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Abstract

Objectives: Preclinical studies have shown that blueberry supplementation can improve
cognitive performance and neuronal function in aged animals and have identified associations
between anthocyanins and such benefits. Preliminary human trials also suggest cognitive
improvement in older adults, although direct evidence of enhancement of brain function has not
been demonstrated. In this study, we investigated the effect of blueberry supplementation on
regional brain activation in older adults at risk for dementia.

Methods: In a randomized, double-blind, placebo-controlled trial we performed pre- and post-
intervention functional magnetic resonance imaging during a working memory task to assess the
effect of blueberry supplementation on blood oxygen level-dependent (BOLD) signal in older
adults with mild cognitive impairment, a risk condition for dementia.

Results: Following daily supplementation for 16 weeks, blueberry-treated participants exhibited
increased BOLD activation in the left pre-central gyrus, left middle frontal gyrus, and left inferior
parietal lobe during working memory load conditions (corrected p < 0.01). There was no clear
indication of working memory enhancement associated with blueberry supplementation. Diet
records indicated no between-group difference in anthocyanin consumption external to the
intervention.

Discussion: These data demonstrate, for the first time, enhanced neuronal response during
working memory challenge in blueberry-treated older adults with cognitive decline and are
consistent with prior trials showing neurocognitive benefit with blueberry supplementation in this
at-risk population.
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Introduction

Methods

The prevalence of Alzheimer’s disease (AD), the most common form of dementia, is
projected to escalate substantially by mid-century. Because there is no effective treatment for
AD, intervention to mitigate progressive cognitive decline in at-risk individuals is an
essential approach to this growing public health problem. Mild cognitive impairment (MCI)
is a clinical condition in which individuals exhibit greater than expected cognitive decline
with aging in the context of relatively preserved everyday function. Those with MCI have
increased risk for dementia, [1] and represent a population targeted for preventive
interventions.

Modifiable, environmental factors influence risk for late-life AD, and nutritional approaches
have been cited as particularly important in this regard. [2] Anthocyanins are a class of
flavonoid polyphenols that are strongly represented in berry fruits such as blueberries,
blackberries, and strawberries. Anthocyanin compounds have been identified in several brain
regions following blueberry supplementation in animals and have been associated with
cognitive performance. [3] A relatively large body of preclinical research has established
both functional and mechanistic effects of blueberry supplementation such as reversal of
age-related decrements in cognitive and motor function and enhancements of neuronal
resilience, cerebral blood flow, and endothelial protection. [4-6] Further, cognitive and
neurotrophic benefits specific to hippocampus have been shown with blueberry treatment,
[7,8] a particularly pertinent effect with respect to late-life dementia. There has been much
less data concerning the neurocognitive response to blueberry supplementation in humans,
although the application of functional and structural neuroimaging in young and older adults
in the context of other flavonoid-containing products has indicated alterations of neuronal
function that are broadly consistent with animal studies. High-flavanol cocoa treatment has
been associated with enhancement of cerebral blood flow, [9] Concord grape juice [10] and
pomegranate juice [11] supplementation with increased regional brain activation, and
resveratrol treatment with enhanced hippocampal connectivity. [12]

In the current study, we investigated the neuronal effects of blueberry supplementation in a
sample of older adults with increased risk for dementia. Our intent was to investigate
cerebral response to whole fruit blueberry taken daily for several weeks. We performed /n-
vivo functional neuroimaging before and after supplementation to assess changes in regional
brain activation during performance of a working memory (WM) task.

The study protocol was approved by the University of Cincinnati Medical Institutional
Review Board and registered with the Clinical Trials Identifier: NCT00599508. Each
participant reviewed and signed the approved informed consent documents prior to study
enrollment. In a randomized, double-blind, placebo-controlled trial, older adults with MCI
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were assigned to receive either freeze dried, whole fruit blueberry powder or placebo powder
daily for 16 weeks. Functional magnetic resonance imaging (fMRI) was performed at pre-
and post-intervention study visits while participants were engaged in a WM challenge.

