
Nutrition Research 138 (2025) 107–121 

Available online at www.sciencedirect.com 

journal homepage: www.elsevier.com/locate/NTR 

Original Research 

Queen garnet plum juice supplementation does 

not provide additional cognitive benefits over a 

group-based memory program in older adults with 

mild cognitive impairment: A randomized clinical 
trial 

Naomi May 

a , # , Zoe Fitzgerald 

b , # , Samantha Broyd 

b , Vinicius do Rosario 

a , 
Steven Roodenrys 

c , Vida Bliokas 

c , Susan Thomas 

d , Jan Potter 

d , e , Jenson George 

f , 
Katrina Weston-Green 

a , Karen E. Charlton 

a , ∗

a Molecular Horizons and School of Medical, Indigenous and Health Sciences, Faculty of Science, Medicine and Health, University of 
Wollongong, New South Wales, Australia 
b Department of Rehabilitation & Medical Psychology, Port Kembla Hospital, Warrawong, Illawarra Shoalhaven Local Health District, New 

South Wales, Australia 
c School of Psychology, Faculty of Arts, Social Sciences and Humanities, University of Wollongong, Wollongong, New South Wales, Australia 
d Graduate School of Medicine, Faculty of Science, Medicine and Health, University of Wollongong, NSW, Australia 
e Illawarra Shoalhaven Local Health District, Wollongong, New South Wales, Australia 
f Department of Agriculture and Fisheries, Queensland Government, Queensland, Australia 

a r t i c l e i n f o 

Article history: 

Received 8 October 2024 

Revised 5 April 2025 

Accepted 10 April 2025 

a b s t r a c t 

Research suggests a role for inflammation and oxidative stress in mild cognitive impairment 

(MCI) and its progression. Evidence suggests anthocyanin-rich foods may reduce inflam- 

mation and oxidative stress and improve cognition but benefits in MCI are unclear. There- 

fore, it was hypothesized that daily consumption of anthocyanin-rich Queen Garnet Plum 

(QGP) juice would improve cognition, mood and blood pressure in people with MCI. Partic- 
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ipants diagnosed with MCI ( N = 42) participated in a double-blind, randomized controlled 

trial. Participants were administered either QGP juice or apricot juice (comparator) daily for 

8-weeks and participated in a 6-week group-based memory program. Cognitive function 

was assessed using a battery of cognitive tests, including the Rey Auditory Verbal Learn- 

ing Test (RAVLT), Complex Figure Test (CFT), Royal Prince Alfred-Prospective Memory Test 

(RPA-ProMem), and Comprehensive Assessment of Prospective Memory self-report (CAPM- 

self). Mood and blood pressure were also measured pre- and post-intervention. There was 

a significant effect of TIME for total RAVLT ( P = .028, η2 = .12), CFT-recall ( P = .036, η2 = .11), 

RPA-ProMem ( P < .001, η2 = .28), and CAPM-self ( P = .007, η2 = .22) scores. There was a non- 

significant trend towards an interaction for CFT-recall ( p = .063, η2 = .09), where Bonferroni 

adjusted pairwise comparisons showed that the QGP group, but not comparators, had signif- 

icantly improved CFT-recall scores (QGP: + 13.93%, P = .007; comparators: + 0.84%, P = .855). 

Overall, QGP consumption during a group-based memory rehabilitation program did not re- 

sult in additional cognitive benefits in older adults with MCI. This trial was registered at the 

Australian New Zealand Clinical Trials Registry as ACTRN12618001184268. 

© 2025 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY license 

( http://creativecommons.org/licenses/by/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction 

Mild cognitive impairment (MCI) is a neurocognitive condi-
tion that involves cognitive deficits beyond normal ageing but
minimal impairment to daily living activities [ 1 ]. MCI can be
categorized as non-amnestic MCI (naMCI), or amnestic (aMCI)
where memory loss is predominant and the risk of progres-
sion to Alzheimer’s Disease (AD) is higher [ 2 ]. Furthermore,
MCI is a heterogeneous disorder that can either be a transi-
tional condition that precedes AD and other dementias, a state
where cognitive deficits remain stable, or a temporary state
where normal cognitive function restores over time [ 1 ]. Age
is the primary risk factor for MCI [ 3 ], as well as vascular risk
factors (i.e. diabetes mellitus, hypertension, cerebrovascular
disease and hyperlipidemia) [ 4 ]. 

There is currently no standard pharmacological treatment
for MCI [ 1 ,5 ]; however, evidence suggests that cognitive train-
ing may improve cognition and assist symptom management
[ 6–9 ]. For example, a meta-analysis ( N = 1059) that employed
computerized cognitive training interventions (including ex-
ercises in attention, visual processing, sensory integration,
and recollection) found a small yet significant increase in
global cognitive function compared to controls [ 10 ]. More-
over, group-based memory training programs delivered face-
to-face by qualified clinicians may provide additional benefits
in some populations. For example, previous research demon-
strates improved auditory anterograde memory (Rey Audi-
tory Verbal Learning Test; RAVLT), self-reported prospective
memory (Comprehensive Assessment of Prospective Mem-
ory; CAPM), and compensatory memory strategy use in indi-
viduals with various neurological conditions involving mem-
ory complaints [ 11 ], epilepsy [ 12 ], and stroke [ 13 ] following
a group-based memory program. Others reported improved
Mini-Mental State Examination (MMSE), Clinical Dementia
Rating Scale, Boston Naming Test, block design, matrix rea-
soning, and semantic fluency task scores following a group-
based program in people with MCI [ 14 ]. Overall, these results
show promise for the use of group-based memory programs
to improve cognition; however, further research is needed to
understand the efficacy of this approach in people with MCI
given its heterogeneity. 

The neuropathology of MCI and factors that determine pro-
gression to AD remain unclear [ 15 ]. Neuronal loss and synap-
tic dysfunction have been reported in both AD and MCI, in
brain regions critical for memory and cognition, such as the
hippocampus [ 16 ]. Neuroinflammation and oxidative stress
have been reported in AD and MCI that can contribute to neu-
ronal injury, synaptic damage and neurodegeneration [ 17 ,18 ].
For example, a meta-analysis found significantly elevated in-
flammatory markers in individuals with AD and MCI com-
pared to controls [ 19 ]. Additionally, increased inflammation in
both the brain [ 20 ] and periphery [ 19 ] in individuals with MCI
may be associated with an increased risk of progression to AD.
Furthermore, oxidative stress has been demonstrated in MCI
through decreased serum concentration of endogenous an-
tioxidant enzymes, and increased markers of oxidative dam-
age [ 21 ] and lipid peroxidation in cerebrospinal fluid, plasma,
and urine [ 22 ]. Overall, the existing evidence demonstrates the
presence of oxidative stress and inflammation in MCI. There-
fore, compounds that can reduce oxidative damage and neu-
roinflammation are of interest as novel therapeutics. 

