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Abstract
As a site of high metabolic activity, the brain is particularly susceptible to oxidative damage. We
explored the association between plasma antioxidants and cognition. In 858 female participants of
the Nurses’ Health Study, aged 70+ years, we measured plasma carotenoids and tocopherols in 1989–
1990, and assessed cognitive function by telephone beginning in 1995–2001; assessments were
repeated twice at two-year intervals. We used linear regression to estimate multivariable-adjusted
mean cognitive performance at the initial assessment by quartile of antioxidants, and longitudinal
models for analyzing cognitive decline over four years. Higher antioxidant levels were not associated
with initial performance or decline. Mean difference in initial global composite score (averaging all
6 cognitive tests) for the top versus bottom quartile of total carotenoids was −0.05 standard units
(95% confidence interval [CI] −0.19, 0.09), and 0.04 units for total tocopherols (95% CI −0.10, 0.18).
Individual antioxidants were not associated with cognition. Overall, total plasma carotenoids or
tocopherols were not related to cognition in women.

INTRODUCTION
Brain tissue readily undergoes oxidative damage, and long-term oxidative stress likely
contributes to declining cognitive processes.[29] A wide variety of antioxidants including
carotenoids, vitamins E and C, as well as fruits and vegetables high in antioxidants, has been
found to improve cognitive performance in animals.[8,26,36]

Epidemiologic data on antioxidant vitamins are not as clear, however, and several randomized
trials[17,21,35,48] of antioxidant supplements have found no relation with cognitive function
or development of Alzheimer disease. However, these studies examined only a few select
antioxidants from supplements, and recent data suggest that the larger variety of antioxidants
available in foods might be important to consider.[7,20,31].
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In addition, the majority of epidemiologic studies have utilized questionnaires on dietary or
supplement intake. In contrast to antioxidants measured in plasma, such dietary data cannot
incorporate individual variations in metabolism,[19] and thus may not be able to directly assess
relations between bioavailable antioxidants and cognition. Although several studies have found
possible inverse associations between high plasma levels of antioxidants and either cognitive
decline[3,22,34,37] or dementia,[4,6,13,24,28,49] these studies have mostly been cross-
sectional; because plasma antioxidants were measured at the same time as diagnosis, it is
difficult to disentangle causes and effects in these cross-sectional studies. Prospective
investigations are scarce[18].

Thus, we prospectively studied the association between plasma retinol and antioxidants and
cognitive function, measured 10 years later among 858 healthy older women participating in
the Nurses’ Health Study.

METHODS
Nurses’ Health Study

In 1976, the Nurses’ Health Study (NHS) began when 121,700 female registered nurses aged
30 to 55 years, residing in 11 US States, returned a mailed questionnaire about their lifestyle
and health. Participants complete biennial questionnaires to update this information. Follow-
up rates remain high (>90%).

From 1989 to 1990, blood samples were collected from one-third of participants; details of the
blood collection have been published elsewhere.[16] Briefly, participants volunteered to send
a blood sample by overnight mail, shipped on ice, to our laboratory. Approximately 70% were
fasting samples. Ninety-seven percent of the samples were received within 26 hours of being
drawn, and the stability of a variety of biomarkers in whole blood for 24–48 hours has been
previously documented.[15] Specifically, measurements for β-carotene and α-tocopherol from
samples collected in this manner showed between-person variation that was at least twice the
within-person variation, [15] thus implying that the variability in plasma levels across
participants could be captured. Samples were processed and separated into plasma, red blood
cells, and white blood cells, and have been stored in liquid nitrogen freezers.

These blood samples have been used to study the relation of several plasma biomarkers,
including plasma antioxidants, to chronic diseases in various nested case-control studies.[14,
40,41] Health and lifestyle characteristics were similar between the whole NHS cohort and
those who returned blood samples (e.g., 43% of the entire cohort versus 46% of those who
provided blood never smoked; mean alcohol intake was 5 grams/day for both groups), thus
there is little chance of meaningful bias in the subcohort who provided specimens.

Cognitive Function Subcohort
From 1995–2001, we selected 22,715 Nurses’ Health Study participants aged 70 years and
older, free of diagnosed stroke, to participate in a telephone cognitive assessment. Of those
whom we contacted, 92% completed the interview (n=19,514) (Figure 1). We have been
administering follow-up cognitive assessments at approximately 2-year intervals, with very
high follow-up rates; the second cognitive assessment administration is complete (with 91%
participation, 5% refusal and 4% dead) and a third assessment is ongoing (86% complete to
date; also with 91% participation to date).

