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and cognitive function in older individuals
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Abstract.
BACKGROUND: Heavy consumption of alcohol has well-documented negative effects on cognition both acutely and chroni-
cally. Nevertheless there is increasing research interest in the potential positive influence on cognitive functioning of bioactive
dietary components including resveratrol from red wine.
OBJECTIVE: This study aimed to compare the acute mood and cognitive effects of resveratrol-enriched red wine with red
wine alone during mentally effortful tasks in older individuals.
METHODS: Following a double-blind, balanced, crossover design, 16 volunteers (mean age 70.44 years) were tested on two
occasions, once following 100 ml red wine; once following the same beverage but enriched with 200 mg resveratrol. They
completed six cycles of the Cognitive Demand Battery comprising Serial Threes, Serial Sevens, a Rapid Visual Information
Processing task and ratings of mental fatigue. Serum resveratrol and metabolites were co-monitored.
RESULTS: There were differential cognitive effects of the two treatments. Compared with red wine alone, resveratrol-enriched
wine was associated with significantly enhanced Serial Sevens performance. Conversely red wine alone resulted in better
performance during Serial Threes. Serum analysis confirmed absorption of resveratrol metabolites.
CONCLUSIONS: These results may reflect increased blood flow from resveratrol and the documented stimulant effects of
alcohol at low levels. However the study requires replication with an inert control group.
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1. Introduction

Cognitive function refers to mental processes by
which knowledge is acquired and manipulated. The
term encompasses perception, attention, working
memory, secondary memory and executive function-
ing. Dementia is a debilitating form of cognitive
dysfunction and, while there are other contributing fac-
tors, age is by far the most important risk factor for
dementia and mild cognitive impairment (MCI) which
can be prodromal for Alzheimer’s disease (AD), the
most common form of dementia. Globally, the popu-
lation aged 60 years of age is projected to triple by
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2050, while the those aged over 80 years is projected
to increase by five-fold [1]. At present there are few
options for the treatment of cognitive dysfunction and
dementia. The cholinesterase inhibitors (e.g. Aricept)
used in AD treatment may be effective in delaying dis-
ease progression in some patients but they are often
poorly tolerated and effective only at certain stages of
the disease. This has led to the search for candidate
lifestyle factors, including exercise and diet, which
may positively modify the progression of cognitive
ageing and AD.

High levels of alcohol consumption results in
impaired cognitive functions both acutely [2] and with
chronic use [3]. In the case of the latter, long-term
intake of high levels of alcohol can lead to severe
impairment and structural brain damage [4]. Paradox-
ically, the past 15 years has seen evidence suggesting
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that there may be a j-shaped relationship between the
consumption of alcoholic beverages, including wine,
and cognitive function [5–11]. This suggests that low
levels of alcohol consumption may offer a protective
effect against age-related cognitive decline and asso-
ciated disorders.

A 16-year longitudinal study conducted in Dubbo,
New South Wales of 2805 men and women aged 60
years and older, suggested that any consumption of
alcohol reduced the risk of developing dementia by
34% [12], and a similar Italian study of 15,807 patients
suggested that less than 40 g alcohol as wine per day
for women and less than 80 g for men is associated
with a reduced risk of cognitive dysfunction including
Alzheimer’s disease [13]. For both men and women,
compared to abstainers current moderate as well as
cumulative lifetime alcohol consumption have been
associated with better cognitive function, including
processing and psychomotor speed, immediate and
delayed recall, recognition memory, figural memory
and working memory [14–17]. It should be noted how-
ever that such findings have not gone unchallenged in
other contexts [18].

In addition to alcohol, wine contains phenolic com-
pounds similar to those in fruits, vegetables and teas,
the consumption of which has also been associated
with a lower incidence of both mild cognitive dysfunc-
tion and dementias as well as other cerebrovascular
diseases [19, 20]. Rat in vivo studies have shown that
the wine-derived phenolic compound, resveratrol, can
preserve brain function in aged rats [21, 22]. Resvera-
trol, in combination with other wine-derived phenolic
compounds, has also been shown in vivo to increase
cerebral arteriole dilation in rats [23] and improve post-
ischaemic cerebral perfusion after both acute [24] and
chronic [25] dosing.