A growing body of evidence demonstrates the anti-
inflammatory and antioxidant effects of anthocyanin-rich
foods [ 23–27 ]. In clinical trials, berry-derived anthocyanins im-
proved memory, psychomotor speed and executive function
domains of cognition, as well as vascular function (see review
by Ahles et al. [ 28 ]). Other studies have also demonstrated
improved peripheral [ 27 ] and cerebral [ 29 ] vascular function,
and the promotion of neurogenesis and increased synaptic
connectivity in brain regions associated with memory and
learning as a result of consumption of anthocyanin-rich foods
[ 30 ,31 ]. The Queen Garnet plum (QGP; Prunus salicina ) [ 25 ] has
been bred to have higher levels of anthocyanins compared to
conventional plums and has higher antioxidant [ 25 ] and anti-
inflammatory capacity [ 26 ], and has been shown to improve
vascular function in overweight older adults [ 27 ]. We have
previously investigated the anthocyanin content of 12 plant-

http://creativecommons.org/licenses/by/4.0/
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based foods and supplements and identified that the QGP was
significantly higher in anthocyanins ( ∼200 mg C3G equiva-
lents per 100 g) compared to other samples, followed by elder-
berry ( ∼100 mg C3G equivalents per 100 g) [ 25 ]. Anthocyanin-
rich foods are of interest for the treatment of MCI. Recent
research suggests that elderberry consumption may bene-
fit the visuospatial cognitive flexibility (trend increase in el-
derberry group) and inflammation in MCI [ 32 ], while another
study found improvements to processing speed, visuospatial
learning and global cognition after supplementation with a
polyphenol-rich grape and blueberry extract [ 33 ]. However, the
potential benefits of anthocyanin-rich dietary interventions
requires further research and it is unknown whether sup-
plementation with anthocyanin-rich QGP juice can improve
cognition in people with MCI. In addition, combining QGP
juice supplementation with a group-based memory program
may provide additional benefits beyond the memory group
alone. Therefore, it was hypothesized that daily consumption
of QGP juice would improve memory, mood and blood pres-
sure compared to a comparator (apricot juice) in people with
MCI undergoing a group-based memory intervention program.
This was tested by comparing results from baseline and post-
testing for the QGP treatment group and comparator group.
In addition, it was hypothesized that the group-based mem-
ory program would have an overall positive effect, tested by
observing patient outcomes over time. 

2. Methods and materials 

This clinical trial was approved by the joint University of Wol-
longong and Local Health District Human Research Ethics
Committee, NSW, Australia (HREC 2017/581), registered with
the Australian New Zealand Clinical Trials Registry (AC-
TRN12618001184268), conducted according to the Declaration
of Helsinki and adheres to the Consolidated Standards of Re-
porting Trials (CONSORT) statement [ 34 ]. Informed consent
was obtained from all individual participants included in the
study. This manuscript reports the primary aim of the clini-
cal trial, i.e.: to evaluate the combined effect of a group-based
memory rehabilitation program with intake of QGP juice (vs
comparator) on cognition in older adults with MCI. 

2.1. Study design and procedure 

The study was a randomized, controlled, double-blind clinical
trial conducted at the University of Wollongong (UOW) and
Port Kembla Hospital (PKH), NSW, Australia. The study con-
sisted of 8 weeks of daily juice intervention ( Fig. 1 ). The week 8
endpoint was selected as our previous study examined cogni-
tion after 6 and 12 weeks and found no further improvements
between the 6 and 12 week timepoints [ 35 ]. After 2 weeks of
administration, all participants commenced a 6-week group-
based memory rehabilitation program [ 36 ]. This is the first
study to examine the combined effect of a food source of an-
thocyanins and a group-based memory program. The study
design was employed to determine whether consumption of
anthocyanin-rich QGP juice can enhance the cognitive out-
comes of the group program. 
Participants attended appointments at UOW and PKH
before (baseline pre-testing) and after (post-testing) the 8-
week intervention. For baseline testing (detailed in 2.5) de-
mographic, anthropometric, 24-hour ambulatory blood pres-
sure, habitual diet and other measures of general health data
were collected. Participants also attended PKH for neuropsy-
chological assessment conducted by Clinical Neuropsycholo-
gists, where cognitive and mood measures were taken (details
Section 2.6). Additional cognitive measures were obtained at
baseline to provide a broad overview of the cognitive status of
the participants that did not form the outcome measures of
the study (details in 2.5). 

Block randomization was conducted by a researcher inde-
pendent of the data collection and enrolment of participants,
with groups of 6 participants randomly assigned to the 2 con-
ditions to achieve a final ratio of 1:1 participants in each con-
dition using a computer-generated randomization sequence.
Based on these allocations participants then received either
the anthocyanin-rich treatment (QGP juice) or comparator
(apricot juice) daily for 8 weeks (details Section 2.3). After 2
weeks of daily juice intervention, all subjects participated in a
6-week ‘Making the most of your memory’ group program [ 36 ].
Post-testing was then conducted following the 8-week study
period to assess cognition, mood and blood pressure following
the intervention ( Fig. 1 ). 

2.2. Participants 

Forty-two participants completed the study in total. Twenty-
one participants completed the study between April 2018
and November 2019, after which the study was discontinued
due to COVID-19 restrictions throughout 2020 and 2021 and
recommenced with the remaining 21 participants complet-
ing the study between May 2022 and November 2022 ( Fig. 2 ).
Participants were recruited from MCI patients referred to the
Illawarra Shoalhaven Local Health District (ISLHD) Geriatric
Outpatient Services or Rehabilitation and Medical Psychology
Department. The inclusion criteria were: 50 + years, English
speaking, diagnosis of aMCI with memory complaints and in-
tact Activities of Daily Living [ 37 ,38 ], MMSE score of 24-30,
and an estimated premorbid IQ > 80 (estimated by combin-
ing educational history and performance in the Test of Pre-
morbid Functioning (TOPF)). Clinical Neuropsychologists per-
formed cognitive testing at baseline and post-testing to en-
sure that participants scores were within the study criteria.
Exclusion criteria were: a diagnosis of dementia or neurode-
generative disease, significant neurological or psychiatric his-
tory, untreated hypertension or diabetes, allergy to stone fruits
or food colorants, extensive and significant cognitive deficits
not consistent with MCI diagnosis, and a change in medica-
tion within 3 months from commencement of the study or
planned medication changes during the study period. 

2.3. Dietary intervention 

Juices were prepared and supplied to participants weekly.
The treatment group received high-anthocyanin QGP juice,
which was a blend of 220 g of frozen QGP fruit (Department
of Agriculture and Fisheries (DAF), Queensland Government,
QLD, Australia) pureed with 30 ml of water. The comparator
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FIG. 1 – Study design and procedures for a double-blind randomized controlled trial examining the effect of daily 

consumption of QGP juice and a group-based memory program on cognition in older adults with MCI. ABP, Ambulatory 

Blood Pressure; MCI, mild cognitive impairment; PKH, Port Kembla Hospital; QGP, Queen Garnet Plum; UOW, University of 
Wollongong. Created with BioRender.com. 

FIG. 2 – CONSORT flow diagram of the progress through the phases (i.e., enrolment, intervention allocation, follow-up, and 

data analysis) of a double-blind randomized controlled trial examining the effect of daily consumption of Queen Garnet 
plum juice and a group-based memory program on cognition in older adults with mild cognitive impairment. Created with 

BioRender.com. 