Telephone cognitive assessment
Trained nurses administered all interviews by telephone. When we began cognitive testing, we
used only the Telephone Interview for Cognitive Status (TICS; mean in this population =34,
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SD=3, range 8–41),[5] a telephone adaptation of the Mini-Mental State Examination. We
gradually added five other cognitive tests to the initial testing; immediate and delayed recalls
of the East Boston Memory Test (EBMT; immediate recall: mean=9, SD=2, range=2–12;
delayed recall: mean=9, SD=2, range=0–12);[1] a test of category fluency in which women
name animals during one minute (mean=18, SD=5, range=0–37); a delayed recall of the TICS
10-word list (mean=2, SD=2, range=0–9); and digit span-backwards, in which women repeat
backwards increasingly long series of digits (mean=7, SD=2, range=1–12). Thus, the sample
size differs somewhat for each test.

Our telephone method showed high validity: we found a correlation of 0.81 comparing overall
performance on our brief telephone interview to overall performance measured from an in-
person interview. In tests of instrument reliability, we administered the TICS twice to 61
Nurses’ Health Study participants at an interval of one month and found a correlation of 0.70.

We focused on three main outcomes, the global performance on our test battery; verbal
memory, a strong predictor of Alzheimer disease development[11,38]; and the TICS. We
calculated a global composite score across our 6 cognitive tests by averaging the z-scores for
each test. We also calculated a verbal memory score by similarly averaging the z-scores of 4
tests: immediate and delayed recalls of both the EBMT and TICS 10-word list. The global
score and the verbal memory score were only calculated for participants who completed all the
component tests. Such composite scores integrate information from a variety of sources and
provide a more stable representation of overall cognitive function than a single test. [47]

Population for Analysis
Figure 1 is a flow-chart of the selection of 858 participants for analysis. We first included
women who met the following criteria: 1) completed the initial cognitive interview (1995–
2001); 2) provided a blood sample (1989–1990); and 3) had plasma levels of antioxidants
measured previously, as part of nested case-control studies of cataracts, heart disease, breast
cancer, colon cancer, or colon polyps. From these 1051 women, we excluded the 93 women
who were selected as cases of heart disease, breast cancer or colon cancer as their disease status
may be associated with both antioxidant levels and cognition; however, we did not exclude
cases of colon polyps or cataract, since having a history of either condition is unlikely to have
substantial influence on cognition.

Characteristics of the 858 women in the primary analyses were quite similar to those in the
entire cognitive study. For example, mean age at cognitive assessment was identical (74 years);
mean TICS score at first interview was 34 in both the subset and entire group; and prevalence
of current multivitamin use at blood draw was 42% in the subset and 40% in the entire group.
Thus the analytic sample was representative of the cognitive cohort. This study was approved
by the Institutional Review Board of Brigham and Women’s Hospital, Boston, MA.

Ascertainment of Plasma Antioxidants
All antioxidants were assessed in the same lab using reversed phase high performance liquid
chromatography (HPLC) methods[10] at the Department of Nutrition, Harvard School of
Public Health. Briefly, samples were deproteinized with alcohol and extracted with hexane to
remove lipid analytes. The extracted samples were dried and reconstituted in 250µl of a 3:1:1
mixture of acetonitrile:ethanol:dioxane. Total cholesterol, an important determinant of the
bioavailability of carotenoids and tocopherols, was assayed from plasma using enzymatic
methods.[2] From each of the 8 batches of different nested case-control studies, blinded
replicate samples were included for quality control; the median coefficients of variation (CV)
indicated high overall intra-assay reliability: for α-carotene the CV was 5.3%, β-carotene was
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4.9%, β-cryptoxanthin was 5.3%, lycopene was 5.1%, lutein/zeaxanthin was 5.5%, α-
tocopherol was 5.0%, γ-tocopherol was 5.4% and retinol was 6.3%.

Not all samples were fasting (approximately 70% were fasting samples). The plasma nutrient
levels from non-fasting samples, while generally slightly higher, were quite comparable to
fasting samples; thus we included all measurements. In alternate analyses where we excluded
the non-fasting samples, we found similar results.

