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ABSTRACT

Background: As exercise may mitigate cognitive decline in undiials with chronic obstructive
pulmonary disease (COPD), its effect has been atedun a number of clinical trials. The
objective of the present systematic review wasetscdbe the impact of exercise training on
cognition in COPD.

Methods: Electronic searches of four databases were peeifrom inception until March 24,
2015 and last updated"2®ctober 2017. Included studies reported on &t leme cognitive
outcome before and after a formal exercise-traipirmgram in individuals with COPD. Two
reviewers independently rated study quality usiig@owns and Black checklist. The protocol
was registered on PROSPERO (CRD42015017884).

Results: Seven articles, representing six exercise inteiwestin 293 individuals with COPD
(55% males, mean age 67 + 2 year) were includatioAgh each study documented a
significant pre-post training improvement in atdeane cognitive domain, the heterogeneity in
study design, exercise intervention and cognitivie@me measures among studies precluded a
meta-analysis. The only randomized controlled &iailable reported an improvement on a
letter verbal fluency task in the exercise groufy.on

Conclusions: Exercise training may positively impact cognitionGOPD patients, but current
evidence is limited by the heterogeneity of studgign, exercise intervention and cognitive
outcome measures. Future studies should emphasigerehensive reporting of intervention
parameters, including program length, type(s) @reise, and duration of individual sessions, in

order to facilitate applied insights to inform repltion and/or program development.



Introduction

Cognitive impairment is increasingly documente@ asmorbidity of chronic obstructive
pulmonary disease (COPBY. The reported prevalence of cognitive impairmenoagst COPD
patients has ranged widely (10- 77%), depending/luich cognitive measurements and
diagnostic criteria for cognitive impairment haveeh reported. In a recent systematic review
and meta-analysis of observational studies, théepgarevalence of cognitive impairment in
COPD was 25% and 32% for mild and any cognitivedimpent, respectively; In studies that
have used validated diagnostic criteria and a mallehed comparison group, cognitive
impairment was noted two to three times more fratjyén individuals with COPD than in
healthy control$®. Impaired cognitive domains in individuals with €D include; attention,
executive functions, learning and memory, and miuoctions>%”. Mild cognitive impairment
is a known risk factor for dementiand has been associated with reduced adherence to
treatmenf as well as increased mortality in COPD patiéhts

Proposed mechanisms for the increased prevalermmyaftive impairment in COPD include
smoking, hypoxemia, systemic inflammation, oxidatstress, arterial stiffness and reduced
exercise capacity*. Both socio-demographic factors, such as lowecation, and other
comorbidities, such as cardiovascular diseasegdsjon and sleep disorders, may also
contribute*”. Given the suspected role of hypoxemia in the lb@eent of cognitive
impairment in this patient population, long-ternyg&n therapy is considered a potential
intervention for the preservation of cognition, bateffects are uncleat*2

As in healthy older adults, cardiorespiratory fgadnas been positively associated with
cognitive functioning in COPD patient$™® In a crossover experimental trial, strenuous

exercise acutely improved verbal fluency compaceddeo watching®. Although longer-term



trials of exercise on cognition in COPD have besgorted >3 the heterogeneity of exercise
training as well as cognitive outcome used makdsfitult to draw clear conclusions.
Therefore, the objectives of the present systematiew were to: i) describe the exercise

training interventions designed to improve cogmitio COPD, and ii) document their impact.

M ethods
Study Design
This review was conducted according to the PRISMA @ochrane Guidelines for

Systematic Review&"?> The protocol was registered on PROSPERO (CRD42178B4).

Data Sources

Electronic databases (MEDLINE, PubMed, EMBASE, &NAHL) were searched
from inception until March 24, 2015 and last updabxtober 23, 2017. The full search strategy
was developed in collaboration with a professidiarian, with search terms derived using
MeSH headings (Supplement 1). Secondary searchesoeeducted by hand searching

reference lists of included studi

Inclusion Criteria

One member of the research team (LD) initially perfed the search and two members
(LD and VP) reviewed the titles and abstracts fictusion. Inclusion criteria for studies were
defined according to PRISMA guidelines as follo{dg: Population: intervention participants

formally diagnosed with COPD; (2) Intervention:teustured exercise program delivered across



two or more sessions; (3) Comparison Group: nogeired, but may include a control group,
secondary intervention, or attention control; (4)t€@mes: any measure of cognitive
performance; (5) Study Design: any study desighittdudes outcome measurements pre- and

post-intervention. Included articles were restddie those available in English or French.

