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Abstract

Background—Some recent studies in older, largely white populations suggest that vitamin D,

measured by 25-hydroxyvitamin D [25(OH)D], is important for cognition, but such results may be

affected by reverse-causation. Measuring 25(OH)D in late-middle age before poor cognition

affects behavior may provide clearer results.

Methods—Prospective cohort analysis of 1,652 participants (52% white; 48% black) in the

Atherosclerosis Risk in Communities (ARIC) Brain MRI Study. 25(OH)D was measured from

serum collected in 1993–1995. Cognition was measured by the Delayed Word Recall Test

(DWRT), the Digit Symbol Substitution Test (DSST), and the Word Fluency Test (WFT).

Dementia hospitalization was defined by ICD-9 codes. Adjusted linear, logistic, and Cox

proportional hazards models were used.

Results—Mean age of participants was 62 years and 60% were female. Mean 25(OH)D was

higher in whites than blacks (25.5 ng/ml versus 17.3 ng/ml, p<0.001). Lower 25(OH)D was not

associated with lower baseline scores or with greater DWRT, DSST, or WFT decline (p>0.05).
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Over a median of 16.6 years, there were 145 incident hospitalized dementia cases. Though not

statistically significant, lower levels of 25(OH)D were suggestive of an association with increased

dementia risk (HR lowest versus highest race-specific tertile: whites 1.32 [95% CI: 0.69, 2.55];

blacks 1.53 [95% CI: 0.84, 2.79]).

Conclusions—In contrast to prior studies performed in older white populations, our study did

not find significant associations between lower levels of 25(OH)D measured in late-middle age

black or white participants with lower cognitive test scores at baseline, change in scores over time,

or dementia risk.
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INTRODUCTION

Vitamin D insufficiency and deficiency, as defined by 25-hydroxyvitamin D [25(OH)D] <30

ng/ml and <20 ng/ml, respectively [1], have been estimated to affect approximately 1 billion

people worldwide [2]. Vitamin D insufficiency and deficiency are more prevalent among

older individuals [2] and among racial minorities, especially blacks [3]. Low serum

concentrations of 25(OH)D have been associated with increased risk of mortality [4],

cardiovascular disease [5], and diabetes [6]. These associations are important because

vitamin D insufficiency and deficiency are amenable to treatment through supplementation

or increased sunlight exposure.

It has also been suggested that low concentrations of 25(OH)D may be associated with poor

cognitive functioning and increased risk for dementia, particularly among older individuals

[7]. However, results of studies published on this topic are inconsistent, with some studies

reporting a significant association of 25(OH)D with cognition and dementia [7–12], and

other studies not reporting a significant association [13–16]. A recent systematic review of

the existing literature concluded that lower 25(OH)D concentration is associated with

cognitive impairment and dementia [7]. However, most of the studies included in this review

were cross-sectional in design and were performed among older whites, some of whom

already had dementia diagnoses [7, 12].

Among the longitudinal studies published, mean follow-up time was <7 years [8–10, 13,

14]. Given that sun exposure and subsequent skin synthesis is a major source of vitamin D

[17], and people with cognitive impairment spend less time outdoors [18], exploring the

association between vitamin D and cognitive function cross-sectionally or in studies with

short follow-up is potentially problematic, due to the possibility of reverse causation. This

highlights the need for prospective studies with long follow-up (>10 years) of middle-aged

individuals, who are not likely to be cognitively impaired at baseline. Furthermore, given

racial variation in vitamin D levels, it is important to evaluate this association in diverse

populations.

The Atherosclerosis Risk in Communities (ARIC) brain MRI ancillary study [19] has

advantages for studying the association of 25(OH)D with cognition and dementia risk. This
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population had 25(OH)D measured in late-middle age, is comprised of approximately 50%

black participants, and has a median of 10.6 years follow-up for cognitive testing and a

median of 16.6 years follow-up for incident dementia. We hypothesized that lower

concentrations of 25(OH)D would be associated cross-sectionally with lower cognitive test

scores, prospectively with greater decline in cognitive test scores, and with increased risk of

hospitalization with a ICD-9 code for dementia in both black and white participants of the

ARIC Brain MRI study.

METHODS

Study Population

The ARIC study is an ongoing, community-based prospective cohort of 15,792 adults aged

45–65 years at baseline (1987–1989) from four U.S. communities [20]. The ARIC Brain

MRI ancillary study [19] is comprised of a subset of participants aged ≥55 years from two of

the communities, Forsyth County, North Carolina and Jackson, Mississippi, who were

invited for a cerebral MRI and cognitive testing during visit 3 (1993–1995).