Statistical Analysis
For the analysis of performance in the initial cognitive interview, a mean of 10 years after blood
draw, we used linear regression to estimate age and education-adjusted, and multivariable-
adjusted mean differences in performance across plasma nutrient quartiles. To take into account
any batch-to-batch variation in the measurement of antioxidants, we created quartiles with
batch-specific cut-points. The significance level was α = 0.05.

The two main exposures in this analysis were quartiles of total carotenoids (defined as the sum
of the concentrations (µg/L) of the 5 individual carotenoids: α-carotene, β-carotene, β-
cryptoxanthin, lycopene and lutein/zeaxanthin) and quartiles of total tocopherols (defined as
the sum of the concentration (µg/L) of α-tocopherol and γ-tocopherol). We also examined each
individual carotenoid and tocopherol, as well as retinol.

For longitudinal analysis using data from a subset of 788 participants who completed the first
interview and at least one follow-up interview to date, we used repeated measures models
incorporating random effects for intercepts and slopes.[23] This approach permits description
of individual paths of decline and provides explicit tests regarding the relation of exposures to
rates of cognitive change, while taking into account the within-person correlation.

In multivariable models, we included a wide array of potential confounding variables, selected
a priori from the published literature as risk factors for poor cognition. Information on potential
confounding variables was determined from the biennial questionnaire responses immediately
before the blood collection. The covariates included: time between blood draw and cognitive
interview (years), age at interview (years), highest attained education (Registered Nurse,
Bachelor’s, Master’s or above), history of diabetes, history of high blood pressure, history of
high cholesterol, postmenopausal hormone use (current, past, never), age at menopause (<50,
50–52, 53+), body mass index (<22, 22–24, 25–29, 30+ kg/m2), cigarette smoking (current,
past, never), antidepressant use, aspirin use (<3/week, 3+/week), alcohol intake (0,<5g/day,
5–14g/day, 15+ g/day), physical activity (quintiles of metabolic-equivalent-hours/week),
mental health index (0–51, 52–100) and energy-fatigue index (0–49, 50–100) from the SF-36
(Medical Outcomes Short Form),[45] and use of vitamin E supplements (except for analyses
for tocopherols). Current multivitamin use (at blood draw) was not included as a covariate,
since this would be equivalent to partially adjusting for our exposures of interest. Because
many attributes of participants may change over time, we performed secondary analyses using
covariates as of the baseline cognitive interview, rather than at blood draw; however, there
were negligible differences from the main results.

In alternate analyses among a subset of participants with plasma folate or plasma total
cholesterol (for tocopherol analysis) levels available, we performed analyses adjusting for these
potential confounding variables; the results were not meaningfully different.

We performed several secondary analyses. First, we conducted analyses stratified by current
supplement use (defined as use of multivitamins, vitamin A or vitamin E) as of the biennial
questionnaire immediately preceding the blood draw. Second, because current cigarette
smoking reduces the levels of plasma antioxidants, we also examined effect modification by
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smoking status at blood draw. Finally, when we examined individual tocopherols, we
conducted stratified analyses where we examined the association between γ-tocopherol and
cognition in those with low and high levels of α-tocopherol, as there is evidence that high α-
tocopherol levels may lower γ-tocopherol levels in plasma. [25,44]

RESULTS
There was a wide range in the distribution of plasma nutrient levels (Table 1), with at least a
two-fold difference in the median levels of plasma carotenoids and tocopherols between the
top and bottom quartiles. Mean age at blood draw (1989–1990) was very similar across
categories of carotenoids or tocopherols. As expected, women in the highest plasma carotenoid
quartile took more multivitamins, were somewhat more educated and healthier (e.g. less
obesity, less hypertension, less antidepressant use) and engaged in healthful behaviors (e.g.
more physical activity, less cigarette smoking, more vitamin E supplement use) compared to
women in the lowest quartile. Women with the highest plasma tocopherol levels, however, had
more cardiovascular risk factors of hypercholesterolemia and hypertension, took more aspirin
and vitamin E supplements compared with women in the lowest levels. Cognitive performance
on the first assessment was generally similar across plasma nutrient levels.

