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Total antioxidant capacity of the diet and
major neurologic outcomes in older adults

ABSTRACT

Objective: To evaluate total antioxidant capacity of the diet, measured by the ferric-reducing antiox-
idant power (FRAP) assay, in relation to risks of dementia and stroke, as well as key structural brain
volumes, in the elderly.

Methods: We prospectively studied 5,395 participants in the Rotterdam Study, aged 55 years and
older, who were dementia free and provided dietary information at study baseline; 5,285 individuals
were also stroke free at baseline, and 462were dementia and stroke free at the time of anMRI brain
scan 5 years after baseline. Dietary data were ascertained using a semiquantitative food-frequency
questionnaire, and combined with food-specific FRAP measurements from published tables; this
information was aggregated across the diet to obtain “dietary FRAP scores.” Multivariable-adjusted
Cox proportional hazard models were used to estimate relative risks of dementia and stroke, and
multivariable-adjusted linear regression was used to estimate mean differences in structural brain
volumes, across tertiles of dietary FRAP scores.

Results: During a median 13.8 years of follow-up, we identified approximately 600 cases each of
dementia and stroke. In multivariable-adjusted models, we observed no associations between
dietary FRAP scores and risk of dementia (p trend 5 0.3; relative risk 5 1.12, 95% confidence
interval50.91–1.38, comparing the highest vs lowest FRAP tertiles) or risk of stroke (p trend50.3;
relative risk 5 0.91, 95% confidence interval 5 0.75–1.11, comparing extreme FRAP tertiles);
results were similar across subtypes of these outcomes. Dietary FRAP scores were unrelated to
brain tissue volumes as well.

Conclusions: Total antioxidant capacity of the diet, measured by dietary FRAP scores, does not
seem to predict risks of major neurologic diseases. Neurology� 2013;80:904–910

GLOSSARY
CI 5 confidence interval; DSM-III-R5 Diagnostic and Statistical Manual of Mental Disorders, 3rd edition, revised; FRAP5 ferric-
reducing antioxidant power; HASTE 5 half-Fourier acquisition single-shot turbo spin-echo; HR 5 hazard ratio; TEAC 5 Trolox
equivalent antioxidant capacity.

Oxidative stress is an important contributor to pathogenesis of dementia and stroke, although
epidemiologic studies, including clinical trials, of antioxidant vitamins have yielded mixed
results for these outcomes.1–4 However, most studies have focused on single antioxidant supple-
ments, despite growing evidence that wider varieties of antioxidant nutrients available from
foods could reduce various chronic disease risks.5 Indeed, increased attention has focused on
measurement of “total antioxidant capacity of the diet,” which might be a useful metric for
capturing overall effects of antioxidant nutrients across dietary sources.6,7 In the Rotterdam
Study, we previously found that higher intakes of dietary antioxidants were related to lower
risks of dementia and stroke, but these associations might be attributable to individual antiox-
idant nutrients per se, or alternatively, to overall antioxidant capacity of the diet.8,9 In the present
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study, we examined total antioxidant capacity
of the diet in relation to risks of dementia and
stroke in the Rotterdam Study. We also eval-
uated the association between total antioxi-
dant capacity of the diet and structural brain
volumes in the Rotterdam Scan Study because
such measurements are strong preclinical
markers of dementia.10–14

METHODS The Rotterdam Study is a population-based cohort

study designed to examine the epidemiology of chronic diseases in

the elderly.15 It began in 1990, when 7,983 residents of Rotterdam,

aged 55 years and older, participated in a home interview and

clinical examination (78% response rate). Follow-up examinations

were performed in 1993–1994, 1997–1999, and 2002–2004. The

cohort is continuously monitored for morbidity and mortality

through computerized linkage to participant medical records. In

1995, the Rotterdam Scan Study was established to investigate

brain abnormalities in the elderly; 563 dementia-free participants

of the Rotterdam Study consented for MRI, and complete data

were obtained on 490 individuals.16

Standard protocol approvals. All participants granted written

informed consent, and the medical ethics committee of Erasmus

Medical Center (Rotterdam, the Netherlands) approved the study.