25(OH)D was measured in serum samples from ARIC Brain MRI Ancillary Study

participants who attended visit 3 (which serves as the baseline for the present study). Of the

1,934 participants included in the visit 3 Brain MRI Ancillary Study, we excluded those

missing stored serum, insufficient serum for 25(OH)D measurement, or samples that did not

pass internal quality control (n=165), those with a history of stroke, transient ischemic

attack, or prior hospitalization with an ICD-9 code for dementia (n=44), those of self-

reported non-white and non-black race (n=5), those missing cognitive test data (n=53), and

those missing covariates included in statistical models (n=15), leaving 1,652 participants

included in our main analyses.

The ARIC study has been approved by the Institutional Review Boards of all participating

institutions (Johns Hopkins University, University of Minnesota, University of Mississippi,

University of North Carolina). All participants gave written informed consent at each study

visit.

Measurement of 25(OH)D and associated biomarkers

25(OH)D was measured in 2012 from serum samples that were stored at −70°C since

collection during visit 3 (1993–1995) using liquid chromatography-tandem mass

spectrometry (Waters Alliance e2795, Milford, Massachusetts). The inter-assay coefficient

of variations (CVs) for 25(OH)D2 are 6.2% and 5.3% at concentrations of 7.9 and 12.9

ng/mL, respectively. The inter-assay CVs for 25(OH)D3 are 4.8% for concentrations of 30.1

and 55.8 ng/mL. 25(OH)D2 and 25(OH)D3 were added together for total 25(OH)D

concentration.

Using the same stored serum samples, calcium, phosphorus, and parathyroid hormone

(PTH) were also measured (calcium and phosphate: Roche Modular P-Chemistry Analyzer

[Roche Diagnostics, Indianapolis, Indiana], PTH: Elecsys 2010 [Roche Diagnostics,

Indianapolis, Indiana]).
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Measures of cognitive function

Cognitive functioning was assessed at visit 3 (first brain MRI visit, 1993–1995), visit 4

(1996–1998) and the second brain MRI visit (2004–2006) using three standard tests: the

delayed word recall test (DWRT) [21], the digit symbol substitution test (DSST) [22], and

the word fluency test (WFT) [23].

The DWRT is a test of verbal learning and recent memory. Participants were given 10

common nouns that they were asked to learn by using each word in one or two sentences.

After a five-minute delay, participants were given 60 seconds to recall the 10 words. The

score is the number of words correctly recalled.

The DSST is a test of executive function and processing speed. Participants were asked to

translate numbers to symbols using a key. The score (range 0–93) is the total number of

numbers correctly translated to symbols within 90-seconds.

The WFT is a test of executive function and language, and tests the ability to spontaneously

generate words beginning with a particular letter, excluding proper names or places.

Participants were given 60 seconds for each of the letters “F”, “A”, and “S”. The score is the

total number of words generated across the three trials.

Incident dementia hospitalization

The ARIC Study ascertains hospitalizations from annual telephone contact with study

participants and through active surveillance of all hospitalizations in the study communities.

For the present study, follow-up was available through December 31, 2010. We defined time

to first hospitalization with an ICD-9 code for dementia using the following ICD-9 codes

(listed anywhere in the hospital discharge record): Alzheimer’s disease (331.0), vascular

dementia (290.4), or dementia of other etiology (290.0, 290.1, 290.2, 290.3, 290.9, 294.1,

294.2, 294.8, 294.9, 331.1, 331.2, 331.8, 331.9). This definition has been used previously

[24, 25].

Covariates

All covariates used in the regression models were assessed at visit 3 (1993–1995), unless

otherwise stated. Covariates in our main model included: age, gender, education (<high

school; high school or equivalent; college, graduate or professional school; assessed at visit

1), income (<$35,000/year; ≥$35,000/year; not reported), physical activity (score range 1 to

5, based on replies to the Baecke Physical Activity questionnaire [26]), cigarette smoking

(current; former; never), alcohol consumption (current; former; never), body mass index,

waist circumference, and use of vitamin D supplements.

Covariates in supplemental models included: diabetes (self-reported physician diagnosis,

medication use, or fasting blood glucose ≥126 mg/dl), systolic and diastolic blood pressure

(mmHg, mean of the second and third measurements), use of hypertension medication, total

and HDL cholesterol (mg/dL), estimated glomerular filtration rate (eGFR, calculated using

the chronic kidney disease epidemiology collaboration formula [27], assessed at Visit 2

(1990–1992)), calcium, phosphate, and PTH.
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Statistical Analysis

25(OH)D concentrations vary by season [28]. Therefore we adjusted 25(OH)D for seasonal

change by computing the residuals from a linear regression model (25[OH]D, dependent

variable; month of visit, independent variable). The residuals were added back to the mean

to determine an estimated annual 25(OH)D value. We performed this adjustment separately

for whites and for blacks, as 25(OH)D concentrations vary by race [3]. This estimated

annual 25(OH)D value was used in all analyses.