Initial Cognitive Function
After adjusting for potential confounding factors, we observed no differences in mean initial
test scores for the three outcomes across quartiles of total plasma carotenoids or tocopherol
(Table 2). For example, for the top versus bottom quartiles of plasma carotenoids, the
multivariable-adjusted mean difference on the global score was −0.05 standard units (95%
confidence interval [CI] −0.19, 0.09). Similarly, for plasma tocopherol, for the top versus
bottom quartiles, the mean difference on the global score was 0.04 (95% CI −0.10, 0.18). When
we included both nutrients together in models, the estimates for each nutrient changed very
little (data not shown). Alternatively, when we modeled plasma levels of both carotenoids and
tocopherols as continuous variables, we did not observe evidence of statistically significant
dose-response trends for any of the cognitive outcomes.

We found no suggestion of interactions between either plasma carotenoids (p for
interaction=0.2) or tocopherols (p for interaction =0.8) and history of cigarette smoking at
blood draw (Table 3). When we examined associations by strata of current use of vitamin
supplements, we observed no significant interactions for plasma tocopherol (p for interaction
= 0.3); there was no suggestion of inverse relations among either women who used supplements
or those who did not. But we found a borderline significant interaction between carotenoids
and supplement use (p for interaction=0.04). Specifically, among women who did not use
supplements, there was a suggestion that those in the highest quartile performed better than
those in the lowest quartile of carotenoids (mean difference = 0.10, 95% CI = −0.13, 0.33,
p=0.08). However, for women who used supplements, there was a suggestion of worsening
cognition with increased plasma carotenoids (mean difference = −0.08, 95% CI = −0.29, 0.14,
p=0.10).

Because analyses of total carotenoids and tocopherols may obscure associations with individual
nutrients, we examined whether levels of specific carotenoids or tocopherols may be associated
with cognitive performance. We did not observe discernible associations with any of the
carotenoids, tocopherols or retinol (Table 4). Similarly, when we evaluated each antioxidant
as a continuous variable, we also did not observe any notable trends.

Previous studies of vitamin E[12,30] suggest stronger inverse associations with vitamin E from
diet than supplements. This may be due to the potential importance of γ tocopherol over α-
tocopherol (the primary component of supplements); importantly, α-tocopherol may reduce
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the levels of γ tocopherol[32]. Thus we examined the association between γ tocopherol and
cognitive performance within strata of plasma α-tocopherol levels. We observed a borderline
significant interaction (p=0.08), where increasing levels of γ tocopherol appeared to be
associated with better performance only among those with lower than median α-tocopherol
levels (n=363): in this sub-group, mean difference in global score for the top quartile of γ
tocopherol compared with bottom quartile = 0.08 (95% CI = −0.13, 0.29; p for linear
trend=0.37). However, none of the trends or differences was statistically significant.

Cognitive Decline
Higher plasma levels of carotenoids or tocopherols were not associated with a slower decline
in cognition (Table 5). For example, the difference in the mean annual rate of decline in the
global score among women who were in the top quartile compared with women in the bottom
quartile of total carotenoids was 0.00, (95% CI =−0.04, 0.04) and for total tocopherols was
−0.01 (95% CI = −0.05, 0.03), with no discernible linear trends. Similar results were generally
observed for cognitive decline as found in all the analyses described above for initial cognitive
function.

DISCUSSION
In this prospective study, we found no overall relation between plasma carotenoids or
tocopherols or retinol levels measured when women were, on average, in their mid 60’s and
cognitive function assessed 10 years later. Individual antioxidant vitamins were also not
generally associated with cognitive function or decline.

We observed suggestive associations in secondary analyses that merit further investigation in
future studies. First, we observed suggestions that those with higher plasma carotenoids
performed better at cognitive tests in the stratum of women not taking any supplements at blood
draw. It is possible that women who achieve high levels of carotenoids just from dietary sources
are getting a larger variety of carotenoids that may act synergistically against brain oxidation.
There is evidence that a mixture of carotenoids, as would be found in dietary sources, are more
effective than individual carotenoids; such a synergistic antioxidant effect appears to be
particularly strong for carotenoids mainly in diet, such as lutein and lycopene. [39]. However,
because of the borderline significant results and reduced power within strata, it is possible that
our findings within women not taking supplements may be due to chance.

