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Abstract

Purpose To further inform the debate on the possible
cognitive benefits of antioxidant nutrients in the elderly, we
systematically reviewed available prospective studies while
paying a special attention to their methodological quality.
Methods This is a systematic review of studies involving
major antioxidant nutrients and change in cognitive per-
formance. Abstracts were independently reviewed; studies
were selected based on prespecified criteria. Methodolog-
ical quality of primary studies was assessed using a
methodological checklist for cohort studies. Findings were
presented using a narrative synthesis and tabulation of
results.

Results Eight-hundred and fifty potentially eligible stud-
ies were identified; 10 met the inclusion criteria and were
retained for data extraction and appraisal. The main sup-
portive evidence came from two studies, both judged to be
of high quality: The first observed an accelerated decline in
global cognition, attention, and psychomotor speed over
9 years, concomitant to a decrease in plasma selenium
levels over the same period; the second study reported a
slower rate of global cognitive decline over 3 years in
persons in the highest quartile of intake of vitamins C, E,
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and carotenes. All associations persisted after adjustment
for confounding factors. Evidence in favor of beneficial
associations of higher dietary intake of vitamin E and
flavonoids, as well as higher serum beta carotene levels,
came from further studies of only adequate quality.
Conclusions There is a possibility for protective effects
of antioxidant nutrients against decline in cognition in
older people although the supportive evidence is still lim-
ited in number. This association deserves further exami-
nation in additional quality investigations.
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Introduction

Intact cognitive function is critical to the health and
well-being of older people [1]. As people age, many indi-
viduals experience a decline in one or more areas of cognitive
function, such as memory and processing speed [2].
Whereas subtle cognitive deficits may prevent a person
from performing at the highest possible level of ability,
impaired cognitive function, which manifests itself in mild
to severe changes across different cognitive domains, is a
major determinant of long-term institutionalization and
dependency among older people [2, 3].

As more individuals reach old age, impaired cognition is
predicted to become a major public health challenge. For
example, it is thought that between 5 and 10 % of persons
aged 65 years and older and 30 % of those over 80 years of
age suffer from dementia, a clinical syndrome character-
ized by progressive brain deterioration that results in overt
cognitive dysfunction [4-7]. By mid-twenty-first century,
the number of older people with dementia may more than
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triple [8]. Many will have experienced mild cognitive
deficits for several years before converting to full-blown
dementia [9]. Since effective treatment for dementia is
currently unavailable, these projections underscore the
importance of efforts directed at preventing or delaying its
onset, including the identification and correction of risk
factors for early cognitive changes in non-demented older
people [10, 11].

Oxidation is one potentially important component of the
physiologic substrate underlying cognitive impairment that
has received considerable attention in studies into the
causes, treatment, and prevention of age-related cognitive
decline and dementia [12]. Specifically, oxidative stress,
which denotes a shift toward the pro-oxidant in the pro-
oxidant/antioxidant balance following increase in oxidative
metabolism, has been suggested as an etiological factor in
human aging and several major age-related diseases,
including cancer, cardiovascular diseases, and neurode-
generative diseases such as Alzheimer’s disease (AD),
dementia, and Parkinson’s disease [13—16]. It is possible
that the high lipid and iron contents of the central nervous
system, coupled with its high aerobic metabolic activity,
make it particularly susceptible to oxidative damage by
free reactive oxygen species, especially when antioxidant
defenses against oxidative stress become insufficient or
depleted. In fact, considerable effort has gone into deter-
mining the effects of antioxidant nutrients on the risk and
progression of dementia in susceptible individuals,
although the results of several randomized antioxidant
vitamin trials have been disappointing [12, 17]. For
example, a recent systematic review of clinical trials
undertaken by the Cochrane Dementia and Cognitive
Improvement Group concluded that there is currently no
evidence of efficacy of vitamin E in the prevention of or
treatment for mild to severe dementia [18]. It is possible,
however, that a number of methodological issues limited
the ability of these trials to detect any effects of vitamin E
on cognition [17].

