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Abstract

Background—Mild cognitive impairment (MCI) is a well-recognized risk factor for dementia
and represents a vital opportunity for intervening. Exercise is a promising strategy for combating
cognitive decline, by improving both brain structure and function. Specifically, aerobic training
(AT) improved spatial memory and hippocampal volume in healthy community-dwelling older
adults. In older women with probable MCI, we previously demonstrated that both resistance
training (RT) and AT improved memory. In this secondary analysis, we investigated: 1) the effect
of both RT and AT on hippocampal volume; and 2) the association between change in
hippocampal volume and change in memory.

Methods—Eighty-six females aged 70 to 80 years with probable MCI were randomly assigned to
a six-month, twice-weekly program of: 1) AT, 2) RT, or 3) Balance and Tone Training (BAT; i.e.,
control). At baseline and trial completion, participants performed a 3T magnetic resonance
imaging scan to determine hippocampal volume. Verbal memory and learning was assessed by
Rey’s Auditory Verbal Learning Test.

Results—Compared with the BAT group, AT significantly improved left, right, and total
hippocampal volumes (p<0.03). After accounting for baseline cognitive function and experimental
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group, increased left hippocampal volume was independently associated with reduced verbal
memory and learning performance as indexed by loss after interference (/=0.42, p=0.03).

Conclusion—Aerobic training significantly increased hippocampal volume in older women with
probable MCI. More research is needed to ascertain the relevance of exercise-induced changes in
hippocampal volume on memory performance in older adults with MCI.
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INTRODUCTION

Worldwide, one new case of dementia is detected every four seconds.! Currently, 35.6
million people have dementia and by 2050, this number will increase to 115.4 million.1
Thus, the societal value of developing effective intervention strategies cannot be overstated.?

Mild cognitive impairment (MCI) is a well-recognized risk factor for dementia and may
represent the prodromal stage of Alzheimer’s disease (AD).34 Older adults with MCI
develop AD at a rate of 10-30% annually,%6 while those without MCI develop dementia at a
rate of 1-2% annually.> MCI is characterized by cognitive decline that is greater than
expected for an individual’s age and education level, but does not significantly interfere with
everyday function.” Thus, we propose that MCI represents a critical window of opportunity
for intervening and altering the trajectory of both cognitive decline and loss of functional
independence in older adults.

Exercise is a promising strategy for combating cognitive decline. There are two distinct
forms of exercise training: 1) aerobic training, which aims at improving cardiovascular
fitness (e.g., running), and 2) resistance training, which aims to increase muscle mass,
strength, and power (e.g., lifting weights). Both types of exercise training enhance cognitive
performance and functional plasticity in healthy community-dwelling older adults.8-11

Emerging evidence also suggests that exercise has cognitive benefits for older adults with
MCI. Specifically, a six-month aerobic training program significantly improved conflict
resolution, processing speed, and verbal fluency in older women with amnesic MCI. We
previously demonstrated that six months of resistance training improved executive functions
while both resistance training and aerobic training improved memory in older women with
probable MCI1.1213 Furthermore, we showed that resistance training positively impacted the
regional patterns of functional brain plasticity during associative memory task performance
in this high-risk population.12

However, no intervention study has examined the impact of exercise on brain structure (e.g.,
volume) in older adults with MCI. With respect to dementia risk, the hippocampus is a brain
structure of intense interest. The hippocampus is sensitive to aging effects 14 and significant
hippocampal atrophy is a hallmark of AD.1516 Thus, understanding the effect of exercise on
the hippocampus will increase our appreciation of the role exercise may play in dementia
prevention.
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To date, aerobic training has been shown to significantly increase hippocampal volume
among healthy community-dwelling older adults.1’ Specifically, Erickson and colleagues 17
demonstrated that a 12-month, 3-days/week walking program significantly increased both
left and right hippocampal volumes (2.12% and 1.97%, respectively). This was equivalent to
reversing age-related loss in hippocampal volume by up to two years.1” To our knowledge,
no study has examined whether exercise, including either resistance training or aerobic
training, have similar benefits on the hippocampus among older adults with MCI.

Thus, using neuroimaging data from a proof-of-concept single-blinded randomized
controlled trial (NCT00958867) of exercise,1218 we conducted a secondary analysis to
assess: 1) the effects of both resistance training and aerobic training on hippocampal volume
among older women with probable MCI; and 2) the association between change in
hippocampal volume and change in memory performance. We hypothesized that both types
of exercise training would increase hippocampal volume after six months of training.

