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The effect of grape interventions on cognitive and mental
performance in healthy participants and those with mild
cognitive impairment: a systematic review of randomized
controlled trials

Rachel Jayne Bird, Nigel Hoggard, and Magaly Aceves-Martins

Context: The prevalence of cognitive and mental health disorders are growing,
and existing drug therapies do not treat the underlying cause. Grapes are a
flavonoid-rich soft fruit and may therefore be beneficial to cognitive and mental
health. Objective: To systematically review evidence from randomized controlled
trials investigating the acute and chronic effects of grape interventions on measures
of cognition and mood in healthy participants and those with mild cognitive im-
pairment. Data Sources: MEDLINE, The Cochrane Library and EMBASE were
searched. Data Extraction and Analysis: Eight studies met the inclusion criteria:
one considered acute interventions, 6 assessed chronic effects, and one assessed
acute and chronic effects of grapes. The chronic studies found improvements in
some cognitive domains (eg, memory, motor skills, or executive function). Acute
studies found no consistent effect on memory but saw improvements in reaction
time. Conclusions: Differences in study design, dosages, and outcome tests hin-
dered between-study comparison. Even so, the results across studies show that
grapes can enhance some aspects of cognition, after both acute and chronic inter-
ventions.
Systematic Review Registration: PROSPERO registration no. CRD42020193062.

INTRODUCTION

The prevalence of mental and cognitive health disorders
such as depression and dementia are growing world-

wide, and existing drug therapies are unable to treat the
underlying cause.1 Consequently, there is a need to dis-

cover interventions capable of preventing and slowing
the development of these conditions. Lifestyle factors

such as diet and exercise are integral to some of the

most effective approaches,2 and they are not subject to
the side effects and interactions that pharmacological

treatments can have.
Specific aspects of diet, and in particular high

intakes of fruit subgroups, including berries, have been
shown to promote optimism and self-efficacy, as well as

to reduce psychological distress and protect against de-
pression.3 In addition, soft fruits have been shown to

have positive effects on memory and cognition. For
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example, studies assessing mixed-berry drinks found

working memory improved over a 5-week period,4 and
sustained or improved cognitive function (eg, attention

or memory) over 6 hours.5,6 The results of these studies
indicate positive effects on memory and cognition after

both acute and longer-term interventions and suggest
that berries may have a preventative potential against

cognitive decline.4

The positive effects of soft fruit are thought to be

underpinned by their phytochemical, and in particular
flavonoid content, and to involve a number of mecha-

nisms, including neuroprotective properties, enhancing
neuronal function, and stimulation of neurogenesis.7

The effects of flavonoid-rich food have been reported
(in both clinical and observational studies) to improve

measures of cognition and mood, particularly in rela-
tion to reducing cognitive decline in older adults,8,9 and

evidence suggests flavonoid-rich soft fruits may be ca-
pable of delaying the progression of Alzheimer’s

disease.10

Given the evidence for the positive effects of fruits

in general, mixed berries, and flavonoid-rich foods on
mental and cognitive health, assessment of the specific

effects of individual soft fruits is needed. Grapes and
blueberries are among the major fruit dietary sources of

flavonoids, and they are high in 3 specific flavonoid
subgroups; anthocyanins, flavan-3-ols, and flavonols.10

Several other soft fruits high in flavonoids, such as
blackcurrants and blackberries, show promising effects

in mental and cognitive health in humans and ani-
mals.9,10 However, the studies are limited in number
compared with those that have been done on grapes

and blueberries.
The large body of randomized controlled trials

(RCTs) assessing the effects of blueberries on cognition
and mood in humans has shown positive effects on cog-

nition in both the short and longer term. A range of
population groups have been studied, including chil-

dren, young adults, healthy older adults, and older
adults with mild cognitive impairment (MCI). Results

suggest blueberry interventions may benefit cognitive
performance in older people.8,9

There is also evidence for positive effects from
grapes on cognitive function and mood, particularly in

older adults with MCI.1 A critical review of

epidemiological studies and RCTs assessing grapes and

their derivatives, including wine, found positive effects
in modulating the early stages of cognitive decline.