The acute neural effects of resveratrol were con-
firmed in a placebo-controlled study in young healthy
human adults which showed that a single oral dose
of 250 mg and 500 mg resveratrol increased blood
flow to the brain while participants performed effort-
ful cognitive tasks [26]. Cognitive function was not
affected, however, although resveratrol metabolites
were present in plasma throughout the cognitive task
period. It is possible that the effects of resveratrol may
be more pronounced in older individuals where cog-
nitive functioning tends to be worse. Additionally the
previous acute study used encapsulated resveratrol and
it may be that other phenolics present in wine may
potentiate any effect of resveratrol.

We therefore conducted a small pilot trial to com-
pare the acute cognitive effects of a moderate amount of
resveratrol-enhanced red wine, with red wine alone on
cognitive performance in older adults. Serum resvera-
trol and metabolites were con-monitored to evaluate
bioavailability of resveratrol administered in red
wine.

2. Materials and methods

2.1. Design

The present study investigated the effects of a sin-
gle moderate dose of resveratrol-enhanced red wine on
mood and cognitive performance in older adults using
a controlled, double-blind, crossover design. The study
was approved by the Swinburne University Human
Research Ethics Committee and conducted in accor-
dance with the Declaration of Helsinki.

2.2. Participants

Ten males and six females with a mean age of 70.44
years (SD = 4.37; range = 65–78 years) volunteered to
participate in the study. Recruitment was accomplished
via University and local community advertising and
word of mouth. All subjects provided informed con-
sent prior to participating and confirmed that they were
in good health, non-smokers and not taking any medi-
cations (other than those to treat benign conditions).

2.3. Treatments

The treatments consisted of 100 ml red wine (Jacob’s
Creek 2007 vintage Shiraz), the resveratrol treatment
comprised of the same drink enriched with 100 mg
grape-derived resveratrol. To ensure double-blinding,
both treatments were identical in appearance and were
dispensed by an uninvolved third party. Treatment
bottles were stored upright in a cool and dark envi-
ronment and were inverted for two minutes prior to
dispensing.

2.4. Cognitive testing

A computerised version of the Cognitive Demand
Battery (CDB) was employed to assess the impact of
the treatment on continuous cognitive demand [27].
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The battery comprised of a 2-min Serial Threes sub-
traction task, a 2-min Serial Sevens subtraction task
and a 5-min version of the Rapid Visual Information
Processing (RVIP) task. The battery was repeated 6
times over the course of an hour.

Serial Threes and Serial Sevens began with a standard
instructions screen informing the participant to count
backwards in threes/sevens from a given number, as
quickly as possible and using the numeric keypad to
enter each response. Participants were also verbally
informed that if they make a mistake, they should con-
tinue subtracting from the most recent number entered.
A random number between 800 and 999 was presented
on the computer screen which was cleared by entry
of the first response and from then on, each digit on
screen was represented by an asterisk. The tasks were
continuous for two minutes and were scored for total
number of subtractions and number of errors made.
Where incorrect responses were entered, subsequent
responses were scored in relation to the most recent
response.

RVIP entailed the participant monitoring a continuous
series of digits for targets of three consecutive odd or
even digits. The digits were presented at the rate of 100
per minute and the participant responded to the detec-
tion of the target string by pressing the ‘space-bar’ as
quickly as possible. The task continued for five min-
utes and contained eight correct string targets. The task
was scored for percentage of target strings correctly
detected, average reaction time for correct detections
and number of false alarms.

2.5. Subjective mood

At the beginning and end of the battery partici-
pants rated their mood using the Bond-Lader Visual
Analogue Mood scales [28], which produce ratings of
‘alert’, ‘calm’ and ‘content’. They also indicated on
100 mm lines how ‘mentally fatigued’ and ‘stressed’
they felt.