 

 

 

 

 

 

 

 

 

 

 

 

group received apricot juice (Tropico Fruits Pty Ltd, QLD, Aus-
tralia) that had a similar consistency, color (using food dyes)
and nutritional content to the QGP juice, but without antho-
cyanins. The anthocyanin content of both juices was analyzed
by Queensland Department of Agriculture and Fisheries (DAF,
QLD, Australia) by a fully validated High Pressure Liquid Chro-
matography (HPLC) method [ 39 ] (details in S1). Due to delays
in the trial resulting from COVID-19 restrictions, 2 batches of
QGP fruit from different growing seasons were received con-
taining 200.8 mg and 144.5 mg (average 172.65 mg) cyanidin-
3-glucoside equivalents (C3G eq.) / 250 ml bottle for the first
and second batch of plums, respectively (see Table 1 ). This
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Table 1 – Nutrition information of the dietary intervention (QGP) and comparator (apricot juice control) fruit juices (250 mL) 
consumed daily for 8 weeks in a study of older adults with MCI 

QGP juice Apricot juice 

Energy (kcal) 98 96 
Protein (g) 0.6 0.7 
Fat – total (g) < 0.1 < 0.1 
Saturated fat (g) < 0.1 < 0.1 
Carbohydrates (g) 22.2 22.2 
Dietary fibre (g) 4.4 4.0 
Sodium (mg) 6 2 
Vitamin C (mg) 0.3 1.2 
Anthocyanins1 (mg) 200.8 (batch 1) 

144.5 (batch 2) 
0 

g, grams; kcal, kilocalorie; MCI, mild cognitive impairment; mg, milligram; QGP, Queen Garnet plum. 1 High Performance Liquid Chromatography; 
Remaining values were obtained from the Australian Food Composition Database 2019 [ 1 ]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

dosage was selected based on previous evidence examining
the dose-response of adults to anthocyanins, where 80 mg per
day (mg/d) was found to be an effective dose for reduction of
inflammation in healthy adults [ 40 ] and our previous study
where 138 mg/d was effective at improving aspects of cog-
nition in older adults with mild-moderate dementia [ 35 ]. No
anthocyanins were detected in the apricot juice (comparator)
(details Table 1 and Table S3). 

2.4. Group-based memory rehabilitation intervention 

The group-based memory rehabilitation intervention was an
age-appropriate adapted version of ‘Making the Most of your
Memory: An Everyday Memory Skills Program’ [ 36 ]. The group
program involved 6 weekly 2-hour face-to-face sessions. Each
session involved education about memory and the factors in-
fluencing optimal memory function, and training in the use
of compensatory strategies, including both internal/mental
strategies and external memory aids. Group exercises were
adapted from the manualized version to tasks that were appli-
cable to older adults, and homework tasks were set to encour-
age practice and generalization of strategy use between ses-
sions. There were approximately 6 participants and 2 blinded
facilitators per group, including an experienced Clinical Neu-
ropsychologist (ZF). This program was selected based on evi-
dence of improved memory functioning across a range of neu-
rological conditions (epilepsy [ 12 ], stroke [ 13 ] and mixed neu-
rological conditions [ 11 ]). However, it was unknown whether
the modified program would be beneficial for a population of
individuals with MCI. 

2.5. Baseline measures 

2.5.1. Demographic data 
Participant age, sex, level of education, and years of education
were collected at baseline. 

2.5.2. Measures of general health 

Measures including alcohol consumption (drinking status),
and recent exercise history were collected. Exercise was
measured by the International Physical Activity Question-
naire – Short Form (IPAQ) [ 41 ], which categorizes partici-
pants as inactive, minimally active, or HEPA active (health-
enhancing physical activity; highly active category) [ 42 ]. Hand-
grip strength (kg) was taken as a measure of maximal up-
per body strength, where participants were instructed to exert
maximal force once using each hand to a hand dynamome-
ter (Jamar Plus, Sammsons Preston Rolyan, Bolingbrook, IL,
USA) whilst seated, arm adducted, and elbow at a 90 ° angle
[ 43 ]. A 30-second sit-to-stand test (number of stands com-
pleted) was performed as a measure of lower extremity per-
formance, where participants were instructed to perform as
many chair stands, with arms folded across their chest, as pos-
sible in a 30-second period [ 44 ]. Anthropometric measures, in-
cluding waist and hip circumference (cm) were obtained us-
ing a tape measure (SECA 201 1 mm graduation) and waist-
to-hip ratio was calculated as a measure of adiposity by di-
viding waist circumference by hip circumference. Height was
measured using a stadiometer (SECA 217 1 mm graduation)
and weight using a floor scale (SECA 874 þ/- 100 g). Body mass
index (BMI) was then calculated using the standard formula:
weight (kg ) /height (m )2 . 

2.5.3. Habitual diet 
Habitual diet was assessed at baseline using a 3-day food
record and analyzed for daily nutrient intake using Foodworks
(Version 10, Xyris Software, Australia), which references the
Australian Food Composition Database [ 45 ]. Anthocyanin in-
take was calculated by cross-referencing the dietary data with
the ‘PhenolExplorer’ polyphenol food composition database
[ 46 ]. Participants were instructed to maintain their usual diet
throughout the course of the study. 

2.5.4. Baseline measures of cognition 

Cognitive measures additional to the outcome measures were
obtained at baseline to provide a broad overview of the cog-
nitive status of participants prior to the study, including the
Mini-Mental State Examination (MMSE), estimated IQ from the
Test of Premorbid Functioning (TOPF) [ 47 ], Wechsler Adult In-
telligence Scale Fourth Edition (WAIS-IV) Digit Span Subtest
[ 48 ], Trail Making Test (TMT) A and B [ 49 ] (normed Tombaugh,
2004 [ 50 ]), and the Test of Everyday Attention telephone search
subtest (TEA) [ 51 ]. Methods for the cognitive tests forming the
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post-intervention outcomes of this study are detailed in the
main Methods section 2.6. 

2.6. Outcome Measures 

2.6.1. Cognitive Outcome Measures 
The cognitive outcomes were standardized neuropsychologi-
cal tests and questionnaires administered and scored by reg-
istered Clinical Neuropsychologists. Alternative versions of
each test were used at different visits to minimize practice
effects. 

2.6.1.1. Objective Cognitive measures The RAVLT was used
to measure auditory anterograde memory function [ 52 ]. To-
tal learning and 20-minute delayed recall scores were exam-
ined. Normative values for the calculation of z -scores were de-
termined using values previously reported [ 53 ]. The Complex
Figure Test (CFT-recall) [ 54 ] was used to measure anterograde
visual memory. T -scores were calculated for the 3-minute De-
layed Recall scores based on norms for the Rey CFT-recall [ 55 ].
Total score from The Royal Prince Alfred Prospective Memory
Test (RPA-ProMem) [ 56 ] was used as an objective measure of
prospective memory function. 

2.6.1.2. Subjective Cognitive Measures Subjective memory
was assessed using the Comprehensive Assessment of
Prospective Memory (CAPM) using the total score from both
self-reported measures (CAPM-self) and measures provided
from the perspective of an individual in daily contact with the
participant (CAPM-other) [ 57 ]. The Everyday Memory Ques-
tionnaire (EMQ) self-rating scale was used to assess subjective
memory concerns in everyday life [ 58 ]. 

2.6.2. Mood outcome measures 
Participants completed the 21-item Depression Anxiety Stress
Scale (DASS-21) [ 59 ], where self-reported depression, anxiety
and stress ratings were obtained. 