Population for analysis. For dementia analyses, 7,046 partic-

ipants (88% of individuals in the Rotterdam Study) were demen-

tia free at baseline; of these, 125 people were excluded because

of questionable cognitive status, and 477 were excluded because

they lived in a nursing home. An additional 1,049 individuals

provided no dietary information at baseline, leaving 5,395 partic-

ipants for analyses of dietary ferric-reducing antioxidant power

(FRAP) scores and dementia risk. For stroke analyses, we applied

the same criteria but additionally excluded 110 participants with a

prior stroke at baseline, leaving 5,285 individuals for analyses of

dietary FRAP and stroke risk. Finally, for analyses involving brain

volumes, we analyzed 462 participants with complete dietary and

MRI data, who had no prior stroke or dementia at MRI.

Dietary assessment. Participants completed a meal-based check-

list of foods during their home interview, and a detailed semiquan-

titative food-frequency questionnaire at clinical examination.17 The

food-frequency questionnaire asked participants about their “usual”

frequency and amount of consumption of 170 food items over the

previous year. To calculate each food’s contribution to FRAP, we

used the Antioxidant Food Table published by the Institute of

Nutrition Research, University of Oslo, which includes measure-

ments of .3,000 foods worldwide based on the FRAP assay.18

We consulted nutritional experts at Wageningen University (the

Netherlands) to determine FRAP assignments for Dutch foods. For

each participant, we multiplied the consumption frequency of each

food by the corresponding FRAP value, and summed these values

across all dietary sources.

In this cohort, most variation in dietary FRAP scores was

explained by intakes of coffee (65%) and tea (21%), which con-

tain high levels of nontraditional antioxidants (e.g., flavonoids

and other polyphenols); oranges, red wine, and chocolate each

contributed an additional 1% to 2% to this variation.

Diagnosis of dementia and stroke. We used a 3-step protocol

at baseline and follow-up examinations to ascertain dementia:

1) brief screening tests for all participants (Mini-Mental State

Examination and Geriatric Mental State—Organic Level);

2) additional neuropsychological testing for those who screened

poorly (Cambridge Assessment Mental Disorders in the Elderly);

and 3) further evaluation by a neurologist or neuropsychologist,

if necessary.19 Dementia was diagnosed with internationally accepted

criteria for dementia (DSM-III-R),20 Alzheimer disease (National

Institute of Neurological and Communicative Disorders and

Stroke/Alzheimer’s Disease and Related Disorders Association),21

and vascular dementia (National Institute of Neurological Disorders

and Stroke–AIREN [Association Internationale pour la Recherche

et l’Enseignement en Neurosciences]).22 To ascertain stroke cases,

we used medical records to verify self-reported strokes at baseline;

cases were then classified as ischemic, hemorrhagic, or unspecified

origin.23 In addition, participants are continuously monitored for

incident dementia or stroke by computerized linkage to participants’

digitalized medical records.

Measurement of brain tissue volumes and white matter
lesions. A 1.5-tesla VISION scanner (Siemens, Erlangen, Germany)