Exclusion Criteria

Exclusion criteria included: (1) article not avaiain English or French; (2) study not
evaluating a formal exercise program; (3) studyuding participants with diagnoses other than
COPD; and (4) only available in abstract form ametéfore insufficient data available to assess

eligibility.

Quality Assessment

Two members of the review team (SH and VP) assdbgegluality of both randomized
and non-randomized studies using the Downs andkBlaecklist for measuring study qualffy
which includes 27 items related to reporting, exdéwalidity, internal validity — bias, internal
validity — confounding (selection bias), and pow&rores were completed independently and

discrepancies between reviewers were resolved hgetsus to ensure complete agreement.

Data Extraction & Analysis

Data were extracted by one member of the reviem {@#) using a standardized form
and verified by a second member (JFG). Data exddacicluded: the target population; program
duration; frequency (number of times per week)s®esduration (in minutes); exercise

components; specific outcome measures collectetitrenkey findings of the study, including



both within- and between-group differences. Vatigbin study design, interventions and
outcome measures precluded the ability to conduntta-analysis. The outcome measures
utilized across included studies were organizedraieg to the general constructs of cognitive
domains and subsequently described according tepthefic cognitive tests. Data describing

intervention delivery and significant findings wesynthesized in a table format.

Results
Search Results

The study selection process is outlined in Figur& total of 881 titles were screened,
resulting in the retrieval of 17 full-text articlés review. Seven of the 17 articles met the
inclusion criteria, representing six different eise interventions and 293 individuals with
COPD. The characteristics of the included triats@utlined in Table 1. Participants had a mean
age of 67 + 2 year and were 55% male. Two studes Emery and colleagué§'®reported on
the same intervention on the same cohort with figslianalyzed according to gendeand ag¥.
The results for the population as a whole werergbrted. A study by Etnier and Beffy
reported outcomes of a three month exercise intéiMeon a single cohort of patients, followed
by a randomized controlled trial where participagiteer continued with the intervention for 15
months or were assigned to a control group recgiusual care.

Risk of bias was assessed across the five afor@nedtcategories from the Downs and
Black’s checklist for measuring study quafify Initially, discrepancies between reviewers
occurred for 21 (11%) of the 189 items scored (@hs x 7 articles). After consensus, reviewers
came to an agreement across all aspects of thityogasdessment (Table 2). Total scores on the

checklist ranged from 9 to 20 out of a possible imax of 28. Willems and colleagu&sused



a cut-off of 19 to identify high-quality studies ssores> 19 met at least two-thirds of the quality
items. Based on this approach, only Aquino es atudy” would be considered high quality.
All but the earliest two studies by Emery et'af?would meet the high-quality criterion for
reporting. Internal validity bias was well addrassgiven that those participating in exercise
cannot be fully blinded, but no information on cdiapce with the intervention was provided.
Selection bias was an issue in the nonrandomizad &nd missing information limited the
understanding of external validity. Statistical gswas only mentioned in one stuly

[Figure 1 about here]

[Table 1 about here]

[Table 2 about here]

Intervention Delivery

A description of the exercise interventions carideend in Table 1. All six interventions
included supervised aerobic exercise, resistaag@ng, and education. Psychosocial support
and stress management was included in all but tudies®®*3 All studies evaluated a short-
term exercise intervention, ranging in length frimree-four weeks$’*#%?%o two-three months
19.20.22 Al but one program® were delivered on an outpatient basis and involvéequency of

3-5 sessions per week. Only two programs speoifieticise intensit§”*

Measures of Cognition
A total of 22 cognitive tests (or subtests), reprging five cognitive domains, were used
to measure cognition (Table 3). The domains mesjuiently evaluated were processing speed,

attention and executive functions, with all but enedy?® evaluating this domain and ten unique



tests utilized to assess it. Of these, eight weeslacross multiple studies: the Finger Tapping
test'’*° Digit Vigilance*?* Digit Span*’*®%?2 Digit Symbol*"**# Trail Making Test part A
1719 and part B"*9% Verbal Fluency — letter categoty?*?? and Verbal Fluency — semantic
category’>*> A more detailed description of these tests @fohnd in supplement 2.