Encouraging results were obtained in tests that mea-
sured reaction times, verbal skills, degree of orientation,

learning, and memory.10 However, a systematic review
of RCTs that have evaluated the effect of grape interven-

tions on cognitive and mental health has, to date, not
been undertaken. This study aimed to systematically re-

view RCTs assessing the effect of acute and chronic
grape dietary interventions on healthy subjects or on

those with MCI.

METHOD

A review protocol was registered in PROSPERO (regis-
tration number CRD42020193062).11 This review fol-

lowed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines as a

methodological template.12 The systematic review strat-
egy was based on the PICO (population, intervention,

comparator, outcomes) framework (Table 1).
Only published studies performed after 2010 were

eligible for inclusion, and those in languages other than
English were not considered. A scoping review was un-

dertaken to identify the types of published studies in the
field and to aid the protocol and search strategy.

MEDLINE, the Cochrane Library, and EMBASE were
systematically searched in June 2020 to identify pub-

lished RCTs investigating the effects of grape interven-
tion on cognition and mood. The search strategy
included terms and Boolean connectors such as:

(“grape$” OR “Vitis”) AND (“cognitive health” OR
“mental health” OR “cognitive impairment” OR

“cognitive decline” OR “mood” OR “depression” OR
“memory”).

Eligible studies met the following criteria: RCTs in-
cluding adult (>18 years) human participants who were

healthy or had MCI (MCI being defined as persons
with a degree of cognitive decline or memory loss no-

ticed by themselves or their family members but not af-
fecting their ability to carry out everyday tasks)13; used

a grape intervention (including juice, freeze-dried pow-
der, supplement, or extract) with placebo controls and

assessed cognition and mood using appropriate tests.

Table 1 PICOS criteria for inclusion of studies
P (population) Adults (>18 y) human participants who were healthy or with MCI (MCI being defined as

persons with a degree of cognitive decline or memory loss noticed by themselves or
their family members but not affecting their ability to carry out everyday tasks)

I (intervention) Randomized controlled trials of grape intervention, including juice, freeze-dried powder,
supplement, or extract

C (comparator) Placebo
O (outcomes) Any measurement of cognitive performance (eg, attention or memory); the secondary out-

come included any measurement of mental health (eg, depression, mood, or anxiety)
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Observational studies, reviews, abstracts, conference

papers, study protocols, studies including wine as a var-
iation of grapes, participants with neurodegenerative

diseases (eg, Alzheimer’s disease), and those that did
not report applicable outcome measures were excluded.

The primary outcomes included any measurement of
cognitive performance (eg, attention or memory), and
the secondary outcome included any measurement of

mental health (eg, depression, mood, or anxiety).
The data extraction form was developed using the

PICO framework and was standardized to ensure that
relevant data was collected. Primary data extracted in-

cluded study (eg, authors, publication year, study de-
sign), participants (eg, total number, mean age),

intervention (eg, type of grape, formulation, dose),
comparator, outcomes, and results. Each of the out-

comes evaluated in the trials was categorized accord-
ing to the cognition domains proposed by Harvey

2019.14 These domains include: Sensation (eg, visual,
auditory, tactile, gustatory, or olfactory abilities),

Perception (eg, object recognition, organizational
strategies), Motor skills and construction (eg, motor

abilities, including manual dexterity and motor speed),
Memory (eg, working memory, episodic memory, pro-

cedural memory), Executive functioning (eg, reason-
ing, problem-solving), Processing speed (eg, coding

and tracking), Language/Verbal skills (eg, reading and
comprehension). If the studies evaluated mood, de-

pression, or anxiety, this was also considered in the ex-
traction and analysis.

The titles and abstracts of the studies were
screened according to the eligibility criteria indepen-

dently by one reviewer author (R.B.), and to establish
consistency, a second reviewer (MA-M) revised and

screened a 20% of the total references retrieved. For
any articles for which it was unclear whether the eligi-

bility criteria had been met, a full-text review was un-
dertaken. The full texts were revised by one reviewer

author (R.B.) with a 20% check by a second author
(M.A.-M.). In case of any disagreement, the third au-
thor was consulted (N.H.). Acknowledging the wide

heterogeneity variation of the tools for measuring the
outcomes, quantitative synthesis (ie, meta-analysis)

was not feasible. For this reason, the effectiveness
reported in the primary publication was used in this

report, and a narrative approach was taken for data
synthesis.

