamin
D may be involved in neurocognitive func-
tion. Using a subset of the population previ-
ously studied, we examined associations
between 25-hydroxyvitamin D [25(OH)D]
and diagnoses of neurodegenerative diseases,
MRI indicators for vascular brain pathology,
and volumetric measures of brain structures
in a racially diverse elderly population receiv-
ing home care in Boston, Massachusetts.

METHODS Detailed methodology for the Nutrition and
Memory in Elders (NAME) study have been described previously.14

Between 2003 and 2007, participants were recruited at 4
Boston-area home care agencies that provide services for home
living. Individuals eligible for home services were at least 60 years
old, had low income (determined by the Commonwealth of
Massachusetts), had a diminished ability to perform activities of
daily living, and had an unmet need in a critical area (food or
personal care). Exclusion criteria included non–English fluency,
severe auditory or visual impairment, mental retardation, and
brain tumor. The institutional review board at Tufts Medical
Center approved the protocol.

All 1,248 NAME study participants agreed to 3 home evalu-
ations over 1 to 3 weeks: evaluation 1 included informed consent
and neuropsychological testing; evaluation 2 included fasting
phlebotomy; and evaluation 3 included medical history, medica-
tion ascertainment, and physical assessment. Subsequently, 365
participants underwent examination at Tufts Medical Center,
including brain imaging within 1 month of the final home visit.

Home data ascertainment. Information related to demo-
graphics and medical history was obtained through interviewer-
administered questionnaires. Interviewers examined medication,
and participants were queried about medication use. Dietary in-
take was captured using a validated semiquantitative food fre-
quency questionnaire (FFQ).15 Use of multivitamins and
vitamin D supplements was verified and captured. The brand
name and type of supplement were explored using nutrient data
capture software and captured on the FFQ. Blood pressure was
the average of 2 measurements after 5 minutes of rest in a seated
position. Habitual physical activity was assessed using the Paffen-
barger questionnaire.16 Additionally, subjects were asked to report
typical activity level and the number of hours spent sleeping or lying
down (nighttime sleep, naps, reclining), light activity (office work,
light housework, driving, personal care, standing), and sitting activ-
ity (eating, reading, watching television).

Phlebotomy. A fasting blood sample was obtained, divided
into aliquots, centrifuged, and transported on ice. Serum chem-

istries were assessed immediately. Samples were stored at

�70°C; these were later analyzed for circulating 25(OH)D con-

centration in batch from 50 �L of plasma using the DiaSorin
125I radioimmunoassay (DiaSorin, Inc., Stillwater, MN) after a

single freeze-thaw cycle.17 The inter- and intra-assay coefficients

of variation were 9.4% and 10.8%, and the assay reference range

was 8–38 ng/mL; values outside of this range were reevaluated in

confirmatory analyses.

Definitions. Body mass index (BMI) was calculated as weight

in kilograms divided by the square of height in meters. In cases

where standing height was unobtainable, height was estimated

using knee height measures.18 Diabetes was defined by fasting

serum glucose of �126 mg/dL or use of insulin or oral hypogly-

cemic agents, according to American Diabetes Association

guidelines. Hypertension was defined as �140 or 90 mm Hg

for systolic or diastolic blood pressure, or use of antihyperten-

sive medication. Cerebrovascular disease was defined as

periventricular hyperintensities, large and small vessel in-

farcts, and brain atrophy.

After indirect calibration of serum creatinine values, glomer-

ular filtration rate (GFR) was estimated using the 4-variable

Modification of Diet in Renal Disease Study equation re-

expressed for isotope dilution mass spectroscopy standard.19 Sub-

jects with estimated GFR �60 mL/minute per 1.73 m2 were

classified with reduced kidney function (Kidney Disease Out-

comes Quality Initiative clinical practice guidelines, 2002). Vita-

min D categories were determined based on the distribution in

this population and consistent with relevant reference popula-

tions and were defined as deficient (�10 ng/mL), insufficient

(10–20 ng/mL), or sufficient (�20 ng/mL).20,21 Vitamin D “in-

sufficiency” will be used to describe physiologic 25(OH)D con-

centrations �20 ng/mL for reference.