2.6. Quantification of trans-resveratrol and its
metabolites

Analyses of the samples were undertaken by
The Australian Wine Research Institute (AWRI) at
the AWRI-Metabolomics Australia unit. Specifically

the levels of the major metabolites Resveratrol-
4′-O-glucuronide, Resveratrol-3-O-glucuronide,
Resveratrol-4′-O-sulfate and Resveratrol-3-O-sulfate
were determined as well as the parent molecule.

The samples were prepared and analysed based on
the method reported by Boocock et al. [29]. Resver-
atrol and the four metabolites were extracted from
the plasma samples using solid-phase (SPE) with Phe-
nomenex Strata-X 33 �m 85 Å polymeric reverse phase
60 mg/3 mL cartridges. The mass spectral analysis was
carried out using an Agilent 1290 Infinity LC coupled
with Agilent 6490 Triple Quadrupole LC/MS. Solvent
A was 5 mM ammonium acetate, 2% isopropanol in
Milli-Q water, pH adjusted to 5.4 with acetic acid and
solvent B was 2% isopropanol in methanol. A gradi-
ent elution was used with a flow rate of 0.9 ml/min
and injection volume of 5 �L. Resveratrol and the
four metabolites were detected in negative ion mode
using electrospray ionisation measuring 10 MRM tran-
sitions. The collision energy and source conditions
were optimised for each metabolite.

2.7. Procedure

All testing took place in a suite of dedicated labo-
ratories at Swinburne University’s Centre for Human
Psychopharmacology where participants remained for
the duration of the sessions. Participants were asked
to fast from the night prior to testing and not to con-
sume anything other than water. Participants were
also asked to maintain a record of their food and
drink intake for the 24 hours prior to the two test-
ing sessions. At baseline, participants completed two
repetitions of the 10-min CDB. The first was to elim-
inate practice effects while the second constituted the
baseline assessment. A fasting blood sample was then
taken before participants were given the day’s treat-
ment which was consumed within a five minute period.
At 45 minutes post treatment, a second blood sam-
ple was taken and, beginning 60 min post-ingestion a
60-minute battery comprising of six repetitions of the
CDB was completed. The battery was interrupted fol-
lowing three repetitions in order to take a third 10-ml
blood sample. On completion of the battery, a fourth
blood sample was collected. Following a washout
period of not less than 48 h the participant returned
and repeated the procedure in the alternate treatment
condition. Order of treatments was randomised and
balanced.
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2.8. Statistical analysis

All analyses were performed using IBM SPSS Ver-
sion 21. Prior to analysis of treatment effects, baseline
scores for each outcome were analysed by one-way,
repeated measures ANOVA to ensure that treatment
effects were not confounded by chance differences
in baseline scores. No baseline score differences
approached statistical significance.

Using change-from-baseline scores, primary
analysis of each outcome was undertaken using a
2-way repeated measures ANOVA incorporating
treatment (resveratrol-enhanced red wine, red wine
alone) × time (change from baseline at each cycle).
Any significant main effects of treatment or treat-
ment × time interactions were further investigated
using paired samples t-tests comparing scores between
treatments at each cycle of the CDB. All testing was
two-tailed and comparisons were planned prior to
testing.

3. Results

3.1. Cognitive testing

There were differential effects of the two treat-
ment effects on both Serial Threes and Serial Sevens
(Fig. 1). The was a significant effect of Treatment
on Serial Threes, F(1,11) = 14.29, p = 0.004, with par-
ticipants making more responses in the Red wine
condition than with resveratrol. Planned comparisons
at each time point revealed that these effects reached
significance at cycle 5 (t(15) = 2.23, p = 0.041) and
cycles 6 (t(15) = 2.95, p = 0.01). For Serial Sevens
there was a significant treatment effect, F(1,10) = 9.95,
p = 0.009, with more responses in the Resveratrol than
the Red Wine condition, at individual time points, these
effects were significant during the second (t(15) = 3.51,
p = 0.003) and fourth (t(15) = 3.08, p = 0.008) cycles.
There were no other significant effects.

