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Abstract

Objective: To assess the cross-sectional association of dietary and supplemental
antioxidant (carotenoids, vitamins C and E) intake with cognitive function in 12187
individuals, aged 48-67 years, participating in the Atherosclerosis Risk in
Communities (ARIC) Study.

Methods: Dietary intake of antioxidant vitamins, as assessed by a food frequency
questionnaire, and use of supplements were analysed in relation to the results of three
cognitive tests, the delayed word recall test, the Wechsler adult intelligence scale,
revised (WAIS-R) digit symbol subtest and the word fluency test.

Results: After adjustment for covariates previously found to be associated with

Keywords
cognition in this sample, we found no consistent associations between dietary Anl%xidunls
antioxidant vitamin intake or supplement use and any of the cognitive tests. Cognition
Conclusions: This study suggests little, if any, association between antioxidant vitamin Epidemiology

intake and better cognitive function in middle-aged adults. (ross-sectional study

Cognitive decline and dementia associated with Alzhei-
mer’s disease (AD) are major contributors to morbidity in
the elderly "% The accumulation of free radicals, leading to
oxidative damage in brain tissue, has been implicated as a
major contributor to this disorder. Oxidative stress has
been shown to cause cell damage and neuronal death in
animal models and cell culture. Additional support for the
possible pathological role of oxidative stress comes from
clinical and epidemiological investigations®. For example,
significant deficits of the antioxidant vitamin E have been
noted in the cerebrospinal fluid of AD patients”. Similarly,
reduced plasma concentrations of vitamins A and E, and
B-carotene have been reported in AD patients’. A cross-
sectional study of 5182 community-dwelling older adults
in the Netherlands found that lower levels of dietary intake
of [-carotene were associated with poor cognitionG.
Another study in Switzerland showed significant cross-
sectional and longitudinal relationships between
increased levels of f3-carotene and vitamin C and better
cognitive performance in the old and very old’. A recent
report using cross-sectional data from the third National
Health and Nutrition Examination Survey indicated a
significant association between poor memory and lower
serum vitamin E levels, but no association of memory with
any other serum antioxidant measured®. A small cohort
study in Australia showed a significant protective effect of
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vitamin C intake with one measure of cognitive
impairment’, but another study in the USA showed no
association between use of antioxidant supplements and
cognitive function.

Recent evidence suggests that antioxidants from diet or
vitamin supplements can reduce the risk of cognitive
decline associated with ageing. Clinical trials indicate that
long-term treatment with vitamin E can slow the
progression of AD", and that increases in vitamin C and
vitamin E levels are associated with improved cognitive
performance in older populations'?

We previously reported associations of several physio-
logical and behavioural characteristics with cognitive
performance in the ARIC cohort™. In this analysis we
tested the hypothesis that higher levels of antioxidant
vitamin intake are associated with better cognitive function
in this biracial, middle-aged sample of men and women.

Research design and methods

Study population

The ARIC Study ' is a multicentre prospective cohort study
investigating the aetiology of atherosclerotic disease in a
middle-aged, biracial population. One aspect of the study
includes examination and follow-up of population-based
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cohorts of 45-64 year olds from Forsyth County, NC;
Jackson, MS (African-Americans only); the northwest
suburbs of Minneapolis, MN; and Washington County,
MD. During 1987 to 1989, a baseline home interview
assessed participants’ health behaviours, sociodemo-
graphic characteristics and disease histories. A clinical
examination included measurements of cardiovascular
conditions, various risk factors, a dietary questionnaire
and a B-mode ultrasound examination of selected arterial
sites. Approximately 46% of eligibles in Jackson and
65% in the other three communities completed a home
interview and clinical examination, yielding a total of
15792 participants. Ninety-three per cent of participants
still alive completed a second visit in 1990-1992, and 86%
completed a third visit in 1993-1995. Cognitive function
was assessed at the second ARIC clinical examination.

Cognitive function tests

Cognitive function was measured by three neuro-
psychological tests: the delayed word recall test®, the
WAIS-R digit symbol subtest'® and the controlled oral word
association (or word fluency) test' of the Multilingual
Aphasia Examination'®. The tests were administered by
trained interviewers in a standardized order during one
session in a quiet room. Interviewer performance was
monitored by tape recording and reviewing a sample of
the testing sessions, and by confirming that there were no
systematic differences in mean scores obtained by the
different interviewers who gave the tests.