2.6.3. 24-hour ambulatory blood pressure outcome measures 
The 24-h ambulatory blood pressure was measured using
an automated ambulatory blood pressure monitor (7100;
Welch Allyn, NSW, Australia). Participants were fitted with
the device and provided with appropriate instructions for
its use. Measurements were considered errors and excluded
if SBP ≤70 mmHg or ≥250 mmHg, and DBP ≤30 mmHg or
≥130 mmHg. 24-hour blood pressure measurements were di-
vided into daytime (defined as 09-21 h) and night-time (de-
fined as 23-05 h) measurements and a “dipping” pattern was
calculated using a ratio of night-time/daytime blood pressure
in order to identify abnormal blood pressure variation which
can indicate increased cardiovascular risk that is undetected
using single timepoint measurements [ 60 ]. 

2.7. Statistical analyses 

All statistical analyses were conducted using SPSS Statis-
tics (v29; SPSS Inc., IL, USA) and PRISM (v9; GraphPad Soft-
ware Inc., CA, USA). Shapiro-Wilk statistics and visual inspec-
tion of data distribution were conducted to assess normal-
ity. Differences in baseline demographic, health and anthro-
pometric measures, dietary intake, and cognition between
the QGP treatment group and comparator group were ana-
lyzed by independent sample t-test, Mann-Whitney U, or chi-
squared tests depending on data distribution. Outcome mea-
sures were analyzed using a mixed model factorial ANOVA
with TIME as the within-subjects factor and TREATMENT as
the between-subjects factor. Eta-squared ( η2 ) values were pro-
vided as an indication of effect size. G∗Power (Version 3.1.9.2;
Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany;
http://www.gpower.hhu.de/ ) [ 61 ] was used to calculate power
for the critical interaction between TREATMENT and TIME on
RAVLT (the primary outcome measure). Using previously pub-
lished data [ 35 ] to determine the parameters, the calculation
revealed that to detect a small to medium effect ( F = .15) on
RAVLT, 72 participants were required to achieve a power of
0.8. However, due to COVID-19 and subsequent unexpected
resource constraints, 42 participants completed the study. A
post-hoc power calculation revealed that with the sample size
obtained the study was underpowered at 76% compared to the
accepted 80% for clinical trials [ 62 ]. Due to the limited sample
size, and following consultation with qualified statisticians,
further exploratory post hoc analyses using Bonferroni cor-
rected pairwise comparisons were examined to explore any
significant changes over time for each group (comparators: pre
vs post, QGP: pre vs post) and between groups at each time-
point (QGP vs comparator). Data were presented as mean and
standard deviation (SD) unless otherwise stated. Significance
was accepted at alpha P < .05, and P = .050 −.090 was consid-
ered a non-significant trend. 

3. Results 

3.1. Baseline comparisons 

There were no significant differences between the groups for
demographic, anthropometric or other general health mea-
sures at baseline (details Table 2 ). There were no significant
differences between the groups at baseline for habitual di-
etary measures, including anthocyanin intake; however, a
non-significant trend towards higher habitual vitamin A con-
sumption in the comparator group at baseline was identified
( P = .070) (details Table S4). There were also no significant
differences between the groups at baseline for the additional
baseline measures of cognition (details Table 3 ). 

3.2. Cognitive outcomes 

For RAVLT total, there was a significant main effect of TIME
( F (1, 39) = 5.22, P = .028, η2 = .12) showing that auditory an-
terograde memory function significantly improved between
baseline (mean = −.97 (SD = .72)), and post-testing (−.74 (.98)).
There was no main effect of TREATMENT ( P = .816) nor a signif-
icant TIME x TREATMENT interaction ( P = .722); however fur-
ther exploratory pairwise comparisons showed a nonsignifi-
cant trend in the difference from baseline to post-testing for
the QGP treatment group (mean change + 28.04%, P = .073) but
not the comparator group (mean change + 19.97%, P = .176)
( Fig. 3 A ). For RAVLT long delay there was no significant main
effect of TIME ( P = .436) or TREATMENT ( P = .585), no signifi-

http://www.gpower.hhu.de/
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Table 2 – Baseline demographic, general health and anthropometric measures of older adults with MCI that participated 

in a double-blind randomized controlled trial examining the effect of daily consumption of a high-anthocyanin plum juice 
and a group-based memory program on cognition 

All Comparator Treatment P -value 

Age (years) 75.60 (6.78) 76.29 (6.99) 74.90 (6.66) .516 
Sex (%) .121 
Male 22 (52.4%) 14 (66.7%) 8 (38.1%) 
Female 20 (47.6%) 7 (33.3%) 13 (61.9%) 
Education level (%) .277 
Primary 5 (11.9%) 2 (9.5%) 3 (14.3%) 
Secondary 16 (38.1%) 6 (28.6%) 10 (47.6%) 
TAFE/diploma/vocational 9 (21.4%) 6 (28.6%) 3 (14.3%) 
Undergraduate 9 (21.4%) 4 (19.0%) 5 (23.8%) 
Post-graduate 3 (7.1%) 3 (14.3%) 0 (0.0%) 
Years of Education 12 (IQR 5) 12 (IQR 4.5) 10 (IQR 5) .468 
Drinking status (%) .691 
Non-drinker 12 (28.6%) 7 (33.3%) 5 (23.1%) 
< 1 per day 16 (38.1%) 8 (38.1%) 8 (38.1%) 
1-2 per day 14 (33.3%) 6 (28.6%) 8 (38.1%) 
Exercise (%) .852 
Inactive 14 (33.3%) 6 (28.6%) 8 (38.1%) 
Minimally active 19 (45.2%) 10 (47.6%) 9 (42.9%) 
HEPA active 9 (21.4%) 5 (23.8%) 4 (19.0%) 
Hand-grip strength (kg) 22.22 (8.17) 23.77 (8.56) 20.68 (7.64) .224 
Sit-to-stand test 12 (IQR 5) 12 (IQR 6.5) 12 (IQR 3) .861 
Waist-to-hip ratio 0.94 (0.09) 0.96 (0.09) 0.92 (0.09) .220 
BMI (kg/m2 ) 26.23 (3.86) 25.93 (2.85) 26.53 (4.73) .624 
Day SBP (mmHg) 128.33 (17.35) 131.52 (22.18) 125.97 (12.89) .295 
Day DBP (mmHg) 78.29 (10.53) 79.58 (9.45) 77.34 (11.42) .520 
SBP night/day ratio 0.94 (0.10) 0.90 (0.12) 0.96 (0.07) .095 
DBP night/day ratio 0.91 (0.12) 0.90 (0.10) 0.92 (0.13) .600 

BMI, body mass index; DBP, diastolic blood pressure; HEPA, health enhancing physical activity; kg, kilogram; kg/m2 , kilogram per square meter; 
MCI, mild cognitive impairment; mmHg, millimeters of mercury; SBP, systolic blood pressure. Data presented as mean (SD), median (IQR), or 
frequency (%); p -value for independent samples t -test, Mann-Whitney U or chi-square test between treatment ( n = 21) and control ( n = 21) 
groups at baseline. 
∗P < .05; N = 33-42. 