Participants 68 years and older were recruited from the region in and around Cincinnati, OH
USA with print notices that solicited older adults with awareness of age-related memory
decline. The age range of the sample was 68 to 92 years. Each prospective participant was
involved in an initial telephone contact to discern interest in the study, to inquire about
awareness of cognitive decline with aging, and to identify exclusionary factors. A
subsequent in-clinic visit involved further assessment to determine the extent of cognitive
impairment and other aspects of study eligibility. Those with dementia or other neurological
condition, diabetes, kidney disease, liver disease, serious psychiatric disorder, substance
abuse, claustrophobia, and implanted ferromagnetic devices were excluded. We enrolled a
sample of men and women who met clinical criteria for MCI. [1]

Clinical assessment

Demographic information, medical history, and medication and supplement use were
assessed with the Academic and Medical History Questionnaire. [13] Level of cognitive
decline was determined with the modified Clinical Dementia Rating (mCDR) [14] and
corroborated with other cognitive assessments. The mMCDR classification involved
systematic evaluation of the participant’s cognitive capability by an informant, such as a
spouse or adult child, who provided information concerning functioning in six domains of
everyday activities with greatest emphasis on memory ability. We included individuals
classified as having mild impairment consistent with MCI. Individuals classified with no
impairment and those with mild, moderate, and severe dementia were excluded. We also
administered the Montreal Cognitive Assessment (MoCA) [15] and the California Verbal
Learning Task (CVLT) [16] to obtain objective measures of general cognitive function and
memory ability, respectively. We included those who scored below the established cut score
of 26 for MCI on the MoCA and at least 1 SD below the age-corrected mean on the learning
trials of the CVLT. Further, the Geriatric Depression Scale (GDS) [17] and the Geriatric
Anxiety Inventory (GAI) [18] were used to assess level of mood disturbance, a potentially
confounding factor with respect to cognitive-cerebral function. Individuals with GDS scores
> 15 or GAI scores > 13 were evaluated further and excluded from study participation if a
depressive or anxiety disorder was suspected. We also measured height, body weight, and
waist circumference.

Blueberry powder and placebo

Powder prepared from whole freeze-dried blueberry fruit (Vaccinium) and a placebo powder
were provided by the US Highbush Blueberry Council (Folsom, CA USA). The blueberry
fruit powder was a 50%:50% mixture of blueberry cultivars V/ ashei Reade ‘Tifblue’ and V/
corymbosum L “Rubel.” Fruit was frozen immediately after harvest, freeze-dried and milled
to a 40 mesh powder. The berry powder had a phenolic concentration of 20.37 + 0.31 gallic
acid equivalents/g DW powder, [19] anthocyanin content of 14.53 + 0.04 mg cyanidin 3-
glucoside equivalents/g DW powder [20], and an ORAC value of 248 + 20.61 umole Trolox
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equivalents/g DW powder. [21] The caloric content of the blueberry powder was 399
calories/100 g, and the macronutrient composition was 95.0% carbohydrate, 0.96% fat, and
2.47% protein. The placebo powder was matched for color, taste, and sugar content as
closely as possible and milled similarly. The placebo was composed of food-grade
ingredients, including artificial and natural blueberry flavor, artificial purple and red
coloring, maltodextrin, fructose, and citric acid, and contained 389 calories/100 g with
97.3% carbohydrate, 0.02% fat, and less than 0.78% protein. Fiber was not included in the
placebo because of uncertainty as to how it may have contributed to health and
neurocognitive effects in the control group participants.