The delayed word recall test is a test of verbal learning
and recent memory that requires the participant to recall
10 common nouns following a Smin interval during
which another psychometric test is given. To standardize
elaborative processing of the words to be recalled,
individuals are asked to compose sentences incorporating
the nouns as presented. Test scores ranged from zero to 10
words recalled. The delayed word recall test has been
found to have a 6-month test-retest reliability of 0.75 in 26
normal elderly individuals".

The WAIS-R digit symbol subtest is a paper-and-pencil
task requiring timed translation of numbers (1 through 9)
to symbols using a key. The test measures psychomotor
performance and is relatively unaffected by intellectual
ability, memory or learning®’. It is a sensitive and reliable
indicator of brain damagew'zo; however, since it measures
many different components of performance it is not useful
in localizing a lesion'’. The digit symbol subtest is scored
as the number of numbers translated to symbols correctly
within 90's, up to a possible maximum of 93. Test—retest
reliability over 2—5 weeks has been reported to be 0.82 in
45-54 year olds'®.

The word fluency test requires the participant to
generate as many words as possible beginning with the
letter F, A and S (as many as possible in 60s, for each
letter). The test is particularly sensitive to damage to the
frontal lobes of the brain, especially the left frontal
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lobe'”?' The score is the total number of words generated.
Reliability based on an alternate test has been reported to
be 0.82%.

Antioxidant intake

Usual intake of dietary and supplemental carotenoids and
vitamins C and E was determined by two questionnaires.
First, dietary information over the last year was collected at
the first visit using a modified version of Willett’s 61-item
food frequency questionnaire®. Reliability coefficients
over a 3-year interval for these three antioxidant vitamins
ranged from 0.29 to 0.63 for the four race—sex groups?!,
which is slightly lower than those reported over 1 year in a
sample of white women (r=0.52—0.62)%. Reliability was
higher in whites than African-Americans and in men
than women and increased with increasing age and
education®. The questionnaire was administered by
trained interviewers. Dietary antioxidant vitamin intake
was computed by multiplying the antioxidant vitamin
content of each food item by the frequency of its daily
consumption and summing over all items. Individuals
were also asked about their use of single- and multivitamin
supplements as part of a medication survey. ARIC
participants were asked to bring to both ARIC visits all
medications and supplements taken in the previous 2
weeks. Use of antioxidant vitamins was recorded from
bottles brought in by the participants. Dose and duration
of use were not asked.

Otbher measurements

Most other measurements used in this analysis were
obtained during the second ARIC visit, except for plasma
fibrinogen and dietary antioxidant intake (only baseline
examination measures were available).

Blood pressure was measured three times using a
random-zero sphygmomanometer. The mean of the last
two measurements was used for analysis. Hypertension
was defined as systolic blood pressure =140 mmHg or
diastolic blood pressure =90mmHg or in a person
currently taking antihypertensive medication. Pulmonary
function was assessed using a calibrated spirometer
according to American Thoracic Society standards. Vital
capacity and forced expiratory volume (FEV,) were
derived.

Carotid artery intima—media thickness (a marker for
atherosclerosis) was determined by high resolution
B-mode ultrasound as previously described in detail*>%.
Intima—media thickness was measured at three sites
(bilaterally): the distal 1.0cm straight portion of the
common carotid artery, the carotid bifurcation and the
proximal 1.0 cm of the internal carotid artery. Some degree
of missing data occurred, for which values were imputed
from wall thickness measurements at the visualized sites.
For analysis, we took the overall unweighted average of
the mean intima—media wall thickness (measured or
imputed) of the six carotid arterial segments.
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Participants were asked to fast for 12 hours prior to the
clinic examination. Blood was drawn from the antecubital
vein of seated participants using minimal trauma. Speci-
mens were collected into vacuum tubes and stored at
—70°C until analysis within a few weeks. Plasma fibrinogen
was measured by the thrombin time titration method®
with reagents and calibration materials (Fibriquik)
obtained from General Diagnostics (Organon-Technika
Co., Morris Plains, NJ).