In contrast, findings from epidemiological research on
the benefits of antioxidant nutrients for cognitive function
have been somewhat more consistent despite substantial
methodological differences among studies [17]. As an
example, a recent, broad-focused, systematic review of
cohort studies of major lifestyle risk factors and cognitive
function noted protective cognitive effects of higher vita-
min E levels in a few primary studies included in the
review but not in several others [19]. None of the studies
reviewed, however, reported beneficial effects of vitamin
C, carotenes, or flavonoids on cognition. Beyond these
results, the review offered no evaluation of the underlying
reasons for the observed discrepancy in findings, including
the potential influence of between-study variability in
antioxidant nutrient type and measurement, control for
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important confounding factors, and definition and assess-
ment of cognitive function.

The need for a systematic evaluation of the available
evidence for antioxidants and cognitive function has been
emphasized [20]. To further inform the debate on the
potential cognitive benefits of antioxidants, the aim of the
present study was to systematically review findings from
population-based cohort studies regarding the association
between antioxidant nutrients and cognitive function in
older people, while paying a special attention to the
methodological quality of individual studies.

Methods
Study eligibility criteria

We followed published guidelines produced by the
meta-analysis of observational studies in epidemiology
(MOOSE) group on reporting systematic reviews of
observational epidemiological studies although the present
review was restricted to English language—reported studies
[21]. Other eligibility criteria further limited the primary
studies included in the review to original, population-
based, cohort studies that provided at least a single baseline
measurement of one or more major antioxidant nutrients
[22, 23], including carotene, flavonoids, antioxidant vita-
mins C and E, and selenium, in addition to assessment of
cognitive function with standardized tests on at least two
different occasions. The following types of studies were
considered ineligible for inclusion in the review: non-ori-
ginal studies, those based on non-human samples, those
using other types of study designs (e.g., cross-sectional or
case—control epidemiological study designs), studies based
on hospital inpatients or other selected patient samples,
those without appropriate antioxidant nutrient data (e.g.,
studies lacking data on individual nutrients), and studies
without information on cognitive performance assessed on
more than one occasion (or those only having diagnostic
information pertinent to cognition, for example, presence
or absence of cognitive impairment or dementia).

Bibliographic databases, literature search strategy,
and data extraction

In order to identify relevant studies, the following biblio-
graphic databases were searched from inception: MEDLINE
(1950-October week 3 2010); EMBASE (1980-week 43
2010); Global Health (1973—October 2010); the Common-
wealth Agricultural Bureau (CAB) abstracts (1973—week 42
2010); and PsychINFO (1806—October week 4 2010). Ref-
erence lists of all full-text articles retrieved for further
evaluation were also inspected (see step 4 in Fig. 1).
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Fig. 1 Flow diagram of the
process of selection of studies
for the review

Step 1:Potentially relevant articles
identified through searches of
bibliographic databases (Medline,
EMBASE, Global Health, CAB abstracts
& PsychINFO) (n=850)

Articles excluded
due to title &

» abstract not fulfilling
inclusion criteria
(see box (n=832)

4

Step 2:Full text articles retrieved for a
more detailed evaluation with respect to
inclusion criteria (n=18)

Articles excluded for
not fulfilling
inclusion criteria
(see box) (n=9)

y

Step 3: Full text articles retained for data
extraction and quality appraisal (n=9)

y

Step 4: Further potentially relevant articles
identified after screening reference lists of]

Inclusion criteria

1) English language-based
publication

2) Original research publication
3) Cohort study design
4) Population- based sample

5) Measurement of one or more
major individual antioxidants (-
Carotene/other carotenoids,
vitamin E, vitamin C, &
selenium) or appropriate
surrogate markers.