25(OH)D concentrations were divided into race-specific tertiles (whites: ≥28.3 ng/ml, 21.8

to <28.3 ng/ml, <21.8 ng/ml; and blacks: ≥19.3 ng/ml, 14.0 to <19.3 ng/ml, <14.0 ng/ml).

Baseline characteristics (1993–1995) of the study population were summarized across these

race-specific tertiles of 25(OH)D. We also repeated our analyses using clinical categories of

25(OH)D: [1]: ≥30 ng/ml as sufficient, 20 to <30 ng/ml as insufficient, and <20 ng/ml as

deficient.

Linear regression models were used to assess the cross-sectional association between

25(OH)D concentration and cognitive test scores at visit 3 (1993–1995). We analyzed

change in cognitive test scores in 2 subpopulations: 1.) those with repeat cognitive testing at

visit 4 (1996–1998) (n=1,429), and 2.) those with repeat cognitive testing at the second

Brain MRI Ancillary Study visit (2004–2006) (n=915). In these analyses, the annual

cognitive change for each person was calculated using visit 3 as the baseline (1993–1995)

and was categorized into quintiles. Using logistic regression, we estimated the odds ratio

(95% confidence interval) of having severe cognitive decline, defined by being in the top

quintile of decline for each test, compared to the other four quintiles. To allow for greater

power in our change analyses, we also used linear regression to estimate the β-coefficients

(95% confidence intervals) for change in cognitive test score. To assess for possible survival

bias in these analyses, we compared baseline characteristics of participants included in and

excluded from our longitudinal analyses. We additionally performed a sensitivity analysis in

which we placed all living participants who had a hospitalization with an ICD-9 code for

dementia between baseline and visit 4 and/or the second Brain MRI Ancillary Study visit

and who did not attend these later visits in the “top quintile” of decline.

For the prospective association of 25(OH)D with incident hospitalization with dementia, we

estimated hazard ratios (95% confidence intervals) using Cox proportional hazard models.

The proportional-hazards assumptions were checked with the use of Schoenfeld residuals

and graphic methods. We also modeled the association of 25(OH)D with incident

hospitalization with dementia continuously using a restricted cubic spline model.

Our primary model was adjusted for demographic factors (age, gender) and behavioral/

socioeconomic variables (education, income, physical activity, smoking, alcohol use, body-

mass index, waist circumference, and vitamin D supplementation). We performed two

additional analyses: 1.) primary model + potential mediators (diabetes, systolic and diastolic

blood pressure, use of hypertension medication, total and HDL cholesterol, and eGFR), and

2.) primary model + potential mediators + biomarkers related to vitamin D metabolism

(calcium, phosphate, and PTH). We formally tested for interaction by age in our analyses.
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All reported p-values are two-sided and p<0.05 was considered statistically significant.

Analyses were performed using Stata Version 13 (StataCorp, College Station, Texas).

Role of the Funding Source

The ARIC Study is supported by contracts from the National Heart, Lung, and Blood

Institute (NHLBI). The NHLBI was not involved in the conception or execution of this

paper.

RESULTS

Baseline (1993–1995) characteristics of the study population by race-specific 25(OH)D

tertiles are shown in Table 1. Overall, the mean age of participants was 62 years, 60% of

participants were female, and 48% of participants were black. Mean (SD) 25(OH)D

concentration was 25.5 (7.9) ng/ml among whites and 17.3 (6.3) ng/ml among blacks.

Vitamin D supplement use was low in both whites and blacks (2.5% and 1%, respectively).

Among whites, compared to those with 25(OH)D concentration in the highest tertile, those

with 25(OH)D concentration in the lowest tertile were of similar age (63 years, p=0.664),

were more likely to be female (67% versus 48%, p<0.001), and had a lower physical activity

index score (2.4 versus 3.0, p<0.001). Among blacks, compared to those with 25(OH)D

concentration in the highest tertile, those with 25(OH)D concentration in the lowest tertile

were younger (61 years versus 62 years, p=0.003), were more likely to be female (78%

versus 52%, p<0.001), and had a lower physical activity index score (2.3 versus 2.5,

p<0.001). Characteristics of the study population by race and by clinical categories (≥30

ng/ml; 20–<30 ng/ml; <20 ng/ml) of 25(OH)D are shown in Appendix Table 1.

Table 2 shows the β-coefficients (95% confidence intervals) for the cross-sectional

association of 25(OH)D with cognitive tests scores by race-specific 25(OH)D tertile. Lower

concentrations of 25(OH)D were not significantly associated with lower cognitive test

scores on any of the three cognitive tests in whites or in blacks (all p>0.05). Similar results

were found when the analyses were repeated using clinical categories of 25(OH)D

(Appendix Table 2).