METHODS

Study Design

We conducted a 26-week, single-blinded, randomized trial of exercise (NCT00958867;
EXercise for Cognition and Everyday Living (EXCEL)) at the University of British
Columbia with assessments at baseline, mid-point, and trial completion. Assessors were
trained by the research team and blinded to group allocation of the participants. Magnetic
resonance imaging (MRI) data were acquired at baseline and trial completion in a subset of
eligible individuals.

Participants

Our study only included women due to potential sex differences in cognitive response to
exercise.19 From April 2009 to August 2009, we recruited participants using advertisements
in local media and a memory clinic. Individuals were screened by a standardized telephone
interview and by a 30-minute in-person assessment. Participants with both single- and multi-
domain MCI (lower performance in multiple cognitive domains) were included in this study.

Women who lived in Vancouver, Canada, were eligible for the study if they: 1) were 70 to 80
years old; 2) were living independently in their own home; 3) scored = 24/30 on the Mini-
Mental State Examination (MMSE):20 4) scored < 26/30 on the Montreal Cognitive
Assessment (MoCA);2! 5) answered “yes” to the question “Do you have any difficulty with
your memory?”;22 6) Scored > 6/8 on the Lawton and Brody Instrumental Activities of
Daily Living;23 7) had a visual acuity of at least 20/40, with or without corrective lenses;
and 8) obtained their physician’s clearance to start a supervised exercise program.

We excluded those who: 1) had a current medical condition for which exercise is
contraindicated; 2) had participated regularly in resistance training or aerobic training in the
last six months; 3) had a neurodegenerative disease and/or stroke; 4) had a diagnosed
psychiatric condition (e.g., depression); 5) had a diagnosis of dementia of any type; 6) did
not speak and understand English fluently; or 7) were on oestrogen replacement therapy.
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Figure 1, the CONSORT (Consolidated Standards of Reporting Trial) flowchart shows the
number and distribution of participants. Ethical approval was obtained from the Vancouver
Coastal Health Research Institute and the University of British Columbia’s Clinical
Research Ethics Board. All participants provided written informed consent.

Descriptive Variables

Current level of physical activity was determined by the Physical Activities Scale for the
Elderly (PASE) self-report questionnaire.2* The 15-item Geriatric Depression Scale 2> was
used to screen for depression. The Functional Comorbidity Index was calculated to estimate
the degree of comorbidity associated with physical functioning.28 We used the Lawton and
Brody 23 Instrumental Activities of Daily Living Scale to subjectively assess ability to
perform daily activities.

MRI Acquisition and Segmentation of Hippocampus

The primary outcome measure in this secondary analysis was hippocampal volume. MRI
eligibility was based on a standard screening form. MRI acquisition was conducted at the
UBC MRI Research Centre using a Philips Achieva 3.0T MRI scanner with an eight-channel
sensitivity encoding head coil (SENSE factor=2.4) and parallel imaging. At baseline and
trial completion, structural T1-weighted MRI images (TR=8 ms, TE=3.7 ms,
bandwidth=2.26 kHz, voxel size=1 mm3) were obtained.

To calculate hippocampal volume, the T1-weighted structural images were analyzed using
FIRST 27, a model-based segmentation and registration tool developed as a part of FMRIB
Software Library (FSL; version 5.0, September 2012). The models used in FIRST are
constructed from 317 manually-segmented images. The manual labels are constructed from
317 manually-segmented images. The manual labels are parameterized as surface meshes
and modeled as a point distribution model. FIRST searches through linear combinations of
shape models of variation for the most probable shape instance given the observed
intensities in a T1-weighted image.

Using this method, an affine registration to MNI space was performed with 1Imm resolution
and 12 degrees of freedom. Then, the left and right hippocampi were segmented using lower
boundary limits of 52.5 and 16.5, and upper boundary limits of 53.5 and 17.5, respectively.
The individual quality of the segmentations was checked manually. No boundary
adjustments were necessary. To calculate the total hippocampal volume, left and right
hippocampal volumes were added together.

Verbal Memory and Learning

The Rey Auditory Verbal Learning Test (RAVLT) 28 assessed verbal memory and learning.
Participants were read a list of 15 common words five times. Immediately after each time,
they were required to recall as many words as possible. After the fifth trial, an interference
list was presented, after which participants had to spontaneously recall the original words.
Finally, participants were required to spontaneously recall the original words after a 20
minute delay. Scores were calculated as the total number of words recalled: 1) across the five
trials (i.e., total acquisition); 2) after the interference list (i.e., recall after interference); 3) on
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the fifth trial minus after the interference (i.e., loss after interference); 4) after the delay (i.e.,
long delay free recall); and 5) in the final list that contained 60 words (i.e., recognition).