6) Administration of one or morg
measures of cognitive function
on two or more occasions e.g. at
baseline and during follow-up
(i.e. classical cohort studies) or
only during follow-up (i.e.
piggy-back studies)

full text articles identified in step 3 (n=80)

Articles excluded
due to title &

p{ abstract not fulfilling
inclusion criteria

¥ (see box) (n=79)

Step 5:Full text articles retained for data
extractbn and quality appraisal (n=1)

4

Step 6: Final number of full- textarticles
included in the review (n=10) (outcome of
steps 3 and 5)

The literature search strategy was devised using a com-
bination of text words and medical subject headings (MeSH)
in order to maximize retrieval [24]. The following common
and scientific terms were used for the exposure of interest
[antioxidants, ascorbic acid, vitamin C, vitamin E, toc-
opherols, tocotrienols, carotenoids, beta carotene, flavo-
noids, selenium, and phenols], the study outcome [cognitive
function, cognitive decline, cognitive change, mental
decline, general cognition, mental state, neuropsychology,
intelligence, attention, executive function, memory, problem

solving, perception, psychomotor speed, visuospatial, lan-
guage, and learning], and the study design [cohort study,
follow-up study/studies, and prospective study]. A similar
search string was adopted for each of the five databases.
All data searches were performed by S.B.R. Titles and
abstracts of identified studies were screened independently
by two reviewers (S.B.R. and V.D.) for eligibility accord-
ing to the previously described inclusion criteria. Based on
calculations [25], the overall agreement between the two
reviewers was 94 %. Relevant full-text articles were
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subsequently retrieved and further assessed for suitability
for inclusion in the review. Any disagreement arising was
resolved by discussion. A third reviewer (A.T.) was
available for consultation where discrepancies remained.
The following information was extracted by the two
reviewers from each study using a predesigned evaluation
form: study design and population [e.g., date of fieldwork,
length of follow-up, population size, sex, and age], anti-
oxidant nutrients [e.g., type of nutrient assessed, assess-
ment method, and date of assessment], evaluation of
cognitive function [e.g., names of individual cognitive
tests, length of cognitive follow-up, and date of cognitive
assessment], data analysis [e.g., confounding factors
adjusted for in multivariate analysis], and study results
[e.g., direction and size of associations of each antioxidant
nutrient with performance on each cognitive test].

Study quality assessment

The primary studies included in the review were assessed
for methodological quality using a pro forma for pro-
spective cohort studies [26]. The quality appraisal
focused on assessing the internal and external validity of
the primary studies by evaluating specific methodological
components of the study design, and the conduct and
analysis of each study. Few quality criteria were met if
studies scored <4 (out of 12); studies met some criteria
if they scored between 5 and 8; studies scoring more
than 8 were considered to meet most of the quality
criteria. The results of the quality appraisal were used to
inform the overall evaluation of the studies included in
the review.

We evaluated between-study heterogeneity with respect
to the type and assessment of antioxidant nutrients (e.g.,
studies variably used biomarker data, data on antioxidant
nutrient supplement use, and dietary methods to determine
availability of these nutrients), the definitions of thresholds
for effects of individual nutrients, and the types of statis-
tical comparisons made (e.g., whether effects were exam-
ined across tertiles or quartiles). We also evaluated whether
there was variability between studies regarding how cog-
nitive function was assessed (e.g., what cognitive tests
were administered, what the length of time between indi-
vidual cognitive assessments was, and how the cognitive
outcome data were analyzed). Other sources of heteroge-
neity considered were between-study differences regarding
the study sample characteristics, the length of time that
passed between assessments of study exposures and out-
comes, and the way the data were analyzed (e.g., what
potential confounding factors were controlled for in a
multivariate analysis). We used narrative synthesis and
tabulation of results to present the findings instead of a
meta-analysis [27].
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Results
Study characteristics

Of the 850 potentially eligible studies that we identified, 10
met the inclusion criteria and were retained for data
extraction and quality assessment (Fig. 1). Details of the
study populations and methods are shown in Table 1. The
included studies came from five different countries: Four
studies were USA-based [28-31], two were from the
Netherlands [32, 33], two were from France [34, 35], one
study came from Canada [36], and there was one from
Portugal [37]. Nine studies used a conventional, prospec-
tive, cohort design where the participants were followed
from baseline to the point they underwent cognitive testing
(or alternatively until they were lost to follow-up). One
study used a case—control design nested within a prospec-
tive cohort study [33]. In this study, case status was based
on a predetermined definition of change in cognitive test
performance over an average of 6.5 years. All study pop-
ulations consisted of community-residing older persons.
Eight studies included both men and women although their
proportion in each study varied. One study included only
older men [32], whereas another was based on older female
registered nurses [31].

The number of individual antioxidant nutrients assessed
in different studies ranged from one to six. Information on
antioxidant vitamins C and E and tocopherols was avail-
able in seven studies [28, 30-33, 36, 37]. Four studies
collected information on carotenes [29-32], and two on
flavonoids [32, 35] and selenium [34, 37] (Table 1). Other
antioxidant nutrients were measured less frequently.
Therefore, in order to be able to compare findings across
studies, we further restricted this review to those nutrients
that were present in at least two of the investigations.

In five studies, levels of individual antioxidant nutrients
were estimated from food intake data [28, 30, 32, 35, 37],
four studies directly determined antioxidant levels in the
blood [29, 31, 33, 34], and in one study [36], information
on antioxidant nutrient levels was based on self-reported
use of vitamin supplements. Furthermore, and in line with
the eligibility criteria of this review, all studies assessed
change in cognitive test performance over at least two
separate time points (Table 1). The reported time between
the two assessments (or the first and the most recent from
those studies from which more than two such assessments
were carried out) ranged from a mean of 8.5 months [37] to
a mean of 10 years [35]. Where information on more than
one cognitive follow-up period is available in a study, our
discussion focuses on the longest one reported (or alter-
natively the one showing the strongest association for a
given antioxidant exposure—see e.g., ref. [30]). All 10
studies administered tests of overall (global) cognitive
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function, most commonly the mini-mental status exami-
nation (MMSE); four studies also used a variety of other
tests for assessing domain-specific function, including
memory performance [28, 31, 35], executive function [28],
attention [34, 35], and psychomotor speed [34, 35].

Study quality assessment

As shown in Table 2, the 10 studies varied substantially in
potential for bias. Five studies met most, and the other five
met some, of the quality assessment criteria (i.e., fulfilled
more than eight or between five and eight of the 12 criteria,
respectively) although they further differed with respect to
which specific criteria each met. All studies clearly reported
the research hypothesis/question under study and described
the source or eligible study population. Participation rates, or
proportions, were provided for seven studies [28-33, 35].
Six studies evaluated, and subsequently excluded from the
analysis, subjects with overt cognitive impairment or
dementia [28-30, 33, 35, 36]. Two studies compared par-
ticipants lost to follow-up with the full sample, or those
remaining in the study, by antioxidant nutrient status [29,
34]. The main study outcomes were clearly described in all
studies although in only two studies was the study outcome
determined blind with respect to antioxidant exposure status
[28, 33]. Four studies provided information on efforts taken
to ensure a valid assessment of antioxidant nutrients [28,
31-33]. Two studies assessed antioxidant nutrient levels at
two or more occasions [32, 34]. In four studies, the multi-
variate analysis controlled for potential confounding by one
or more conventional cardiovascular risk factors such as
smoking, blood pressure level, and blood lipids [29, 32, 34,
36]. Of these studies, three also controlled for prior level
(i.e., the baseline performance score) of cognitive function
[29, 32, 36] and two also adjusted for prevalent cardiovas-
cular diseases, such as stroke, as well as diabetes [34, 36].