Table 3 – Mean standardized scores for cognitive tests in older adults with MCI who participated in a double-blind random- 
ized controlled trial examining the effect of daily consumption of QGP juice (vs comparator) and a group-based memory 

program on cognition (RAVLT total, RAVLT long delay, CFT-recall, RPA-ProMem, CAPM self-report, CAPM other-report, and 

EMQ) 

Parameter Group n Baseline Post-testing TIME TREATMENT TIME x 
TREATMENT 

RAVLT total Comparator 21 −0.98 (0.78) −0.78 (1.07) .028 .816 F (1, 39) = .13, 
P = .722, η2 = .003 Treatment 20 −0.96 (0.67) −0.69 (0.89) 

RAVLT long delay Comparator 21 −1.10 (1.13) −1.06 (1.15) .436 .585 F (1, 39) = .19, 
P = .667, η2 = .005 Treatment 20 −0.97 (1.00) −0.84 (1.12) 

CFT-recall Comparator 21 51.24 (17.85) 51.67 (16.23) .036 .876 F (1, 39) = 3.65, 
P = .063, η2 = .086 Treatment 20 48.80 (15.17) 55.60 (14.95) 

RPA-ProMem Comparator 17 4.76 (3.65) 6.82 (4.75) < .001 .280 F (1, 35) = .022, 
P = .883, η2 = .001 Treatment 20 6.05 (3.63) 7.95 (2.67) 

CAPM-self Comparator 16 1.80 (0.54) 1.57 (0.36) .007 .311 F (1, 30) = .005, 
P = .942, η2 = .000 Treatment 16 1.96 (0.63) 1.74 (0.50) 

CAPM-other Comparator 14 2.07 (0.83) 2.10 (0.83) .768 .131 F (1, 25) = .006, 
P = .939, η2 = .000 Treatment 13 1.68 (0.28) 1.70 (0.62) 

EMQ Comparator 15 1.71 (0.45) 1.61 (0.43) .280 .462 F (1, 29) = .000, 
P = .983, η2 = .000 Treatment 16 1.84 (0.65) 1.73 (0.54) 

CAPM, Comprehensive Assessment of Prospective Memory; CFT, Complex Figure Test; EMQ, Everyday Memory Questionnaire; MCI, mild cog- 
nitive impairment; QGP, Queen Garnet plum; RAVLT, Rey Auditory Verbal Learning Test; RPA-ProMem, Royal Prince Alfred Prospective Memory 
Test. Measurements were conducted at baseline and at the end of the 8-week study (post-testing). Data presented as mean (SD), p -values for 
2 × 2 mixed model factorial ANOVA; N = 28-42. 
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FIG. 3 – Mean standardized scores for cognitive tests in older adults with MCI who participated in a double-blind 

randomized controlled trial examining the effect of daily consumption of a QGP juice (vs comparator) and a group-based 

memory program on cognition: (A) RAVLT total, (B) RAVLT long delay, (C) CFT-recall, (D) RPA-ProMem, (E) CAPM self-report, (F) 
CAPM other-report, and (G) EMQ. Measurements were conducted at baseline (pre) and at the end of the 8-week study (post). 
Data presented as mean ± standard deviation; p-time, main effect of TIME; p-interaction, TIME x TREATMENT interaction; 
blue dotted line p: comparator pre vs post ( n = 14-21); green dashed line p: QGP pre vs post ( n = 14-21); N = 28-42. CAPM, 
Comprehensive Assessment of Prospective Memory; CFT, Complex Fig. Test; EMQ, Everyday Memory Questionnaire; MCI, 
mild cognitive impairment; QGP, Queen Garnet Plum; RAVLT, Rey Auditory Verbal Learning Test; RPA-ProMem, Royal Prince 
Alfred Prospective Memory Test. 
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FIG. 4 – Mean DASS-21 scores for older adults with MCI that participated in a double-blind randomized controlled trial 
examining the effect of daily consumption of a QGP juice (vs comparator) and a group-based memory program on: (A) 
depression, (B) anxiety, and (C) stress subscales of the DASS-21. Measurements were conducted at baseline (pre) and at the 
end of the 8-week study (post). Data presented as mean ± standard deviation; p-treatment: QGP vs comparator; ∗P < .05 QGP 

vs comparator at post-testing; n = 21; N = 42. DASS-21, Depression Anxiety and Stress Scale 21; MCI, mild cognitive 
impairment; QGP, Queen Garnet Plum. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cant TIME x TREATMENT interaction ( P = .667), and no further
differences observed ( Fig. 3 B ). 

Total recall scores for visual anterograde memory also im-
proved, with a significant main effect of TIME on CFT-recall
( F (1, 39) = 4.70, P = .036, η2 = .11), showing increased scores
for the combined groups at post-testing (53.59 (15.55)) com-
pared to baseline (50.05 (16.44)). There was no significant main
effect of TREATMENT ( P = .876); however, a non-significant
trend towards a TIME x TREATMENT interaction was ob-
served ( F (1, 39) = 3.65, P = .063, η2 = .09). Examination of
the means indicated that the QGP treatment group showed
a greater improvement from baseline (48.80 (15.17)) to post-
testing (55.60 (14.95)) than the comparator group (baseline
51.24 (17.85), post-testing 51.67 (16.23)). Indeed, pairwise com-
parisons showed that the change from baseline to post-testing
was significant for the QGP treatment group (mean change
+ 13.93%, P = .007) but not the comparator group (mean change
+ 0.84%, P = .855) ( Fig. 3 C ). 

There was a significant main effect of TIME for prospec-
tive memory ( F (1, 35) = 13.74, P < .001, η2 = .28) whereby RPA-
ProMem scores were higher at post-testing (7.43 (3.75)) com-
pared to baseline (5.46(3.65)) ( Fig. 3 D ); however, there was no
main effect of TREATMENT ( P = .280), or TIME x TREATMENT
interaction ( P = .883). Further exploration of the data revealed
that the significant changes over time were apparent for both
the QGP ( + 31.40%, P = .013) and comparator groups ( + 43.21%,
P = .013) ( Fig. 3 D ). 

For the self-reported CAPM scores, there was a significant
main effect of TIME ( F (1, 30) = 8.28, P = .007, η2 = .22) with par-
ticipants reporting significantly fewer memory lapses at the
end of the study (1.66(.44)) compared to baseline (1.88(.58)), but
no main effect of TREATMENT ( P = .311), nor a significant TIME
x TREATMENT interaction ( P = .942) ( Fig. 3 E ). However, fur-
ther examination of the data via pairwise comparisons iden-
tified that there was a significant improvement from baseline
to post-testing for the comparator group (−12.67%, P = .046)
and a non-significant trend towards an improvement in the
QGP treatment group (−11.03%, P = .057) ( Fig. 3 E ). On the
other hand, there was no significant main effect of TIME
( P = .768), TREATMENT ( P = .131), nor a significant TIME x
TREATMENT interaction ( P = .939) on CAPM provided from the
informant perspective (CAPM-other) ( Fig. 3 F ). The EMQ also
showed no significant main effect of TIME ( P = .280), TREAT-
MENT ( P = .462), nor a significant TIME x TREATMENT inter-
action ( P = .983) and no other significant differences between
groups ( Fig. 3 G ). 
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Table 4 – 24-hour ambulatory SBP and DBP parameters in older adults with MCI that participated in a double-blind random- 
ized controlled trial examining the effect of daily consumption of QGP juice (vs comparator) and a group-based memory 

program. Measurements were conducted at baseline and at the end of the 8-week study (post-testing) 

Parameter Group n Baseline Post-testing TIME TREATMENT TIME x 
TREATMENT 

Day SBP (mmHg) Comparator 17 132.44 (20.63) 126.85 (10.78) .087 .274 F (1, 35) = .144, 
P = .707 η2 = .004 QGP 20 126.54 (12.79) 122.93 (16.58) 