Randomization

Sample Size

The randomization sequence was generated by www.randomization.com and was concealed
until group allocation. This sequence was held independently and remotely by the Research
Coordinator. Participants were enrolled and randomized by the Research Coordinator to the
twice-weekly exercise groups: resistance training (RT), aerobic training (AT), or balance and
tone (BAT).

The required sample size was calculated based on predictions of six-month changes in the
primary outcome measure, the Stroop Test. We predicted 12% improvement for both RT and
AT and 10% deterioration in the BAT group (i.e., control group) based on our previous work
in seniors aged 70+ years with a significant history of falls 2% and healthy community-
dwelling senior women aged 6575 years.8 Assuming a 15% attrition rate and an alpha level
of <0.05, 29 participants per group ensured a power of 0.80.

Exercise Intervention

Exercise classes began one month after baseline assessments. RT and BAT classes were held
at a fully-equipped gym in a research centre and were led by certified fitness instructors who
received additional training from the study investigators. The classes were 60 minutes in
duration (10-minute warm-up, 40 minutes of core content, and 10-minute cool down).
Attendance was recorded daily, which was used to calculate compliance (i.e., percentage of
total classes attended).

Resistance Training Program—Both a Keiser ® Pressurized Air system and free-
weights were used.8 The Keiser-based exercises consisted of biceps curls, triceps extension,
seated row, latissimus dorsi pull downs, leg press, hamstring curls, and calf raises. The
intensity of the training stimulus was at a work range of 6-8 repetitions (two sets). The
training stimulus was subsequently increased using the 7RM method — when two sets of 6-8
repetitions were completed with proper form and without discomfort. Other key strength
exercises included mini-squats, mini-lunges, and lunge walks. Participants subjectively
monitored the intensity of their workouts by the Borg’s Rating of Perceived Exertion (RPE).
30 The Borg’s RPE scale subjectively indicates the participant’s perceived intensity during
exercise. The scale ranges from six (i.e., very, very light perceived exertion) to 20 (i.e., very,
very hard perceived exertion).3 Participants were asked to aim for 13-15 on the RPE scale
during the RT sessions.

Aerobic Training Program—An outdoor walking program was used. The intensity of the
training stimulus was at approximately 40% of one’s age-specific target heart rate (i.e., heart
rate reserve; HRR) and progressed over the first 12 weeks to the range of 70% to 80% of
HRR. Exercise intensity was monitored through heart rate monitors. Participants also
monitored the intensity of their workouts by Borg’s RPE 30 and the “talk” test.3132
Participants were asked to aim for 13-15 on the RPE scale during the AT sessions.
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Furthermore, when participants were able to speak comfortably during the AT session, they
were asked to increase their walking speed (as able).

Balance and Tone Program—The program consisted of stretching exercises, range of
motion exercises, balance exercises functional and relaxation techniques.8 Other than
bodyweight, no additional loading (e.g., hand weights, etc.) was applied. This group served
to control for confounding variables such as physical training received by traveling to the
training centres, social interaction, and changes in lifestyle secondary to study participation.

Adverse Effects

Participants were questioned about the presence of any adverse effects, such as
musculoskeletal pain or discomfort, at each exercise session. Instructors monitored
participants for symptoms of angina and shortness of breath during the exercise classes.

Statistical Analysis

RESULTS

Participants

All analyses were “full analysis set” 33 (defined as the analysis set which is as complete and
as close as possible to the intention-to-treat ideal of including all randomised participants).

Between-group differences in hippocampal (left, right, and total) volume were compared by
multiple linear regression analysis. In the models, baseline hippocampal volume and
baseline MoCA score were included as covariates. Two planned simple contrasts were
performed. These contrasts were employed to assess differences between: 1) the AT group
and the BAT group; and 2) the RT group and the BAT group. If a contrast was significant,
single-sample t-tests were used to assess whether mean change in hippocampal volume (left,
right, and total) differed from zero. Change was calculated as trial completion volume minus
baseline volume.

Pearson correlations were calculated to examine the relationship between change in
hippocampal volume and change in RAVLT performance. Change in hippocampal volume
and RAVLT performance was calculated as: trial completion value minus baseline value.
Baseline MoCA score and experimental group were used as covariates in these correlation
analyses. The overall alpha was set at p<0.05.