Based on extrapolation from quantities used in animal and past human experiments, we
chose a daily dose equivalent of 1 ¢ (approximately 148 g) whole blueberry fruit. [22]
Blueberry and placebo powders were packaged in identical, individual dose foil packets
containing one-half the daily dosage, the blueberry powder at 12.5 g per packet and placebo
at 12 g per packet. HPLC analysis indicated that approximately 25% of the anthocyanins
was still present in the powder after three years (data not shown). Colorimetric analysis
indicated no decline in total phenolics and ORAC antioxidant capacity during the three-year
period. Compared to the blueberry powder the placebo powder had an apparent phenolic
content of about 3.5%, while the ORAC of the placebo was about 2.4%. Anthocyanin
compounds were not detected in the placebo.

To achieve the daily dose of 1 ¢ whole fruit equivalent, participants were instructed to take
one packet of powder two times a day, with the morning and evening meal. Therefore, for
participants taking blueberry powder, the daily intake of phenolics was 417 gallic acid
equivalents, of anthocyanins was 269 mg cyanidin 3-glucoside equivalents, and ORAC 6525
UM Trolox equivalents based on average values for the blueberry powder over the three
years. The general recommendation for consumption was that the powder be mixed with
water, although mixing with other foods or beverages was not prohibited. Our prior
flavonoid intervention trials included an intervention period of 12 weeks. [10,11] In this trial
we chose to extend the intervention to 16 weeks in order to investigate the possibility of
greater benefit with a longer period. All participants were given a list of anthocyanin-
containing foods including berries and other red, purple, or blue plant-based food and their
processed products such as red wines, juices and jams that were to be avoided for the
duration of the intervention.

Participants were instructed to record all food and beverage intake for three consecutive
days, including one weekend day and two weekdays, during the week before enroliment,
during week 8, and during the final week of the intervention.[23] The polyphenol module of
the Nutrition Data Systems for Research (Nutrition Coordinating Center, University of
Minnesota, Minneapolis, MN) was used to calculate anthocyanin consumption in the diet
external to the study intervention as a means of evaluating adherence to the prescription
against berry fruit product consumption and to assess potential group differences in
consumption outside the study.
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Functional neuroimaging

Functional magnetic resonance imaging (fMRI) data were acquired while participants
performed a sequential letter 7-back working memory task programmed and administered
using EPrime (www.pstnet.com). This task has been applied extensively in neuroimaging
studies and shown to elicit regional activation characteristic of WM processing, [24] and we
have used it in a prior fMRI experiment involving older adults and berry fruit
supplementation. [10] The paradigm involved visual presentation of a series of upper and
lower case letters of the alphabet with an inter-stimulus interval of 2500 ms. The participants
responded by pressing one of two buttons to indicate either ‘yes’ or ‘no’ in accordance with
task instructions. In the (-back condition, participants were instructed to respond ‘yes’ when
the letter *X” was displayed and ‘no’ otherwise. Accordingly, the (-back condition
represented a sustained attention task with minimal working memory load as there was no
trial-to-trial retention requirement. Working memory load was elicited by the 7- and 2back
conditions in which participants were instructed to respond to each letter presentation
indicating whether or not that letter had appeared 77 items previously. In the Z-back
condition, the participant was required to recognize when the currently displayed letter was
the same as the letter displayed one item previously. In the 2-back condition, the participant
was required to recognize when the current letter matched the letter presented two items
earlier in the sequence. Four runs, each consisting of the three n-back blocks containing 34
trials were administered, and the order in which the condition blocks were presented within
each run was pseudo-randomized such that each block type appeared once per run. All
participants were acquainted with the instructions and the procedure and performed a
practice version of the /+back task at a work station before placement in the scanner.

Stimulus event times were used to model activation in the fMRI data. For each participant,
the event times were extracted from E-Prime for hits (correctly identifying a target), correct
rejections (rejecting a non-target), misses (failing to identify a target), and false alarms
(identifying a non-target as target) for each /+back condition (¢, - and 2-back). Instruction
screens were displayed for 15 seconds separating blocks of events and served as the baseline
against which event-related activation was estimated. Slice timing correction was achieved
by aligning the midpoint of each trial run repetition time (TR) to the behavioral event times.

