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Abstract

Background: Chronic obstructive pulmonary disease (COPD) is often accompanied by impaired cognitive and physical
function. However, the role of cognitive function on motor control and purposeful movement is not well studied. The aim
of the review was to determine the impact of cognition on physical performance in COPD. Methods: Scoping review
methods were performed including searches of the databases: MEDLINE, EMBASE, Cochrane Systematic Reviews,
Cochrane (CENTRAL), APA PsycINFO, and CINAHL. Two reviewers independently assessed articles for inclusion, data
abstraction, and quality assessment. Results: Of | 1,252 identified articles, 44 met the inclusion criteria. The review included
5743 individuals with COPD (68% male) with the forced expiratory volume in one second range of 24-69% predicted. Cognitive
scores correlated with strength, balance, and hand dexterity, while 6-min walk distance (n = 9) was usually similar among COPD
patients with and without cognitive impairment. In 2 reports, regression analyses showed that delayed recall and the trail making
test were associated with balance and handgrip strength, respectively. Dual task studies (n = 5) reported impaired balance or gaitin
COPD patients compared to healthy adults. Cognitive or physical Interventions (n = 20) showed variable improvements in
cognition and exercise capacity. Conclusions: Cognition in COPD appears to be more related to balance, hand, and dual task
function, than exercise capacity.
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Introduction

Chronic obstructive pulmonary disease (COPD) is char-
acterized by airflow obstruction.! In 2019, COPD had an
estimated global prevalence of 391 million® and was the
third leading cause of death worldwide.> The clinical
features of airflow limitation, lung hyperinflation, respi-
ratory muscle weakness, and dyspnea, contribute to the
exercise intolerance often present in COPD.* Exercise
capacity as measured by the 6-min walk test (6MWT)>*°
and the level of physical activity’ are predictors of mor-
tality in COPD patients.

Along with the respiratory manifestations described,
COPD is a systemic disease that is often accompanied by
extrapulmonary sequela including cognitive dysfunction.®
The reported prevalence of cognitive impairment in COPD
patients is variable ranging between 10 to 61%,” and as high
as 77% in hypoxemic populations.'® Moreover, impairment
ranges from mild to severe cognitive impairment and de-
mentia, as well as deficits in both global and specific cognitive
domains.'"™"® Regarding specific cognitive domains, two
systematic reviews both corroborate the frequent prevalence of
memory and attention-related deficits in COPD.'*'*

Related to diminished cognitive performance is dual
tasking, an experimental paradigm used to evaluate dec-
rements in cognition when an individual is required to
perform a cognitive and motor task simultaneously. Dual
task interference arises when there is reduced performance
in either task relative to their single task equivalent.'® There
are several cognitive theories postulated to explain the
reduced performance observed relative to single tasks.'®
One of the theories, the central capacity sharing model,
posits that internal processing of the concurrent events is
capacity-limited due to the requirements of parallel
processing.'”'® Importantly, processing speed is correlated
with broad cognitive measures, such as fluid intelligence. '’
Thus, a systematic review evaluating older adults with mild
cognitive impairment (MCI) observed greater dual task
interference during walking relative to healthy controls.?
Furthermore, individuals with MCI display worse postural,
gait, and fine motor control relative to their non-MCI
counterparts.”'

Given the heightened prevalence of cognitive decline in
COPD, and the apparent relationship of MCI and worsened
dual task performance and motor control in non-COPD, it is
pertinent to evaluate how cognitive capacity influences
motor control in COPD patients. Additionally, as COPD
patients almost invariantly exhibit dyspnea,* it is critical to
include dyspnea within our conceptual definition of phys-
ical performance. Indeed, dyspnea is not only a physical
symptom but also an interoceptive stimuli that requires
cortical and subcortical processing.”>** In COPD, hypox-
emia may lead to cognitive dysfunction through neuronal
injury.?® The aim of this scoping review was to investigate

the relationship between cognitive function and motor
control in COPD patients, and whether treatments improve
cognitive and physical function. As cortical control is
necessary for purposeful movement,”® we hypothesize that
COPD patients that exhibit cognitive impairments will have
more impaired motor control compared to those without
cognitive impairments.

Methods

Protocol

The draft protocol and finalized review utilize the estab-
lished scoping review framework set by Arksey and
O’Malley and their updated enhancements.”’ >’ The draft
protocol was registered prospectively with Open Science
Framework on 6 September 2021 (https://osf.io/ng765/).
Draft revisions were conducted after consultation and
feedback from the review team.

Identifying the research question

The primary objective addressed by this scoping review was
to examine how cognitive capacity influences physical
performance in COPD patients. The following sub-
questions were addressed: 1) what is the relationship be-
tween cognitive test measures and physical performance; 2)
did physical performance indicators differ when COPD
patients were stratified by cognitive test scores; 3) does dual
tasking influence physical performance in COPD relative to
healthy adults; and 4) does baseline cognition influence
cognitive and physical changes with interventions?

Information sources and search strategy

The search strategy was developed by a research librarian
(AO-C) with the following key concepts: COPD, cognition,
and exercise capacity. The search was executed on 20 July
2021, and a second search on 14 February 2022, in the
databases: Ovid MEDLINE; Ovid Embase; Cochrane Da-
tabase of Systematic Reviews; Cochrane Central Register of
Controlled Trials (CENTRAL); APA PsycINFO; CINAHL
complete (EBSCOhost). Conference and book materials
were removed from Embase. The reference lists of retrieved
publications were also examined. The searches were not
limited to study design and year but were limited to humans,
adults, and English language. Please see the Supplementary
Appendix for the comprehensive search strategy.

Eligibility criteria

The following studies were included if they examined COPD
patients of any severity: 1) by evaluating the relationship
between their cognition and physical performance; 2)
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compared their physical performance according to stratifi-
cation of their cognitive test scores; 3) examined dual task
paradigms; 4) assessed cognition and physical outcomes after
an intervention; and 5) evaluated the relationship between
baseline cognition with physical changes with an intervention.
Exclusion criteria used: 1) regression models that had cog-
nition as an outcome variable; 2) COPD lung transplant re-
cipients; 3) intervention studies that did not include both
cognitive and physical post-treatment scores unless inclusion
criterion above was met; and 4) non-English language studies.
Case series, grey literature, conference proceedings and ab-
stracts, and dissertations were excluded.

Study selection

Search results were imported into EndNote 20 and dupli-
cates were removed using EndNote’s automation tool. Pairs
of reviewers (PR, SA, EF, UM, RLFF, MK) independently
screened the titles and abstracts and subsequently the se-
lected full-text articles for inclusion. Disagreement among
reviewers were resolved by a third reviewer.

Data charting process

Pairs of reviewers (PR, SA, EF, UM, RLFF, MK) inde-
pendently abstracted data from the full-text articles and
disagreements were resolved by a third reviewer. