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Abstract

Introduction: The benefit and risk of aerobic exercise among older people harboring
advanced cerebral small vessel disease (CSVD) upon cognition, mood, and motor func-
tions are unknown.

Methods: This rater-blind randomized trial examined effects of a 24-week aerobic
exercise training (60 min/session, twice/week) upon clinical (cognition, mood, motor
functions) and hemodynamic (pulse pressure [PP], blood pressure [BP], pulsatility
index) measures in older people harboring moderate to severe CSVD, as evidenced by
confluent white matter hyperintensity and/or >2 lacunes on magnetic resonance imag-
ing. We further investigated interactions between treatment conditions and hemody-
namics measures.

Results: Fifty-three and 54 subjects were randomized into the active and control
group, respectively. There was no between-group difference in any of the clinical out-
comes. The active group had a greater between-group reduction in systolic BP and PP
than the control group. Within-group comparison showed that global cognition of the
active group remained similar at end of the study compared to baseline, whereas it
declined significantly in the control group. We observed “diverging” interaction effects
in that greater reduction in systolic BP/PP was associated with greater improvement in
memory functions and global cognition but worsening in processing speed in the active
group. Side effects were comparable between the two groups.

Discussion: Future study should investigate the mechanisms of the diverging impacts
of aerobic exercise upon different cognitive domains so that the benefit-risk ratio of

aerobic exercise in older people harboring more advanced CSVD can be better defined.
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1 | BACKGROUND

Sporadic cerebral small vessel disease (CSVD) is a common cause of
dementia and stroke.! Other symptoms that may co-occur include
mood and gait problems.! It commonly evolves over years through a
subclinical stage before the development of disabling events.2 Those
with more severe CSVD are at higher risk of incident dementia.® Ide-
ally, intervention should target the subclinical stage for the prevention
of disabling events.

Age and high blood pressure (BP) are the two most important
interrelated etiological risk factors for CSVD.* With age, both aorta
and cerebral small vessels undergo loss of elasticity. An increase
in aortic stiffness leads to pulsatile flow being transmitted to the
cerebral small vessels, causing further damage to the small ves-
sels. In older people, an increase in pulse pressure (PP) and/or sys-
tolic BP reflects aortic stiffness.” The associated change of cere-
bral microcirculation includes a rise in pulsatility index (Pl) of the
intracranial large arteries that can be derived by transcranial doppler
ultrasound (TCD). Studies showed an intercorrelation between the
increase in these hemodynamic measures with worsening of CSVD and
cognition.68

Clinical studies have shown that aerobic exercise in older people can
improve aortic stiffness and cerebral microcirculatory function.?-%
Many studies found an association between physical activity and less
CSVD.12 However, some found no? or even a negative association.!?
Overall, longitudinal studies involving younger subjects without
advanced CSVD at baseline were more likely to show a posi-
tive association.’? In another study, a J-shaped relationship was
found in that physical activity beyond a limit was associated with
an increase in CSVD.' A plausible explanation for this relation-
ship was that as BP drops further with increasing physical activ-
ity, cerebral perfusion may drop if underlying cerebral autoregula-
tion is impaired, which is common among older people with advanced
CSvD.1>16

A systematic review has shown that aerobic exercise preferentially
improves executive function and processing speed among healthy older
people.l” However, its impact in patients with Alzheimer’s disease
dementia was less consistent'® and some yielded a negative effect
upon cognition.2? Taking together, the benefit-risk ratio of aerobic
exercise upon the brain and cognition may be influenced by age, the
intensity of exercise, and severity or types of underlying brain patholo-
gies.

Given the benefit and risk of aerobic exercise in older peo-
ple harboring moderate to advanced CSVD are unknown, we con-
ducted this randomized controlled trial (RCT) exploring the short-
term effects (24 weeks) of aerobic dance training (ADT) on clini-
cal (cognition, mood, motor functions) and hemodynamic measures
in this high-risk group. We also examined the potential interac-
tion between the treatment group and hemodynamics upon clinical

measures.