Neurologic examination. A board-certified neurologist com-

pleted a neurologic history and physical examination. All sub-

jects were scored on the NIH Stroke Scale. Subjects were

classified with symptomatic CVD or evidence of peripheral neu-

ropathy defined as involvement of small or large fiber–mediated
sensation. Presence of stroke was classified according to the Trial
of Org 10172 in Acute Stroke Treatment criteria.22

Dementia classification. A consensus committee including a
psychiatrist, neuropsychologist, neurologist, and neuroradiolo-
gist reviewed clinical data and assigned the following diagnoses:
dementia (probable or possible AD, vascular, and other) or no
diagnosable cognitive decline. AD was defined using National
Institute of Neurological and Communicative Disorders and
Stroke–Alzheimer’s Disease and Related Disorders Association
criteria.23 Vascular dementia was defined using National Insti-
tute of Neurological Disorders and Stroke (NINDS)–Associa-
tion Internationale pour la Recherché et l’Enseignement en
Neurosciences (AIREN) criteria.24 Other dementias were classi-
fied according to DSM-IV criteria.25 For subjects determined to
have both AD and CVD, the NINDS-AIREN guidelines were
followed, and the subject was assigned to the Alzheimer’s
group.24

MRI. Cranial MRI was performed with a 1.5-T Symphony su-
perconducting magnet (Siemens, Iselin, NJ). The MRI protocol
included 1) T1-weighted axial images, (2) intermediate and T2-
weighted conventional spin-echo axial images, (3) fluid-
attenuation inversion recovery (FLAIR) turbo spin-echo axial
images, and (4) magnetization prepared rapid acquisition gradi-
ent echo (MPRAGE) coronal images.
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High-resolution images were reviewed by primary and sec-
ondary trained analysts under the supervision of a neuroradiolo-
gist. Interrater reliability was r � 0.92 ( p � 0.001). Analyze™
image analysis software (Biomedical Imaging Resource, 1986–
2004) was used to quantify brain segmentation and region of
interest analysis. Analysts were blinded to the subjects’ nutri-
tional status and study results.

Quantitative segmentation of CSF from brain was per-
formed using the method described by DeCarli et al.26 Measure-
ments of total intracranial volume, total brain volume, and CSF
volume (subarachnoid and ventricular) were obtained. Medial
temporal lobe (MTL) volumes were determined by outlining the
hippocampus, amygdala, and parahippocampal gyrus on consec-
utive images of MPRAGE sequence. Brain and CSF volumes
were corrected for intracranial volume, and MTL volumes were
corrected for brain volume/intracranial volume.

WMH, indicators of vascular pathology, were defined as hy-
perintense changes on intermediate-intensity/FLAIR and T2-
weighted images with no corresponding T1 abnormality. To
reliably assess WMH, both qualitative and quantitative methods
were used. For qualitative analyses, a neuroradiologist (R.A.B.)
compared the findings of WMH on spin-density–weighted axial
images to a set of scans that demonstrate successively increasing
changes, from barely detectable (grade 0–1) to extensive and
confluent (grade 9).27 Quantitative methods involved histogram
analysis procedures described by De Carli et al.26

Brain infarcts were measured to quantify subclinical and
clinical CVD. Large vessel infarcts were defined as cortical in-
farcts of any size and subcortical infarcts �1.5 cm in maximum
dimension, whereas small vessel infarcts were defined as subcor-
tical infarcts 3 mm to 1.5 cm. To qualify for an infarct, the lesion
had increased signal on T2 and FLAIR images. For subcortical
infarcts in white matter, additional low signal on T1-weighted
images was required to be considered as infarct.27

Statistical analysis. There were 365 participants who con-
sented to MRI. Subjects were excluded for the following rea-
sons: missing 25(OH)D concentrations (n � 26), ineligible
because of presence of metal or withdrew consent (n � 10),
or movement artifact (n � 11). Of the remaining eligible
subjects, consensus diagnosis was available for all 318 sub-
jects, and complete MRI data were available for 305 subjects.
For the analyses, participants were categorized as black (n �

109) or nonblack (n � 209).
All analyses were completed using SAS (version 9.1, ©2007,

SAS Institute, Inc., Cary, NC). Variable distributions were eval-
uated, and those not normally distributed (specifically WMH
volume) were log-transformed when appropriate. Initial compar-
isons of demographic and descriptor variables stratified by race
were performed using t tests and �2 tests, as appropriate, because
of the known differences in vitamin D status by race. Group
means were adjusted and compared with analysis of covariance,
and interactions were investigated by including interaction terms
in the models. Univariate and multiple regression models were
constructed to examine associations of plasma 25(OH)D and
volumetric measures of brain structures.