Marital status, education level, employment status and
smoking were assessed by standardized interviews.
Education level was categorized using cut-off points of
ninth grade, high school graduation, completion of
college or vocational school, and completion of graduate
or professional school. Thirteen depression items from the
Maastricht Questionnaire” were used to define a
depression symptoms score (range 0 to 26, low to high).
We recorded use of antipsychotic drugs, benzodiazepines,
antidepressants and analgesic narcotics from bottles
brought in by the participants.

Data analysis

We hypothesized that, compared to higher intake of
carotenoids and vitamins C and E, lower intake of these
antioxidant vitamins would be associated with lower
cognitive function test performance at visit 2. Each of the
three cognitive function test scores was dichotomized at
approximately the lowest performing 10%. The cut-off
points were: word recall test (0—4, 5-10), digit symbol test
(0-26, 27-93) and word fluency test (0-18, 19-99).
Although the lowest decile may not represent severe
impairment, for ease of presentation we refer to those
participants as having ‘poor cognition’. Of 15792 ARIC
participants, we excluded from the analysis 1664 who did
not come to visit 2 and perform cognitive tests, 295 who
had extreme caloric intake (the upper and lower one
percentiles of total calories ingested), 146 who
reported a history of stroke, 105 who were currently
using antipsychotic drugs, 679 who were currently using
benzodiazepines, 409 who were currently using anti-
depressants and 307 more who were currently using
analgesic narcotics. We excluded those using these
medications based upon an a priori expectation of
association with cognitive function. This left a maximum
sample size for analysis of 12187.

The relationship of a wide variety of risk factors to
cognitive function in this population has previously been
reported’®. The most important correlates of cognitive
function were depressive symptoms, smoking, drinking,
FEV,, physical activity, diabetes, fibrinogen and carotid
intima—media wall thickness. To identify potential con-
founding variables, age-, race-, sex-, ARIC field centre- and
education-adjusted means and percentages for those
variables correlated with cognitive function test scores'?
were calculated using analysis of covariance, for four
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levels of intake for each of the three antioxidant vitamins.
A global F-test for equality across all quartiles of anti-
oxidant intake was performed. Participants not taking any
antioxidant vitamin supplements at visit 1 were categor-
ized into quartiles of dietary intake for each antioxidant
vitamin. Then, on the assumption that supplementation
resulted in high antioxidant intake, users of single- and
multivitamin supplements at visit 1 were assigned to the
highest (fourth) level of vitamin intake.

We used logistic regression models to calculate the
multivariate adjusted odds ratio of poor cognition in
relation to the four levels of each antioxidant vitamin
modelled separately. A chi-square test for trend in odds
ratios across the four levels of intake was calculated,
assigning each level an integer value identical to the intake
group, i.e. 1, 2, 3, 4. We also calculated the multivariate-
adjusted odds ratio of poor cognition in relation to use of
antioxidant supplements, either as multi- and single
vitamin or single vitamin supplements only. In model 1
we adjusted for age, sex, ARIC field centre, race (African-
American, other), education (<high school, high
school, college or vocational school, graduate school),
employment status (retired, other), marital status (married,
unmarried), depressive symptoms and total caloric intake
because they were related to both cognitive function and
antioxidant intake. In model 2 we added other factors that
appeared to be confounding variables: fibrinogen,
cigarette years of smoking, sport activity index, waist—
hip ratio, carotid intima—media thickness, FEV,, hyper-
tension and hormone replacement therapy (women only).
Model 2 and model 1 yielded similar results, therefore we
have chosen to report results from model 2 only.

Results

Descriptive data

The analysis included 12 187 individuals aged 48—67 years
who participated in cognitive function tests at visit 2. The
number of individuals with low cognitive scores in this
analysis was 950 for the word recall test, 1349 for the digit
symbol test and 1369 for the word fluency test. The
cognition scores were correlated as follows: word recall/
digit symbol, 0.38; word recall/word fluency, 0.29; digit
symbol/word fluency, 0.51.