RESEARCH IN CONTEXT

1. Systematic review: Some clinical studies showed that
physical activity is associated with less sporadic cere-
bral small vessel disease (CSVD) and better cognition in
healthy older people. However, some showed a J-shaped
association between physical activity and CSVD and that
physical activity might even worsen cognition in patients
with dementia. As reviewed using PubMed, the benefits
and risks of aerobic exercise in older people harboring
moderate-to-severe CSVD are unknown.

2. Interpretation: There was no difference in the change in
cognition between the aerobic and control groups. The
improvement in processing speed was not observed in
the aerobic group and there was a “reverse” interaction
between treatment condition and hemodynamics upon
processing speed.

3. Future directions: Future study should investigate the
mechanisms of the diverging impacts of aerobic exercise
upon different cognitive domains so that the benefit-risk
ratio of aerobic exercise in older people harboring more
advanced CSVD can be better defined.

2 | METHODS
2.1 | Study design and participants

The CU-AEROBIC (The Chinese University of Hong Kong-Aerobic
Exercise in Older People with Subclinical Sporadlc Cerebral Small
Vessel Disease) study is a rater-blind RCT involving 110 participants
who were randomized in a 1:1 ratio into ADT or control group using
computer-generated randomization codes. Inclusion criteria were (1)
age > 65 years; (2) community-dwelling; (3) presence of moderate to
severe CSVD, defined by a global score of > 2 of the Age-Related
White Matter Changes rating scale on magnetic resonance imaging
(MRI1)2921 and/or >2 lacunes; and (4) written informed consent. Exclu-
sion criteria were (1) history of stroke, (2) history of known cognitive
disorder and/or Mini-Mental State Examination score less than edu-
cation adjusted cutoff for dementia, (3) other significant neurologi-
cal/psychiatric comorbidities, (4) physical impediments hindering par-
ticipation in exercise training, and (5) contraindication for MRI.

Approximately half of the participants (n = 59) were recruited from
another community project,?2 in which a brain MRI was performed
upon 801 community-dwelling older people. We recruited additional
participants from elderly centers. We arranged MRI for eligible sub-
jects (n = 361) using a brief 10-minute MRI protocol (supporting infor-
mation). Eventually, another 48 subjects with MRI evidence of moder-
ate to severe CSVD were recruited.
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2.2 | MRI quantitative data

Quantification of baseline white matter hyperintensity (WMH) was
processed using AccuBrain (BrainNow Medical Technology Company
Ltd.), a cloud-based automated brain quantification tool.23 Please see
supporting information for MRI acquisition details.

2.3 | Data collection

Data collection took place at baseline and weeks 12, 24, and 36.

2.3.1 | Cognitive functions

The 60-minute protocol of the National Institute of Neurologi-
cal Diseases and Stroke-Canadian Stroke Network Vascular Cog-
nitive Impairment Harmonization Neuropsychological Battery was
administered,?4 which evaluates executive function (color trail test
[CTT] 2, animal fluency test), processing speed (CTT1, Symbol-Digit
Modalities Test [SDMT]), memory: verbal learning (Hong Kong List
Learning Test [HKLLT] learning), verbal delayed recall (HKLLT 30-
minute delayed recall), recognition memory (HKLLT 30-minute delayed
recognition) and non-verbal delayed recall (Rey-Osterrieth Complex
Figure Copy Test [RCFT] 30-minute delayed recall), visuospatial func-
tion (RCFT), and language (modified Boston naming test [MBNT]). Per-
formances on individual cognitive tests were combined into a sin-
gle composite summary z-score to reflect global cognition (60-minute
protocol summary score). We administered the Montreal Cognitive
Assessment (MoCA) at baseline.

2.3.2 | Mood and motor functions

Depressive symptoms were measured using the 15-item Geriatric
Depression Scale (GDS).2> The Mini-Balance Evaluation Systems Test
(Mini-BESTest) was used to assess dynamic balance performance.??
The Timed Up & Go test (TUG) was used to examine functional
mobility.?” The 6-minute walk test was used to determine walking
capacity.2® Performances on individual motor function tests were com-
bined into a single composite summary z-score to reflect global motor
function.

Daily physical activities outside training sessions were recorded
using the self-report International Physical Activity Questionnaire
(IPAQ; http://www.ipag.ki.se/publications.htm). To avoid rater bias, the
research assistant performing the assessment was blind to treatment
allocation and encouraged not to discuss with the participants the

interventions.

Clinical Interventions

2.3.3 | Hemodynamics and apolipoprotein E
genotyping

We obtained PP and systolic and diastolic BP at each study visit. We
derived cerebral Pl of the right and left middle cerebral artery (MCA)
via TCD at each study visit (supporting information). Apolipoprotein E
(APOE) polymorphisms were assayed by TagMan genotyping.>

2.4 | Treatment condition

The active intervention lasted for 24 weeks and consisted of 60
minutes per session, targeting an age-specific heart rate reserve of
70%. In groups of 5, participants practiced the dance led by a phys-
iotherapist once per week for the first 2 months and twice per
week between months 3 and 6. Participants in the control group
received a weekly 3-hour group-based (group of five participants) pro-
gram containing stretching exercises and health education (supporting

information).

2.5 | Sample size estimation

The sample size was estimated based on the hypothesized mediation
model.2? This estimation was based on testing the mediation effect in a
linear regression model. Assuming that in the full model the regression
coefficient of the mediator (i.e., TCD PI) = 1.8, the standard deviation
of mediator, derived from the same sample of community older peo-
ple with significant CSVD was 0.17, the standard deviation of the error
term in full model = 1, and a point-biserial correlation of 0.4 between
training effect and Pl measures, a sample size of 100 was required to
demonstrate a significant mediation model at power = 0.8 and 5% sig-
nificance level. Assuming a dropout rate of 10%, a total sample size of
110 was needed.

2.6 | Statistical and efficacy analyses

Group comparison was conducted using independent sample t test,
Chi-squared test, or Fisher exact Test where appropriate. For cognitive
measures, the treatment effect was analyzed using analysis of covari-
ance (ANCOVA) with age, years of education, and IPAQ scores entered
as covariates. All outcome measures were analyzed using intention-to-
treat (ITT) with the last observation carried forward to handle miss-
ing data, as well as per-protocol analysis. For details of the mediation
model, please see supporting information. Statistical analysis was per-
formed using IBM SPSS version 25.0. Statistical significance was deter-
mined at P <.05.
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2.6.1 | Primary outcomes

Primary outcomes were the between-group comparison of the change
in cognition between baseline and week 24. Percentage change was
used to represent the change from baseline to subsequent visits. We
performed asimilar analysis of the above outcomes at other time points

as well (see supporting information).

2.6.2 | Secondary outcomes

Secondary outcomes were the between-group comparisons of the
change in mood, motor functions, and hemodynamic measures

between baseline and week 24.

2.6.3 | Tertiary outcomes

Tertiary outcomes included a within-group comparison of all clinical
measures. Other tertiary outcomes included the interaction effects
between treatment condition and change in hemodynamics upon a
change in cognitive, mood, and motor measures while controlling for
age and years of education at week 24 using linear regression models.
We also investigated whether effects of ADT upon a change in cogni-
tive, mood, and motor measures were mediated through hemodynamic
change via a standard mediation model with age and years of education
entered as covariates (see supporting information). Linear regression
models were conducted to examine the interaction effects between
treatment condition and baseline WMH volume and APOE ¢4, respec-
tively, upon a change in clinical outcomes at week 24.

2.7 | Safety monitoring

Randomized subjects who had received at least one session of inter-
vention were included in the safety analysis. Any adverse events
were monitored throughout the study (see supporting information).

The study was approved by the Human Research Ethics Commit-
tee of the Joint Chinese University of Hong Kong-New Territories East
Cluster Clinical Research Ethics Committee (Ref. 2015.677-T) and was
registered with ClinicalTrials.gov (NCT02730065).

3 | RESULTS

Fifty-four and 56 subjects were randomized into the ADT and con-
trol group, respectively. The intervention started in October 2016 and
lasted for 24 weeks. Three subjects withdrew from the study with-
out receiving the allotted intervention, leaving 53 and 54 in the ADT
and control groups, respectively. A further four and six randomized
subjects discontinued after receiving at least one allotted interven-
tion, leaving 49 and 48 subjects who had completed the whole study

in the ADT and control groups, respectively (see Figure 1). There was
no difference in any of the demographics, medical history, imaging
features, and baseline outcome measures between ADT and control
group (see Table 1). The mean age, MoCA score, and WMH volume for
the whole ITT population were 75.66 (+5.08 standard deviation [SD]),
22.38 (+4.00 SD), and 8.34 (+8.09 SD) mL (see Figure 2), respectively.
An example FLAIR image illustrating moderate WMH volume in the
ADT group isillustrated in Figure S1in supporting information.

3.1 | Primary outcomes

There was no significant between-group difference in cognitive change
from baseline at week 24 (see Table 2) or at other time points (see sup-

porting information).

3.2 | Secondary outcomes

Between-group comparisons on hemodynamic measures showed that
there was asignificant reduction from baseline in systolic BP in the ADT
group (P =.038) and a trend favoring the ADT group in the reduction of
PP from baseline (P = .055) compared to the control group. There was
no between-group difference in diastolic BP and MCA PI.

Per-protocol analysis also showed no significant between-group dif-
ference at any timepoint in all clinical outcomes. For PP, its change
between baseline and week 24 was associated with ADT became sig-
nificant (P =.047) and this effect persisted until week 36 (P =.021, per
protocol) (see Table 2 and supporting information).

3.3 | Tertiary outcomes

The within-group comparison showed that global cognition of the ADT
group increased significantly at week 12 and remained similar to that
of baseline at other time points, whereas global cognition of the control
group declined significantly at weeks 12 and 24 compared to baseline
(see Figure 2A).

Executive domain (CTT2) exhibited significant improvement at
weeks 24 and 36 compared to baseline for both ADT and control group,
whereas animal fluency test exhibited significant improvement at week
36 compared to baseline only in the ADT group (see Figure 2B).

Performance in all memory subdomains (verbal learning, verbal
delayed recall, recognition memory, non-verbal delayed recall; see Fig-
ure 2D) showed significant improvement at weeks 12, 24, and 36 for
both groups. Language domain (mBNT) improved significantly only for
the ADT group (at weeks 24 and 36; see Figure 2E). There was no
within-group difference in visuospatial functions for both groups at any
time point (see Figure 2F).

Interestingly, improvement in processing speed was observed
mainly in the control group. Performance in CTT1 of the control group

improved at weeks 24 and 36, while CTT1 performance improved only

85U801 SUOLILLOD BAITea1 3(qeotjdde auy Aq peussnob afe saoiLe VO ‘8SN JO Se|nl 10y ARIqIT8UIIUO /8|1 UO (SUORIPUOD-PUR-SWLBI W00 A8 | im A e1q 1 U1 |UO//SdNL) SUORIPUCD pUe swis 1 8y} 89S *[£202/50/0€] Uo A%iqiauluo Aeim ‘Aiseaiun Ajod Buoy BuoH Aq 1722z 201/200T 0T/10p/woo A8 | Areqjpuljuo's uinof-z e//:sdny woij pepeojumoa ‘T ‘1202 ‘LE.825€2



WONGET AL.

Translational Research 50f12

Clinical Interventions

Assessed for eligibility (n=1194)

Excluded (n=1084)
¢ Not meeting inclusion criteria (n=785)
e Declined to participate (n=188)

e Other reasons: recruited in other study
(n=111)

Randomized (n=110)

!

Control group (n=56)

Discontinued intervention
(n=2)

o Family opposition

e  Withdrew with partners

A

ITT population (n=54)

Discontinued intervention

(n=6)

e Adverse events (n=3;
colonic poly, chronic P
obstructive airway -

disease, dizziness)
e Crash with other
commitments (n=3)

A4

Per Protocol population (n=48)

A 4

ADT group (n=54)

Discontinued intervention

(n=1)
»| ¢ Physical condition not
suited for intensive

exercise training

ITT population (n=53)

Discontinued intervention

(n=4)

e  Adverse events (n=2;
chronic low back pain,
dizziness)

e  Crash with other
commitments (n=2)

v

Per Protocol population (n=49)

FIGURE 1 CONSORT (Consolidated Standards of Reporting Trials) flow diagram

at week 36 for the ADT group. Performance of SDMT improved at all
time points only for the control group (see Figure 2C).

The ADT group reported significantly fewer depressive symptoms
at weeks 12 and 24 compared to baseline, whereas the control
group improved only at week 36 (Figure 3A). Motor functions showed
improvements on the Mini-BESTest (see Figure 3B) at weeks 24 and 36
for both groups. The control group showed improvement in the TUG
test at week 24, while there was no apparent change in the TUG test
for the ADT group (see Figure 3B). There was no significant difference
found for the 6-minute walk test and the global motor function for both
groups at any time point (see Figure 3B). The per-protocol analysis
yielded similar results to that of ITT analysis in all the above compar-
isons.

We investigated the interaction between treatment condition and

change in PP and systolic BP, respectively, upon clinical measures that

yielded significant changes in between- or within-group comparisons.
Specifically, we found a greater reduction in PP was associated with
greater improvement in recognition memory and verbal delayed recall,
while a greater reduction in systolic BP was associated with greater
improvement in verbal delayed recall in the ADT group. In the per-
protocol analysis, the interaction between PP and ADT group upon
recognition memory and verbal delayed recall remained significant. In
addition, a greater reduction in systolic BP was also found to associate
with greater improvement in global cognition in the ADT group. Inter-
estingly, we found a greater reduction in PP/systolic BP was associated
with a greater worsening in processing speed (CTT1) in the ADT group.

We found no significant mediating effect between relevant hemo-
dynamic measures (i.e., PP and systolic BP) and treatment conditions
upon any of the relevant clinical outcomes at week 24 in the ITT and

per-protocol analysis.
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TABLE 1 Baseline characteristics of participants

Control (n=54) ADT (n=53) P
Demographics
Ageinyears 76.1+4.9 75.2+52 .340
Female, n(%) 35 (64.8%) 36 (67.9%) 734
Education years 7.9+57 83+52 763
Vascular risk factors
Hypertension, n(%) 45 (83.3%) 44 (83%) 965
Hyperlipidemia, n(%) 22 (40.7%) 24 (45.3%) 635
Diabetes mellitus, n(%) 10 (18.5%) 11(20.8%) 771
Smoking, n(%) 1(1.9%) 1(1.9%) 999
Body weight (kg) 59.3+10.3 56.9+84 .190
Genetic profile
APOE ¢4 carriers 12(23.1%) 9(19.1%) .633
Cognitive measures
Global cognition
MoCA total 222+41 226 +3.9 .608
60-min protocol summary score -0.063 +0.651 0.053+0.674 373
Executive functions
CTT2,s 150.0 +38.7 139.3+44.7 195
Animal fluency test 15.1+4.0 158+5.2 476
Processing speed
CTT1,s 798 +22.6 78.9 +30.2 .863
SDMT 26.8+10.4 28.9+124 .343
Language
mBNT total 13.7+13 13.6+1.3 .750
Visuospatial functions
RCFT copy 23.6+8.1 254+7.38 241
Memory
HKLLT learning 212+ 66 222+71 452
HKLLT 30-min delayed recall 64+3.6 6.9+34 447
HKLLT 30-min delayed recognition 13.1+29 139+ 1.9 115
RCFT 30-min delayed recall 82+64 9.5+6.9 .326
Motor functions
Mini-BESTest 18.2+3.8 19.6 +4.0 .066
Timed Up & Go test 10.5+2.3 99+19 .152
6-min walk test, m 359.4 +66.5 359.9+51.2 964
Combined motor function -0.099 +0.884 0.101+0.757 213
Mood
GDS total 31+30 26+33 480
Level of physical activities
IPAQ total 3570+ 2745 4132 + 2720 .290
Hemodynamic measures
Systolic blood pressure (mmHg) 139.1+194 1410+ 171 .590
Diastolic blood pressure (mmHg) 76.9+9.9 77.4+98 781

(Continues)
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TABLE 1 (Continued)

Control (n = 54)

Pulse pressure 62.2(16.5)
Right MCAPI 1.3+03
Left MCAPI 1.3+04
MRI measures

Brain WMH volume (mL) 7.7 +6.8
Lacune count 04+0.8

Note: Values are presented as mean + standard deviation or % as appropriate.

Clinical Interventions

ADT (n=53) P

63.6(13.1) 633
14+04 266
14+04 664
D092 419
02+05 .209

Abbreviations: ADT, aerobic dance training; APOE, apolipoprotein E; CTT, Color Trails Test; GDS, Geriatric Depression Scale; HKLLT, Hong Kong List Learning
Test; IPAQ, International Physical Activity Questionnaire; mBNT, modified Boston Naming Test; MCA, middle cerebral artery; mL, milliliter; MoCA, Montreal
Cognitive Assessment; PI, pulsatility index; RCFT, Rey Complex Figure Test; SDMT, symbol digit modalities test; WMH, white matter hyperintensity.

There was no interaction between treatment condition and WMH
volume upon relevant clinical measures at week 24. The interaction
between treatment condition and APOE polymorphism was significant
in that APOE ¢4 carriers had significantly less improvement in verbal
delayed recall than €4 non-carriers in the ADT group. The per-protocol
analysis yielded similar results to that of ITT analysis in the above anal-
ysis.

The IPAQ outside of training sessions did not differ between or
within group at any time point for both ITT and per-protocol analysis.

3.4 | Safety

Rates of any adverse events were comparable between the two
groups (supporting information). An event of plantar fasciitis that
did not lead to study discontinuation occurred in the ADT group
and was the only event that was considered possibly related to
ADT.

4 | DISCUSSION

The CU-AEROBIC study investigated the benefit and risk of aerobic
exercise upon cognition, mood, and motor functions in older people
with subclinical moderate to severe CSVD and the interaction between
treatment condition and hemodynamics upon clinical outcomes. The
study showed two important findings. First, the ADT might have
improved certain cognitive functions. Although there was no signifi-
cant between-group difference in change from baseline for all the clin-
ical outcomes, within-group comparison showed that the ADT group
exhibited significant improvements in memory, executive, and language
functions compared to baseline. Overall, global cognition remained sta-
ble in the ADT group, but it declined in the control group. Consis-
tent with previous RCTs,1%11 the aerobic group achieved a greater
reduction in PP/systolic BP compared to that in the control group. We
observed interaction in that a greater reduction in PP/systolic BP was
associated with greater improvement in memory functions and global
cognition. Taken together, these findings suggested that among older
people harboring advanced CSVD, the prescribed ADT may reduce aor-

tic stiffness, thereby conferring benefits upon certain cognitive func-
tions.

The second important finding was that improvement in processing
speed was not observed in the ADT group and there was a “reverse”
interaction between treatment condition and hemodynamics upon
processing speed. Recent findings on the effects of exercise among
healthy older people showed that improvement in processing speed
should be most consistently observed.” Such improvement was noted
among our controls likely due to practicing effect. More intriguingly,
the interaction effect showed that reduction in PP/systolic BP was
associated with worsening in processing speed in the ADT group.

