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Table 1. Inclusion and exclusion criteria.

Inclusion criteria

Exclusion criteria

45-75years old (inclusive)
Adequate visual (=20/40, ~Log MAR 0.30) and
auditory acuity

e Ability to independently engage in instrumental
activities of daily living

e Capacity to provide written informed consent
independently

e Psychotic features
Agitation or behavioral problems within last 6
months

e Chronic use of narcotics or other medications
known to have adverse effects on cognitive
performance

o Diagnosis of neurologic disease or dementia
(e.g., AD, Parkinson’s disease, and Huntington's
disease)
Clinical history of stroke

e Diagnosis of significant ocular disorders (e.g.,
macular degeneration, glaucoma, and severe
cataracts])

e Noncompliant with study procedures or unable
to provide informed consent

several studies demonstrating that acute and
chronic exercise-induced effects on the cerebro-
vascular system, as measured through retinal ves-
sel density, are correlated with improved cognitive
performance.® For example, incorporating physi-
cal exercise breaks during periods of prolonged
sitting resulted in improvements to executive
functioning and retinal vessel density in college
students.”

Current biomarkers for monitoring vasculopathy
in CBVD and AD, such as magnetic resonance
imaging are costly and require specialized equip-
ment and staff. In this study, we examine the fea-
sibility of using the retina, an extension of the
central nervous system that shares embryological
origin, neurovascular composition, and neurobi-
ology with the cerebral cortex, as a minimally
invasive, cost-efficient, and accessible biomarker
of cerebral vasculature and cognition in older
adults recently discharged from cardiac rehabili-
tation, a population that is highly vulnerable to
cognitive decline. The cardiac rehabilitation pro-
gram represents an intervention that could help
mitigate the risk of repeated cardiac incidents and
cognitive decline.

Here, we examined the relationship between reti-
nal vasculature and cognition in a group of older
adults vulnerable to persistent CVD and cognitive
decline within 3 months of completion of a 12-week
cardiac rehabilitation program. In addition, we
examined exercise changes from pre- to post-reha-
bilitation as a potential moderator of this relation-
ship. Retinal vascular changes occur in CBVD,
MUCI, and AD, related to the level of cognitive

impairment.® Data shows that a 12-week exercise
intervention improved the integrity of retinal
microvasculature in older adults,’ and that myo-
genic vasoconstriction may be reduced in response
to exhaustive exercise and reflect age-related loss
of vascular reactivity in older adults.!? We hypoth-
esize that retinal vascular metrics and domain-
specific cognition will be related in older adults
recently discharged from cardiac rehabilitation,
and that exercise will moderate this relationship in
older adults recently discharged from 12-week car-
diac rehabilitation. We also hypothesize that both
cardiac rehabilitation metrics and exercise metrics
will show a positive association with domain-
specific cognition in this population.

Methods

Participants

Twenty-two participants (44 eyes; 5 female (F),
17 male (M), mean age =63, SD =8) were recrui-
ted within 3months of completion of cardiac
rehabilitation at the Miriam Hospital Cardiac
Rehabilitation Center. 20 participants were White
(90.9%), one participant was African American,
and another participant preferred not to include
their ethnicity. Inclusion/exclusion criteria can be
seen in Table 1.

Procedure

All participants were seen at a single visit at the
Lifespan Clinical Research Center within
3 months of completion of cardiac rehabilitation.
All participants had the decisional capacity to
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Table 2. Outcome measures for cognition, cardiac rehabilitation, exercise, and retinal vasculature.

Time point Source Outcomes Measures
Cognition Within 3months Study visit Episodic memory ISLT, Logical Memory
post-rehab Language FAS, Verbal Fluency
Executive Function ~ DSST
Attention DCTclock
Processing Speed
Cardiac Pre-rehab, post- EMR Measurements Weight
rehabilitation rehab taken pre-post Waist circumference
rehab BMI
Systolic Blood Pressure
Diastolic Blood
Pressure
Exercise Pre-rehab, post- EMR Self-reported Minutes of exercise
rehab entry/exit per day, frequency of
questionnaire at exercise per week,
Cardiac Rehab minutes of exercise per
Program week
Retinal Within 3months Study visit, OCTA OCTA image FAZ area
vasculature post-rehab metrics using FAZ diameter

SPECTRALIS and
post-processing

Vessel Density

BMI, body mass index; DCTclock, Digital Clock Drawing Test; DSST, Digit-Symbol Substitution Test; EMR, Electronic
medical record; FAS, F-A-S Verbal Fluency Test; FAZ, foveal avascular zone; ISLT, Cogstate International Shopping List
Test total score; OCTA, Optical coherence tomography angiography.

provide written informed consent independently
(see Table 1, inclusion criteria). All participants
completed neuropsychological assessment and
retinal OCTA imaging using the Heidelberg
SPECTRALIS 2. Outcome measures can be seen
in Table 2.