Thirty-nine out of the eighty-six participants who consented and were randomized in the
EXCEL study underwent MRI scanning at baseline. At trial completion, 10 of the 39 MRI
participants dropped out, and 29 participants completed a second MRI scan. Baseline
characteristics of the 39 MRI participants are reported in Table 1. There were no significant
between-group differences at baseline.

We previously reported that the participants of the AT group significantly improved general
balance and mobility performance, as measured by the Short Physical Performance Battery,
34 and cardiovascular capacity, as measured by the Six-Minute Walk Test, 3° compared with
the BAT group (p<0.04).12
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Exercise Compliance

Compliance (i.e., percentage of classes attended) was 60% for the AT group, 54% for the RT
group, and 59% for the BAT group. Compliance was not significantly different between the
groups.1213

Hippocampal Volume

Baseline, trial completion, and change in hippocampal volumes are reported in Table 2. At
baseline, there is no significant between-group difference for exercise groups (i.e., AT and
RT). The AT group had significantly increased total hippocampal volume compared with the
BAT group (p=0.01) at trial completion. Accordingly, both left and right hippocampal
volumes improved significantly over the course of the intervention in the AT group
compared with the BAT group (both p=0.03). Single-sample t-tests indicated that mean
change in hippocampal volume (left, right, and total) within the AT group were not
significantly different from zero (p=0.09), indicating hippocampal volume maintenance
rather than increase over the six-month period.

Compared with the BAT group, the RT group did not demonstrate a significant increase in
total hippocampal volume at trial completion (p=0.76). Accordingly, neither left nor right
hippocampal volumes improved significantly in the RT group compared with the BAT group
(p=0.83 and p=0.70, respectively).

Change in Hippocampal Volume and Change in RAVLT Performance

Baseline, trial completion, and change in RAVLT performance are reported in Table 3. After
accounting for baseline MoCA score and experimental group, change in left hippocampal
volume was significantly and positively associated with change in loss after interference
over the six-month intervention period (see Figure 2 and Table 4; 1(25)=0.42, p=0.03). Thus,
increased left hippocampal volume was associated with greater loss in number of words
recalled post-interference (i.e., poorer performance). Change in left hippocampal volume
explained 16% of the total variance in change in loss after interference; total variance
explained was 27%. No other significant associations between change in hippocampal
volume and change in RAVLT performance were found (Table 4).

Adverse Events

Results of the Chi Square test indicated no significant between-group differences (p=0.54) in
the proportion of participants reporting adverse events. Specifically, one episode of shortness
of breath that was resolved with rest was recorded for the RT group, two non-injuries falls
were recorded for the AT group, and two non-injuries falls and one episode of shortness of
breath that resolved with rest were reported in the BAT group.

DISCUSSION

In 70 to 80 year-old community-dwelling women with probable MCI, six months of twice-
weekly aerobic training significantly increased the total hippocampus volume, relative to
twice-weekly balance and toning exercises. We also found that increased left hippocampal
volume was significantly associated with reduced verbal memory performance over the six-
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month intervention period. To our knowledge, our study is the first to examine the effect of
exercise, both aerobic training and resistance training, on hippocampal volume in older
women with probable MCI.

Our primary finding of the positive impact of aerobic training on hippocampal volume
concurs and extends previous observations.1? Aerobic training may increase hippocampal
volume by increasing levels of brain derived neurotrophic factor which stimulate
neurogenesis and increase the complexity of the dendritic network. 1736 Erickson and
colleagues 17 demonstrated that 12 months of thrice-weekly aerobic training significantly
increased both left and right hippocampal volume among healthy older adults. Notably, we
observed a 5.6% volume increase in the left hippocampus, a 2.5% increase in the right
hippocampus, and a 4% increase in total hippocampus. These volume changes exceed those
observed by Erickson and colleagues, who reported a 2.12% increase in the left
hippocampus and a 1.97% increase in the right hippocampus.” The greater benefit observed
in this study may relate to participant characteristics. First, our study included older adults
with probable MCI while Erickson and colleagues 17 included cognitively-healthy older
adults. Second, we included women only while both men and women were included in the
study by Erickson and colleagues.1” Notably, a previous meta-analysis suggested that the
cognitive benefits of aerobic training may be greater for women than men.1® Importantly,
this sex-difference in cognitive response to aerobic training has been demonstrated among
older adults with MC1.37 It is possible this sex-difference extends to exercise-induced
changes in brain structure.