Second, we observed a suggestive interaction between α-tocopherol and γ-tocopherol; γ-
tocopherol is mainly from the diet, and plasma and tissue γ-tocopherol levels are lowered with
α-tocopherol supplementation.[25,44] Consistent with this, we did observe a possible trend of
higher γ-tocopherol levels associated with better cognition among those with lower than
median α- tocopherol levels, 92% of whom were not taking vitamin E supplements. This is
supportive of the hypothesis that different tocopherols interact in their metabolism and
absorption and may thus exert independent effects on cognitive decline. [32] Again, however,
our results were borderline significant and should be interpreted with caution.

An important strength of this study is the prospective design and the long-term follow-up period
between blood-draw and cognitive testing. Impairments in cognition develop over many years,
thus earlier exposures may have particular significance. In addition, plasma measurements
have some key advantages over diet surveys, as they are not subject to errors due to recall, and
better capture bioavailable nutrient levels.[19] Finally, we were able to adjust for a wide variety
of potential confounding factors.

Limitations of our study should be considered. In this observational study, confounding may
be an issue. However, we conducted numerous analyses to explore confounding; we adjusted
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for potential confounding factors at blood draw as well as at cognitive interview, and we
stratified analyses by vitamin use or smoking status. Moreover, in this cohort of health
professionals, with similar access to healthcare and health knowledge, many opportunities for
confounding are inherently reduced. Nonetheless, it is not possible to rule out confounding in
observational studies. On the other hand, the homogeneity of our study population who are all
health professionals and mostly Caucasian, may limit the generalizeability of the results to
other populations with different education levels and racial / ethnic backgrounds. In addition,
the analyses were based on antioxidant levels from a single plasma measure, which may not
represent long-term exposure, and may thus bias results toward the null. Data from similar
cohorts[42,43] suggest that the correlations between repeated measurements of plasma
antioxidants over time were high: e.g., intraclass correlations between single carotenoid
measurements and average concentrations over a 3-year period ranged from 0.63 to 0.85,
demonstrating that single samples reasonably reflect longer-term vitamin status. Finally, our
analyses of cognitive decline were limited to a maximum of four years over which we measured
decline. Thus, there may not yet be sufficient cognitive decline to identify modest relations
with risk factors as longer follow-up is generally needed to observe clinically significant
decline in cognition.[27,46] Although with approximately 10 years between blood draw and
the initial cognitive assessment, our analyses of the initial cognitive interview likely reflect
results from a long-term prospective study, nevertheless, we will re-examine this analysis with
additional follow-up.

Few previous studies have examined antioxidants in plasma, and these have been mostly cross-
sectional. In an Austrian study (n=1,769) in which 10 antioxidants were assayed, α-tocopherol
was significantly associated with better performance on the Mattis Dementia Rating Scale
(p=0.02), and α-carotene, β-carotene, β-cryptoxanthin and retinol all demonstrated non-
significant inverse relations.[37] The NHANES study found a significant association between
low serum vitamin E and poor memory among 4,809 subjects, with no relation for several other
antioxidants.[33] In the Rotterdam Study[9] where plasma carotenoids in 203 healthy older
persons were measured and related to white matter lesions on MRI (which are associated with
cognitive impairment), those with higher overall carotenoid levels had less severe
periventricular white matter lesions. Thus, cross-sectional data are supportive of higher levels
of plasma antioxidants, particularly tocopherols, being associated with better cognition, but it
is likely in cross-sectional studies that poor cognition resulted in poor diet, rather than the
reverse, thus results from cross-sectional studies are very difficult to interpret.

In the one prospective study of plasma antioxidants and cognitive decline over 7 years that we
could find, the MacArthur Study of Successful Aging (n=455) reported that higher beta-
carotene was related to less cognitive decline, but only among 23% of the population with
APOE e4 allele.[18] However, the subset of subjects with an e4 allele was very small and the
interaction could have been due to chance. Nonetheless, we do not have available APOE
genotypes for our subjects in this analysis, thus future research on a possible interaction is
needed.

In conclusion, in this population of generally well-nourished and healthy aging women, plasma
carotenoid and tocopherol levels measured when women in their sixties were not associated
with their cognitive function or decline ten years later. Further research is needed of specific
subgroups however, such as those with high antioxidant intakes solely from diet rather than
supplements, and more investigation is needed of the inter-relations of γ and α-tocopherol.
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Figure 1.
Determination of the population for analysis
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