The remaining cognitive domains measured inclugadching and memory (Rey
Auditory Verbal Learning Test [RAVLT}***and subtests of the Wechsler Memory Scale-
Revised™), visuo-spatial abilities (Clock Drawirfg and Drawing Copy Te$f), language

denomination (Boston Naming T€3}, and fluid intelligence (Culture Fair Intelligen@est®

and Raven Tegt).

Effect of Exercise Training on Cognition

Table 3 summarizes pre- to post-exercise trainiranges observed across the six
interventions reviewed. Significant within-groupprmvements after training (or correlations
between participation in rehabilitation and chaimgeognitive score&’) were reported for

32123 yierbal learning and memof{i?®

processing speed/ attention/ executive function
visuospatial abilitie$>** and fluid intelligencé®?? For the domain of processing speed/
attention/ executive functions, participation ireeise-based rehabilitation was associated with
gains in the following sub-constructs: psychomesimeed (Finger Tapping TeS), psychomotor
speed/ sequencing ability/ implicit memory funcidigit Symbol*’*%, selective visual
attention (Stroop Colour Word Te), processing speed/ visual attention/ working mstho
mental flexibility (Trail Making Test part B"), organized verbal processing/ mental flexibility

(Verbal Fluency Test®3), and selective and sustained attention (Atteridagrices Test®). For

the learning and memory domain, significant witgheup improvements were noted for verbal



episodic memory as measured by the RAVLT (sumialistd. to 5%, immediate recafl?, and
delayed recaff*?3 and subtest Logical Memory from the Wechsler Manfcale-Revised".
Of note, these tests also require good attentmmeficoding) and executive functions (for
retrieval strategies) to adequately learn the \artzderial presented.

Emery et al’ noted greater scores in males for certain tessanfessing speed/
attention/ executive functions despite both matesfamales having a similar response to the
exercise program. The same autH8isubsequently reported significant age by timerautions
with greater improvements in verbal attention/ a¢seorking memory (Digit Span) observed in
the younger-old< 67.5 years) and an increasing trend in psychonspteed (Finger Tapping
Test, nondominant hand) was noted in the oldeizl7.5 years). Etnier and Berfynoted that
older age was associated with greater gains id fiuelligence (Culture Fair Intelligence Test).
Lastly, although Perreira et & found that being a male and being aged < 65 years each
associated with greater verbal memory pre- andgbstbilitation, the analysis model precluded

them from examining the interaction effect on goepost-rehabilitation change in cognition.

Three studies examined the effects of exerciseitrgiversus usual caté?: A
randomized controlled trial by Emery et‘&hoted significant between-group difference in a
letter verbal fluency task in favour of the exeecigoup. Two other®*'found no significant
between-group differences in cognitive measureseR#y, a randomized trial by Aquino et al.
23 compared the effects of combined aerobic andteesie training to those of aerobic training
alone. The combined aerobic-resistance trainingmsihowed greater gains in verbal episodic
memory (RAVLT delayed recall), visuospatial abd#i(Drawing Test Il), and fluid intelligence

(Raven Test).



Discussion

This systematic review is the first to describeithpact of exercise training on cognition
in patients with COPD. The evidence is limited éoen published articles reporting on six
intervention trials. Study heterogeneity in desigxercise intervention and outcome measures
prevented a quantitative synthesis of the evidence.

The domain most often assessed was processing spigadion/ executive functions,
which is known to be impaired in COPD. The verbal learning and memory domain is also
noted to respond to exerciS€” but is likely associated with the former, as ks used to
assess learning and memory (RAVE®and Logical Memory from the Wechsler Memory Scale-
Revised’) require preserved attention and executive funstfor encoding as well as retrieval
strategies for learning. In general, the neuropshggcal batteries used in the studies were
limited in the number of cognitive domains assesgétth the exception of two studiés®® Thus,
future investigations should include test batteciegering several cognitive domains, with a
specific focus on those that have been used sudattgdbus far (processing speed/ attention/
executive functions/ verbal learning and memory).