Our finding that increased left hippocampal volume was significantly associated with greater
loss after interference over the six-month intervention period was unexpected. In the same
study sample, we previously demonstrated that aerobic training significantly reduced loss
after interference as measured by the RAVLT.18 It has been hypothesized that the left
hippocampus is more involved in episodic or autobiographical memory while the right
hippocampus is implicated in spatial memory.38 Our current and previously reported results
correspond with these hypothesized hemispheric differences. Thus, we had expected to
observe that increased left hippocampal volume to be significantly associated with better
retention of the 15-word list. However, Eyler and colleagues 3° recently concluded that a
simple model of greater brain volumes result in better cognitive performance may not be
accurate. Other factors such as white matter degeneration, may significantly moderate the
association between brain volume and cognitive performance. Of particular relevance to our
study, among individuals with MCI or AD, the connectivity between the hippocampus and
other brain areas are greatly disrupted by white matter abnormalities 4°. Thus, increasing
hippocampus volume alone in these populations may not result in improved memory
performance. Regardless, we are very cautious in our interpretation of this result and
emphasize that this facet of the study, requires further investigation.

In contrast to aerobic training, resistance training did not have a significant effect on
hippocampal volume. However, in a rat study, both aerobic training and resistance training
made positive impacts on the hippocampus and hippocampus-dependent memory
performance, but through divergent pathways.36 As our study is the first to explore the effect
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of resistance training on hippocampal volume and hippocampal-dependent memory in older
adults with MCI, future studies are needed to further elucidate these relationships.

The conclusions of our proof-of-concept randomized controlled trial are tempered by our
exclusion of men and those older or younger than 70-80 years old. Future studies with larger
sample sizes and greater in-depth characterization of MCI subtypes (i.e., single- versus
multi-domain MCI) are needed to corroborate our current findings and to extend our
understanding of the role of exercise training in promoting cognitive and neural brain
plasticity in older adults with MCI.

Conclusions and future recommendations

The clinical entity of MCI represents a vital opportunity for intervening and altering the
trajectory of both cognitive decline and loss of functional independence. Our proof-of-
concept study suggests that aerobic training may be effective in maintaining hippocampal
volume in this high-risk population. Given the growing evidence that exercise is beneficial
for both cognitive and brain health, physical activity should be a standard recommendation
for all older adults regardless of cognitive status.
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What are the new findings?

. With respect to dementia risk, the hippocampus is a brain structure of intense
interest. We demonstrated that six months of aerobic training significantly
increased hippocampal volume in older women with probable mild cognitive
impairment (MCI).

. Increased hippocampal volume was associated with reduced verbal learning
and memory performance.

. Exercise appears to be an effective intervention strategy to combat cognitive
decline in those with MCI.

How might it impact on clinical practice in the near future?

. Cognitive decline is a major health care and societal issue; MCI represents a
critical period to intervene against dementia.

. Exercise is a low-risk and cost-effective intervention strategy.

. Our research suggests that twice-weekly aerobic exercise can positively
impact hippocampal volume — a structure essential for memory and yet,
sensitive to both aging and neurodegeneration. Therefore, we recommend that
exercise be implemented at a population-level to combat cognitive decline
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Flyer advertisements in a General newspaper,
hospital memory clinic television, flyer, radio &
Y email advertisements
TELEPHONE SCREEN
285 screened

111 excluded
58 cligible based on phone screen but no longer interested
T
IN PERSON SCREENING SESSION
116 screened
25 excluded
4 cligible but no longer interested
I
87 consented and booked for bascline assessment
39 eligible for magnetic resonance imaging (MRI)

1 withdrew
(1=no interest)

i
BASELINE ASSESSMENT
86 completed the assessment
39 completed MRI scan
= 72
[ 86 randomized |

|
I I 1

2x/week Acrobic Training: n=30 2x/weck Balance and Tone: n=28 2x/week Resistance Training: n=28
MRI: n=14 MRI: n=13 MRI: n=12
6 withdrew
(5=nointerest; | | did not complete 1 did not complete
1=health) H  midpoint midpoint assessment
(1=weather) (1=health)
MIDPOINT ASSESSMENT MIDPOINT ASSESSMENT MIDPOINT ASSESSMENT
23 completed 28 completed 26 completed
1 did not complete 1 did not complete
final assessment [ final assessment [
(1=health) (1=health)
FINAL ASSESSMENT FINAL ASSESSMENT FINAL ASSESSMENT
24 completed 27 completed 26 completed
MRI: 10 completed MRI: 11 completed MRI: 8 completed
77 completed trial

29 completed MRI and included in analysis

Figure 1.
CONSORT flowchart for study participants.
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Figure 2.
Positive partial correlation between change in left hippocampal volume and change in loss

after interference (Rey Auditory Visual Learning Test) (N=29).
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Table 2

Hippocampal volumes segmented from T1-weighted MRI scans using FSL FIRST (N=29).