The odds ratios (95% confidence intervals) for the quintile of greatest cognitive test score

decline versus the other 4 cognitive decline categories (over a median of 3.0 years for

change between Visit 3 [1993–1995] and Visit 4 [1996–1998] and over a median of 10.6

years for change between Visit 3 [1993–1995] and the second Brain MRI ancillary visit

[2004–2006]) for each of the three tests (DWRT, DSST, WFT) are shown by race-specific

25(OH)D categories in Table 3 and by clinical categories of 25(OH)D in Appendix Table 3.

25(OH)D concentrations were largely not significantly associated with the top quintile of

decline on any of the three cognitive tests in whites or blacks at either median follow-up of 3

years or 10.6 years (p>0.05). The association of 25(OH)D concentrations with linear change

in cognitive test scores was also non-significant for all three cognitive tests (all p>0.05)

(Appendix Table 4).

In these longitudinal analyses, it is important to consider the possibility of survival bias.

Indeed, as shown in Appendix Table 5, compared to participants excluded from the 1993–

Schneider et al. Page 6

Eur J Neurol. Author manuscript; available in PMC 2015 September 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



1995 to 2004–2006 change analysis (n=737), participants included in this analysis (n=915)

were significantly younger (62 years versus 63 years, p<0.001), performed better on all

cognitive tests at baseline (DWRT: 6.6 words versus 6.2 words, p<0.001; DSST: 41 points

versus 35 points, p<0.001; WFT: 33 words versus 28 words, p<0.001), and were less likely

to have an incident hospitalization with dementia during follow-up (4.7% versus 13.8%,

p<0.001). In our sensitivity analyses in which all living participants who had a

hospitalization with an ICD-9 code for dementia between baseline and visit 4 and/or the

second Brain MRI Ancillary Study visit and who did not attend these later visits were placed

in the “top quintile” of decline, lower concentrations of 25(OH)D remained not significantly

associated with the “top quintile” of decline (data not shown).

Among our baseline population of 1,652 persons, there were 145 incident hospitalizations

with an ICD-9 code for dementia hospitalization that occurred over a median of 16.6 years

of follow-up. Table 4 shows the hazard ratios (95% confidence intervals) for the association

of 25(OH)D at baseline with risk for incident hospitalization with dementia. There was a

non-significant increase in dementia risk for lower levels of 25(OH)D in both whites and

blacks (lowest versus highest tertile: whites, HR: 1.32 [95% CI: 0.69, 2.55]; blacks, HR:

1.53 [95% CI: 0.84, 2.79]) Similar results were found when the analyses were repeated

using clinical categories (Appendix Table 6). Figure 1 shows the continuous association of

25(OH)D with incident dementia-related hospitalization using a restricted cubic spline

model, separately in whites and in blacks.

In all analyses, additional adjustment for potential mediators and biomarkers related to

vitamin D metabolism did not appreciably alter the results. There was no evidence of

interaction by age in our analyses (all p-for-interaction >0.05).

CONCLUSIONS

In this community-based population comprised of approximately 50% white and 50% black

participants, lower levels of 25(OH)D measured in late-middle age were not significantly

associated with lower cognitive test scores at baseline or with greater decline in cognitive

test score over time. Lower levels of 25(OH)D measured in late-middle age were also not

significantly associated with increased dementia risk during a median of 16.6 years of

follow-up.

Our study is consistent with several prior studies that reported no association between

25(OH)D levels and cognition and dementia [13–16]. Like our study, many of these

previously published null studies were performed in younger participants [15, 16]. In

contrast, many of the previous studies reporting significant associations between 25(OH)D

levels and cognition and dementia were performed in older populations [7–12], some of

which included persons with a diagnosis of dementia [12]. Indeed, most studies [7–12] that

report a significant association required participants to be at least 60 years of age to be

included in the study, which was approximately the mean age of our population.

The age when 25(OH)D concentrations are measured is important when studying the

association of 25(OH)D levels with cognition and dementia due to the possibility of reverse
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causation. Vitamin D insufficiency and deficiency are more prevalent among older

individuals [2], as are cognitive impairment and dementia [29]. Therefore if 25(OH)D and

cognition are both assessed in older individuals, it is possible that an association seen

between 25(OH)D levels and cognition and dementia means that low 25(OH)D is a marker

of poor health rather than a causative factor in dementia pathogenesis. This is supported by

studies showing that persons who are institutionalized due to poor physical health or

dementia have less sun exposure, and therefore these persons are more likely to have lower

concentrations of 25(OH)D than their healthier counterparts [18]. Our study is less

susceptible to reverse causation as we measured 25(OH)D in late-middle age among

community dwelling participants, often years prior to a hospitalization for dementia.

Alternatively, it is possible that 25(OH)D is a causal factor for the risk of adverse cognitive

outcomes, and that 25(OH)D in late-life is more important than 25(OH)D in mid-life in this

association. However, two prior randomized controlled trials, one in younger and one in

older participants [30, 31] and a post-hoc analysis of the Women’s Health Initiative (WHI)

Calcium and Vitamin D Trial [32] did not find any beneficial effect of vitamin D

supplementation (400–5000 IU/day) on cognitive function.