Cardiac rehabilitation program

All participants completed cardiac rehabilitation
for one of the following reasons: myocardial
infarction, congestive heart failure, heart valve
repair/replacement, heart transplant surgery, and
heart bypass surgery. The cardiac rehabilitation
program consisted of 3 X 90-min sessions (60-
min exercise and 30-min education, counseling,
and behavior modification) per week for
12 weeks.!! Patients completed a baseline exercise
maximum stress test to assess current cardiorespi-
ratory fitness as well as psychosocial outcomes
using PHQ-912 (depression symptoms), GAD-713
(for anxiety), and SF36!¢ (for physical and psy-
chosocial function). Based on the results of the
exercise stress test, patients were prescribed aero-
bic exercise in the first 4 weeks, after which resist-
ance training started, with gradual increases in
both aerobic and resistance workload based on

the rate of perceived exertion and heart rate, and
the workload achieved during the baseline exer-
cise stress test. All baseline tests were repeated at
program completion to assess for change and gen-
erate exercise prescriptions for discharge.

OCTA image acquisition

OCTA was used for imaging retinal vasculature.
All images were acquired on the Heidelberg
SPECTRALIS® OCT Plus with BluePeak™ and
processed using Eye Explorer (HEYEX) version
1.10.4.0. Our OCTA imaging protocol has been
published previously.!> Briefly, prior to imaging,
all participants were dilated with two drops of
tropicamide (Mydriacyl 1%) per eye. We obtained
20 X 20° OCTA images consisting of 512 B-scans,
512 A-scans per B-scan, 12 um spacing between
the B-scans, and 5 frames averaged per B-scan
location of the central fovea.l%17 The signal qual-
ity values (range for SPECTRALIS =0-40) from
the vendor software were at least 30 to ensure
good image quality. All scans were visually
inspected for motion and shadowing artifacts. To
increase our sample size, both eyes from partici-
pants were selected for the purpose of image anal-
ysis. Processing methods for OCTA images have
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been published previously.!” For a full descrip-
tion, see Supplemental File 1. Key outcomes
include the foveal avascular zone (FAZ) area,
FAZ diameter, and vessel density.

Cognitive testing

Neuropsychological tests administered included
the Cogstate International Shopping List Test
(ISL, with delayed recall)!® and Wechsler
Memory Scale Logical Memory Test (WMSLM;
WMS-III)!? for episodic memory, the FAS Verbal
Fluency Test2? for language, the Digit-Symbol
Substitution Test (DSST)?2! and the DCTclock
Test?2 for executive function, attention, visuospa-
tial construction, and processing speed.

Cardiac rehabilitation and exercise metrics

Vital signs, including height, weight, blood pres-
sure, and heart rate were collected through chart
review from baseline and final cardiac rehabilita-
tion visits. In rehab, blood pressure was measured
twice, 15min apart, while the participant was
seated in a quiet room. Demographic informa-
tion, including date of birth, sex, relevant medical
history (including cardiac, neurological, and psy-
chiatric history), and family history, was collected
through chart review. Self-reported number of
minutes of moderate or vigorous exercise per
week in the last 30days, as well as workload
achieved at the time of cardiac rehab completion
(based on the highest workload achieved in the
last week of the rehab sessions and graduation
exercise testing performance), were also col-
lected. Change scores for max metabolic equiva-
lents (METS), exercise minutes per day, exercise
minutes per week, and exercise days per week
were calculated according to the following
equation:

[post — rehab metric — baseline rehab metric]

Statistical analysis

Analyses were completed using RStudio software
for Windows (version 4.3.1). A paired-sample
t-test determined whether cardiac rehab metrics
differed significantly within subjects, pre- and
post-rehab. Partial correlations controlling for
age determined the relationship between retinal
vasculature metrics and cognition, cognition,
exercise, and cognition and cardiac rehabilitation
outcomes (see Table 1 for outcome measures by
category). We also examined the relationship

between exercise change pre- to post-rehab and
retinal vasculature, as previous studies have
shown improvements in retinal vascular health
with exercise. Missing data was accounted for
using casewise deletion. Following partial correla-
tion analysis, multiple regressions (with age as a
covariate) were used to examine whether exercise
was a moderator of the relationship between reti-
nal metrics and cognitive function for previous
significant partial correlations. For each of the
relevant cognitive outcomes, three exercise meas-
ures were tested as moderators: exercise minutes
per day, minutes per week, and days per week.
These metrics included both regular exercise at
cardiac rehabilitation and prescribed exercise
outside of cardiac rehabilitation.