Moreover, we cannot exclude the presence of peaefifects due to repeated testing.
Indeed, changes in cognitive test performance caaralue to increasing familiarity with and
exposure to test instrument, items, and paradigmestice effects are frequent in clinical trials
on individuals with cognitive impairment, and caamifest across a range of cognitive measures,
including speed processing, episodic learning aathary, executive functions, and working
memory. All these cognitive domains showed improgetafter exercise intervention in COPD

population. Goldberg af°’ proposed three complementary approaches to atiegumactice
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effects: 1) massed practice in a prebaseline pe2iptsts designed to reduce practice-related
gains, and 3) well-matched alternate forms on dogniests.

The exercise interventions were heterogeneousindesign and included variable
program length, type of exercise, and session idum.dt remains unclear whether and which
features of exercise interventions are necessaygtimize cognitive function. The mechanisms
underlying how exercise positively influences caigm are not fully understood. This is
particularly true in individuals with COPD as masthe research in the area of exercise and
cognition has focused on healthy aging. Proposezhamesms include physiological changes,
such as increased cerebral blood flow, shown tinked with cognitive function; psychological
changes, such as increased arousal and mood, koafifect cognitive performance; and direct
effects on brain function through the performantmotor skills involving a cognitive
component (i.e., executive functioning and inforimraprocessing speetf) Given this, it may
be that the exercise protocols associated with pbghiological, psychological, and motor skills
improvements are those that would optimize improets in cognition.

In keeping with the international guidelines fotmuanary rehabilitatiorf> a combination
of aerobic and resistance training, as used acev#swved studies, may be sufficient. However,
approaches to education and self- management dasy@logram adherence might need to be
modified in those with cognitive impairments, espby if there is a reduction in short term
memory. In a recent study by Cleutjens eflpatients with cognitive impairment were at a
heightened risk of dropping out from pulmonary iglition, although response in terms of
improved functional exercise capacity, diseaseifipgwealth status, and psychological

wellbeing was comparable to those without cognitmpairment.
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In the only randomized controlled tri&] greater improvements in a verbal fluency
(letter) task was noted after 10 weeks of trainmthe exercise group compared with the non-
training comparison groups. The authors suggesirti@movement may be associated with
improved frontal lobe function enabling increasgdaitive functions (mental flexibility). The
inclusion of comparison groups reduce the likelithod exercise-related gains occurring only
through repeated cognitive testing, and activerebebnditions of education or attentidn
minimize the confounding effect of attention timmedather social interactions on cognitive
function.

Consistent with the diminution of the gains in dysa and quality of life following
exercise training in COPB$¢ the improvement in cognitive function identifiafier 3 months
of exercise did not meet criteria for statistidghsficance at 18 montHS. Moreover in a 1-year
follow-up study of their earlier randomized contedl trial, Emery and colleagu¥s
demonstrated that only patients who adhered to éxeircise routine maintained the cognitive
benefits. This may be a key observation, as theaxencise group did not experience alterations
in anxiety, depression or cognitive function.

This review presents a number of limitations thaght to be considered, namely the
heterogeneity of study designs, interventions artdamnme measures used, which prevented a
guantitative synthesis of the evidence. Only omducted trial was assessed as being ‘high
guality’ and only one reported being adequately @@d. No studies commented on compliance
to the exercise interventions; it may be that ifdlials with cognitive impairment are less likely
to adhere to an exercise program, making the dgliveexercise to this population challenging.
That said, the review was performed rigorously withb reviewers included at each stage of the

process, the participation of experts in exergiagming and cognition, and the contribution of
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clinician-researchers with extensive experiencE@PD assisting in the interpretation of the
results.

In summary, exercise training may have a role érttitigation of cognitive decline in
COPD patients. However, heterogeneity in studygegxercise intervention and outcome
measures, prevents a clear synthesis of exisialg.tFuture studies should emphasize
comprehensive reporting of exercise interventiapeters (program length, exercise type(s),
individual session duration, etc.) and should geakinimize practice effects on cognitive tests
in order to facilitate applied insights to inforeptication and/or program development. The
impact of program attendance, exercise adherendekraowledge retention may potentially

mediate the impact of exercise on cognition andikhbe explored further.