The exact mechanisms explaining this lack of improvement in pro-
cessing speed and the diverging impacts of areduction in PP/systolic BP
upon varying cognitive domains are unknown. We postulated that on
one hand, reduction in PP/systolic BP may improve cognition because
of a reduction in pulsatile flow or improved endothelial functions; on
the other hand, it may lead to reduced cerebral perfusion if there is
impairment of the cerebral autoregulation, which might be present in
our subjects.!>16 A previous study showed that certain brain regions,
in particular caudate and putamen, are more vulnerable to ischemia
than other brain regions when cerebral perfusion drops.?° Because
caudate and putamen are strategic structures that regulate perfor-
mance in processing speed,3%32 a slight drop in cerebral perfusion
may therefore preferentially impair processing speed, negating the
potential positive effect of aerobic exercise upon cognition. Further,
a mechanistic study that incorporates assessment for cerebral per-
fusion, autoregulation, and vasoreactivity is required to investigate
these potential diverging impacts after aerobic exercise in subjects
with advanced CSVD.

We did not observe any between-group difference nor interaction
effects between the treatment group and hemodynamics in any of the
mood and motor measures. Although this might suggest that aerobic
exercise had no apparent impact upon these functions, the scales that
we used may not be able to capture subtle changes among older people
with relatively normal mood and gait functions. For future trials target-
ing subclinical CSVD, we proposed to use more sensitive mood (e.g., 30-
item GDS)32 and motor measures (e.g., electronic walkways).

We found that APOE ¢4 carriers had less gain on memory function
from ADT. Although this finding was consistent with some studies,®*
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FIGURE 2 |llustrated the within-group differences in general cognition (2a) and specific cognitive domains (2b-f). * denote significant

within-group difference in the ADT group while # denote significant within-group difference in control

others suggested the contrary.3> These conflicting findings probably
suggest that the interaction between APOE ¢4 and physical activity
upon cognition is complex and multiple factors may influence the inter-
action. The presence of CSVD could be one of these factors that may
reduce cognitive gain after aerobic exercise among APOE ¢4 carriers.
The strengths of the CU-AEROBIC study include the use of an
extensive neuropsychological battery that is sensitive to CSVD and
that we evaluated separate cognitive domains. We included hemody-

namic measures as surrogates for the vascular status of large arteries

and cerebral small vessels. Our study has a few limitations. Although
we attempted to obtain Pl for all subjects using TCD, we failed to
obtain PI for 42% of the ITT population because of the absence of
the temporal window. This high percentage of missing data would
reduce power to see significant effects, hence the finding of a lack
of impacts of ADT upon Pl will need to be interpreted with caution.
Ideally, phase-contrast MRI angiography should be used as it can pro-
vide a more comprehensive picture of cerebral hemodynamics, includ-

ing pulsatility of the arteries, veins, and cerebrospinal fluid space, as
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TABLE 2 Group comparison on percentage change from baseline at Week 24

Cognition

Global cognitive

60-min summary score
Intention-to-treat -28.2(188.4) 53 17.8 (454.8) 53 445
Per-protocol -31.5(191.5) 47 19.8(478.3) 48 436

Animal fluency test
Intention-to-treat 9.8(32.4) 54 11.7 (50.7) 53 922
Per-protocol 9.5(32.9) 47 12.6(53.2) 48 .882

SDMT
Intention-to-treat 35.9(231.2) 54 9.7 (27.9) 53 434
Per-protocol 41.3(247.7) 47 10.5(29.2) 48 417

HKLLT 30-min delayed recall
Intention-to-treat 50.4(118.2) 49 31.5(59.2) 51 374
Per-protocol 59.6(125.4) 42 34.4(60.8) 47 286

RCFT 30-min delayed recall
Intention-to-treat 61.3(182.3) 48 76 (197) 50 .800
Per-protocol 70.1(193.5) 42 84.1(203.3) 46 .854