Carotenes and cognitive decline

Table 3 shows that four studies examined the relationship
between carotenes and change in cognitive function. One
study [29] found that high serum beta carotene levels
(>0.19 pmol/L) were related to smaller decline over
7 years in global cognitive function although the effects
were only found in APOE 4-positive individuals. Another
study [30] reported that subjects consuming the highest
quartile of carotene (from food alone or from food and
supplements combined) had slower rates of cognitive
decline than those in the lowest quartiles of intake at the
3-year follow-up, although at the 7-year follow-up, the
association was no longer observed. In contrast, two other
studies did not find any association between carotene levels
and cognitive function; the former examined the
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association between high dietary beta carotene levels and
decline in global cognitive function over a 3-year period
[32], while the latter studied the relationship between high
plasma levels of beta carotene (as well as total carotene
levels) and decline in global cognitive function and
memory performance over a 4-year follow-up [31].

Flavonoids and cognitive decline

The association between flavonoids and cognitive decline
was determined in two studies (Table 3). One observed a
slower rate of global cognitive decline over 10 years in
subjects with high (3rd and 4th quartiles) total dietary
flavonoid intake [35]. In contrast, in the second study,
higher dietary levels of flavonoids were not associated with
a reduced likelihood of decline over 3 years in global
cognitive function [32].

Selenium and cognitive decline

Two studies reported on the association between selenium
levels and change in cognitive performance over time,
including the apparent effect on cognitive function of
declining plasma selenium levels (Table 3). Thus, the first
[34] showed that the probability of decline over 9 years of
follow-up in global cognitive function, attention, and psy-
chomotor speed was increased in relation to declining
plasma selenium levels over the same 9-year period (but
not over 2 years). In contrast, the second [37] found no
difference in mean selenium dietary intake levels between
persons whose global cognitive performance improved
over time or not over a follow-up of 8.5 months.

Vitamin C and E and cognitive decline

Information on the association between vitamin C levels
and cognitive decline was gathered from four studies
(Table 3). One [30] found that participants in the higher
quartiles of vitamin C intake from food only (but not food
and supplements combined) had slower rates of cognitive
decline than those in the lowest quartile of vitamin C intake
at the 3-year follow-up (but not at the 7-year follow-up). In
contrast, high dietary vitamin C intake was not associated
with general cognitive decline over 3 years in another
study [32]. Similarly, a third study [36] failed to find an
association of vitamin C supplements alone with change in
general cognitive function. Lastly, a Portuguese study
found no significant difference in average vitamin C die-
tary intake levels when persons who did and did not show
improvement in global cognitive function were compared
after a short follow-up of 8.5 months [37].

Seven studies examined the associations of vitamin E
(or different tocopherol forms) with the rate of cognitive
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Table 3 continued

Study outcome and effect size

Effect measures

Definition of cognitive decline

Confounding factors®

References

Mean difference in vitamin C, E, Improvement (vs. no

Improvement in cognitive function

Age, sex, and total energy intake

Velho et al. [37]

improvement)

and selenium intake between
subjects shows any versus no

if increase in the MMSE score
between the first and the second

o )
=

e
Ha 5
[
N
— ~
LR

S ee
TS B
o — T
S~ ~
g g
SE
U= m
s &2 S
.‘:g’.‘:
> >

improvement in MMSE score

evaluations, and no improvement

in the remaining cases

versus 6.4 + 1.0; p = 0.54

Selenium mcg/day: 72 £ 3 versus

65+ 4;p =234

MMSE mini-mental state examination, IST “Isaacs” set test, BVRT Benton’s visual retention test, 7/CS telephone interview for cognitive status, DM diabetes mellitus, BP blood pressure, DBP

diastolic blood pressure, SBP systolic blood pressure, DSS digit symbol substitution, TMTB trail making test, F7T finger tapping test, 3MS modified mini-mental state examination

# Confounding factors included in full model (the results reported in the “Study effects and outcome™ column are based on statistical models adjusting for these potential confounding factors)

decline (Table 3). One investigation [30] found that sub-
jects consuming the highest quartile of vitamin E (from
food alone or in combination with supplements) had slower
rates of general cognitive decline than participants in the
lowest quartile at the 3-year follow-up (although at the
7-year follow-up, the previous association was no longer
observed). Similarly, a second study [28] showed that high
food intake of vitamin E was linearly and negatively
associated with the rate of decline in global cognitive
function over an average of 6 years. In contrast, five other
studies reached a different conclusion. The first of these
[32] did not find any association between a high dietary
vitamin E intake and decline in general cognitive function
over a 3-year period. Similar null results were reported by a
second study [33] which examined global cognitive decline
in relation to plasma vitamin E levels. A third investigation
[36] also failed to find an association between vitamin E
supplements alone and the rate of general cognitive decline
over 5 years. Another study of female registered nurses
[31] further noted no association between total plasma
tocopherol levels and 4-year change in global and domain-
specific cognitive functions. The final study [37] failed to
detect a difference in average vitamin E dietary intake
between individuals who did and did not demonstrate
improvement in general cognitive function over a follow-
up of 8.5 months.

Discussion
Main findings and interpretation

The main aim of this systematic review was to examine the
available evidence for an association between major anti-
oxidant nutrients and decline in cognitive function in older
people from population-based cohort studies. Although
there was substantial between-study methodological het-
erogeneity, findings in favor of this association were
observed in a total of five investigations [28-30, 34, 35].
The main evidence in support of an association came
principally from two studies, both judged to be of high
methodological quality since each met most of the criteria
used for assessing the validity of the primary studies
included in the review (e.g., whether the determination of
main study exposures and outcomes was reliable, whether
important confounding factors were adjusted for in the data
analysis, etc.—see Table 2). In the first [34], the investi-
gators reported that declining plasma levels of selenium
(over a period of 9 years) were associated with a similar
9-year decline in global cognitive function, as determined
by performance on the mini-mental state examination
(MMSE). Moreover, the authors also noted that perfor-
mance on two domain-specific cognitive tests (assessing
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attention and psychomotor speed) was also negatively
affected by declining selenium plasma levels. Importantly,
these associations persisted after the authors controlled for
potential confounding by multiple sociodemographic and
physiologic factors, as well as comorbidity. The second
study [30] observed a slower rate of decline in global
cognitive function (as determined by performance on the
modified mini-mental state examination or 3MS test) over
a modest follow-up of 3 years in subjects with the highest
levels of vitamin C (from diet only), vitamin E (both from
diet and from diet and supplements combined), and caro-
tenes (both from diet and from diet and supplements
combined), even after controlling for multiple potential
confounding factors, such as sociodemographic and life-
style factors, other antioxidants, and concomitant chronic
diseases. However, at the 7-year follow-up, the protective
effects of antioxidants against cognitive decline were no
longer observed.

Three further investigations, all rated as being of ade-
quate quality, provided further evidence in support of an
association between antioxidant nutrients and cognitive
decline. Thus, the first [28] observed a negative, linear
relationship between dietary intake of vitamin E and 6-year
decline in global cognitive function, which was based on
combining four individual cognitive tests. Although the
authors controlled for possible confounding by sociodemo-
graphic characteristics as well as intake of vitamin C, con-
founding effects of other lifestyle, physiologic, or comorbid
variables cannot be ruled out. Similarly, in another study
[29], serum beta carotene levels equal to or >0.19 pmol/L
were associated with smaller decline in global cognitive
function (as determined by performance on the Short
Portable Mental Status Questionnaire, SPMSQ) over a
follow-up of 7 years; however, the association was limited
to APOE 4-positive persons. In the last of the three studies
[35], the authors reported a slower decline in global cognitive
function (which was based on combining three individual
cognitive tests) over a 10-year period in persons in the two
highest quartiles (13.60-17.69 and 17.70-36.94 mg/day,
respectively) of total intake of flavonoids. Since these
comparisons were only adjusted for age, sex, and education,
potential confounding by other antioxidants, multiple lifestyle
factors or concurrent morbidity is still possible.

In several studies, however, the majority of the associ-
ations between individual antioxidants and cognitive out-
comes we reviewed were reported as null. More
specifically, no beneficial cognitive effects of beta carotene
were observed in three studies [30-32]; of flavonoids in
one study [32]; of selenium in one study [37]; of vitamin C
in three studies [32, 36, 37]; or of vitamin E in a total of six
studies [30-33, 36, 37]. Although the exact reasons for this
discrepancy may be hard to determine, this review suggests
that comparisons based on a modest sample size as well as

@ Springer

those involving performance on general cognitive status
rather than domain-specific tests (the latter may be more
sensitive to mild or subtle cognitive deficits and changes in
performance over time), and those in which the period of
cognitive change was limited due to a relatively short
cognitive follow-up, were more likely to be nonsignificant.
Differences and possible errors in the exposure assessment
(e.g., of antioxidants from diet), as well as residual con-
founding by either unmeasured or uncontrolled confound-
ing factors in some of the analyses, could also partly
explain the variable results across studies.

Despite this discrepancy, a relationship between antioxi-
dants and cognitive function may still be biologically plau-
sible. Antioxidants might benefit cognitive function by
influencing several different metabolic pathways affected by
oxidative stress. For example, although it is still unclear
whether the types of lesions that characterize AD pathology
(B-amyloid and tau proteins) induce, occur consequent to, or
are associated statistically but non-causally with oxidative
stress, growing body of evidence implicates oxidative stress
and generation of free radicals in at least the propagation of
cellular injury and death that leads to neurodegenerative
disease [38.39]. As a result, the inhibition of oxidative stress
therapeutically (e.g., by antioxidant nutrients) might help
break the cycle of cell death [39]. In AD, oxidative stress is
not only high but also chronic and is superimposed upon an
age-related vulnerable environment [38]. In addition to its
involvement in AD pathology, oxidative stress has also been
identified as critical component of many of the steps in the
pathophysiology of atherosclerosis and acute thrombotic
events, including dyslipidemia leading to the formation of
atheroma, the oxidation of low-density lipoproteins, endo-
thelial damage, plaque rupture, myocardial ischemic injury,
and recurrent thrombosis, all pathways that may be associ-
ated with the development and progression of vascular
cognitive impairment and dementia [40, 41]. Hence, this
association deserves further investigation.

Strengths and limitations

We consider the strengths of this systematic review to be
grounded in the following attributes: the use of a search
strategy which included several bibliographic databases,
each of which was searched from inception over an
extended time period; the use of multiple search terms for
the main study exposures and outcomes; and the use of
published guidelines for conducting and reporting sys-
tematic reviews of observational epidemiological studies
[21]. Moreover, the selection, data extraction, and the study
quality appraisal were performed independently by two
reviewers, resulting in high overall agreement. The meth-
odological aspects of each included study were further
assessed using previously published criteria designed
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specifically for appraising cohort studies [26]. As a
potential downside, however, we included only published,
English language—reported studies. Although unlikely, it is
still possible that we failed to identify either studies pub-
lished in other languages or non-published material.

Our objective was to identify studies with information
on those antioxidant nutrients that have received the most
attention in epidemiological studies [22, 23], and in order
to be able to compare the results across studies, we
restricted the reporting to those antioxidants that were
available in at least two studies. However, in a few other
investigations, the study authors reported potentially ben-
eficial cognitive effects of additional nutrients with
potential antioxidant properties, including vitamin A [33]
and different forms of tocopherols [28], although we did
not include these in our main discussion.

In addition, we limited the review to studies that
assessed performance on one or more cognitive tests on at
least two occasions. Other studies have focused on
assessment of cognitive function at a single point in time.
Change in cognitive function is, however, considered to be
less prone to error than cognitive performance on a single
occasion and is also likely to be more relevant as a study
outcome since the pathological process of interest (i.e.,
cognitive decline) is characterized by change [42]. Still,
other studies have defined cognitive function (or impair-
ment) based on diagnostic criteria or specific cut-off levels.
Differences in available criteria and assessment procedures
have been described [43], and the inclusion of these studies
might have added further methodological heterogeneity to
our review. Also, we excluded studies using dementia as
the main study outcome, since examining the influence of
potentially modifiable risk factors early in the process of
cognitive decline, and before the onset of impaired cog-
nition, is likely to be more relevant for informing strategies
aimed at preventing or delaying the onset of cognitive
impairment and dementia.

Furthermore, the present review was restricted to the
inclusion of epidemiological studies using a cohort design
although we are aware of other published investigations
examining the association under review here using differ-
ent study designs (e.g., cross-sectional and case—control
studies). When we want to infer about the potential causal
effects of a particular exposure, the total relevant evidence
needs to be assessed (including from randomized con-
trolled trials). The purpose of this review was, however, to
examine data on the association of antioxidant nutrients
with cognitive decline in neurologically intact older people
in general population cohort studies. These studies are less
prone to selection and information bias than other types of
observational epidemiological studies and provide results
that are frequently more generalizable than those from
randomized intervention studies.

Finally, we used a narrative rather than a statistical
approach to synthesizing the results from the individual
studies included in the review. We are, of course, aware
that a meta-analysis is frequently undertaken as a part of
systematic reviews of observational epidemiological stud-
ies despite being a contentious issue [44]. In our opinion,
performing a meta-analysis of the results from these cohort
studies (and in the absence of individual patient data)
would have been unhelpful, given the heterogeneity of
exposures and outcomes among the individual studies.

Future directions

A systematic review offering critical assessment of available
studies can be useful for informing planning of future studies.
The results we report here occur in the context of substantial
methodological heterogeneity across available investiga-
tions. Future studies need to be large enough to allow ade-
quate statistical power and should ensure ample follow-up
time with respect to the study of change across multiple
domains of cognitive function in neurologically intact older
people. Antioxidant nutrients need to be assessed compre-
hensively; biomarkers should be examined whenever possi-
ble since dietary recall in older people may be affected by
impaired cognitive function. The results from this review do
not allow us to recommend a particular antioxidant nutrient
for study in future investigations. In fact, focusing on a single
nutrient may be inadequate, and a group or a panel of anti-
oxidant nutrients (or an antioxidant capacity index) may need
to be considered. Moreover, repeat measurements of anti-
oxidant biomarkers should be attempted since single bio-
marker measurements may be prone to substantial random
temporal fluctuations. Such temporal variation may deflate
the association between antioxidant biomarkers and cogni-
tive outcomes. Also, more thought needs to be given to the
issue of confounding in future investigations. Specifically,
which potential confounding factors are important, and how
they are measured, needs to be considered since this may
reduce the likelihood of residual confounding (for all of the
studies we reviewed, this cannot be excluded as a potential
explanation for the observed findings). As a final point, more
life-course studies are needed for examining the association
between antioxidant nutrients and age-related cognitive
decline, given the likelihood of reverse causation in such
investigations, and the possibility that effects of antioxidant
nutrients against cognitive deterioration may be observed
over the life span rather than only in old age.

Conclusions

This systematic review examined the available evidence for
the potential beneficial effects of major antioxidant nutrients
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against age-related cognitive decline in population-based
cohort studies. Relatively few, relevant, investigations were
identified based on the inclusion criteria used. Substantial
methodological heterogeneity was observed across studies
which precluded a quantitative meta-analysis of the results.
Overall, there is some evidence, albeit from a limited
number of high-quality investigations, in support of benefi-
cial cognitive effects of antioxidant nutrients, highlighting
the need for additional and longer investigations.
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