Day DBP (mmHg) Comparator 17 78.97 (9.03) 78.71 (8.26) .360 .256 F (1, 35) = .566, 
P = .457, η2 = .016 QGP 20 76.74 (11.44) 74.26 (9.94) 

24 h SBP (mmHg) Comparator 14 126.73 (17.49) 125.79 (9.08) .473 .698 F (1, 31) = .041, 
P = .842, η2 = .001 QGP 19 125.27 (14.34) 123.60 (14.29) 

24 h DBP (mmHg) Comparator 14 76.41 (8.54) 78.43 (8.26) .776 .523 F (1, 31) = 1.30, 
P = .263, η2 = .040 QGP 19 76.00 (11.96) 74.79 (9.07) 

Nocturnal SBP 
(mmHg) 

Comparator 14 116.61 (11.49) 118.37 (14.39) .977 .576 F (1, 31) = .727, 
P = .400, η2 = .023 QGP 19 121.39 (18.38) 119.74 (18.71) 

Nocturnal DBP 
(mmHg) 

Comparator 14 70.92 (9.66) 72.78 (13.47) .742 .716 F (1, 31) = .818, 
P = .373, η2 = .026 QGP 19 70.76 (14.20) 69.90 (11.80) 

SBP night/day 
ratio 

Comparator 14 .902 (.123) .930 (.130) .494 .184 F (1, 31) = .288, 
P = .596, η2 = .009 QGP 19 .961 (.072) .965 (.136) 

DBP night/day 
ratio 

Comparator 14 .895 (.097) .905 (.122) .724 .596 F (1, 31) = .024, 
P = .878, η2 = .001 QGP 19 .917 (.131) .921 (.104) 

DBP, diastolic blood pressure; MCI, mild cognitive impairment; mmHg, millimeters of mercury; QGP, Queen Garnet Plum; SBP, systolic blood 
pressure. Data presented as mean (SD), p -values for 2 × 2 mixed model factorial ANOVA; N = 33-37. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3. Mood outcomes 

3.3.1. Depression, Anxiety and Stress Scales 
For the DASS-21 depression subscale there was no signifi-
cant main effect of TIME ( P = .869) and no significant TIME x
TREATMENT interaction ( P = .210); however, there was a non-
significant trend towards a main effect of TREATMENT ( F (1,
40) = 3.86, P = .056, η2 = .09), with participants in the QGP
treatment group (10.86 (1.46)) trending towards a higher mean
score on the depression scale compared to the comparator
group (6.81 (1.46)) ( + 37.29%) regardless of timepoint ( Fig. 4 A ).
Exploratory pairwise comparisons showed a significant dif-
ference between groups at post-testing ( P = .011) with a sig-
nificant difference between QGP and the comparator group
that was not apparent at baseline ( P = .244) ( Fig. 4 A ). There
was no significant main effect of TIME ( P = .484) or TREAT-
MENT ( P = .650), nor a significant TIME x TREATMENT inter-
action ( P = .764) observed when analyzing the anxiety scale
data ( Fig. 4 B ) and no significant main effect of TIME ( P = .584)
or TREATMENT ( P = .134), nor a significant TIME x TREATMENT
interaction ( P = .696) on the stress scale ( Fig. 4 C ). 

3.4. 24-hour ambulatory blood pressure outcomes 

There were no significant TIME, TREATMENT, or TIME x TREAT-
MENT interaction effects on the 24-hour ambulatory systolic
and diastolic blood pressure parameters (daytime, nocturnal
and 24-h, and dipping patterns; all P > .05). However, for day-
time SBP blood pressure there was a non-significant trend to-
wards a main effect of TIME ( F (1, 35) = 3.10, P = .087 η2 = .081)
with participants’ daytime SBP trending towards an improve-
ment from baseline (129.25 (16.86)) to post-testing (124.73
(14.16)), results summarized in Table 4 . 
4. Discussion 

The present study investigated the ability of fruit-based an-
thocyanin supplementation to improve cognition, mood and
blood pressure in older adults with MCI undergoing a group-
based memory rehabilitation program. Anterograde auditory
(RAVLT total) and visuospatial (CFT-recall) learning and mem-
ory, and both objective and subjective prospective memory
(RPA-ProMem and CAPM-self, respectively) significantly im-
proved in both groups during the study, suggesting efficacy of
the group-based memory rehabilitation program in improving
aspects of learning and memory in older adults with MCI. This
is the first study to investigate the efficacy of the ‘Making the
most of your memory’ [ 36 ] group-based memory rehabilita-
tion program in an MCI population and further research val-
idating the efficacy of this program in MCI is required as the
present study did not have a group who did not receive the
memory program. To our knowledge, this is also the first study
to examine the impact of combining an anthocyanin-rich food
source with a group-based memory rehabilitation program. In
contrast to our hypothesis, the group that received QGP sup-
plementation did not have additional benefits, over and above
the memory training intervention, for any of the outcomes
investigated including the battery of cognitive tests, 24-hour
blood pressure, depression, anxiety or stress. 

In this relatively small sample of individuals with MCI,
additional exploratory post hoc analyses were conducted
for pairwise, within-group (pre vs post) and between group
(QGP vs comparator) comparisons. In those analyses, the
QGP group showed improvements in anterograde visuospa-
tial recall over time that were not evident in the compara-
tor group. While the effects of anthocyanins on the antero-
grade visuospatial recall has not previously been reported, a
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previous study has demonstrated a positive effect of antho-
cyanins (138 mg/d, for 6 weeks) on verbal/auditory memory
measures (RAVLT and verbal fluency task) and blood pres-
sure in individuals with mild-to-moderate AD [ 35 ]. Improved
verbal memory was also observed in older adults with age-
related memory decline after 12 weeks of daily consumption
of concord grape juice [ 63 ] and blueberry juice [ 64 ]. Addition-
ally, in healthy adults, consumption of freeze-dried wild blue-
berry powder (302 mg anthocyanins/d) had significant im-
provements in blood pressure, verbal learning and cognitive
flexibility compared to the comparator group [ 65 ]. In contrast,
a study utilizing purified anthocyanin capsules (320 mg/d)
compared to placebo in individuals at increased risk for de-
mentia, found no significant between-group differences [ 66 ].
The difference in results could potentially be attributed to sev-
eral factors, including use of purified anthocyanin compared
to the whole foods administered in other studies, process-
ing of anthocyanins that can result in degradation [ 67 ], and
cohort characteristics. The discrepancy between studies ex-
amining anthocyanin-rich food interventions and purified an-
thocyanin capsules could also indicate that there are other
compounds within these anthocyanin-rich foods that are re-
sponsible for these beneficial effects. In addition, although in
vitro studies demonstrate strong antioxidant effects of phe-
nolic compounds, including anthocyanins [ 23 ,68–71 ], in vivo
results are varied and negative findings could be attributed to
the bioavailability of polyphenols, as low plasma concentra-
tions have been reported after consumption in humans [ 72 ]. 