Table 1 shows correlates of poor cognitive function
according to four levels of dietary vitamin E intake.
Compared to the lowest intake group (Ievel D, those in the
highest intake group (level IV) were less likely to be
retired, and more likely to be male, African-American and
to have completed college, vocational school or graduate
school. Level IV users, on average, were older, had a
higher sport activity index score, less cigarette smoking
exposure, and higher total caloric intake. Generally, these
factors were similarly related to dietary carotenoid and
vitamin C intake (data not shown).
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Table 1 Sex-, age-, race-, field centre- and education-adjusted percentages and means of possible risk factors according to levels of dietary

vitamin E intake

Dietary vitamin E intake*

| Il i v

(n=2249) (n=2259) (n=2252) (n=2258) P valuet
Percentages
Male 46.5 45.9 49.3 52.0 0.0001
African-American 26.9 27.5 27.8 29.6 0.0001
< High school 24.5 22.6 21.1 21.3 0.01
Retired 24.8 21.7 22.8 21.7 0.01
Married 78.1 80.1 80.4 80.9 0.08
Hypertensive 37.0 35.8 35.9 33.7 0.11
Hormone replacement therapy (women only) 20.9 21.6 22.5 23.5 0.49
Means
Age (years) 56.4 56.9 56.8 57.3 0.0001
Waist—hip ratio 0.931 0.929 0.931 0.929 0.55
Sport activity index (range 0-5) 2.35 2.41 2.45 2.50 0.0001
Fibrinogen (mg di™") 302 303 301 301 0.45
Smoking (cigarette years) 344 333 300 306 0.0005
Carotid intima—media thickness (mm) 0.760 0.750 0.752 0.750 0.22
FEV (litres) 0.906 0.911 0.916 0.916 0.26
Depression score (range 0—26) 6.85 6.78 6.80 6.97 0.53
Total calories (kcal day™) 1093 1422 1723 2172 0.0001

*Intake level =< 3.03, level [1=3.03-4.15, level ll1=4.16-5.75 and level IV=>5.75mg day".

1 F-test for equality across all quartiles of dietary vitamin E intake.

In addition, we assessed the association of these
correlates of poor cognitive function with use of
antioxidant vitamin supplements (data not shown).
Those taking vitamin E supplements or multivitamins
containing vitamin E were more likely to be married, to be

receiving hormone replacement therapy (women only),
less likely to be hypertensive, had a smaller waist—hip
ratio, lower plasma fibrinogen levels, smaller carotid
intima—media thickness, and higher forced expiratory
volume. Once again, these relations were similar for

Table 2 Adjusted* odds ratios (OR) and 95% confidence intervals of poorer cognitive function according to current use of

antioxidant vitamin supplements

Antioxidant vitamin intake

| 1] 1] \% P trendt

Carotenoids n=2254 n=2255 n=2255 n=2254

Intake (IU day ™) <3290 3290-5313 5314-10217 >10217

Word recall (OR) 1.00 1.15 1.22 1.08 0.51
95%Cl Reference 0.90-1.47 0.95-1.56 0.83-1.41

Digit symbol (OR) 1.00 0.75 0.83 0.84 0.37
95%Cl Reference 0.56-1.00 0.63-1.11 0.84-1.12

Word fluency (OR) 1.00 0.93 0.85 0.99 0.68
95%Cl Reference 0.75-1.14 0.68-1.05 0.78-1.24

Vitamin C n=2254 n=2256 n=2254 n=2254

Intake (mg day™") <68.5 68.5—-108.0 108.1-161.1 >161.1

Word recall (OR) 1.00 1.24 1.10 1.26 0.19
95%Cl Reference 0.97-1.59 0.85-1.42 0.96-1.65

Digit symbol (OR) 1.00 1.06 0.96 0.96 0.68
95%ClI Reference 0.80—-1.41 0.72-1.28 0.71-1.31

Word fluency (OR) 1.00 1.00 1.04 1.03 0.76
95%ClI Reference 0.80-1.24 0.83-1.30 0.81-1.30

Vitamin E n=2249 n=2259 n=2252 n=2258

Intake (mg day™) <3.03 3.03-4.15 4.16-5.75 >5.75

Word recall (OR) 1.00 0.94 0.95 0.98 0.89
95%Cl Reference 0.43-1.22 0.72-1.24 0.71-1.34

Digit symbol (OR) 1.00 1.13 0.88 0.87 0.24
95%Cl Reference 0.84-1.52 0.64-1.21 0.60-1.26

Word fluency (OR) 1.00 1.00 1.02 1.06 0.66
95%Cl Reference 0.80-1.25 0.80-1.31 0.80-1.42

*Models adjusted for age, sex, field centre, race, education, employment status, marital status, depression score, total caloric intake,
fibrinogen, smoking status, sport activity index, waist—hip ratio, carotid intima—media thickness, FEV,, hypertension and hormone

replacement therapy (women only).
1 Chi-square test for linear trend.
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vitamin A and C supplement use.