was used to obtain 3 axial brain scans (T1 weighted, proton density

weighted, and T2 weighted) and a custom-made, inversion-recovery

double-contrast, 3-dimensional half-Fourier acquisition single-shot

turbo spin-echo (HASTE) sequence.16 The proton density–weighted,

T2-weighted, and HASTE scans were used to perform an automated

classification of brain tissue. We transferred scans offline to a Linux

workstation and conducted preprocessing and tissue classification

steps using methods previously described. In short, the k-nearest

neighbor classification method was utilized to differentiate CSF,

gray matter, normal white matter, and white matter lesions. After

segmentation, we visually inspected and manually corrected scans as

necessary, and applied a nonrigid registration to remove noncerebral

tissue with a template scan. We summed all voxels assigned to each

tissue class to calculate brain volumes; correlations between auto-

mated and manual classification of brain tissue are excellent in

our study.11

Hippocampal segmentation. The hippocampus was seg-

mented by an automated method that utilized both a statistical

intensity model and a spatial probability map.24 The statistical

intensity model contains information about typical intensities of

the hippocampus and background, and was acquired from a train-

ing set of 20 manually segmented scans. The spatial probability

map contains information on the probability that each voxel is

part of the hippocampus, and was obtained by nonrigidly regis-

tering labeled images from the training set to unlabeled target

images, then deforming the manual segmentation and averaging

them. All automatically generated segmentations were visually

inspected and manually edited, if necessary.

Covariates. Detailed information on health and lifestyle was

ascertained during the home interview and clinical examination.

Statistical analysis. We used age- and multivariable-adjusted

Cox proportional hazard models to obtain hazard ratios (HRs),

estimated by relative risks, of dementia (all dementia, Alzheimer

disease, and vascular dementia) across sex-specific tertiles of

energy-adjusted dietary FRAP scores.25 Participants were cen-

sored at time of dementia, death, or loss to follow-up. We con-

sidered the following potential confounders: age (continuous),

education (low, intermediate, high), APOE e4 genotype (at least

1 e4 allele vs no e4 allele), total energy intake (continuous in

kilojoules per day), smoking habits (current, former, never), body

mass index (continuous), and supplement use (yes vs no). There

were 226 participants without APOE genotype who were

excluded from models that adjusted for this variable. Similar

models were used to examine the relation of dietary FRAP scores

and risk of stroke (all stroke, ischemic, hemorrhagic, and
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unspecified), in which participants were censored at time of

stroke, death, or loss to follow-up. For these analyses, we consid-

ered possible confounding by age, total energy intake, smoking

habits, supplement use, and history of blood pressure, diabetes,

and myocardial infarction (yes vs no). In addition, we used age-

and multivariable-adjusted linear regression to estimate mean

differences in structural brain volumes across tertiles of dietary

FRAP scores; we examined the same potential confounding

variables as described for dementia analyses.

In secondary analyses, we evaluated whether associations of

dietary FRAP scores with dementia, stroke, and brain tissue vol-

umes might be modified by smoking status. Interaction terms

were included in models with smoking (never, former, current)

and FRAP (in tertiles) as ordinal variables. We repeated all anal-

yses excluding supplement users at baseline, and using quintiles of

FRAP scores and cubic spline analyses to further evaluate nonlin-

ear associations.

Data were analyzed using SPSS version 13.0 (SPSS Inc.,

Chicago, IL).

RESULTS Table 1 indicates that key participant char-
acteristics were similar across tertiles of dietary FRAP
scores, except that participants were slightly younger
and more often current smokers over increasing ter-
tiles. During a median follow-up period of 13.8 years
(interquartile range 5 9.2–14.8), we identified 599
cases of dementia that included 484 cases of Alzheimer
disease, 59 cases of vascular dementia, and 56 cases of
dementia of unknown origin. We also documented
601 cases of stroke during this period, including 381
cases of ischemic stroke, 64 cases of hemorrhagic
stroke, and 156 cases of unspecified origin.

We found no association of dietary FRAP scores and
dementia risk in age-adjusted models (p trend5 0.2) or
multivariable models controlling for age, education,
APOE e4 genotype, total calorie intake, smoking, body
mass index, and supplement use (p trend 5 0.3)
(table 2). Specifically, in fully adjusted models, partic-
ipants in the highest tertile of dietary FRAP scores had a
similar dementia risk compared with those in the lowest
tertile of FRAP scores (HR 5 1.12; 95% confidence
interval [CI] 5 0.91–1.38, comparing top vs bottom
FRAP tertiles). When we examined specific types of
dementia, there was no relation between dietary FRAP
scores and risk of Alzheimer disease (e.g., in fully
adjusted models, p trend 5 0.2 and HR 5 1.18,
95% CI 5 0.94–1.49, comparing extreme FRAP
tertiles) or risk of vascular dementia (e.g., in fully
adjusted models, p trend 5 0.5 and HR 5 1.28,
95% CI 5 0.65–2.52, comparing extreme FRAP
tertiles).