Variable AT (n=10) RT (n=8) BAT (n=11)
Mean (SD) Mean (SD) Mean (SD)
Hippocampus Volume Baseline (mm3)
« Left hippocampus ~ 3158.20 (500.41)  3016.25 (528.93) 3003.64 (476.32)
* Right hippocampus  3337.10 (656.34)  3189.50 (481.25)  3053.64 (638.16)
« Total hippocampus ~ 6495.30 (1072.08)  6205.75 (954.27)  6057.27 (1089.61)

Hippocampus Volume 6 months (mm3)

* Left hippocampus 333650 (454.99) * 3027.88 (468.76)  3027.73 (563.30)

* Right hippocampus 3419 70 (539.57) * 3043.00 (564.82) 2923.64 (626.61)

* Total hippocampus — §756.20 (952.25) * 6070.88 (974.35) 5951.36 (1117.94)
Hippocampal Volume Change (mm3)

« Left hjppocampus ~ 178.30 (297.56) 11.63 (183.55) 24.10 (209.70)

« Right hippocampus ~ 82.60 (437.39) -146.50 (317.70)  —130.00 (186.21)

« Total hippocampus ~ 260.90 (607.96) -134.88 (411.09) -105.91 (220.56)

Br J Sports Med. Author manuscript; available in PMC 2015 July 20.
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Table 3

Scores for verbal memory and learning (Rey Auditory Visual Learning Test) (N=29).

Variables” AT (n=10)  RT (n=8) BAT (n=11)

Mean (SD)  Mean (SD) Mean (SD)

RAVLT Baseline

« Total acquisition 7.56 (1.63) 8.38 (2.00) 7.33(1.37)
* Recall after interference ~ 7.10 (3.25) 7.88 (2.64) 6.64 (2.46)
« L oss after interference”™™  3-20 (1.62) 3.63 (2.45) 2.82 (2.32)
* Long delay free recall 7.10 (3.38) 8.00 (2.00) 6.73 (2.83)
* Recognition 12.70 (2.58)  13.25(2.32) 13.45 (1.29)

RAVLT 6 months

« Total acquisition 8.16 (2.68) 9.68 (1.55) 8.04 (1.72)
 Recall after interference ~ 8.10 (3.35) 9.25 (2.60) 7.64 (3.29)

« Loss after interference™™  2-30 (1.16) 263 (1.92) 2.82(1.99)

« Long delay free recall 7.20 (4.34) 9.75 (3.24) 7.90 (3.31) HAA
* Recognition 13.30 (1.06)  13.14 (1.46) 13.73 (1.19) HAE

RAVLT Change score

« Total acquisition 0.60 (2.28) 1.30 (1.79) 0.71 (1.29)

* Recall after interference ~ 1.00 (2.40) 1.38(2.97) 1.00 (2.10)

« [ oss after interference”™* —0.90 (1.60)  -1.00 (3.07) 0.00 (2.53)

* Long delay free recall 0.10 (2.96) 1.75 (2.76) 0.80 (2.57) FAA
* Recognition 060(212)  _g43(2.70)™" 0.27(1.19)

*
Higher score indicates better performance (except for /oss after interference)

Aok

Loss after interference calculated as trial 5 score minus trial 6 score

HokAh

n=11

Heok kA

n=7
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Correlation between change in Rey Auditory Visual Learning Test scores with change in hippocampal volume

Table 4
(N=29).*

ARAVLT ATotal HV  ALeft HV A Right HV

r (p-value) r (p-value) r (p-value)
A Total Acquisition -0.04 (0.86)  0.09 (0.65) -0.11 (0.58)
A Recall after Interference -0.34(0.08) —0.37 (0.06) -0.19 (0.34)
A Loss after Interference 0.15 (0.44) 0.42 (0.03) **% —0.10 (0.63)
A Long Delay Free Recall™  —027(0.19)  -0.28 (0.17) -0.16 (0.43)
A Recognition ™™ -0.24 (0.23) -0.19(0.35) -0.19 (0.35)

Abbreviation: HV = Hippocampal volume

*
Controlled for baseline MoCA and experimental group

*:

*
N=28

Aok

£<0.05

A calculated as trial completion value minus baseline value
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