Logistic regression was used to examine associations with
all-cause dementia, AD, and stroke (with and without dementia)
with 25(OH)D concentration. Covariates were selected a priori,
based on clinical factors and confounding effects: age, BMI,
plasma homocysteine, and physical activity were included as
continuous; and sex, race, education, ApoE allele status (pres-
ence or absence of any E4 allele), diabetes, hypertension,
home care center, and multivitamin use were entered as di-

chotomous variables. Other nutritional covariates possibly as-
sociated with dementia, such as �-3 fatty acids and B
vitamins, were also explored.

RESULTS Baseline characteristics for the partici-
pants in this subset (n � 318) were similar to the full
cohort (n � 1,080; data not shown). The mean age
was 73.5 � 8.1 years, and the majority of partici-
pants were women (73%) (table 1). Nonblack partic-
ipants were significantly older than black participants,
had lower BMI, and were more likely to have at least
a high school education (each p � 0.01). Hyperten-
sion, diabetes, and reduced kidney function were
prevalent, at 84, 31, and 28% of participants. More
than 50% of the population used multivitamins, and
approximately 21% used vitamin D supplements.

Vitamin D insufficiency (�20 ng/mL) and defi-
ciency were prevalent (44.3% and 15%). Blacks were
more likely than nonblacks to have 25(OH)D con-
centrations �20 ng/mL (69% vs 54%, p � 0.01)
and were twice as likely to have 25(OH)D concen-
trations �10 ng/mL (20% vs 12%, p � 0.01).
25(OH)D concentrations did not vary significantly
by season in either race or in the full population (De-
cember through February: 17 ng/mL; March
through May:18 ng/mL; June through August: 20
ng/mL; September through November: 19 ng/mL).

There were 76 participants with dementia; 41
were clinically classified with AD, 21 were classified
with vascular dementia, 31 were classified with stroke
without symptoms of dementia, and 14 were classi-
fied with other dementias (this category included:
Lewy body dementia, alcohol related dementia, Par-
kinson disease, and dementia secondary to severe
head trauma). Of the 41 participants with AD, 35
(85.4%) had evidence of vascular pathology (WMH
grade �1). Participants with dementia were older
and had lower vitamin D intakes and 25(OH)D con-
centrations than those without dementia (table 2).

25(OH)D insufficiency (�20 ng/mL) was associ-
ated with more than twice the risk of all-cause dementia
(AD, stroke with dementia, and other; odds ratio [OR] �
2.6, 95% confidence interval [CI] 1.5–4.7) after adjust-
ment for age, race, sex, BMI, education, kidney function,
multivitamin use, season, diabetes, hypertension, physi-
cal activity, plasma homocysteine, and ApoE4 allele
status (table 3, model 3). Similarly, 25(OH)D insuffi-
ciency was associated with more than twice the risk of
AD in univariate models (OR � 2.9, 95% CI 1.3–6.3)
after adjustment for age, race, sex, BMI, and education
(OR � 2.5, 95% CI 1.04–6.1). In fully adjusted mod-
els, the association was attenuated (OR � 2.7, 95% CI
0.99–7.2); however, after ApoE4 allele status was re-
moved from the model, the association was significant
(OR � 2.9, 95% CI 1.1–7.6). The association between
25(OH)D insufficiency and AD in fully adjusted mod-
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els was also attenuated after addition of plasma vitamin
B6 and dietary intakes of �-3 fatty acids (data not
shown).

25(OH)D deficiency was associated with a higher
prevalence of stroke (with and without dementia)
and AD (18.4% vs 13.9%, p � 0.001 and 17.4% vs
6.9%, p � 0.01; table 4; figure). In fully adjusted
logistic regression models, where stroke with and
without dementia were combined (n � 52),
25(OH)D insufficiency was associated with twice the
risk of stroke (OR � 2.3, 95% CI 1.1–4.8; table 3,
model 3). However, when subjects with stroke were
stratified by the presence (n � 21) or absence of de-
mentia (n � 31), 25(OH)D status was not associated
with prevalence of stroke (data not shown).