3.2. Quantification of trans-resveratrol and its
metabolites

Analysis was performed only on the serum derived
from the blood sample drawn at the halfway point
of the cognitive battery. Analysis of serum samples
revealed that resveratrol and its metabolites were
absorbed (Fig. 2). Following the red wine treatment no

Fig. 1. Effects of red wine with and without resveratrol on Serial
Subtractions. Graphs depict means (with SEMs) change-from-
baseline correct responses for (a) Serial Threes and (b) Serial Sevens
over 6 cycles of the Cognitive Demand Battery (∗p < 0.05; ∗∗p < 0.01;
∗∗∗p < 0.005 at the time point indicated).

metabolites were detected, whereas resveratrol admin-
istration resulted in detectable levels of Resveratrol-4′-
O-glucuronide, Resveratrol-3′-O-glucuronide and
Resveratrol-3′-O-sulfate. Resveratrol-4′-O-sulfate
levels were negligible in both treatments. Regarding
the parent molecule, there were small amounts present
in the red wine condition but these were higher in the
resveratrol condition.

4. Discussion

These data show that, compared with red wine alone,
resveratrol-enriched red wine improves performance
during a cognitively demanding cognitive battery,
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Fig. 2. Levels of resveratrol metabolites and the parent molecule in
serum from blood drawn during the Cognitive Demand Battery.

specifically targeting the more effortful Serial Sev-
ens. Conversely, the less effortful Serial Threes was
improved in the Red wine alone condition compared
with resveratrol.

Given that there was no inert control, these results
should be interpreted with caution. However it is possi-
ble that the effects on Serial Sevens may be attributable
to the acute effects of resveratrol on cerebral blood
flow [26]. It has previously been shown that interven-
tions which increase blood flow to the brain, including
cocoa flavanols, can increase performance on this bat-
tery [30].

Regarding the bioavailability of resveratrol, lev-
els of the major metabolites were consistent with
previously reported data. With respect to the parent
molecule, there was some evidence that both treat-
ments led to detectable levels of serum resveratrol.
Australian Shiraz can contain relatively high levels of
the molecule [31], these levels, however, are far lower
than those in the enriched wine. Inspection of the data
revealed that the values seen here were the result of
resveratrol being detected in one individual only fol-
lowing red wine alone. Thus it maybe that this result is
due to a measurement error although this is consistent
with unpublished in-house data showing resveratrol
being detected in approximately 5–10% of subjects fol-
lowing 200 ml red wine. Indeed other than this one data
point, all measures were below the threshold of detec-
tion in the red wine alone condition. The negligible
levels of resveratrol metabolites in the control condi-
tion confirm that the washout period was adequate.

We have previously argued that interventions which
increase the delivery and/or utilisation of metabolic
resources are candidate cognitive enhancers [2, 27,
30]. While this may be the mechanisms underlying
the effects seen here, it is worth noting that increased
blood flow resulting from polyphenol administration
can occur in the absence of measureable cognitive
enhancement [26, 32].

An obvious alternative explanation is that the dif-
ference seen on Serial Sevens performance represent a
negative effect of alcohol alone on performance of this
effortful task. This is unlikely, however, as both drinks
contained the same level of alcohol, although it is pos-
sible that resveratrol negated any impairing effects of
alcohol. Additionally, the level of alcohol was rela-
tively low (11–12 g). It is know that at lower levels,
and during the rising limb of the blood alcohol curve,
alcohol acts as a stimulant and can improve elements
of cognitive function [33]. Indeed these properties may
underlie the superior performance in the alcohol alone
condition during Serial Threes. This task relies more on
psychomotor speed and attention than Serial Sevens so
is likely to be susceptible to the stimulant effects of low
dose alcohol. It appears that any such benefits to per-
formance of Serial Threes is reversed by the addition
of resveratrol.

In conclusion, this small pilot study indicates that
acute administration of resveratrol-enriched red wine
produces a different cognitive profile to that of red
wine alone. These results suggest that resveratrol is
centrally active. Clearly the study needs to be repeated
in a larger cohort and with a de-alcoholised wine or
other, psychopharmacologically inert control.
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