Two authors (R.B. and M.A.-M.) independently
assessed each study for bias using the Cochrane

Collaboration’s tool for assessing the risk of bias in
RCTs to determine the level of bias of the studies and

across studies.15 This tool includes criteria for assessing
sequence generation; allocation concealment; blinding

of participants, personnel, and outcome assessors;

incomplete outcome data; and selective outcome

reporting. Study criteria were evaluated for risk of bias
as low, unclear, or high. In case of any disagreement,

the third author (N.H.) was consulted.

RESULTS

In total, 65 papers were identified during our search,

and 3 were identified from other sources. After de-du-
plication, 44 single references were identified. From

these, 14 full-text articles were assessed for eligibility,
leaving 8 RCTs16–23 for inclusion in this review (Fig. 1).

The total number of participants from the 8 in-
cluded studies was 474, with sample sizes ranging from

10 to 215 participants (Table 2).16–23 All studies were
RCTs, with 2 studies using a cross-over design,16,19 and

the rest parallel design. Two studies were conducted on
healthy young adults,16,17 1 on healthy mothers,18 2 on

healthy older adults,18,22 and 3 investigated older adults
with MCI.20,21,23 Three studies took place in

England,16,17,19 3 in the United States,20,21,23 1 in Italy,18

and the bi-centric study took place in France and

Canada.22 Overall, studies included a higher female pro-
portion (ranging from 33% to 100%).

Study intervention

The included studies used a range of grape interven-

tions and control groups (Table 3).16–23 Four studies
used Vitis vinifera (common grape),17,18,22,23 and 4 used

Vitis labrusca (fox grape).16,19–21 One study used a
polyphenol-rich extract from both grapes and blueber-

ries,22 while the other studies solely used grapes as the
intervention. Three studies used an inert placebo cap-

sule containing maltodextrin,17,18,22 while 5 studies
used a control that matched some components such as

sugars and energy but which did not contain polyphe-
nols.16,19–21 One study compared purple grape juice

plus blackcurrant cordial with a control drink that con-
tained white grape juice plus blackcurrant cordial16 and
which had a significantly lower phenolic content com-

pared with the intervention group. Two studies dosed
the grape intervention based on the participant’s

weight, increasing the dose with increasing weight.20,21

The duration ranged from acute intervention trials

measuring outcomes after 20 minutes16 and 4 and
6 hours post consumption17 to chronic intervention tri-

als of up to 6 months.22,23 One study assessed the effects
of both acute and chronic grape interventions,17 3 stud-

ies assessed the effects of chronic grape interventions
over 3 months,18–20 1 study length was 4 months,21 and

2 studies lasted 6 months.22,23 Four studies documented
a range of anthocyanin contents for the grape interven-

tion: the values reported were 138.3 mg/L,16 167 mg,19
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425 mg/L21 458.9 mg/kg.23 Flavanol content was

reported in one trial, which included 88.23 mg/kg,23 but
flavan-3-ols were not reported in any of the studies.

Two studies provided values for what their intervention
would be equivalent to: this was �200 g of fresh

grapes22 and 3 standard servings of fresh grapes daily
(Table 3).16–23

Outcomes

A wide range of cognitive and mental health outcomes
were used across the included studies (Table 4).16–23

According to the categorization of cognitive domains
used (Harvey 2019),14 all the studies included measure-

ments of memory as a primary outcome (eg, verbal,
nonverbal, visuospatial, episodic, working, immediate,

delayed, and self-reported memory). Furthermore, 4/8
measured “Language or Verbal skills,”18,20,21,23 4/8 mea-

sured “Perception,”16–18,22 3/8 measured “Executive

functioning,”17,19,23 2/8 measured “Motor skills and

construction,”17,19 and none measured sensations.
Seven of the included trials also included measures of

mood, depression, or anxiety.16–21,23 All studies used a
battery of tests, and the number ranged from 320,21 to

2523 tests to assess outcome measures. The full list of
tools and tests performed can be seen in Table 4.16–23