WMH volume was inversely associated with
25(OH)D concentrations (data not shown), and
25(OH)D deficiency was associated with higher geo-

metric mean WMH volume (4.9 vs 2.9 mL, p �
0.004), WMH grade (3.2 vs 2.2, p � 0.02), and
prevalence of large vessel infarcts (16.1% vs 6.9%,
p � 0.01) (table 4; figure). This trend was evident in
both dichotomous (25(OH)D �20 and �20 ng/
mL) and categorical (25(OH)D �10, 10–20, and
�20 ng/mL) comparisons (table 4).

Consistent with the literature, hippocampal vol-
ume was smaller in subjects with AD (5,173 vs 4,744
mm3, p � 0.002), but there was no difference in
hippocampal volume in subjects with cerebrovascu-
lar disease, with and without dementia. Additionally,
there was no association between vitamin D and
volumetric measures of the amygdala, hippocampi,
total brain volume, cortical atrophy, or sulcal grade
after adjustment for intracranial volume and covari-
ates such as age, race, sex, and education. Although
vitamin D concentration �20 ng/mL was associated

Table 1 Descriptive characteristics of elderly adults receiving home care services in
Boston, Massachusettsa

Total
(n � 318)

Nonblacks Blacks

Total
(n � 209)

Men
(n � 64)

Women
(n � 145)

Total
(n � 109)

Men
(n � 23)

Women
(n � 86)

Age,b y 73.5 (8.1) 74.5 (8.3) 73.9 (8.9) 74.8 (8.0) 71.5 (7.4)e 70.3 (7.1) 71.8 (7.6)

Female,b % 72.6 69.4 78.9

HS graduate,b % 77.4 83.7 79.7 85.5 65.1f 65.22 65.12

BMI,b,c kg/m2 30.7 (7.4) 29.8 (6.4) 28.6 (6.2) 30.4 (6.5) 32.5 (8.7)e 25.8 (4.5)f 34.3 (8.7)

History of smoking, % 68.7 67 75.1 67.2 69.6 82.6 62.8

Current drinking, % 47.2 45.5 46.9 44.8 50.5 72.7d,e 44.7

Diabetes mellitus,b,c % 30.6 25.8 40.6e 19.3 39.8e 43.5 38.5

Hypertension,b % 83.7 79.1 82.5 77.6 92.5e 91.3 92.9

Reduced GFR, % 27.7 30.1 32.8 29 22.9 17.4 24.4

Multivitamin use, % 54.7 56 60.9 53.8 52.3 43.5 54.7

Vitamin D supplement use,c,g % 20.8 19.4 4.7d,f 25.5 23.9 4.5d 29.1

MMSE total score,b

mean (SD)
25.7 (3.1) 26.3 (2.7) 26.8 (2.5) 26.1 (2.8) 24.4 (3.5)e 23.3 (3.3) 24.7 (3.4)

25(OH)D
concentration,b,h ng/mL

19.2 (8.0) 20.3 (8.2) 19.6 (7.8) 20.6 (8.4) 17.1 (7.0)e 14.0 (5.9)d,e 17.9 (7.0)

25(OH)D

<10 ng/mL, % 14.5 11.5 10.9 11.7 20.2e 30.4 17.4

10–20 ng/mL, % 44.3 42.1 48.4 39.3 48.6 56.5 46.5

>20 ng/mL,b,c % 41.2 46.4 40.6 49 31.2d 13.0d 36.1

Total vitamin D
intake,c mean (SD), IU

496 (315) 508 (324) 429 (262)d 543 (342) 473 (296) 371 (253) 501 (303)

Abbreviations: BMI � body mass index; GFR � glomerular filtration rate; HS � high school; MMSE � Mini-Mental State
Examination.
aContinuous variables are mean (SD), and categorical variables are percentage.
bSignificant difference between blacks and nonblacks.
cSignificant difference between men and women.
dp � 0.05.
ep � 0.01.
fp � 0.001.
gIndicates vitamin D supplement only; does not include contribution from multivitamins.
hTo convert 25-hydroxyvitamin D (25(OH)D) from ng/mL to nmol/L, multiply by 2.496.
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with increased hippocampal volume in unadjusted
models (5,124 vs 5,027 mm3), the association was
attenuated after adjustment for age, race, and sex and
was no longer evident after adjustment for intracra-
nial volume (data not shown).