Table 2 shows the odds ratio (OR) for poor cognitive
function for the four different levels of dietary antioxidant
vitamin intake, after excluding users of dietary antioxidant
vitamin supplements. An OR of <1.00 represents a
positive association between intake of antioxidants and
better cognitive performance. After adjustment for multi-
ple confounding variables, we found no statistically
significant association between dietary intake of any of
the three antioxidant vitamins, categorized in four levels,
and cognitive performance.

We also tested the association of antioxidant vitamin
supplementation at visit 2, either in the form of single or
multivitamin supplements, with cognitive function test
scores. The first column in Table 3 shows the OR estimate
of poorer cognitive function associated with use of
each type of supplement exclusively versus using no
supplement at all; individuals using multiple supplements
were deleted from the analysis. The third column shows
the OR estimate for a broader definition of supplement
use, and includes individuals taking any of these vitamin
supplements, either as a single supplement or as part of a
multivitamin supplement. We again found no significant
association of use of any antioxidant vitamin supplement

341

with cognitive performance as measured by any of the
three tests.

We also performed all analyses using education-specific
cut-off scores for all three cognitive tests. Dichotomizing at
the lowest 10%, the cut-off points for those not completing
high school were: word recall test (0—4, 5-10), digit
symbol test (0-15, 16-80) and word fluency test (0-10,
11-64). The cut-off points for high school graduates were:
word recall test (0-5, 6-10), digit symbol test (0-33,
34-93) and word fluency test (0-21, 22-99). Other
analyses included the association of antioxidant vitamin
supplement use in those in the lowest quartile of dietary
antioxidant vitamin consumption, and the association of
absolute dietary antioxidant vitamin intake (ignoring total
calories consumed) in those not using antioxidant vitamin
supplements with cognitive test scores. We also looked at
total intake of antioxidant vitamins by including all
individuals taking antioxidant vitamin supplements with
those in the highest category (quartile IV) of dietary
intake (Table 2). Another analysis looked at the effect of
supplement use in those in the 25th percentile of
antioxidant vitamin consumption. In addition, we
performed a sensitivity analysis, redefining the cut-off
points as the lowest performing 5% and 15% on each of

Table 3 Adjusted* odds ratios (OR) and 95% confidence intervals of poorer cognitive function according to current use of

antioxidant vitamin supplementst

Single supplement

Single or multiple

use only P valuef supplement use P valuef

Multivitamin supplements n=1692 n=3169

Word recall (OR) 0.92 0.49 1.00 0.99
95%ClI 0.72-1.16 0.84-1.20

Digit symbol (OR) 0.80 0.10 0.82 0.09
95%ClI 0.61-1.05 0.66—1.03

Word fluency (OR) 1.02 0.83 0.93 0.40
95%ClI 0.83-1.26 0.79-1.10

Vitamin A n=31 n=115

Word recall (OR) 1.05 0.95 1.08 0.84
95%ClI 0.23-4.75 0.53-2.18

Digit symbol (OR) 1.95 0.44 0.95 0.88
95%ClI 0.37-10.4 0.45-1.98

Word fluency (OR) 1.59 0.45 1.05 0.88
95%ClI 0.48-5.32 0.56—-1.96

Vitamin C n=285 n=743

Word recall (OR) 1.21 0.44 1.11 0.55
95%ClI 0.75-1.96 0.79-1.54

Digit symbol (OR) 0.92 0.79 0.81 0.39
95%Cl 0.48-1.75 0.51-1.31

Word fluency (OR) 1.03 0.89 0.84 0.30
95%ClI 0.65—-1.65 0.59-1.17

Vitamin E n=159 n=386

Word recall (OR) 1.20 0.60 1.13 0.60
95%ClI 0.62—-2.32 0.72-1.78

Digit symbol (OR) 1.19 0.65 0.90 0.71
95%Cl 0.57-2.48 0.52—-1.57

Word fluency (OR) 0.90 0.75 1.00 0.99
95%ClI 0.49-1.67 0.67-1.50

*Models adjusted for age, sex, field centre, race, education, employment status, marital status, depression score, total caloric intake,
fibrinogen, smoking status, sport activity index, waist—hip ratio, carotid intima—media thickness, FEV, hypertension and hormone

replacement therapy (women only).