Brain imaging data were acquired on a 4.0 Tesla Varian INOVA Whole Body MRI/MRS
system (Varian Inc., Palo Alto, CA, USA). Prior to entering the scanner room, participants
underwent screening for MRI safety to identify hazards such as metallic implants,
irremovable jewelry, and claustrophobia. Visual stimuli for the paradigm were presented
through non-ferromagnetic high-resolution video goggles (Resonance Technologies, Inc.,
Northridge, CA, USA). We acquired four runs of T2*-weighted gradient-echo echo planar
images (EPI) consisting of 35 contiguous 4 mm axial slices covering the entire brain (TR/TE
3000/25 ms, FOV 256 x 256 mm, flip angle 85°) with 126 EPI acquisitions, the first two of
which were discarded to account for T1 overshoot. A multi-echo reference scan was
obtained to correct for ghost and geometric distortions. [25] After the fMRI data acquisition,
a T1-weighted 3-D anatomical image was acquired using a modified driven equilibrium
Fourier transform (MDEFT) sequence, [26] (TMD=1.1 s, TR=13 ms, TE=5.3 ms, FOV=25.6
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x 19.2 x 19.2 cm, matrix 256 x 192 x 96, flip angle 20°) to provide anatomical co-
registration of fMRI data.

Raw (binary) MRI data were reconstructed using in-house software developed with the
Interactive Data Language program (IDL; www.ittvis.com) with Hamming filtering in the X,
Y, and Z planes. Images were subsequently processed, analyzed, and visualized with the
AFNI software (Analysis of Functional Neuroimages, afni.nimh.nih.gov). [27] All datasets
were normalized to standard space using tools in AFNI to match each participant’s image to
the International Consortium for Brain Mapping’s ICBM452 template from UCLA’s
Laboratory of Neuroimaging (www.loni.ucla.edu). Co-registration of functional to
anatomical images was completed using the align_epi_anat python script through AFNI. The
anatomical image was normalized to the TT_icbm452 template, functional runs were co-
registered to a sub-brick acquired closest in time to the anatomical image using a six-
parameter rigid-body transformation with Fourier interpolation, [28] and all functional EPI
datasets were normalized to the anatomical dataset. The transformations were calculated
stepwise and then combined into a single transform applied to the EPI data in order to
minimize distortion of the fMRI data. Co-registered images were visually inspected and
individually censored from further analysis if uncorrectable head movement or image
artifacts were detected. This eliminated the need to exclude whole datasets on the basis of
global movement characteristics. Binary masking from the anatomical template was applied
to each volume of the functional dataset to remove data points outside the brain. Voxel-wise
signal scaling was performed to convert the data to percent signal change on a per-run basis
prior to deconvolution. Individual activation maps were then generated for each participant
from the stimulus event times using the AFNI program 3dDeconvolve. This algorithm
compares the magnitude of the hemodynamic response during stimulus event times. In this
case, the event times of interest included hits and correct rejections, as these responses
indicated engagement with the working memory task while incorrect responses might be
associated with lapses in task engagement. Hits and correct rejections data were combined to
yield an Accuracy percentage score for each condition. We also recorded response time (RT)
as the number of ms from the onset of the stimulus to the participant response for each trial
as an index of processing time. We included motion correction parameters described above
as regressors of no interest, which allowed for the definition of the magnitude of the
hemodynamic response relative to the average signal intensity at each location (voxel) in the
datasets. These individual maps were then used for group-wise analyses.