DISCUSSION In these elderly individuals, low
25(OH)D was associated with all-cause dementia;
further associations between 25(OH)D and WMH
support the hypothesis that vascular factors may me-
diate the association between vitamin D deficiency
and cognitive function. We previously reported a sig-
nificant association between 25(OH)D concentra-
tion and executive function and global cognition.5 In
this analysis in a subset of the population, we identi-
fied associations between 25(OH)D concentrations
and diagnoses of AD and stroke (with and without
symptoms of dementia). Furthermore, we saw associ-
ations between 25(OH)D and specific indicators of
vascular pathology on MRI. Lower 25(OH)D was
associated with the presence of large vessel infarcts
and WMH volume and severity. Together, these
findings suggest an association between vitamin D
and subcortical function consistent with recent vas-
culoprotective evidence for this hormone.9,10,28

Dementia is oftentimes multifactorial, and AD
and vascular dementia share etiologic features. We
observed associations between 25(OH)D, AD, and
stroke with and without dementia symptoms. De-
mentia symptomatology secondary to stroke is re-
lated to the location of the stroke and is a symptom
of vascular impairment. We explored the indepen-
dent associations between 25(OH)D and the preva-
lence of stroke when stratified by the presence (n � 31)
or absence (n � 21) of dementia symptoms and
found no association.

Our data also showed an independent association
between lower circulating 25(OH)D and MRI indica-

Table 2 Population characteristics by diagnosis of dementia and cerebrovascular pathologya

Dementia and stroke

Alzheimer disease
(n � 41)

Stroke with
dementia (n � 22)

Stroke without
dementia (n � 31)

All dementia
(n � 76)

No stroke or
dementia (n � 211)

Age, mean � SD, y 80.4 � 8.0c 73 � 7.3 73 � 7.7 76.5 � 8.6c 72.5 � 7.7

Race, % black 41.5 68.2b 32.3 42 32.1

ApoE4 allele
frequencyd

30 19.1 25.8 28.4 22.2

Diabetes, % 39 45.5 16 42.1 28.4

Hypertension, % 84.6 90.9 90.3 86.3 81.9

MMSE total score,
mean � SD

22.3 � 2.8c 23.2 � 2.3c 26.5 � 2.5 22.9 � 2.9c 26.5 � 2.7

25(OH)D, mean � SD,
ng/mL

16.9 � 6.3c 17.8 � 8.5c 19.4 � 7.8 16.8 � 6.9c 20.0 � 8.2

Total vitamin D
intake, mean � SD,
IU

461 � 333b 378 � 243b 460 � 320 439 � 298b 521 � 318

Abbreviations: 25(OH)D � 25-hydroxyvitamin D; MMSE � Mini-Mental State Examination.
aStatistical comparisons compare each diagnosis with the “no stroke or dementia” category.
bp � 0.05.
cp � 0.01.
dApoE allele status: presence of any E4 allele.

Table 3 Association of 25(OH)D concentration
with diagnosis of dementia and strokea

� SE p Value OR (95% CI)

All-cause dementia

Model 1 (n � 76) 0.96 0.30 0.001 2.6 (1.45–4.65)

Model 2 (n � 75) 0.81 0.31 0.01 2.26 (1.22–4.17)

Model 3 (n � 70) 0.79 0.34 0.02 2.21 (1.13–4.32)

Alzheimer disease

Model 1 (n � 41) 1.05 0.40 0.01 2.86 (1.31–6.25)

Model 2 (n � 40) 0.92 0.45 0.04 2.51 (1.04–6.09)

Model 3b (n � 37) 0.98 0.51 0.05 2.65 (0.99–7.16)

Stroke (with and
without dementia)

Model 1 (n � 52) 0.57 0.33 0.08 1.76 (0.93–3.35)