Cognitive domain health outcomes

Memory. A variety of memory tests were used across

the studies. Of the 8 studies, 2 reported no effects of the
intervention on memory outcomes,16,17 4 reported a

significant beneficial effect over memory,18–20,23 and the
other 2 studies reported different results across the dif-

ferent types of memory tests.21,22 For example,
Krikorian et al21 found enhanced neurocognitive func-

tions, reduced semantic interference on memory tasks,

Figure 1 PRISMA flow chart.
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but no other effect on memory outcomes after 4 months

of grape juice intervention.
Language or verbal skills. A variety of language and ver-

bal skills tests were used across the studies. Some of the
tools used to measure these were composite tests, mean-

ing they included more outcomes measurements. Of
the 4 studies that measured this domain, 118 reported

improvements in acute and chronic analysis, 120

reported improvements relative to placebo and to base-

line data in chronic analysis (after 3 mo), and 2 did not
report any effect in this domain.21,23

Perception. A variety of perception tests were used
across the studies. Of the 4 studies measuring this do-
main, 2 studies reported improvements in both the

acute and chronic intervention analysis, but in the other
2 studies the results regarding perception were unclear

or biased. For instance, Bell et al17 reported improved
attention (faster scores in Modified Attention Network

Test) (P< 0.001), but improvement was also seen in the
placebo group. Calapai et al18 found improvements in

the Repeatable Battery for the Assessment of
Neuropsychological status (RBANs) test, which is vali-

dated for elderly subjects and used for dementia diag-
nostic purposes. Furthermore, improvements in

attention (P< 0.001) and language (P< 0.05) in healthy
older adults after grape intervention over 3 months

(compared with placebo) were also reported.

Executive functioning. Three studies measured this do-

main. Two17,19 reported improvements in executive
function, and one did not report the results for this do-

main.23 Improvements reported in this domain in-
cluded faster responses for switching tasks (P< 0.01)17

(relative to those of the placebo group) at 2 hours and 4
hours, and faster completion times on tasks after the in-

tervention (P< 0.01).19

Motor skills. Two studies measured this domain. One

study17 reported improved motor skills, measured as
finger tapping (P< 0.05), with the grape intervention,

whereas performance decreased between weeks 6 and
12 for the placebo (P < 0.05). The second study,19

reported that driving performance was more accurate

and better scores were recorded for the intervention
group (P< 0.05).

Mental health outcomes

Seven studies with a combined sample size of 259 par-

ticipants assessed the secondary outcome: mood, de-
pression, or anxiety.16–21,23 Of these, 5 studies

demonstrated no appreciable effect on mood symp-
toms,17,19–21,23 and 1 study found a benefit only in

measures of calmness after acute exposure (20 min) to
grapes.16 The only study to report significant improve-

ments in mood used the Mini-Mental State

Table 2 Study characteristics summary
Reference Study type Population and gender Mean age (SD); age range (y) Country

Haskell-Ramsay et al
(2017)16

Randomized, placebo-
controlled, double-
blind, counter-bal-
anced crossover

20 healthy young adults
(65% female)

21.2 (0.9); range 18–35 England

Bell et al (2020)17 Acute-on-chronic parallel
groups, randomized,
double-blind, placebo-
controlled

60 healthy young adults
(85% female)

20.9 (2.7); range 18–30 England

Calapai et al (2017)18 Randomized 2-group,
parallel, placebo-con-
trolled, double-blind

111 healthy older adults
(52% female)

66.9 (5.2); range 56–75 Italy

Lamport et al (2016)19 Randomized, double-
blind, placebo-con-
trolled, crossover

25 healthy mothers
(100% female)

43.2 (0.6); range 40–50 England

Krikorian et al (2010)20 Randomized, double-
blind, placebo-
controlled

12 older adults with mild
cognitive impairment
(33% female)

78.2 (5.0); range NR USA

Krikorian et al (2012)21 Randomized, double-
blind placebo-
controlled

21 older adults with mild
cognitive impairment
(47% female)

76.9 (6.1); range: 68–90 USA

Bensalem et al (2019)22 Bi-centric, randomized,
double-blind, placebo-
controlled

215 healthy older adults
(71.1% female)

64.66 (2.9); range 60–70 France and
Canada

Lee et al (2017)23 Pilot. , randomized, dou-
ble-blind placebo-
controlled

Ten older adults with
mild cognitive impair-
ment (50% female)