Certain limitations should be taken into consideration when interpreting the results of this

study. First, we used ICD-9 hospitalization codes to define incident dementia and we did not

have information to determine if dementia was the primary reason for hospitalization.

However, dementia hospitalization is a relatively specific marker of dementia, but likely

disproportionately identifies the most severe cases of dementia (those who were primarily

hospitalized for their dementia) and dementia in the presence of other diseases. Indeed, in a

prior analysis of ARIC data [24], it was shown that age-specific incidence rates of dementia

hospitalization were lower than age-specific incidence rates of dementia in other studies [33,

34]. Second, we had only a single measurement of 25(OH)D measured in late-middle age,

which has been shown to vary over time within individuals [28, 35, 36]. However, we

adjusted 25(OH)D concentrations for seasonal change. Lastly, although we had a large

sample size (n=1,652), we cannot exclude the possibility that our non-significant results are

due to a lack of power to detect a true association.

Our study also has a number of important strengths, including a large sample size comprised

of approximately 50% white and 50% black participants. Additionally, our study also had

comprehensive measurement of confounders and data on three cognitive tests, which

allowed us to explore the association of 25(OH)D with different cognitive domains. The

same three cognitive tests were repeated across 3 time-points, allowing us to explore the

prospective relation between vitamin D and cognitive change over a median of 3.0 and 10.6

years of follow-up, respectively. For our incident dementia analyses, we excluded

participants who had a prior hospitalization with an ICD-9 code for dementia, and had a

median of 16.6 years of follow-up. Measurements of 25(OH)D concentrations took place in

serum collected in late-middle age, before the onset of clinical dementia, which helps to

avoid the possibility of reverse causation in the association between 25(OH)D and cognitive

decline and dementia.

In conclusion, in this community-based population of whites and blacks, we did not find

significant associations between lower levels of 25(OH)D measured in late-middle age with
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lower cognitive test scores at baseline, change in score over time, or increased dementia risk.

Future studies are needed to determine if 25(OH)D measured in late-life is a marker of poor

health (reverse causation) rather than a causal factor in the risk of adverse cognitive

outcomes, or alternatively, if 25(OH)D is a causal factor that is possibly more important for

cognitive function in late-life than in mid-life.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Legend. Adjusted* restricted cubic spline model showing the hazard ratios (95% confidence

intervals) for the association of 25(OH)D with incident dementia in whites and blacks. The

solid line represents the hazard ratios and the dashed lines represents the 95% confidence

intervals. Knots at 10th, 50th, and 90th percentiles. Spline centered at the 75th percentile.

Histogram shows the distribution of concentrations of 25(OH)D. Restricted cubic spline

truncated at 1st and 99th percentile of 25(OH)D.
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*Model is adjusted for demographics variables (age, sex) and behavioral/socioeconomic

variables (education, income, physical activity, smoking, alcohol use, body mass index,

waist circumference, and vitamin D supplementation).

Schneider et al. Page 13

Eur J Neurol. Author manuscript; available in PMC 2015 September 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Schneider et al. Page 14

T
ab

le
 1

B
as

el
in

e 
(A

R
IC

 V
is

it 
3,

 1
99

3–
19

95
) 

ch
ar

ac
te

ri
st

ic
s 

by
 r

ac
e-

sp
ec

if
ic

 2
5(

O
H

)D
 te

rt
ile

s 
(n

=
1,

65
2)

.

H
ig

he
st

 2
5(

O
H

)D
 T

er
ti

le
M

id
dl

e 
25

(O
H

)D
 T

er
ti

le
L

ow
es

t 
25

(O
H

)D
 T

er
ti

le

W
hi

te
s 

(≥
28

.3
 n

g/
m

l)
(n

=2
85

)
B

la
ck

s 
(≥

19
.3

 n
g/

m
l)

(n
=2

67
)

W
hi

te
s 

(2
1.

8–
 <

28
.3

ng
/m

l)
 (

n=
28

3)
B

la
ck

s 
(1

4.
0–

 <
19

.3
ng

/m
l)

 (
n=

27
2)

W
hi

te
s 

(<
21

.8
 n

g/
m

l)
(n

=2
84

)
B

la
ck

s 
(<

14
.0

 n
g/

m
l)

(n
=2

61
)

A
ge

 (
ye

ar
s)

, m
ea

n 
(S

D
)

63
.1

 (
4.

3)
62

.2
 (

4.
4)

63
.3

 (
4.

5)
61

.4
 (

4.
6)

62
.9

 (
4.

4)
61

.0
 (

4.
5)

Fe
m

al
e,

 %
48

.4
52

.4
53

.7
63

.2
66

.9
78

.2

St
ud

y 
Si

te
, %

 
Ja

ck
so

n,
 M

is
si

ss
ip

pi
0.