In addition, dietary FRAP scores were not related
to overall risk of stroke in models adjusted for age
alone (p trend5 0.4), or models additionally adjusted
for total calorie intake, smoking, high blood pressure,
diabetes, myocardial infarction, and supplement use
(p trend 5 0.3) (table 3). In particular, stroke risk
was similar for participants in the highest vs lowest
tertiles of FRAP scores (e.g., in fully adjusted models,
HR 5 0.91, 95% CI 5 0.75–1.11, comparing
extreme FRAP tertiles). When we examined different
types of stroke, no associations were observed for ische-
mic stroke, hemorrhagic stroke, or stroke of unknown
origin (e.g., p trends5 0.9, 0.3, and 0.3, respectively,
in models adjusted for multiple potential confounders)
and participants had similar risks of each stroke type
when highest vs lowest tertiles of FRAP scores were
compared (e.g., for ischemic stroke: HR5 0.99, 95%
CI5 0.77–1.26; for hemorrhagic stroke: HR5 0.73,
95% CI 5 0.39–1.36; for stroke of unknown origin:
HR 5 0.79, 95% CI 5 0.52–1.19).

Table 4 shows the associations of dietary FRAP
scores and brain tissue volumes, including whole
brain volume (the sum of gray matter and white mat-
ter), gray matter, normal white matter, and white
matter lesions in models adjusted for age and those
additionally adjusted for education, APOE e4 geno-
type, total calorie intake, smoking, body mass index,
and supplement use. We observed that higher scores
for dietary FRAP were related to greater whole brain
volumes in models adjusted for multiple potential
confounders (e.g., p trend 5 0.03 and mean differ-
ence 5 0.19; 95% CI 5 0.02–0.37, comparing
extreme tertiles of FRAP scores). However, dietary
FRAP scores were not associated with volumes of gray
matter, normal white matter, and white matter lesions
in fully adjusted models (p trends5 0.6, 0.1, and 0.5,
respectively). We also found no association between

Table 1 Age-adjusted baseline characteristics of participants according to
sex-specific tertiles of dietary FRAP intake (n 5 5,395)a

Tertile 1 Tertile 2 Tertile 3

Median values (mmol/d) 15.1 20.3 26.1

Age (y)b 69.0 6 8.1 67.7 6 7.6 66.2 6 7.3

Education, % low 33 36 33

APOE genotype, % with
at least 1 e4 allele

28 27 28

Total calorie intake (kJ/d)b 8,373 6 2,095 8,457 6 2,066 8,269 6 2,182

Smoking, %

Never 36 35 30

Former 44 42 43

Current 20 23 27

Body mass index (kg/m2)b 26.1 6 3.6 26.3 6 3.6 26.6 6 3.7

Supplement use, % 14 11 11

High blood pressure, %c 54 51 48

Previous diabetes, % 11 9 8

Previous myocardial infarction, % 12 12 11

Abbreviation: FRAP 5 ferric-reducing antioxidant power.
aDietary FRAP intake was energy adjusted using the residual method before making
tertiles.
bMean 6 SD.
cDefined as high systolic blood pressure ($140 mm Hg), high diastolic blood pressure
($90 mm Hg), or reported use of antihypertensive medications.
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dietary FRAP scores and either left or right hippo-
campal volume (in multivariable models, p trends 5
1.0 and 0.7, respectively) (results not shown in
tables).