Statistical analyses

Analysis of demographic, clinical, and cognitive data, including behavioral performance
during the rback task was completed using SPSS version 21 (Statistical Package for the
Social Sciences, Chicago, IL, USA). Assessment of pre-intervention group differences was
made via independent sample #tests and differences between percentages for continuous and
nominal variables, respectively. Group by treatment effects were evaluated by analyses of
covariance (ANCOVA), which adjusted final values by pre-intervention values prior to group
comparisons to isolate the effect of the intervention.
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We performed separate, within group analyses initially via 3dtest++ in the AFNI toolbox
comparing baseline and final visit BOLD signal during working memory events. We then
assessed possible treatment by visit effects with GroupAna from the AFNI/Matlab toolbox.
In this model, we used a three factor mixed design with Group (blueberry or placebo
powder) and Visit (baseline or final) fixed, and a third variable, participant number, nested in
Group. Monte Carlo simulations were conducted to determine corrections for multiple
comparisons across voxels. Voxel significance threshold was set at p < 0.01, and cluster
thresholds were set at 86 contiguous (faces touching) voxels, for a corrected significance
level of p< 0.01 for all clusters.

Of the 21 enrolled participants, three did not complete a final study visit because of
voluntary discontinuation. Two others were eliminated because performance on the WM
task suggested lack of engagement. For one such participant working memory performance
accuracy was more than two SD below the sample mean and the other exhibited insufficient
responding overall. Because of scheduling exigencies, two participants, one from each
group, completed the final study visit earlier than expected (week 9 and week 11). WM
performances of these latter two participants were within two SD of the mean for each 7+
back condition. The final sample consisted of eight placebo- and eight blueberry-treated
participants.

Table 1 contains data on the participant sample characteristics. The groups did not differ
with respect to age, gender and race distribution, educational level, BMI, and distribution of
diagnosed hypertension. All participants with hypertension were treated with anti-
hypertensive medications, and there was no difference with regard to cognitive performance
on the MoCA, CVLT, and CDR between those with and without hypertension. There was no
group difference for depressive symptom scores (GDS) and anxiety symptom scores (GAI)
and both groups exhibited low levels of mood symptom.

N-back working memory performance

Table 2 contains performance data by group for the Accuracy and RT measures of the 7+back
task. At the pre-intervention enrollment visit, response times during the WM task increased
with increasing memory load as expected. While the placebo group exhibited significantly
briefer RT in the Z-back condition, there was no baseline between-group difference with
respect to Accuracy in any r+back condition. ANCOVA comparing final visit scores, with
control for baseline measures, indicated marginally improved Accuracy for the blueberry
group in the Z-back condition (p = 0.08). The large effect size for this finding (d = 1.02),
indicated that increasing sample size to 17 per group would be sufficient to achieve
significance at p = 0.05 with power = 0.80.

Functional MRI

Dependent £test analyses within the blueberry-treated group indicated signal change for
Accuracy responses at the final visit relative to baseline during the Z- and 2- back conditions
marked by increased signal in the left pre-central gyrus, left middle frontal gyrus, and left
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inferior parietal lobe (corrected p< 0.01; Figure 1). Within the placebo group, a small region
of decreased activation was identified near the left post-central gyrus at follow-up relative to
baseline.

The three factor model (Group, Visit, and Participant), which allowed for evaluation of
Group by Visit interaction, also identified the left inferior parietal and left pre-central gyri as
regions showing significantly greater signal at the final visit in the 2-back condition in the
blueberry-treated group (corrected p < 0.01, Figure 2, Table 3). The effect size estimates for
these findings were d = 1.82 (left inferior parietal gyrus) and d = 1.94 (left pre-central
gyrus). [29] There was no effect of the intervention evident in BOLD contrasts for the ¢- and
I-back conditions. Table 3 identifies these regions in stereotaxic (ICBM452) space.

Dietary intake

Figure 3 shows data on daily anthocyanin consumption outside the study extracted from diet
records obtained prior to the intervention, at the midpoint of the intervention, and during the
final week. Separate repeated measures analyses for each anthocyanin compound indicated
main effects for time for cyanidin (p= 0.01), malvidin (p = 0.05), peonidin (o= 0.05), and a
trend for petunidin (p = 0.08). However, there was no group by time interaction that would
indicate a between-group difference in anthocyanin consumption in the background diet.