0
88

.8
0.

0
86

.8
0.

0
85

.4

 
Fo

rs
yt

h 
C

ou
nt

y,
 N

or
th

 C
ar

ol
in

a
10

0.
0

11
.2

10
0.

0
13

.2
10

0.
0

14
.6

E
du

ca
tio

n,
 %

 
<

H
ig

h 
Sc

ho
ol

14
.4

43
.8

15
.2

37
.1

11
.6

35
.3

 
H

ig
h 

Sc
ho

ol
 o

r 
V

oc
at

io
na

l S
ch

oo
l

41
.4

22
.5

44
.9

26
.8

43
.7

26
.1

 
C

ol
le

ge
, G

ra
du

at
e,

 o
r 

Pr
of

es
si

on
al

 S
ch

oo
l

44
.2

33
.7

39
.9

36
.1

44
.7

38
.7

Fa
m

ily
 I

nc
om

e,
 %

 
<

$3
5,

00
0/

ye
ar

45
.3

71
.6

48
.1

72
.1

46
.5

74
.7

 
≥$

35
,0

00
/y

ea
r

50
.2

18
.7

49
.1

15
.8

48
.2

17
.2

 
N

ot
 R

ep
or

te
d

4.
5

9.
7

2.
8

12
.1

5.
3

8.
1

Sm
ok

in
g 

St
at

us
, %

 
N

ev
er

36
.8

48
.3

43
.1

48
.5

40
.8

52
.5

 
Fo

rm
er

48
.8

36
.3

41
.0

34
.6

34
.9

27
.6

 
C

ur
re

nt
14

.4
15

.4
15

.9
16

.9
24

.3
19

.9

A
lc

oh
ol

 C
on

su
m

pt
io

n,
 %

 
N

ev
er

30
.2

40
.5

34
.3

46
.3

38
.4

46
.4

 
Fo

rm
er

16
.8

33
.3

23
.3

25
.8

14
.8

26
.1

 
C

ur
re

nt
53

.0
26

.2
42

.4
27

.9
46

.8
27

.6

Ph
ys

ic
al

 a
ct

iv
ity

 in
de

x,
 m

ea
n 

(S
D

)
3.

0 
(0

.9
)

2.
5 

(0
.8

)
2.

6 
(0

.8
)

2.
3 

(0
.7

)
2.

4 
(0

.7
)

2.
3 

(0
.7

)

B
od

y 
m

as
s 

in
de

x 
(k

g/
m

2 )
, m

ea
n 

(S
D

)
25

.8
 (

4.
0)

29
.2

 (
4.

9)
26

.8
 (

4.
6)

29
.6

 (
5.

5)
26

.9
 (

5.
1)

30
.0

 (
5.

6)

W
ai

st
 c

ir
cu

m
fe

re
nc

e 
(c

m
),

 m
ea

n 
(S

D
)

 
M

en
99

.5
 (

11
.2

)
98

.6
 (

10
.3

)
10

1.
3 

(1
0.

2)
97

.7
 (

11
.1

)
10

2.
1 

(1
2.

4)
99

.9
 (

12
.3

)

 
W

om
en

89
.4

 (
11

.5
)

10
2.

9 
(1

5.
1)

95
.5

 (
13

.4
)

10
2.

7 
(1

4.
8)

96
.0

 (
14

.4
)

10
3.

3 
(1

4.
0)

Eur J Neurol. Author manuscript; available in PMC 2015 September 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Schneider et al. Page 15

H
ig

he
st

 2
5(

O
H

)D
 T

er
ti

le
M

id
dl

e 
25

(O
H

)D
 T

er
ti

le
L

ow
es

t 
25

(O
H

)D
 T

er
ti

le

W
hi

te
s 

(≥
28

.3
 n

g/
m

l)
(n

=2
85

)
B

la
ck

s 
(≥

19
.3

 n
g/

m
l)

(n
=2

67
)

W
hi

te
s 

(2
1.

8–
 <

28
.3

ng
/m

l)
 (

n=
28

3)
B

la
ck

s 
(1

4.
0–

 <
19

.3
ng

/m
l)

 (
n=

27
2)

W
hi

te
s 

(<
21

.8
 n

g/
m

l)
(n

=2
84

)
B

la
ck

s 
(<

14
.0

 n
g/

m
l)

(n
=2

61
)

D
ia

be
te

s,
 %

6.
3

24
.0

12
.4

27
.4

13
.4

24
.5

H
yp

er
te

ns
io

n,
 %

30
.6

60
.9

36
.5

60
.9

31
.0

67
.2

T
ot

al
 C

ho
le

st
er

ol
 (

m
g/

dl
),

 m
ea

n 
(S

D
)

20
9.