Results

Cardiac and exercise changes pre- and
post-rehabilitation

Results from paired z-tests showed a statistically
significant increase in total exercise workload
(METs) and duration at the end of cardiac reha-
bilitation compared to pre-cardiac rehabilitation
(p<0.001). Participants’ weight (kg) also signifi-
cantly decreased after completing cardiac rehab.
Other cardiac metrics collected did not change
significantly from pre- to post-rehab.

Primary outcome: Cognition and retinal

vascular metrics

Table 3 shows associations between retinal vascu-
lar metrics and cognitive testing within 3 months
of completion of cardiac rehabilitation. Notably,
significant positive linear relationships were dem-
onstrated between performance on the ISL trial 1
and ISL delayed recall with FAZ area and effec-
tive diameter (see Figure 1(a)).

Exercise as a moderator of the relationship
between retinal vascular metrics and cognition
Given the linear relationships demonstrated in
Figure 1, multiple regressions were run to
examine whether exercise metrics (minutes per
day change, days per week change, and minutes
per week change) moderate the relationship
between retinal metrics and cognition. While the
FAZ area significantly predicted ISL delayed
recall (adjusted R2=0.27, F(6, 13)=2.175,
p<0.05), exercise metrics did not moderate the
relationship between FAZ area and performance
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Table 3. Pearson’s partial correlation coefficients (controlling for age).

ISL ISL ISL FAS Total WMSLM % Systolic  Systolic  Diastolic Weight
Trial 1 Trials Delayed retention BP post- BP BP change
1-3 Recall rehab change change
Total
Retinal FAZ area 0.489* 0.427 0.499* 0.167 -0.180 -0.050 -0.318 0.210 -0.501*
vascular (mm sq) p<0.05 p<0.05 p<0.05
metrics
FAZ 0.456* 0.402 0.499* 0.212 -0.239 -0.063 -0.262 0.251 -0.552*
effective p<0.05 p<0.05 p<0.0
diameter
(microns)
Vessel -0.451 -0.240 -0.204 -0.074 -0.072 -0.310 0.013 0.088 0.293
density ratio
Systolic BP  -0.148 -0.005 -0.106 -0.080 0.490 - - - -
post-rehab
Cardiac Systolic BP  -0.282 -0.311  -0.264 0.234 0.014 - - - -
rehabilitation change
metrics
Diastolic BP  0.112 -0.116 0.012 0.150 -0.264 - - - -
change
Weight -0.104 -0.061  -0.021 -0.593** -0.238 - - - -
change p<0.01
Exercise Exercise 0.235 0.420 0.237 -0.275 0.207 - - - -
metrics minutes per
day change
Exercise 0.175 0.305 0.194 0.047 0.449* - - - -
minutes p<0.05
per week
change
Exercise 0.152 0.398 0.233 -0.065 0.484* = = = =
days per p<0.05
week
change
Max METs 0.055 -0.064 -0.078 -0.093 0.188 - - - -
change

Correlations examine relationships between retinal vascular metrics, cardiac rehabilitation metrics, and exercise metrics. Significant correlations
are in bold text.
*p < 0.05. **p=<0.01. All other p values >0.05.

on the ISL, FAS, or WMSLM tests (all p>0.05; on the FAS, a measure of verbal fluency (see

see Supplemental Table 1). Figure 1(b)).
Secondary outcome: Cognition and cardiac Secondary outcome: Cognition and exercise
metrics metrics

As seen in Table 3, participants who lost more Better episodic memory retention on the
weight from pre- to post-rehab had better scores WMLSM was associated with adding more
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Figure 1. Scatterplots showing significant associations between ISL ltem Recall and FAZ Area (a), weight
change and FAZ area (b], exercise difference and logical memory percent retention (c), and weight change and
FAS verbal fluency sum (d). Dark lines represent lines of best fit.