FigureLegends

Figure 1: Study flow from identification of artideo final inclusion
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Reference  Design

Participants®

Exercise | ntervention Control intervention

Assessments

Emery Cohort

1991 & :
1994 (United Sates)

Niotal = 64,
55% male,
age: 67 7 yrs

Length: 1 month None
Freqguency: 5x/week
Intensity: Not specified

Components: 45 min of
aerobic exercise, upper
body strengthening, and
daily lectures. Also pool
exercises (2x/week), 45
min of psychosocial
counselling and stress
management (2x/week),
and respiratory therapy

Cognitive: Finger Tapping Test,
Digit Symbol and Digit Span
subscales of WAIS-R, Trail
Making Test

Other: 12-minute walk test,
incremental cycle ergometry, MO
max, SCL-revised, PGWB,
spirometry

as needed.
Emery RCT Niotal = 79 Length: 10 weeks Waitlist Control: Cognitive: Digit Vigilance Test,
1998 (United States) ~ Waitlist Frequency: 3-5x/week No intervention E:Egﬁ::;?'zz[[n%gisgy\r/r%g?l
gg&rﬂégza Intensity: Not specified subscale of WAIS-R, Trall
. ' i Educational Control: Making Test
age: 67 7 yrs C.omponents. Educational lectures and Other i tal |
Educational First 5 weeks (5x/week): stress management erggﬁ;':]r;rfergterl/%rﬁgi eCE sD
Control: =25, 45 min of aerobic sessions only : : ' s
40% male, spirometry, Bradburn Affect-

age: 67 6 yrs

Exercise
Intervention:
n=29, 50%
male, age: 65
+7yrs

exercise and strength
training on Nautilus
equipment. Also 60 min
of education (4x/week)
and 60 min of stress
management (1x/week).

Last 5 weeks (3x/week):

60-90 min of exercise.

Balance Scale, MHLC, SIP, SCL,
STAI, health knowledge



Also 60 min of stress
management (1x/week).

Etnier Two Stages: Stage 1 Length: 3 months None Cognitive: Culture Fair
e . H
2001 1. Rehabilitation (0-3 months): Frequency: 3x/week Intelligence Test (Scale 3, forms
stage: Cohort ~ Notal = 29, : A &B)
: 62% male, Intensity: Dyspnea
2. Maintenance age: 68 6 yrs rating of 3-4.
stage: RCT Components: Aerobic Other: 6MWT, CES-D, graded
(United States) exercise for double the exercise test, spirometry
duration achieved during
the graded exercise test
at the target intensity.
Also upper body strength
training, stretching
exercises, and education.
Stage 2 Length: 15 months Usual Care (advised to Cognitive: Culture Fair
(3-18 months): . continue to exercise Intelligence Test (Scale 3, forms
Neo = 15 Frequ§ncy. Pigeek independently following A & B)
total Intensity: as above the rehabilitation stage)
Control: n=7, i
86% male, ~ Components: as above Other: BMWT, CES-D, graded
age: 70 6 yrs exercise test, spirometry
Exercise
Intervention:
n=8, 63%
male, age: 67
4 yrs
Kozora Non- Ntotal = 59 Length: 3 weeks Usual Care (no Cognitive: Digit Span and Digit
2002 Randomized e ) intervention) Symbol subscales of WAIS-R,
Controlled Trial gory o 2% Freduency: axiweek Digit Vigilance Test, Trail
(United States)  age: 67 yr% Intensity: Not specified Making Test, Logical Memory,
_ Components. Exercise Visual Reproduction, and Paired
Exercise Associates subscales of WMS-R,

psychosocial, and



I ntervention:
n=30, 50%
male, age: 67
yrs’

educational sessions.