Several measures of cognition improved over time regard-
less of treatment group, indicating potential beneficial effects
of participation in the group-based memory rehabilitation
program. Improvements were found in anterograde auditory
learning (RAVLT total) and self-reported prospective memory
(CAPM-self), which coincides with previous research that uti-
lized this program in populations of people with other neuro-
logical disorders [ 11–13 ]. Interestingly, the present study also
found improvements in other areas of cognition, including
visual memory (CFT-recall) and objective prospective mem-
ory (RPA-ProMem). Visuospatial aspects of learning and mem-
ory are primarily affected in early AD, as visuospatial deficits
are indicative of medial and lateral parietal lobe dysfunction,
which is uniquely affected in the early stages of AD [ 73 ,74 ].
Indeed, participants in the present study were selected based
on the probable presence of aMCI, which has a high risk of
progressing to AD [ 2 ]. In the present study, we also identi-
fied improved self-reported prospective memory, which was
echoed in the RPA prospective memory test, but not in the
CAPM other-report. This result was not entirely unexpected,
as research indicates that self-, informant-, and performance-
based measures of prospective memory may demonstrate
varying aspects of prospective memory function [ 75 ]. The pos-
itive CFT-recall and RPA prospective memory test findings are
important in the context of the existing literature as the pre-
vious studies that employed the group-based memory reha-
bilitation program for other indications did not identify im-
provements in these memory domains [ 11–13 ]. Therefore, we
show for the first time that the modified memory training pro-
gram utilized in the present study had unique benefits in an
MCI population. Previous evidence suggests that the severity
of impairment is an important predictor of training effects
[ 11 ], which may explain why improvements to these domains
were specific to MCI. 

As behavioral disorders and psychological symptoms are
often comorbid with MCI and affect its presentation and
course [ 76 ], depression, anxiety, and stress scores were exam-
ined in participants in the present study. We did not identify
any changes in anxiety or stress, however there was a trend to-
wards higher depression scores in the treatment group. This
was unexpected as participation in group activities reportedly
has a protective effect against depression anxiety and stress in
older adults [ 77 ] and a high anthocyanin intake has previously
been associated with lower depression scores in people with
and without major depressive disorder [ 78 ]. However, evidence
suggests that the response of individuals to treatment is com-
plex. For example, a recent study showed that a single acute
dose of blueberry supplementation reduced Beck Depression
Inventory-II (BDI-II) scores in self-reported depressed partic-
ipants; however, after 6 weeks of treatment, the depression
scores were significantly worse than the comparator group
[ 79 ]. The authors suggested the presence of a biphasic re-
sponse to anthocyanin administration. In the present study,
we examined depression scores prior to the start, and at the
end of the intervention period and further studies that exam-
ine depression over time are justified. 

In the present study, there was also a lack of significant im-
provement in blood pressure following QGP treatment. While
this was unexpected, this is the first study to examine the ef-
fect of anthocyanins on blood pressure in MCI and there is
recent evidence of inconsistent findings in the literature, in-
cluding a meta-analysis, which concluded that supplementa-
tion of anthocyanins had limited clinical efficacy in reducing
blood pressure [ 80 ]. This may be due to the mounting con-
founding evidence about the effects of anthocyanins on blood
pressure that are likely to be underpinned by methodological
(e.g. dosage, duration of treatment) and cohort characteristics
variability. For example, 1 study found that anthocyanin treat-
ment could reduce blood pressure in a population who were
hypertensive and overweight or obese [ 81 ], while other studies
reported a change in blood pressure after 12 weeks of admin-
istration [ 35 ,65 ,81 ]. 

This study was conducted throughout the COVID-19 pan-
demic and was impacted by several lockdowns, which resulted
in fewer participants than originally intended to achieve suffi-
cient power. Our smaller sample size also limited our ability to
conduct subgroup analyses and include covariates that would
result in a further loss of power. In addition, both empirical ev-
idence and published data show that the COVID-19 pandemic
and lockdowns induced stress, isolation and uncertainty, par-
ticularly for older adults in the community [ 82 ], which may
have impacted our results. Another consideration that is rele-
vant for nutritional intervention studies is the selection of the
control. As the aim of this study was to examine the efficacy of
anthocyanins on memory and other health parameters in in-
dividuals undergoing a group-based memory program, the in-
tervention was an anthocyanin-rich QGP juice compared to a
nutritionally similar juice that lacked anthocyanins (compara-
tor: apricot). It has been reported that apricots contain some
polyphenols [ 83 ] that could have affected the results; however,
the polyphenol family includes a broad range of compounds
and the focus of this study was anthocyanins (a subclass of
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phenols). In future research, additional analyses at the species
level of bioactive compounds that nutritional interventions
contain would be an important addition that would allow
more precise interpretation, reproducibility and comparison
of results across similar studies. Importantly, the results from
our analysis showed an absence of anthocyanins in the apricot
juice. In addition, the apricot juice was a commercially avail-
able pasteurized long-life juice and exposure to high temper-
atures during the pasteurization process, as well as long stor-
age duration, has been shown to reduce the polyphenol con-
tent of various juices [ 84 ]. Therefore, it is unlikely that phe-
nols were delivered in a sufficient dosage to drive benefits in
the comparator group in the present study. As discussed in
our previous publications [ 27 ], there are ongoing challenges
and limitations researchers should consider in relation to se-
lecting an appropriate control for dietary intervention stud-
ies. In addition, future studies would benefit from measuring
plasma and urine concentration of anthocyanins and phenolic
metabolites to understand bioavailability and inter-individual
variation in metabolism of in participants. Another consider-
ation of this study is that MCI does not necessarily translate
to neurodegeneration and progression to AD in all individuals
[ 1 ]. MCI is a heterogenous diagnostic category and although
we included participants with aMCI, our sample likely con-
tained both participants who may progress to an AD diagno-
sis and those with MCI related to different pathologies. The
neuroprotective effects of anthocyanins may not be effective
at improving cognition in people without neurodegeneration,
which suggests that further research into specific subgroups
of individuals with MCI may be of benefit. Importantly, there
are no known negative effects of anthocyanin consumption
[ 85 ]. Therefore, an increase in dietary anthocyanin consump-
tion may offer a low-risk option for individuals seeking to pro-
tect or improve cognitive health; however, further research is
needed. Despite demonstrating an overall positive effect of the
group-based memory intervention in older adults with MCI
in the present study, these benefits have been inferred based
on time effects and further studies examining the efficacy of
this program in individuals with MCI compared to patients
who do not engage in the program (controls) are justified in
this cohort. Additionally, the lack of another intervention arm
that received the QGP juice but not the memory training pro-
gram may have shed more light on the comparative benefits
of both interventions, when implemented separately. We sug-
gest that further adequately powered studies are needed to
investigate this aspect and thus guide clinical advice offered
to older adults with MCI. 
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Anthocyanins: factors affecting their stability and 

degradation. Antioxidants 2021;10:1967. 
doi: 10.3390/antiox10121967 .

[68] Maciel LG, do Carmo MAV, Azevedo L, Daguer H, 
Molognoni L, de Almeida MM, et al. Hibiscus sabdariffa 
anthocyanins-rich extract: chemical stability, in vitro 
antioxidant and antiproliferative activities. Food 

Chem Toxicol 2018;113:187–97. doi: 10.1016/j.fct.2018. 
01.053 .

[69] Zhu F, Li J, Ma Z, Li J, Du B. Structural identification and in 

vitro antioxidant activities of anthocyanins in black 
chokeberry (Aronia melanocarpa lliot). eFood 2021;2:201–8. 
doi: 10.53365/efood.k/143829 .