Discussion

The three-factor (Group, Visit, and Participant) model, identified two regions of significantly
different BOLD signal at follow-up relative to baseline in blueberry-treated older adults with
MCI (Figure 2), which overlapped with the left inferior parietal lobule and pre-central gyrus
exhibiting increased BOLD signal within the blueberry group following 16 weeks’
supplementation (Figure 1). Accordingly, the Group by Visit by Participant effect is
consistent with the observed increase in regional activation within the blueberry group. This
fact and the large magnitude of the BOLD effect sizes in both of these regions indicate that
these findings reflect robust changes associated with the intervention. More generally, such
observations support the notion that flavonoid compounds modulate central (neuronal, glial)
signaling cascades contributing to alterations in neuro-vascular supply as well as endothelial
mechanisms associated with improved vascular function. [5,6,30]

These fMRI effects were obtained in the absence of statistically significant group differences
in working memory task performance, although the increment favoring the blueberry group
suggests that significant effects might be obtained with a larger sample. We determined that
increasing the total sample size to 34 participants (17 per group) would yield a significant 7~
back performance effect. In light of the robust activation findings in this current study, one
might infer that there was relatively greater variability among the participants in behavioral
performance. It is notable that the finding of enhanced regional activation in the absence of a
concomitant cognitive performance effect also was observed in an older adult MCI sample
following Concord grape juice supplementation, [10] and in young, healthy participants after
receiving short-term high-flavanol cocoa supplementation. [9] Further, flavanol
supplementation has been shown to enhance regional hippocampal function [31] and
cerebral perfusion in healthy older adults. [32] Given the apparent enhancement of brain
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activity in this study, it is also possible that longer term supplementation might be necessary
to demonstrate improvement in working memory performance. Further, it is not clear
whether such an intervention introduced at earlier epochs of cognitive aging might produce
greater or more rapid performance enhancement. This is a particularly salient issue in light
of the notion of an extended preclinical phase of AD during which neuropathological
changes accumulate [33], so that intervention, perhaps in mid-life, may be more effective
with respect to forestalling late-life dementia.

Possible confounds related to metabolic disturbance and vascular disease, risks for AD,
[34,35,36] should be emphasized. In this study, obese participants were excluded because of
the physical constraints of the scanner bore, and six potential participants were ineligible
because of implanted vascular stents. So, there is some likelihood that participants excluded
for these reasons might have demonstrated even greater neurovascular and/or neurocognitive
response to the intervention. This also is relevant because BOLD signal is coupled to
neurovascular function, an index of neural resource recruitment, and the observed alteration
of BOLD signal may have reflected enhanced circulation. Therefore, an important
consideration that could be amenable to investigation is that central activation responses may
be more robust in participants generally excluded from fMRI studies on the basis of factors
related to vascular health such as implanted stents, pace-makers, and/or elevated waist
circumference.

In this trial, we endeavored to assess neurocognitive response to whole fruit blueberry
powder rather than to specific constituents of the fruit. Accordingly, we did not include fiber
in the placebo powder as this conceivably might have influenced outcomes in the control
group; it is possible that fiber-related improvement in metabolic function would be
associated with enhanced cerebral perfusion. However, controlled study of the influence of
fiber certainly is warranted in future berry trials.

A strength of this trial was the use of diet records to sample the background diet before and
during the trial. The data derived on anthocyanin intake suggested that participants in both
groups maintained the prohibition against berry fruit consumption at similar levels during
the intervention.