In additional analyses, there was no effect modifi-
cation by smoking of associations between dietary

FRAP scores and neurologic outcomes of interest
(e.g., p interactions5 0.5 for dementia, 0.4 for stroke,
and 0.6 for whole brain volume). Results were virtually
identical when we excluded participants reporting sup-
plement use at baseline, and when we conducted anal-
yses of dietary FRAP in quintiles (e.g., see figure e-1 for
dementia and stroke on the Neurology® Web site at
www.neurology.org). Cubic spline analyses produced
results that were generally similar as well, although
there was a suggestion that extremely high FRAP scores
might be related to higher stroke risk (p value for non-
linearity5 0.02; see figure e-2 for stroke, as well as for
dementia). However, this result was contrary to our a
priori hypothesis, and the CI in this extreme part of the
distribution was very wide; therefore, it should not be
overinterpreted.

DISCUSSION Total antioxidant capacity of the diet,
measured by dietary FRAP scores, was not related to a
reduced risk of dementia or stroke in this cohort. In
addition, no associations of dietary FRAP scores
and structural brain volumes were identified, except
that higher scores for dietary FRAP were associated
with larger whole brain volume. Although this find-
ing might represent a causal association, this result
should be interpreted with caution given that no rela-
tions were observed for the constituents of whole
brain volumes (i.e., gray and white matter).

Table 2 Relative risk of overall dementia and subtypes of dementia according
to sex-specific tertiles of dietary FRAP intakea

Tertile 1 Tertile 2 Tertile 3 p Trendb

All dementia

Cases, n (%) 212 (35) 202 (34) 185 (31)

Model 1 1.00 (reference) 1.08 (0.89, 1.31) 1.12 (0.92, 1.37) 0.2

Model 2 1.00 (reference) 1.06 (0.87, 1.30) 1.12 (0.91, 1.38) 0.3

Alzheimer disease

Cases, n (%) 167 (35) 166 (34) 151 (31)

Model 1 1.00 (reference) 1.13 (0.91, 1.40) 1.17 (0.94, 1.47) 0.2

Model 2 1.00 (reference) 1.12 (0.90, 1.39) 1.18 (0.94, 1.49) 0.2

Vascular dementia

Cases, n (%) 19 (32) 21 (36) 19 (32)

Model 1 1.00 (reference) 1.30 (0.70, 2.42) 1.40 (0.73, 2.66) 0.3

Model 2 1.00 (reference) 1.31 (0.70, 2.48) 1.28 (0.65, 2.52) 0.5

Abbreviation: FRAP 5 ferric-reducing antioxidant power.
aModel 1: adjusted for age. Model 2: adjusted for age, education, APOE e4 genotype,
total calorie intake, smoking, body mass index, and supplement use.
bp Trends use the median FRAP intake scores for each tertile.

Table 3 Relative risk of overall stroke and subtypes of stroke according to sex-specific tertiles of dietary
FRAP intakea

Tertile 1 Tertile 2 Tertile 3 p Trendb

All stroke

Cases, n (%) 225 (38) 194 (32) 182 (30)

Model 1 1.00 (reference) 0.90 (0.74, 1.09) 0.92 (0.76, 1.13) 0.4

Model 2 1.00 (reference) 0.89 (0.74, 1.08) 0.91 (0.75, 1.11) 0.3

Ischemic stroke

Cases, n (%) 137 (36) 116 (30) 128 (34)

Model 1 1.00 (reference) 0.86 (0.67, 1.10) 1.00 (0.78, 1.28) 1.0

Model 2 1.00 (reference) 0.85 (0.67, 1.09) 0.99 (0.77, 1.26) 0.9

Hemorrhagic stroke

Cases, n (%) 25 (39) 22 (34) 17 (27)

Model 1 1.00 (reference) 0.90 (0.50, 1.59) 0.73 (0.39, 1.36) 0.3

Model 2 1.00 (reference) 0.89 (0.50, 1.58) 0.73 (0.39, 1.36) 0.3

Stroke of unknown etiology

Cases, n (%) 63 (40) 56 (36) 37 (24)