Model 2 (n � 52) 0.71 0.35 0.04 2.04 (1.03–4.04)

Model 3 (n � 51) 0.83 0.38 0.03 2.29 (1.09–4.83)

a� represents the coefficient for 25-hydroxyvitamin D
(25(OH)D) analyzed as a continuous variable. All models
were adjusted for the home care center from which the sub-
ject was recruited. Model 1: univariate model. Model 2: ad-
justed for age, race, sex, body mass index, and education.
Model 3: model 2 further adjusted for kidney function, mul-
tivitamin use, season, diabetes, hypertension, plasma ho-
mocysteine, and ApoE allele status.
bWhen ApoE4 was removed from the model, odds ratio
(OR) � 2.87, 95% confidence interval (CI) 1.08 –7.6.
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tors of cerebrovascular disease. 25(OH)D was inversely
associated with WMH volume and severity. The pres-
ence of WMH and large volume infarcts are common
findings in the elderly and are consistent with vascular
comorbidities, such as systolic blood pressure and vas-
cular disease.29 WMH are also associated with brain at-
rophy, impaired cerebral vascular function, and poorer
frontal lobe cognition.29 Our findings showed that vita-
min D deficiency was associated with a higher preva-
lence of WMH volume and severity and corresponded
to an association between circulating 25(OH)D and

vascular tissue health. The findings are consistent with
recent reports that low vitamin D was associated with
incident cardiovascular disease,9 stroke,28 and peripheral
arterial disease.10 Furthermore, exploratory analyses
revealed that WMH grade was associated with poorer
performance on Trails B, a test of executive function-
ing. These findings are consistent with reports from the
Rotterdam study, which found that WMH were associ-
ated with processing speed but not memory.30

In addition to vasculoprotective mechanisms, vi-
tamin D deficiency has been associated with mor-

Table 4 Adjusted mean brain volumetric measures and consensus diagnoses according to 25(OH)D
concentrations and intakes

25(OH)D concentration Vitamin D dietary intake

25(OH)D
<10 ng/mL

25(OH)D
10 –20 ng/mL

25(OH)D
>20 ng/mL <400 IU 400 – 600 IU >600 IU

Dementia,* % 34.8a 29.1a 14.5b 28.6 23.4 18.5

Alzheimer disease,* % 17.4a 17.0a,b 6.9b 15.8 13 9.3

Stroke (with and without dementia), % 18.4a 23.9a 13.9b 21.4 20.9 14.3

Large vessel infarcts,* % 10.9a 17a 6.9b 13.5 13 10.2

Small vessel infarcts, % 24 24 21 27.8 24.7 15.7

White matter hyperintensity volume, †, ‡, § mL 4.9a 3.8a,b 2.9b 4.0 3.2 3.2

White matter hyperintensity grade‡ 3.04a 2.7a,b 2.2b 2.8 2.6 2.3

Total brain volume,§ L 1.04 1.04 1.04 1.05 1.02 1.05

Sulcal grade 3.5 3.2 3.1 3.1 3.2 3.4

Bilateral amygdala,¶ mm� 3,798 3,938 3,753 3,918 3,842 3,747

Bilateral hippocampi,¶ mm� 5,072 5,267 5,124 5,160 5,112 5,240

Abbreviations: 25(OH)D � 25-hydroxyvitamin D; AD � Alzheimer disease.
Differences between means sharing a common superscript (a, b) are not significant. Tukey honest significant difference,
p � 0.05 was used to adjust for multiple comparisons. All volumetric measures are normalized for brain volume and intra-
cranial volume and are adjusted for age, race, and sex.
*Results comparing vitamin D concentrations of �20 ng/mL with �20 ng/mL reveal dementia 30.5% vs 14.5%, p � 0.01;
AD 17.1% vs 6.9%, p � 0.01; large vessel infarcts 16.1% vs 6.9%, p � 0.01.
†p � 0.1 level and all other differences were observed at p � 0.05.
‡Subjects with AD (possible/probable) were excluded.
§Normalized for intracranial volume only.
¶Medial temporal lobe volumes were assessed for all subjects and separately by AD status, but no differences were seen.
�Volumes were log-transformed for analysis.