To our knowledge, this is the first human functional neuroimaging trial to identify altered
BOLD signal following blueberry supplementation in a sample of MCI participants. These
data extend findings from basic neuroscience studies and the extant human trials implicating
flavonoid-rich berry fruits as potential agents in ameliorating age-related cognitive decline.
These trials indicate that nutritional approaches such as blueberry supplementation may
induce beneficial effects for brain function and cognitive behavior. Further, such nutritional
interventions can be instituted readily with little or no risk. In the absence of effective
pharmacotherapy, such nutritional approaches may be of particular value for aging adults
with risk for late-life dementia such as AD.
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Figure 1.
Increased blood oxygen level-dependent (BOLD) signal during memory loading conditions

in blueberry-treated group in the left pre-central gyrus, left middle frontal gyrus, and left
inferior parietal lobe after intervention relative to pre-intervention baseline (corrected p <
0.01).
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Figure 2.
Evaluation of Group-by-Visit interaction; 2nd order, 3-factor (Group, Visit, and Participant),

identified two regions of significantly higher blood oxygen level-dependent (BOLD) signal
after blueberry supplementation (corrected p < 0.01), left inferior parietal lobule and left pre-
central gyrus.
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Figure 3.
Mean daily consumption (mg/day) of anthocyanin compounds in the background diet for the

blueberry- and placebo- treated groups calculated from diet diaries obtained during the week
before enroliment (baseline), week 8 of the intervention (interim), and during the final week
of the intervention. Separate repeated measures analyses for each anthocyanin compound
indicated main effects for time for cyanidin (p=0.01), malvidin (p= 0.05), peonidin (o=
0.05), and a trend for time for petunidin (p = 0.08). However, there was no group by time
interaction that would indicate a betweem-group difference in such consumption outside the
intervention.
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Table 1.
Participant sample characteristics by group
Blueberry Placebo

Measure (n=9) (n=8) p

Age, y 80.4(7.3) 755(4.8) 0.4
Gender, % female 62.5 50 0.30
Race, % White (% Black) 87.5(12.5) 100 (0) 0.15
Education, y 14.4 (2.1) 155(3.0) 0.0
Waist circumference, cm 88.6 (6.5) 92.7(13.1) 0.45
BMI, kg/mm? 26.2(36) 26.4(24) 086
HTN 5 3 0.31
mCDR sum of boxes 0.7 (0.5) 0.8 (0.4) 0.57
MoCA 223(14) 21.8(L7) 053
CVLT cumulative learning score  39.0 (12.5) 37.2(6.5) 0.73
GDS 50(39) 40(21) 053
GAI 15 (2.1) 2.7(36) 0.0

Note. Probability values derived from independent sample #tests for continuous variables and difference test for percentages.

Page 15

HTN = number of participants diagnosed with hypertension at study enrollment. nCDR = modified Clinical Dementia Rating. MoCA = Montreal

Cognitive Assessment. CVLT = California \Verbal Learning Test-11. GDS = Geriatric Depression Scale. GAl = Geriatric Anxiety Inventory.
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Table 2
Working memory performance by group
Baseline Final
Condition Blueberry Placebo Blueberry Placebo
Acc, O-back  0.98 (0.01) 0.94 (0.05) 0.99 (0.01)  0.96 (0.03)
Acc, 1-back  0.74(0.15) 0.85(0.17) 0.88(0.11) 0.86 (0.09)
Acc, 2-back  0.72(0.11) 0.78(0.17) 0.79(0.08) 0.79 (0.09)
RT,0-back 663 (135) 592 (8l) 657 (131) 623 (77)
*RT 1-back 921(181)  740(142)  902(183) 788 (130)
RT,2-back 1037 (272) 860 (149) 1019 (272) 916 (247)

Note. Marginal means at baseline and final visits. Acc = accuracy, percent. RT = response time, ms.

*
indicates statistical difference at baseline, p=0.04.
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Table 3

Coordinates of regions of increased signal after blueberry treatment

Cluster #Voxels CMx CMy CMz Peakx Peaky Peakz Anatomical Region

1 126 324 39.1 46.2 375 40.5 385 Left inferior parietal lobule
2 91 32.7 13.3 47.3 345 135 50.5 Left pre-central gyrus

Note: Identification of regions in stereotaxic (Talairach) space. CM = Center of Mass, Peak = location of the peak signal contrast in the region.
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