Visuospatial Functions

RCFT copy

Intention-to-treat -0.6 (30) 53 68.3(459.3) 52 .308
Per-protocol -0.9(32.2) 46 73.7 (478) 48 .335

(Continues)
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TABLE 2 (Continued)
Control ADT
Mean (SD) n Mean (SD) n P
Timed Up & Go test
Intention-to-treat -3.3(11.6) 54 -2.1(14.9) 53 626
Per-protocol -3.8(12.4) 47 -2(15.5) 48 536
6-min walk test, m
Intention-to-treat 1.2(10.3) 54 2.1(14.2) 53 718
Per-protocol 1.6(11) 47 2.5(14.9) 48 729
Combined motor function
Intention-to-treat -84.2(518.4) 54 -23.1(438.8) 53 512
Per-protocol -96.1(555.4) 47 -25.8(461.5) 48 504
Mood
GDS total
Intention-to-treat -0.9(71.8) 41 -16.4(75.4) 40 .348
Per-protocol -1.0(75.7) 37 -15.8(79.2) 35 420
Level of physical activities
IPAQ total
Intention-to-treat 80.5(147.5) 54 66.8(262.9) 53 741
Per-protocol 93.5(153.9) 47 71.5(275.7) 48 634
Hemodynamic measures
Systolic blood pressure (mmHg)
Intention-to-treat 0.6 (14.0) 54 -5.9(17.7) 53 .038
Per-protocol 1.2 (14.5) 47 -4.2(12.6) 47 .060
Diastolic blood pressure (mmHg)
Intention-to-treat 1.5(16.3) 54 -2.5(17.8) 53 227
Per-protocol 2.1(17.3) 47 -0.6(12.2) 47 .384
Pulse pressure
Intention-to-treat 1.0(21.1) 54 -7.1(21.6) 53 .055
Per-protocol 2.0(21.7) 47 -7.1(22.3) 47 .047
Right MCAPI
Intention-to-treat -6.4(13.1) 40 -5.7(14.7) 39 .832
Per-protocol -7.2(13.4) 34 -6.5(15.6) 34 832
Left MCAPI
Intention-to-treat -4.0(14.0) 33 -5.1(14.4) 36 742
Per-protocol -4.5(14.5) 30 -5.9(15.1) 32 .709

Note: Values are presented as mean (standard deviation).

Abbreviations: ADT, aerobic dance training; APOE, apolipoprotein E; CTT, Color Trails Test; GDS, Geriatric Depression Scale; HKLLT, Hong Kong List Learning
Test; IPAQ, International Physical Activity Questionnaire; mBNT, modified Boston Naming Test; MCA, middle cerebral artery; mL, milliliter; MoCA, Montreal
Cognitive Assessment; PI, pulsatility index; RCFT, Rey Complex Figure Test; SDMT, symbol digit modalities test; WMH, white matter hyperintensity.

well as cerebrovascular reactivity. Another limitation was that we did
not investigate other mechanistic factors that may mediate the ben-
efit of exercise upon various cognitive domains (e.g., memory func-
tions). These factors may include brain-derived neurotrophic factor,
glycosylphosphatidylinositol-specific phospholipase D1,%¢ and inflam-
matory markers (e.g., C-reactive protein, interleukin-6),5” which may
influence cognition via mechanisms that may not directly relate to vas-

cular mechanisms. Last, our study was too short to see if aerobic exer-
cise can prevent incident dementia and/or stroke.

In conclusion, the CU-AEROBIC study shows that although the
prescribed ADT enhance certain cognitive functions in older people
with subclinical moderate to severe CSVD, the negative impact of
reduced PP/systolic BP upon processing speed caution the potential
risk of aerobic exercise in this group of older people. Our findings have
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FIGURE 3
ADT group while # denote significant within-group difference in control

implications in future trial design for the investigation of the benefit
and risk of aerobic exercise upon cognition, mood, and motor functions

in older people harboring advanced CSVD.
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