[70] Vargas CG, da Silva JD Junior, Rabelo TK, Moreira JCF, 
Gelain DP, Rodrigues E, et al. Bioactive compounds and 

protective effect of red and black rice brans extracts in 

human neuron-like cells (SH-SY5Y). Food Res Int 
2018;113:57–64. doi: 10.1016/j.foodres.2018.06.069 .

[71] Ghosh D, McGhie TK, Zhang J, Adaim A, Skinner M. Effects of 
anthocyanins and other phenolics of boysenberry and 

blackcurrant as inhibitors of oxidative stress and damage to 
cellular DNA in SH-SY5Y and HL-60 cells. J Sci Food Agric 
2006;86:678–86. doi: 10.1002/jsfa.2409 .

[72] Lotito SB, Frei B. Consumption of flavonoid-rich foods and 

increased plasma antioxidant capacity in humans: cause, 
consequence, or epiphenomenon? Free Radic Biol Med 

2006;41:1727–46. doi: 10.1016/j.freeradbiomed.2006.04.033 .
[73] Tsatali M, Avdikou K, Gialaouzidis M, Minopoulou D, 

Emmanouel A, Kouroundi E, et al. The discriminant validity 
of Rey Complex Figure Test (RCFT) in subjective cognitive 
decline, mild cognitive impairment (multiple domain) and 

Alzheimer’s disease dementia (ADD; mild stage) in Greek 
older adults. Appl Neuropsychol Adult 2022;0:1–10. 
doi: 10.1080/23279095.2022.2037089 .

[74] Salimi S, Irish M, Foxe D, Hodges JR, Piguet O, Burrell JR. Can 

visuospatial measures improve the diagnosis of Alzheimer’s 
disease? Alzheimers Dement (Amst) 2017;10:66–74. 
doi: 10.1016/j.dadm.2017.10.004 .

[75] Sugden N, Thomas M, Kiernan M. A scoping review of the 
utility of self-report and informant-report prospective 
memory measures. Neuropsychol Rehabil 2022;32:1230–60. 
doi: 10.1080/09602011.2021.1875851 .

[76] Ma L. Depression, anxiety, and apathy in mild cognitive 
impairment: current perspectives. Front aging neurosci 
2020;12:9. doi: 10.3389/fnagi.2020.00009 .

[77] Thapa DK, Visentin DC, Kornhaber R, Cleary M. Prevalence 
and factors associated with depression, anxiety, and stress 
symptoms among older adults: a cross-sectional 
population-based study. Nurs Health Sci 2020;22:1139–52. 
doi: 10.1111/nhs.12783 .

[78] Mestrom AH, Kent K, Larkin T, Walton K, Thomas S, 
Charlton K. Higher anthocyanin intake is associated with 

lower depression scores in adults with and without major 
depressive disorder. Proc Nutr Soc 2023;82:E65. 
doi: 10.1017/S0029665123000745 .

[79] Velichkov M, Bezur Z, van Reekum CM, Williams CM. A 

biphasic response to blueberry supplementation on 

depressive symptoms in emerging adults: a double-blind 

randomized controlled trial. Eur J Nutr 2024. 
doi: 10.1007/s00394- 023- 03311- 9 .

[80] Zhu Y, Bo Y, Wang X, Lu W, Wang X, Han Z, et al. The effect 
of anthocyanins on blood pressure. Medicine 2016;95:e3380. 
doi: 10.1097/MD.0000000000003380 .

[81] Bhaswant M, Brown L, Mathai ML. Queen Garnet plum juice 
and raspberry cordial in mildly hypertensive obese or 
overweight subjects: a randomized, double-blind study. J 
Funct Foods 2019;56:119–26. doi: 10.1016/j.jff.2019.03.011 .

[82] Heid AR, Cartwright F, Wilson-Genderson M, Pruchno R. 
Challenges experienced by older people during the initial 
months of the COVID-19 pandemic. Gerontologist 
2021;61:48–58. doi: 10.1093/geront/gnaa138 .

[83] Leccese A, Bartolini S, Viti R. Total antioxidant capacity and 

phenolics content in apricot fruits. Int J Fruit Sci 2007;7:3–16.
doi: 10.1300/J492v07n02_02 .

[84] Arfaoui L. Dietary plant polyphenols: effects of food 

processing on their content and bioavailability. Molecules 
2021;26:2959. doi: 10.3390/molecules26102959 .

[85] Mattioli R, Francioso A, Mosca L, Silva P. Anthocyanins: a 
comprehensive review of their chemical properties and 

health effects on cardiovascular and neurodegenerative 
diseases. Molecules 2020;25:3809. 
doi: 10.3390/molecules25173809 .

https://doi.org/10.1016/S0022-5371(83)90229-3
https://doi.org/10.1016/0005-7967(94)00075-U
https://doi.org/10.1097/HJH.0000000000000221
https://doi.org/10.3758/BF03193146
https://doi.org/10.1177/0141076813477570
https://doi.org/10.1017/S0007114509992364
https://doi.org/10.1021/jf9029332
https://doi.org/10.1016/j.ajcnut.2023.03.017
https://doi.org/10.1016/j.jagp.2022.10.002
https://doi.org/10.3390/antiox10121967
https://doi.org/10.1016/j.fct.2018.penalty -@M 01.053
https://doi.org/10.53365/efood.k/143829
https://doi.org/10.1016/j.foodres.2018.06.069
https://doi.org/10.1002/jsfa.2409
https://doi.org/10.1016/j.freeradbiomed.2006.04.033
https://doi.org/10.1080/23279095.2022.2037089
https://doi.org/10.1016/j.dadm.2017.10.004
https://doi.org/10.1080/09602011.2021.1875851
https://doi.org/10.3389/fnagi.2020.00009
https://doi.org/10.1111/nhs.12783
https://doi.org/10.1017/S0029665123000745
https://doi.org/10.1007/s00394-023-03311-9
https://doi.org/10.1097/MD.0000000000003380
https://doi.org/10.1016/j.jff.2019.03.011
https://doi.org/10.1093/geront/gnaa138
https://doi.org/10.1300/J492v07n02_02
https://doi.org/10.3390/molecules26102959
https://doi.org/10.3390/molecules25173809

	Queen garnet plum juice supplementation does not provide additional cognitive benefits over a group-based memory program in older adults with mild cognitive impairment: A randomized clinical trial
	1 Introduction
	2 Methods and materials
	2.1 Study design and procedure
	2.2 Participants
	2.3 Dietary intervention
	2.4 Group-based memory rehabilitation intervention
	2.5 Baseline measures
	2.5.1 Demographic data
	2.5.2 Measures of general health
	2.5.3 Habitual diet
	2.5.4 Baseline measures of cognition

	2.6 Outcome Measures
	2.6.1 Cognitive Outcome Measures
	2.6.2 Mood outcome measures
	2.6.3 24-hour ambulatory blood pressure outcome measures

	2.7 Statistical analyses

	3 Results
	3.1 Baseline comparisons
	3.2 Cognitive outcomes
	3.3 Mood outcomes
	3.3.1 Depression, Anxiety and Stress Scales

	3.4 24-hour ambulatory blood pressure outcomes

	4 Discussion
	Sources of support
	Author declarations
	Ethics approval
	Consent to participate/publish
	Sponsor’s role
	CRediT authorship contribution statement
	Acknowledgment
	Supplementary materials

	Reference