Model 1 1.00 (reference) 1.02 (0.71, 1.46) 0.80 (0.53, 1.21) 0.3

Model 2 1.00 (reference) 1.01 (0.71, 1.45) 0.79 (0.52, 1.19) 0.3

Abbreviation: FRAP 5 ferric-reducing antioxidant power.
aModel 1: adjusted for age. Model 2: adjusted for age, total calorie intake, smoking, high blood pressure, diabetes,
myocardial infarction, and supplement use.
bp Trends use the median FRAP intake scores for each tertile.
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We evaluated total antioxidant capacity of the diet
because it might be a useful metric for understanding
the relation between dietary antioxidants and major
neurologic diseases of the elderly. First, it captures
antioxidant effects of a wide variety of dietary
nutrients, including micronutrients that are not well
characterized or well measured (e.g., flavonoids).
Second, dietary FRAP scores estimate total antioxi-
dant capacity of the diet based on food-specific meas-
urements, and thus inherently capture interactions
among antioxidant nutrients in these foods; analyses
of single antioxidant nutrients do not capture such
interactions. Finally, dietary antioxidant scores are
useful for eliminating issues of multiple comparisons
that are inherent in analyses of multiple, individual
antioxidant nutrients. Although this approach has
several important advantages compared with studying
individual antioxidant nutrients, our findings suggest
that this metric does not capture as much biologically
relevant information as individual antioxidant nutrients
for predicting key neurologic outcomes in older adults.

Previous literature is sparse regarding the associa-
tions of total antioxidant capacity of the diet with
major neurologic outcomes.6,7 However, our findings
are generally consistent with a large, prospective anal-
ysis of 16,010 participants in the Nurses’ Health
Study, which did not identify a relation between die-
tary FRAP scores and cognitive decline (a strong
marker of impending dementia) in older women
(e.g., for a global composite score, p trend 5 0.5 and
mean difference 5 0.00, 95% CI 5 0.00, 0.01,

comparing extreme quintiles of FRAP scores).7 A sec-
ond study, conducted in a large cohort of 41,620
Italian participants, found that higher antioxidant
capacity of the diet was associated with a reduced risk
of ischemic stroke (p trend5 0.003 and HR5 0.41,
95% CI 5 0.23–0.74, comparing extreme tertiles of
dietary antioxidant scores).6 Although we identified 3
times as many stroke cases in our cohort (601 vs 194
cases), we did not detect a similar inverse association
between dietary antioxidant capacity and ischemic
stroke risk. However, participants in the Italian
cohort were younger than our participants (approxi-
mately 50 vs 68 years old), and therefore discrepant
findings may reflect a true difference in the biology of
this association—total antioxidant capacity of the diet
could help alleviate ischemic stroke pathology at mid-
life, but not at older ages. Another important differ-
ence between our study and the Italian study is that
almost 90% of variation in FRAP scores in our cohort
was attributable to coffee and tea intake, whereas the
Italian study reported smaller relative contributions of
coffee and tea (31%) and larger relative contributions
of alcoholic beverages (28%), fruits (10%), and veg-
etables (7%) to total antioxidant capacity of the
diet.26 Growing epidemiologic evidence does suggest
that higher consumption of fruits, vegetables, and
alcohol may be associated with reduced risk of
stroke27,28; thus, these findings could reflect that spe-
cific antioxidant-rich food and beverage intakes are
more important for lowering stroke risk than overall
antioxidant capacity of the diet.

Table 4 Mean differences in global brain tissue volumes according to sex-specific tertiles of dietary FRAP
intakea