FAS, F-A-S Verbal Fluency Test; FAZ, foveal avascular zone; mm sq, millimeters squared.

exercise pre- to post-rehab in minutes per week
and days per week (see Figure 1(c)). There was a
trend-level correlation between ISL total learning
with exercise change in minutes per day and days
per week (see Table 3).

Retinal vasculature and cardiac rehabilitation
anthropometrics

As weight loss pre- to post-rehab increased, both
FAZ area and FAZ effective diameter decreased,
indicating improvements in retinal vascular health
associated with weight loss pre- to post-rehab (see
Table 3).

Discussion

The retina has emerged as an ideal target for
understanding pathological vascular dysfunction
in the brain.!> Previous literature demonstrates
structural and microvascular changes in the retina
of cognitively unimpaired older adults, CBVD

patients, as well as MCI/AD patients.!:15:23 This
study demonstrates the feasibility of using retinal
vascular health, specifically FAZ area and diam-
eter, and episodic memory as biomarkers in those
with CVD at high risk for cognitive decline. To
our knowledge, this is the first to examine the
relationship between retinal vascular health and
domain-specific cognition in this population.

Our results show better episodic memory perfor-
mance was associated with a measure of oxygen
metabolism (FAZ area) and retinal vascular
health, as well as increased exercise frequency
and duration over the 12-week cardiac rehabili-
tation period. Verbal fluency scores improved
with increased weight loss over the 12-week car-
diac rehabilitation period, and increased weight
loss was associated with improved retinal vascu-
lar health. Decreased FAZ area suggested
improved episodic memory performance post-
rehab. However, exercise did not moderate this
relationship.
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Enlargement of the FAZ represents progressive
capillary non-perfusion and has long been consid-
ered a clinical indicator of progressive retinopathy
in the context of diabetes and other cardiometa-
bolic changes. Increased FAZ area could indicate
particular vulnerability to cerebrovascular and
downstream cognitive changes in older adults
with a history of major cardiac events.

It is well established that aerobic training improves
performance on global??2 and domain-specific?425
cognition in cognitively unimpaired older adults,
MCI/AD patients, and CVD patients.2® Qur find-
ings extend this literature by supporting the rela-
tionship between cognition and a) cardiac health
and b) exercise in older adults with a recent his-
tory of cardiac events and providing feasibility
data for the relationship between OCTA metrics
and cognition in a group of older adults at high
risk for pathologic and cognitive decline.

We expected that exercise may serve as a modera-
tor of the relationship between cognition and reti-
nal vascular health, given its established positive
effects on both; however, we did not find any evi-
dence of moderation. This could be due to lim-
ited sample size or differences in the sensitivity of
our cognitive assessments to subtle changes of
cognition in disease pathogenesis (i.e., our com-
mon neuropsychological assessments for demen-
tia vs more sensitive standardized cognitive
batteries).?” Employing more objective operation-
alizations of exercise (such as a FitBit or actigra-
phy watch) may lead to improvements in construct
validity for obtaining exercise data.

Our sample and data collection were limited by
several factors, including a lack of demographic
data obtained, the disproportionate number of
males compared to females, and a small sample
size (N=22, N=44 eyes), which may limit statis-
tical power. No power analysis was conducted a
priori, as we wanted to demonstrate the feasibility
of the approach and collected data from a con-
venience sample. Future work should examine
larger samples of individuals who have experi-
enced significant cardiac events both pre- and
post-rehab to assess how relationships between
retinal vascular health and general/domain-spe-
cific cognition over time in this population. In
addition, cognition could have been differentially
affected by different cardiac events. Due to the
small sample size, we elected not to perform a
subanalysis, but future studies should investigate
the differential cognitive outcomes of cardiac

incidents. Similarly, we did not perform a sex-
based subanalysis due to the small sample size.
Despite the limitations presented, our results
demonstrate relationships between cognitive
function and retinal vascular integrity, cardiac
health, and exercise measures, respectively, fol-
lowing a 12-week cardiac rehabilitation program
in a sample of older adults at high risk for persis-
tent CVD and cognitive decline. Taken together,
our findings suggest that retinal vascular integrity
predicts episodic memory performance in a small
group of older adults highly vulnerable to persis-
tent CVD, CBVD, and cognitive decline, which
was not, in this instance, mediated by duration or
frequency of exercise during 12weeks of cardiac
rehabilitation. Future studies with larger samples
should examine exercise as a modifier of the rela-
tionship between retinal vascular health and cog-
nitive function, given the enthusiasm for exercise
as a potential neuroprotectant in preclinical?® and
clinical?® CBVD, CVD, and dementia.