Figure 25-Hydroxyvitamin D status and prevalence of dementia and stroke
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phologic brain changes,31 motor impairments,32 and
memory and learning impairments33 in animal mod-
els. We did not observe associations between vitamin
D and volumetric measures of brain structures of the
hippocampus and amygdala after adjustment for rel-
evant covariates.

Although causal mechanisms cannot be inferred
from these cross-sectional data, it is important to
consider mechanism in which vitamin D may be
neuroprotective. Vitamin D inhibits nitric oxide syn-
thase,34 up-regulates enzymes in glutathione and
neurotrophin synthesis,11,13 and regulates neuronal
calcium.12 Other functional attributes of 25(OH)D
have been shown to attenuate ischemic disease in an-
imal models35 and protect neuronal integrity.11 Also,
therapeutic intervention with vitamin D reduced car-
diovascular comorbidities such as hypertension36 and
cardiac hypertrophy. This evidence underscores a po-
tential neurovascular benefit of vitamin D.

Vitamin D inadequacy in elders is well docu-
mented. Studies in community-dwelling elders have
revealed that 73% of blacks and 35% of whites have
low vitamin D concentrations (�50 nmol/L) and
21% of blacks and 11% of whites have very low se-
rum vitamin D levels (�25 nmol/L) during the win-
tertime,21 and these rates are higher in inactive
elders.37 Homebound elders are at increased risk of
inadequacy because of limited sun exposure, de-
creased 7-dehydrocholesterol in the skin, physical
impairment, high BMI, and inadequate nutrition.
Although increased sun exposure is controversial, di-
etary modifications may be beneficial. Dietary in-
takes of at least 800 IU are thought necessary to
achieve adequate 25(OH)D concentrations of 75
nmol/L,38 and less than 7% of our population had
concentrations in this range. Additionally, our data
showed that fewer than 27% of subjects were achiev-
ing adequate intakes (ages 50–70 years: 400 IU, ages
�70 years: 600 IU). Of non–supplement users,
fewer than 15% had intakes greater than 400 IU, 8%
had intakes greater than 600 IU/day, and only 3%
had intakes of 800 IU or more.

Approximately 30% of free-living elders with
mild cognitive impairment are likely to develop de-
mentia and require institutionalization. If the associ-
ations seen here are confirmed, maintenance of
healthy vitamin D status could prove a cost-effective
contribution toward preservation of cognitive dys-
function and support lengthened independent living
for the elderly.

This study is cross-sectional and limited in ability
to determine a temporal association between vitamin
D, volumetric brain measures, and diagnoses of neu-
rodegenerative disease. Furthermore, it must be con-
sidered in this cross-sectional study that the low

vitamin D status may be a consequence of limited
sun exposure due to cognitive or physical impair-
ments. The participants in this study were recruited
from community social service groups and are there-
fore not generalizable to a community-dwelling pop-
ulation. Therefore, we cautiously interpret the
associations revealed herein. Although the extent to
which vitamin D deficiency and cognitive function
are related remains unclear, the biologic plausibility
of this relationship is increasingly supported.
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CDC, AAN to Health Care Professionals: Monitor
Patients for GBS

The Centers for Disease Control and Prevention (CDC) and the American Academy of Neurology
(AAN) collaborated to reach out to neurologists across the US to monitor and report any possible
new cases of Guillain-Barré syndrome (GBS) following 2009 H1N1 flu vaccination.

Neurologists and health care professionals nationwide who diagnose patients with vaccine-
associated GBS should use the CDC and FDA Vaccine Adverse Event Reporting System (VAERS)
to report their observations.

In addition, neurologists and all health practitioners in the 10 Emerging Infections Program (EIP)
states—California, Connecticut, Maryland, Minnesota, New Mexico, New York, Colorado, Ore-
gon, Georgia, and Tennessee—are asked to report all new cases of GBS, regardless of vaccination
status, to their state’s surveillance officer.

The AAN hosted a series of webinars providing an in-depth look at H1N1 vaccination and how it
may pose a risk for GBS and information about the vaccination monitoring campaign.

For additional information about the monitoring campaign, or to watch the webinars or download
VAERS form and information on reporting to surveillance officers in your state, visit the AAN’s
GBS toolkit page, www.aan.com/view/gbstoolkit.
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