Clock Drawing to Command,
Boston Naming Test, Controlled
Oral Word Association Test,
Animal Naming Test

Other: 6MWT, BDI, spirometry

Pereira Cohort Niotal = 34, Length: 3 months None Cognitive: Stroop Test, FAS
2011 (Brazil) 28:@ g:saie,? s Frequency: 3x/week Test, Digit Span Test, RAVLT
- Intensity: Not specified g;zer: 6MWT, spirometry, blood
Components: Aerobic
and resistance training,
and educational and
psychosocial sessions.
Aquino Randomized Niotal = 28 Length: 4 weeks None Cognitive: RAVLT, Drawing
2016 Trial . . Copy Test, Attentive Matrices
Aerobic and Freqguency: 2x/day,
(taly) Resistance 5x/week Test, Raven Test, Verbal Fluency
Exercise: Intensity (progressed Test
n=14, 100% Y {prog Other: VO, max (estimated from

male, age: 65
+8yrs

Aerabic
Exercise Only:
n=14, 100%
male, age: 69
+7yrs

over 4 weeks): Aerobic
training: 30 min at 70-
90% of HRmax;
Resistance training: 3
sets of 4-10 repetitions at
70-90% of 1-RM

Components: Aerobic
and resistance training,
and respiratory, balance
and mobility exercises.

6MWT), 1-RM (estimated by
Brzycki)

®Age reported as mean + SD.

"Emery 1991 and 1994 present data from the samimalrigtudy.
‘Standard deviation not provided.
1-RM= One Repetition Maximum; 6MWT= Six-Minute Wallest; BDI=Beck Depression Inventory; CES-D=CeffderEpidemiological



Studies Depression Scale; MHLC=Multidimensional ltehocus of Control; RAVLT=Rey Auditory Verbal Learning Test;
RCT=Randomized Control Trial; HR= Heart Rate; PGWBychological General Well-Being Index; SCL=Hopk8nptom Checklist;
SIP=Sickness Impact Profile; STAI=State Trait Anyilventory; VQ max= Maximal Oxygen Consumption Rate; WAIS-R=Wéehs
Adult Intelligence Scale — Revised; WMS-R=Wechdllemory Scale — Revised; Yrs = Years.



Table 2: Results of Quality Assessment

Emery(1991)? Emery Emery  Etnier(2001) Korora  Pereira  Aquino
(1994)*  (1998) (2002) (2011)  (2016)

Reporting
1. Hypothesis/aim/ objective clearly described? Yes Yes Yes Yes Yes Yes Yes
2. Main outcomes clearly described in introduction/methods? Yes Yes Yes Yes Yes Yes Yes
3. Characteristics of patients included clearly described? No No Yes Yes No Yes Yes
4. Interventions of interest clearly described? No No No Yes No No Yes
5. Distributions of confounders in each group to be compared clearly described? No No Yed Yed Yes’ Yes’ Yes’
6. Main findings clearly described? Yes Yes Yes Yes Yes No Yes
7. Estimates of the random variability in the data for the main outcomes provided? Yes Yes Yes Yes Yes Yes Yes
8. All adverse events potentially from the intervention reported? No No No No No Yes No
9. Characteristics of patients lost to follow-up described? Yes Yes Yes Yes No No Yes
10. Actual probability values for the main outcomes reported? No No No No Yes Yes Yes
Subscor €° (/11) 5 5 8 9 7 8 10
External validity
11. Subjects asked to participate representative of the entire population? No No No Unclear Unclear Unclear No
12. Subjects who accepted to participate representative of the entire population? No No Unclear Unclear Unclear Unclear Unclear
%3(; S'tSthjn;i, eFr)1| ta;crgesc ;a\jz(iegti es where patients were treated representative of the treatment Unclear Undlear  Unclear Unclear Undear  Unclear Unclear
Subscore (/3) 0 0 0 0 0 0 0
Internal validity - bias
14. Attempt made to blind study subjects? No No No No No No No
15. Attempt made to blind those measuring the main outcomes? Unclear Unclear Yes Unclear Unclear Unclear Yes
16. Any results based on "data dredging" made clear? Yes No Yes Yes Yes Yes Yes
i;seAsr;?]Igisn?%lu;t for different lengths of follow-up or follow-up length the same for Yes Yes Yes Yes Yes Yes Yes
18. Statistical tests for main outcomes appropriate? Yes Yes Yes Yes Yes Yes Yes
19. Compliance with intervention reliable? Yes Yes Yes Unclear Unclear Unclear Unclear
20. Main outcome measures used valid and reliable? Yes Yes Yes Yes Yes Yes Yes
Subscore (/7) 5 4 6 4 4 4 5

Internal validity — confounding (selection bias)



21. Subjects from both groups recruited from the same population? N/A

22. Subjects from both groups recruited over the same time period? N/A
23. Study subjects randomised to intervention group? No
24. Randomisation concealed from patients and staff until recruitment complete and No
irrevocable?