72.2 (4.7); range NR USA

Abbreviations: NR, Not Reported.
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Examination, Beck Depression Inventory, and
Hamilton Anxiety Rating Scale scores, which indicated

improvements in mood, and reduction in depression
and anxiety symptoms after grape supplement com-

pared with placebo, in healthy older adults over a 3-
month study period.18

Risk of bias

The risk of bias assessment was performed on all studies

(Table 5).16–23 The overall risk was deemed low for 2 tri-
als17,18 and unclear for 6 trials.16,19–23 One study was

observed to have an unclear risk for “other bias” due to
it using white grape juice as the placebo for purple

grape juice intervention and a 6- to 7-day washout pe-
riod between cross-over of arms.16 It was deemed to

have unclear risk of bias due to the potential for the pla-
cebo grape and the short washout period to influence

the study results. Five of the studies were deemed to
have an unclear risk of bias with respect to allocation

concealment, because the method used to conceal the
allocation sequence was not described.16,19,21–23 All tri-

als detailed blinding of participants and personnel.

DISCUSSION

This study aimed to systematically review RCTs assess-
ing the effect of acute and chronic dietary grape inter-
ventions on healthy subjects or those with MCI. Our

searches identified 8 RCTs that met our inclusion crite-
ria. As expected, outcomes measurements varied widely

among the included studies. However, the results of the
included trials suggested that several formulations of

grape interventions did enhance some aspects of cogni-
tion. Some of the improvements reported included en-

hanced speed in the attention tasks or neurocognitive
functions, improvement in immediate spatial memory,

improvement in driving performance, and reduced se-
mantic interference in memory tasks. However, the evi-

dence showed improvement in some, but not all, of the
cognitive domains considered. For instance, motor

skills and executive function seemed to be improved

across the studies. However, domains like memory or
perception showed different results across the studies,

making the evidence inconclusive. Furthermore, some
results indicated no change when using other assess-

ment tools or outcome measures.
Similar to this review, findings from a review of 15

human RCTs found a positive association between the
consumption of various flavonoids (ie, soy isoflavones,

cocoa, and Ginkgo biloba) and cognitive function.7

However, the authors of that review also found that

study comparisons were difficult due to the lack of con-
sistency and considerable heterogeneity in outcome

measurements and study design. In addition to that, 27
different cognitive outcome domains were assessed

across the studies in the current review. A range of as-
sessment tools and tasks are used in studies investigating

the effect of dietary interventions on cognition and men-
tal health outcomes, because there is no one set gold-

standard test for cognitive and mental health outcomes
worldwide. The overall quality was unclear for most of

the trials in this review (6/8), and no high-quality re-
search was identified. Studies mainly missed reporting

the methods for allocation concealment or random se-
quence generation. Also, some of the studies had incom-

plete outcome data, there were different types of study
designs (eg, parallel and cross-over designs), and the var-

ious tools used to assess outcomes are diverse, making it
difficult to estimate the effect size of interventions in this
field (which could be done in a meta-analysis).

Findings from the chronic intervention studies
(3–6 mo) in this review indicated that cognitive benefits

may be found in the form of improved verbal learning
in adults with MCI,20 improved spatial memory in

healthy mothers,19 and improved attention, language,
and memory in healthy older adults.18 Acute interven-

tion studies (measuring outcomes at between 20 min
and 6 h post-consumption) reported no consistent effect

on memory, but saw improvements in reaction time
and responses in healthy young adults.16,17 Similar to

these findings, the results from a critical review of epi-
demiological studies and RCTs of grape interventions

in humans also found positive effects on verbal skills

Table 5 Risk of bias summary
References Random

sequence
generation

Allocation
concealment

Blinding
of participants
and personnel

Blinding
of outcome
assessment

Incomplete
outcome

data

Selective
reporting

Other

Haskell-Ramsay et al (2017)16 Unclear Unclear Low Low Unclear Low Unclear
Bell et al (2020)17 Low Low Low Low Low Low Low
Calapai et al (2017)18 Low Low Low Low Low Low Low
Lamport et al (2016)19 Low Low Low Low Unclear Low Unclear
Krikorian et al (2010)20 Unclear Unclear Low Low Low Low Unclear
Krikorian et al (2012)21 Unclear Unclear Low Low Low Low Low
Bensalem et al (2019)22 Low Unclear Low Low Unclear Low Low
Lee et al (2017)23 Unclear Unclear Low Low Low Low Unclear
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and learning, memory, reaction times, and degree of

orientation.11

Positive effects on cognition were also reported in

healthy older adults,18 healthy mothers,19 and adults
with MCI,20,21 but (conversely) no beneficial cognitive

effects were also reported in healthy adults17 and older
adults with MCI.21 Inconsistencies in outcome meas-
ures, type of grapes, doses, and flavonoid content may

account for the discrepancies in results between trials.
However, overall, the cognitive results suggest that

longer-term use of grapes is more likely to have a posi-
tive effect on memory than acute exposure.