Tertile 1 Tertile 2 Tertile 3 p Trendb

Whole brain volume

Model 1 0.00 (reference) 0.03 (20.14, 0.20) 0.17 (0.00, 0.34) 0.05

Model 2 0.00 (reference) 0.02 (20.14, 0.19) 0.19 (0.02, 0.37) 0.03

Gray matter

Model 1 0.00 (reference) 0.12 (20.10, 0.34) 20.05 (20.27, 0.18) 0.7

Model 2 0.00 (reference) 0.08 (20.15, 0.30) 20.06 (20.29, 0.16) 0.6

Normal white matter

Model 1 0.00 (reference) 20.09 (20.28, 0.10) 0.12 (20.07, 0.31) 0.2

Model 2 0.00 (reference) 20.06 (20.25, 0.13) 0.14 (20.05, 0.34) 0.1

White matter lesionsc

Model 1 0.00 (reference) 0.11 (20.10, 0.31) 0.08 (20.13, 0.29) 0.4

Model 2 0.00 (reference) 0.07 (20.13, 0.27) 0.07 (20.13, 0.27) 0.5

Abbreviation: FRAP 5 ferric-reducing antioxidant power.
aAll volumes were expressed as a percentage of intracranial volume to correct for head size differences. Model 1: adjusted
for age. Model 2: adjusted for age, education, APOE e4 genotype, total calorie intake, smoking, body mass index, and
supplement use.
bp Trends use the median FRAP intake scores for each tertile.
cWhite matter lesions were natural log transformed because of the skewness of the distribution.
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Alternatively, the discrepancy in stroke findings
might be explained by the different assays used to esti-
mate dietary antioxidant scores. In the Rotterdam
Study, we assessed total antioxidant capacity of the diet
using the FRAP assay, whereas the Italian study used
the Trolox equivalent antioxidant capacity (TEAC)
assay, and these assays measure different antioxidant
mechanisms. Because there is no “gold standard” for
assessing the total antioxidant capacity of foods, it is
difficult to determine which assay is more relevant
for measuring the exposure of interest. However, the
FRAP assay does not detect glutathione or protein
thiols, which are largely degraded in the intestine and
poorly absorbed; thus, FRAP is thought to have an
advantage over TEAC in the context of studying
human disease.5 Still, previous studies have found that
FRAP- and TEAC-based antioxidant scores predict
important health-related end points,29–31 such that
both seem to capture biologically relevant information
for disease prediction. For this reason, the difference in
antioxidant assays utilized in the Rotterdam vs Italian
studies is unlikely to fully explain the discrepant results
in these studies.

Previous analyses in the Rotterdam Study indicate
that greater intakes of vitamin C might be related to
lower risk of stroke,9 and higher consumption of vita-
min E may be associated with a reduced risk of demen-
tia.8 Although these results were based on shorter
follow-up time in this cohort, we have confirmed these
results in the present dataset with longer follow-up and
more incident cases of stroke and dementia. Taken
together with the current findings for dietary FRAP
scores, these results suggest that individual antioxidants,
or major food contributors to those antioxidants—not
overall antioxidant capacity of the diet—probably con-
tribute to lower risks of dementia and stroke in the
Rotterdam Study.

Certain limitations of this study should be consid-
ered. First, dietary FRAP scores were only modestly
associated with plasma FRAP measurements in 2 pre-
vious studies. However, most feeding studies have
demonstrated that consumption of antioxidant-rich
foods is significantly related to plasma FRAP meas-
urements taken immediately after ingestion.26,32,33

In addition, plasma FRAP measurements may not
provide an appropriate gold standard for dietary FRAP
scores when they are based on long-term diet, which
might explain the modest associations previously
observed between plasma- and diet-based measures.
Similar modest associations have been identified for
other antioxidant assay–based diet scores, including
TEAC, which supports the notion that plasma antiox-
idant measurements may be insufficient markers of
long-term antioxidant intake.26 Furthermore, signifi-
cant associations of higher dietary FRAP scores with
lower levels of components of the metabolic syndrome,

higher concentrations of adiponectin, and lower risk of
mortality have been reported.29–31 An additional limi-
tation of this study is that our self-reported food-
frequency data contain some random measurement
error, which would tend to bias our results toward
the null.34 However, we used a validated assessment
for dietary intake, and relations between dietary anti-
oxidants and multiple chronic diseases have been pre-
viously identified in the Rotterdam Study, establishing
our ability to detect these relations in this cohort.8,9,35–38

Overall, we found little association between total
antioxidant capacity of the diet, measured by FRAP,
and major neurologic diseases of the elderly in the
Rotterdam Study.
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