Declarations

Ethics approval and consent to participate

The study was approved by the Miriam Hospital
IRB (Study ID 979447, initial approval date
12/08/2016, most recent continuing review
2/16/2024), and participants provided written
informed consent in accordance with the
Declaration of Helsinki.

Consent for publication
Not applicable.

Author contributions

Jordan Sergio: Data curation; Formal analysis;
Investigation; Writing — original draft; Writing —
review & editing.

Emma Gosselin: Conceptualization; Data cura-
tion; Formal analysis; Investigation; Methodology;
Project administration; Writing — original draft;
Writing — review & editing.

Edmund Arthur: Data curation; Formal analy-
sis; Investigation; Writing — review & editing.

Wen-Chih Wu: Conceptualization; Data cura-
tion; Funding acquisition; Investigation; Method-
ology; Project administration; Supervision;
Writing — review & editing.

Jessica Alber: Conceptualization; Data curation;
Formal analysis; Funding acquisition; Investigation;
Methodology; Project administration; Resources;

journals.sagepub.com/home/oed


http://journals.sagepub.com/home/oed

THERAPEUTIC ADVANCES in

Ophthalmology

Volume 17

Supervision; Visualization; Writing — original draft;
Writing — review & editing.

Acknowledgements

The authors would like to acknowledge the staff
at the Cardiac Rehabilitation Program at the
Miriam Hospital for their collaboration on this
study, the Lifespan Clinical Research Center for
operational support, and the volunteers who
participated in this study for their time and
effort.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: Research grant
by The Miriam Hospital Foundation, The
Miriam Hospital, Providence, RI.

Competing interests

The authors declare no competing interests. Dr.
Alber receives funding from the following grants:
R21AG074153, RO1AG079241, and the Warren
Alpert Foundation. Dr. Arthur receives funding
from an NIA grant R21AG079794. The other
authors have nothing to disclose.

Availability of data and materials
Aggregate data, images, and materials can be
obtained by contacting the corresponding author.

ORCID iD
Jessica Alber
5090-4206

https://orcid.org/0000-0002-

Supplemental material
Supplemental material for this article is available
online.

References
1. Santos CY, Johnson LN, Sinoff SE, et al.
Change in retinal structural anatomy during
the preclinical stage of Alzheimer’s disease.
Alzheimer’s Dementia (Amsterdam, Netherlands)
2018; 10: 196-209.

2. Moroni F, Ammirati E, Rocca MA, et al.
Cardiovascular disease and brain health: focus
on white matter hyperintensities. IfC Heart
Vasculature 2018; 19: 63—69.

3. Taylor RS, Dalal HM and McDonagh STJ.
The role of cardiac rehabilitation in improving
cardiovascular outcomes. Nat Rev Cardiol 2021;
19(3): 180-194.

10.

11.

12.

13.

14.

15.

16.

Lin H, Liu H, Dai Y, et al. Effect of physical
activity on cognitive impairment in patients with
cerebrovascular diseases: a systematic review and
meta-analysis. Front Neurol 2022; 13: 854158.

Hughes TF, Liu A, Jacobsen E, et al. Exercise
and the risk of mild cognitive impairment: does
the effect depend on vascular factors? Alzheimer
Dis Assoc Disord 20215 35(1): 30-35.

Zou L, Herold F, Ludyga S, et al. Look into my
eyes: what can eye-based measures tell us about
the relationship between physical activity and
cognitive performance? ¥ Sport Health Sci 2023;
12(5): 568-591.

. Yu Q, Zhang Z, Ludyga S, et al. Effects of

physical exercise breaks on executive function in a
simulated classroom setting: uncovering a window
into the brain. Adv Sci 2024; 12(3): €2406631.

Szegedi S, Dal-Bianco P, Stégmann E, et al.
2020 Anatomical and functional changes in the
retina in patients with Alzheimer’s disease and
mild cognitive impairment. Acta Ophthalmol
2020; 98(7): €914—e921.

Streese L, Guerini C, Bihlmayer L, et al.
Physical activity and exercise improve
retinal microvascular health as a biomarker
of cardiovascular risk: a systematic review.
Atherosclerosis 20205 315: 33-42.

Nussbaumer M, Donath L, Fischer M, et al.
Effects of acute bouts of endurance exercise on
retinal vessel diameters are age and intensity
dependent. Age 2014; 36(3): 9650.