1 Reference group for all comparisons is non-users of any supplement, n=9018.

1 Wald chi-square statistic.
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the cognitive tests. These analyses did not change the
conclusion of no association between antioxidant
vitamins and cognitive test performance (data not
shown).

Discussion

The primary goal of this study was to examine the
relationship of antioxidant vitamin intake with cognitive
performance in a middle-aged population-based sample
of men and women. Even though dementia is most
common in old age, slight cognitive deficits at middle age
may provide an early indication of future cognitive
decline. If this is true, early detection of these deficits
may enable us to intervene at an earlier stage and alter or
delay the progression of these disorders. A previous
report " described correlations of cognitive function in this
ARIC cohort, and those that were significantly related to
carotenoids and vitamins C or E were considered in order
to reduce possible confounding in this cross-sectional
analysis.

We found no significant association between level of
total antioxidant vitamin intake and any of the cognitive
function tests, in spite of multiple comparisons being
tested. Because of no consistent association between use
of any of the antioxidant vitamins and cognitive function,
this study suggests that in the general population
antioxidant vitamin intake is, at best, weakly associated
with cognitive function.

The strengths of our study include its large, biracial
population-based cohort and careful assessments. Addi-
tionally, the tests we have used as our dependent
measures are more sensitive than the mental status
examinations used in many studies. Limitations of our
study may include possible selection bias; that is, those
with poorer cognition may be less likely to obtain the
recommended daily allowance of many nutrients.
However, few of the participants had severe cognitive
impairment. In addition, our study population is younger
and the prevalence of cognitive dysfunction is lower than
in many other studies. Despite the large size of this cohort,
we may not have the power to detect very small effects.
The inherent unreliability of dietary questionnaires would
tend to impair our ability to detect associations. Also,
current dietary habits may not necessarily represent
historical dietary intake of antioxidant vitamins. It should
also be noted that we only had dietary intake information
from visit 1, 3 years prior to the administration of the
cognition examinations. In addition, we had no
information on dose or duration of use of the antioxidant
vitamin supplements.

Our study does not support recent reports of significant
associations between antioxidant intake and cognitive
function. Cross-sectional studies indicating a significant
deficit of dietary antioxidants in the plasma and spinal
fluid were done in AD patients*’. Cross-sectional dietary
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analyses®® and prospective studies of plasma anti-
oxidants” were performed in the old or very old. A small
cohort study of retirement community residents in
Australia found an association between vitamin C intake
and only one measure of cognitive function’. Another
cohort study of elderly participants living in rural
Pennsylvania showed no association between vitamin C
intake (dietary or supplements) and cognitive function'.

Antioxidant therapies are often mentioned as possible
means to reduce the risk of AD and to slow progression of
the disease®! and a recent clinical trial has shown that
long-term treatment with vitamin E can slow the
progression of AD'. Another trial has shown that
increases in vitamin C and vitamin E levels are associated
with improved cognitive performance in older popula-
tions'?. However, there remains no evidence that
antioxidant supplementation is related to better cognition
in younger adults®.

Even though we were unable to find a consistent
association between antioxidant intake and cognition in
our middle-aged population, there remains some evi-
dence of a significant beneficial effect of vitamin E in those
with AD''. Although the causes of AD and age-related
cognitive decline are as yet unknown, oxidative stress and
excess lipid peroxidation may be related to both. If so,
effective antioxidant therapies to halt or slow cognitive
decline attributed to normal ageing would be of
great importance. A modest, or even short-term, effect of
antioxidants on cognition could have a substantial impact
upon quality of life, particularly for older adults. The
inconsistent results in the literature may be due to different
measures of antioxidants or cognitive performance, as
well as the diverse population samples being studied.
More precise information on dietary intake and supple-
ment dose and duration will make population studies in
this area more useful.
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