There is less evidence suggesting positive benefits
of grape intervention on mood. Only one study found

improvements in depression and anxiety symptoms af-
ter 3 months of exposure to grapes,18 while most studies

found no difference in mood. A reason for the differ-
ence in results between domains may be due to flavo-

noids providing significantly more benefit to specific
cognitive domains such as memory, rather than mood.

The findings from the current systematic review
are similar to those from reviews of blueberry interven-

tions that found benefits in certain age groups, in some
acute interventions and some chronic interventions,

and in some cognitive (eg, short- and long-term mem-
ory and spatial memory) and mental health assess-

ments, but not others (eg, mood). The blueberry
reviews gave the authors an incomplete picture, but

they concluded that blueberry polyphenols can improve
some aspects of cognition across certain areas.8,9

Blueberries and grapes both contain the flavonoid sub-
group anthocyanins in relatively high amounts: blueber-

ries approximately 163.3 mg/100 g; grapes
approximately 48.1 mg/100 g,24 which may explain why

similar effects are seen. However, flavonoid concentra-
tions were not reported in all the trials looked at in the

current review. In addition, the doses of the grape inter-
ventions relative to human portion sizes were only

reported in 2 out of the 8 trials. This limited the scope
to compare outcomes and attribute the benefits of
grapes to their specific flavonoid type, quantity, or dose

of intervention. None of the included studies quantified
the polyphenol content of grapes, including the antho-

cyanins, flavonols, and flavon-3-ols. As a guide, the
studies examined in the critical review by Restani et al11

suggest a 200–500 mL/day consumption of grape juice
is correlated with positive effects on cognitive perfor-

mance. The most effective length of intervention for
cognitive and mental health performance has not been

established, and hence recommendations about time
frames cannot be made from this review data.

The studies in this review included different popula-
tion sizes and varying demographics, such as age and

proportion of females recruited. Generally, more females

than males were studied, and the sample sizes were rela-

tively small, with 5 of the studies’ sample sizes being 25
or less, making comparisons between trials, and reliable

conclusions, more challenging. In future studies, sample
sizes should be calculated based on expected effect size;

otherwise, the power of an intervention to detect a differ-
ence between treatment and placebo is uncertain.7

This systematic review has some limitations. First,

there was heterogeneity in the included studies in sam-
ple size, dose, measurement tools, etc., which caused

difficulties in the appropriate synthesis of the effective-
ness of grape consumption. Second, most of the in-

cluded trials had an unclear risk of bias assessment.
However, a specific strength of this systematic review is

that, to our knowledge, this is the first systematic review
that has only included RCTs (considered the gold stan-

dard for evaluating healthcare outcomes).
Based on the promising results for grapes’ positive

effects on cognitive function, particularly after chronic
use, further research in this area is recommended, pre-

dominantly investigating the cognitive outcomes of
memory, reaction time, and learning. Future research

should be done in larger population sizes. Such studies
need to be adequately powered, and to define the poly-

phenol content of the grape interventions and doses rel-
ative to portion sizes so that the optimal whole-fruit

grape dose can be determined to inform human dietary
guidelines. Further research into whether grape inter-

ventions have consistent positive effects on cognitive
and/or mental performance in healthy participants and

those with MCI is needed to be able to make recom-
mendations about using dietary or supplementary

grapes to prevent cognitive and mental health disorders
and/or slow down the progression of established MCI.

CONCLUSION

Evidence suggests that grapes might have a positive effect
on cognitive health after both acute and chronic interven-

tions. In particular, some aspects of the memory domain
as well as motor skills and executive functions may derive

benefit. However, with the current level of evidence, no
conclusion can be reached as yet about the positive effects

of grapes on mood, or the age group or health status of the
population that may benefit, either from acute or chronic

exposure. High-quality research is required (including
longer-term RCTs) to measure more accurately the effects

of grapes on cognitive and mental health.
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