Aspry K, Dunsiger S, Breault C, et al. Effect of

case management with goal-setting on diet scores
and weight loss in cardiac rehabilitation patients.
F Cardiopulm Rehabil Prev 2019; 38(6): 380-387.

Kroenke K, Spitzer RL and Williams JB. The
PHQ-9: validity of a brief depression severity
measure. ¥ Gen Intern Med 20015 16(9): 606—613.

Spitzer RL, Kroenke K, Williams ]JB, et al. A
brief measure for assessing generalized anxiety
disorder: the GAD-7. Arch Intern Med 2006;
166(10): 1092-1097.

Ware JE Jr and Sherbourne CD. The MOS
36-item short-form health survey (SF-36). 1.
Conceptual framework and item selection. Med
Care 19925 30(6): 473-483.

Alber J, Goldfarb D, Thompson LI, et al. 2020
Developing retinal biomarkers for the earliest
stages of Alzheimer’s disease: what we know,
what we don’t, and how to move forward.
Alzheimers Dement 20205 16(1): 229-243.

Arthur E, Elsner AE, Sapoznik K, et al. Distances
from capillaries to arterioles or venules measured

journals.sagepub.com/home/oed


http://journals.sagepub.com/home/oed
https://orcid.org/0000-0002-5090-4206
https://orcid.org/0000-0002-5090-4206

J Sergio, E Gosselin et al.

17.

18.

19.

20.

21.

22.

23.

using OCTA and AOSLO. Invest Ophthalmol Vis
Sci 2019; 60(6), 1833.

Arthur E, Alber J, Thompson LI, et al. OCTA
reveals remodeling of the peripheral capillary
free zones in normal aging. Sci Rep 2021; 11(1):
15593.

Lim YY, Ellis KA, Harrington K, et al. 2012 use
of the CogState brief battery in the assessment of
Alzheimer’s disease related cognitive impairment
in the Australian Imaging, Biomarkers and
Lifestyle (AIBL) study. ¥ Clin Exper Neuropsychol
2012; 34(4): 345-358.

Wechsler D. Wechsler Memory Scale, 3rd ed. San
Antonio, TX: Psychological Corporation, 1997.

Spreen O and Benton AL. Neurosensory center
comprehensive examination for aphasia. Victoria,
BC: University of Victoria, Neuropsychology
Laboratory, 1977.

Wechsler D. Wechsler Adult Intelligence Scale, 4th
ed. Bloomington, MN: PsychCorp, an imprint of
Pearson Clinical Assessment, 2008.

Shulman KI. Clock-drawing: is it the ideal
cognitive screening test? Int F Geriatr Psychiatry
2000; 15(6): 548-561.

Snyder PJ, Johnson LN, Lim YY, et al.
Nonvascular retinal imaging markers of
preclinical Alzheimer’s disease. Alzheimers Dement
2016; 4(1): 169-178.

24.

25.

26.

27.

28.

29.

Carta MG, Cossu G, Pintus E, et al. Moderate
exercise improves cognitive function in healthy
elderly people: results of a randomized controlled
trial. Clin Pract Epidemiol Mental Health 20215 (1),
75-80.

Frederiksen KS, Verdelho A, Madureira S, et al.
Physical activity in the elderly is associated with
improved executive function and processing
speed: The LADIS study. Inter ¥ Geriatr
Psychiarry 20145 30(7): 744-750.

Brunt A, Albines D and Hopkins-Rosseel D. The
effectiveness of exercise on cognitive performance
in individuals with known vascular disease: a
systematic review. ¥ Clin Med 2019; 8(3): 294.

Donohue M, Sperling RA, Salmon DP, et al. The
preclinical Alzheimer cognitive composite. FAMA
Neurol 20145 71(8): 961.

da Costa Daniele, TM, de Bruin, PFC, de

Matos RS, et al. Exercise effects on brain and
behavior in healthy mice, Alzheimer’s disease and
Parkinson’s disease model-A systematic review
and meta-analysis. Behav Brain Res 2020; 383:
112488.

Iso-Markku P, Kujala UM, Kanittle K, et al.
Physical activity as a protective factor for
dementia and Alzheimer’s disease: systematic
review, meta-analysis and quality assessment of
cohort and case-control studies. Brit F Sports Med
20225 56(12): 701-709.

Visit Sage journals online
journals.sagepub.com/
home/oed

S Sage journals

journals.sagepub.com/home/oed


http://journals.sagepub.com/home/oed
http://journals.sagepub.com/home/oed
http://journals.sagepub.com/home/oed