25. Adequate adjustment for confounding in the analyses for main findings? No
26. Losses of patient to follow-up taken into account? Yes
Subscore (/6) 1
Power

27. Study adequately powered? Unclear
Subscore (/1) 0
TOTAL SCORE (/28) 10

N/A
N/A

No

No

No
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Unclear

0
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Yes

Unclear

Yes

No

No
Yes

Unclear
0

16

Yes
Yes

No
(intervention
phase)
Yes
(maintenance
phase)

Unclear

No
Yes
3

(intervention
phase)
4
(maintenance
phase)

No
0

16

Unclear

Unclear

No

N/A

Yes
No

Unclear
0

11

No

Unclear

No

N/A

Yes
Unclear

Unclear
0

12

Yes
Yes

Yes

Unclear

Yes
Yes

Unclear
0

20

Scoring: Yes= 1 for all items (unless otherwise indicated), No = 0, Unclear = 0, N/A (not applicable) = 0.

& Studies share common participants.
®Yes= 2 points.



Table 3: Significance of pre-to-post within subject exercise training changes in cognitive measures across studies

Emery Emery Etnier Kozora Pereira Aquino
(1991 & 1994)? (1998)° (2001)° (2002)° (2011) (2016)

Cognitive domains and tests
Processing speed / attention / executive functions
Finger Tapping <0.05 NS
Digit Vigilance NS [Sonly: 0.004
Digit Span YO only: <0.05 NS NS
Digit Symbol <0.001 NS NS
Stroop Colour Word Test 0.024°
Trail Making Test
Part A NS NS
Part B <0.001 NS NS
Verbal Fluency Test (Letter)® <0.001 NS NS
Verbal Fluency Test (Semantic)® NS 2$ :88;
Attentive Matrices Test Z? zggi
Learning and Memory
RAVLT

Sumof triadls1to 5 <0.001'

Short delay recall 0.005° NS

Long delay recall 0.022' 2$ :88;
Logical Memory [Sonly: 0.006
Visual Reproduction NS
Paired Associates NS
Visuo-spatial abilities
Clock Drawing ISonly: 0.06
Drawing Copy Test | NS
Drawing Copy Test I Z? zggé
Language
Boston Naming Test NS




Fluid Intelligence

Culture Fair Intelligence Test <0.001

CT: <0.01
Raven Tes! AT: <0.05

8Studies reporting on the same intervention and participants.

PShowing within-group effects for the exercise intervention group only.

“Showing within-group effects for Stage 1 (0-3 months) only.

YIndependent of sex.

°Also assesses language.

fIndependet of sex, age, and tobacco consumption.

9Independent of sex and age.

NS: not significant; Y O: younger-old patients; |S: impaired subgroup (those with cognitive impairment at baseline); CT: combined aerobic and resistance training; AT: aerobic training only;
RAVLT= Rey Auditory Verbal Learning Test.



Identification

Screening

Eligibility

Included

Records identified through database
searching, with duplicates removed

Additional records identified through
other sources

Abstracts excluded
Did not meet inclusion criteria (n = 1026)

(PubMed, EMBASE, MEDLINE, CINAHL) (n=3)
(n =1040)
A
Total abstracts screened >
(n=1043)
Full text articles screened
—>

(n=17)

A 4

Records excluded

Did not meet inclusion criteria (n = 6)

Full-text articles assessed for
eligibility (n =11)

\4

Full-text articles excluded, with reasons
(n=4)

Evaluated adherence to maintenance exercise (n=1)
Included conditions other than COPD (n=1)
Did not evaluate an exercise intervention (n=2)

Studies included in review
(n=7)




Trials assessing the effects of exercise training on cognition in COPD are scarce
These trials are heterogeneous in their design, intervention, and outcome measures
Pre-post training gainsin at least one cognitive domain are generally observed
Processing speed/attention/executive functions is the domain most often documented

The verbal learning and memory domain is aso noted to respond to exercise