0 
(3

4.
6)

20
9.

3 
(4

0.
9)

21
0.

1 
(3

3.
3)

21
0.

0 
(3

9.
9)

20
8.

5 
(3

8.
4)

20
6.

1 
(3

9.
9)

H
D

L
 (

m
g/

dl
),

 m
ea

n 
(S

D
)

55
.7

 (
21

.3
)

56
.6

 (
19

.8
)

51
.7

 (
18

.6
)

56
.1

 (
16

.8
)

53
.1

 (
19

.8
)

56
.0

 (
22

.4
)

L
D

L
 (

m
g/

dl
),

 m
ea

n 
(S

D
)

12
5.

0 
(3

1.
5)

12
5.

7 
(3

6.
5)

12
6.

7 
(3

0.
9)

13
1.

6 
(3

7.
6)

12
4.

5 
(3

4.
1)

12
9.

9 
(3

8.
7)

T
ri

gl
yc

er
id

es
 (

m
g/

dl
),

 m
ea

n 
(S

D
)

14
2.

6 
(8

5.
5)

11
4.

5 
(6

0.
6)

16
2.

8 
(1

19
.0

)
11

2.
2 

(5
9.

2)
15

1.
5 

(8
5.

5)
12

1.
6 

(7
0.

7)

*  
C

re
at

in
in

e 
(m

g/
dl

),
 m

ea
n 

(S
D

)
1.

16
 (

0.
18

)
1.

22
 (

0.
23

)
1.

12
 (

0.
20

)
1.

16
 (

0.
26

)
1.

09
 (

0.
19

)
1.

15
 (

0.
36

)

*  
E

st
im

at
ed

 G
FR

 (
m

l/m
in

),
 m

ea
n 

(S
D

)
84

.2
 (

12
.6

)
91

.4
 (

17
.0

)
86

.7
 (

13
.2

)
96

.2
 (

16
.5

)
86

.8
 (

13
.0

)
95

.1
 (

18
.7

)

PT
H

 (
pg

/m
l)

, m
ea

n 
(S

D
)

37
.0

 (
13

.3
)

44
.0

 (
18

.2
)

40
.6

 (
14

.1
)

49
.1

 (
23

.3
)

47
.3

 (
40

.9
)

58
.0

 (
37

.0
)

C
al

ci
um

 (
m

g/
dl

),
 m

ea
n 

(S
D

)
9.

4 
(0

.4
)

9.
6 

(0
.4

)
9.

4 
(0

.3
)

9.
5 

(0
.4

)
9.

4 
(0

.4
)

9.
5 

(0
.5

)

Ph
os

ph
at

e 
(m

g/
dl

),
 m

ea
n 

(S
D

)
3.

35
 (

0.
52

)
3.

45
 (

01
)

3.
39

 (
0.

48
)

3.
51

 (
0.

46
)

3.
46

 (
0.

57
)

3.
51

 (
0.

50
)

V
ita

m
in

 D
 S

up
pl

em
en

ta
tio

n 
U

se
, %

4.
2

2.
3

1.
4

0.
0

1.
8

0.
4

C
-r

ea
ct

iv
e 

pr
ot

ei
n 

(m
g/

L
),

 m
ed

ia
n 

(I
Q

R
)

2.
0 

(0
.9

, 4
.9

)
3.

4 
(1

.4
, 6

.6
)

2.
0 

(1
.2

, 6
.1

)
3.

2 
(1

.3
, 7

.0
)

2.
3 

(1
.0

, 5
.3

)
3.

5 
(1

.4
, 7

.0
)

V
is

it 
3 

C
og

ni
tiv

e 
T

es
t S

co
re

s

 
D

W
R

T
 (

w
or

ds
),

 m
ea

n 
(S

D
)

6.
79

 (
1.

43
)

5.
89

 (
1.

72
)

6.
77

 (
1.

46
)

6.
08

 (
1.

76
)

6.
81

 (
1.

49
)

6.
22

 (
1.

78
)

 
D

SS
T

 (
po

in
ts

),
 m

ea
n 

(S
D

)
46

.5
 (

11
.2

)
27

.6
 (

12
.0

)
45

.9
 (

10
.6

)
29

.2
 (

13
.1

)
47

.6
 (

11
.6

)
31

.2
 (

13
.6

)

 
W

FT
 (

w
or

ds
),

 m
ea

n 
(S

D
)

34
.4

 (
12

.1
)

27
.4

 (
13

.3
)

32
.7

 (
10

.9
)

28
.4

 (
14

.2
)

35
.3

 (
11

.3
)

28
.7

 (
13

.6
)

* M
ea

su
re

d 
at

 A
R

IC
 V

is
it 

2 
(1

99
0–

19
92

).

N
ot

e:
 T

he
 f

ol
lo

w
in

g 
va

ri
ab

le
s 

ha
d 

m
is

si
ng

 d
at

a:
 d

ia
be

te
s 

(n
=

1)
, h

yp
er

te
ns

io
n 

(n
=

9)
, t

ot
al

 c
ho

le
st

er
ol

 (
n=

1)
, H

D
L

 c
ho

le
st

er
ol

 (
n=

1)
, L

D
L

 c
ho

le
st

er
ol

 (
n=

22
),

 tr
ig

ly
ce

ri
de

s 
(n

=
1)

, 1
0-

ye
ar

 F
ra

m
in

gh
am

 r
is

k
(n

=
13

7)
, 1

0-
ye

ar
 r

is
k 

of
 s

tr
ok

e 
(n

=
96

),
 c

re
at

in
in

e 
(n

=
18

),
 e

st
im

at
ed

 G
FR

 (
n=

18
),

 P
T

H
 (

n=
8)

, c
al

ci
um

 (
n=

2)
, a

nd
 C

-r
ea

ct
iv

e 
pr

ot
ei

n 
(n

=
20

9)
.

A
bb

re
vi

at
io

ns
: 2

5(
O

H
)D

, 2
5-

hy
dr

ox
yv

ita
m

in
 D

; D
W

R
T

, D
el

ay
ed

 W
or

d 
R

ec
al

l T
es

t; 
D

SS
T

, D
ig

it 
Sy

m
bo

l S
ub

st
itu

tio
n 

T
es

t; 
G

FR
, G

lo
m

er
ul

ar
 F

ilt
ra

tio
n 

R
at

e;
 H

D
L

, h
ig

h-
de

ns
ity

 li
po

pr
ot

ei
n;

 I
Q

R
, i

nt
er

-
qu

ar
til

e 
ra

ng
e;

 L
D

L
, l

ow
-d

en
si

ty
 li

po
pr

ot
ei

n;
 P

T
H

, p
ar

at
hy

ro
id

 h
or

m
on

e;
 S

D
, s

ta
nd

ar
d 

de
vi

at
io

n;
 W

FT
, W

or
d 

Fl
ue

nc
y 

T
es

t.

Eur J Neurol. Author manuscript; available in PMC 2015 September 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Schneider et al. Page 16

Table 2

Cross-sectional (ARIC Visit 3, 1993–1995) association of race-specific 25(OH)D tertiles with cognitive test

scores.

DWRT
β (95% CI)

DSST
β (95% CI)

WFT
β (95% CI)

Whites (n=852)

25(OH)D ≥28.3 ng/ml 0.00 (reference) 0.00 (reference) 0.00 (reference)

25(OH)D 21.8–<28.3 ng/ml −0.04 (−0.27, 0.20) −0.20 (−1.78, 1.37) −0.86 (−2.64, 0.93)

25(OH)D <21.8 ng/ml −0.11 (−0.36, 0.13) 0.46 (−1.16, 2.09) 1.35 (−0.49, 3.20)

Blacks (n=800)

25(OH)D ≥19.3 ng/ml 0.00 (reference) 0.00 (reference) 0.00 (reference)

25(OH)D 14.0–<19.3 ng/ml −0.02 (−0.31, 0.26) −0.06 (−1.85, 1.73) 0.12 (−1.86, 2.10)

25(OH)D <14.0 ng/ml −0.01 (−0.31, 0.28) 0.66 (−1.19, 2.51) −0.18 (−2.23, 1.86)

Model is adjusted for demographics variables (age, sex) and behavioral/socioeconomic variables (education, income, physical activity, smoking,
alcohol use, body mass index, waist circumference, and vitamin D supplementation).

Abbreviations: 25(OH)D, 25-hydroxyvitamin D; CI, confidence interval; DWRT, Delayed Word Recall Test; DSST, Digit Symbol Substitution
Test; WFT, Word Fluency Test.
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Table 4

Hazard ratios (95% confidence intervals) for the association of race-specific 25(OH)D tertiles with incident

dementia hospitalization risk (n=1,652).

n dementia cases/n total HR (95% CI)

Whites (n=852)

25(OH)D ≥28.3 ng/ml 18/285 1.00 (reference)

25(OH)D 21.8–<28.3 ng/ml 31/283 1.74 (0.95, 3.18)

25(OH)D <21.8 ng/ml 24/284 1.32 (0.69, 2.55)

Blacks (n=800)

25(OH)D ≥19.3 ng/ml 23/267 1.00 (reference)

25(OH)D 14.0–<19.3 ng/ml 24/272 1.22 (0.68, 2.19)

25(OH)D <14.0 ng/ml 25/261 1.53 (0.84, 2.79)

Model is adjusted for demographics variables (age, sex) and behavioral/socioeconomic variables (education, income, physical activity, smoking,
alcohol use, body mass index, waist circumference, and vitamin D supplementation).
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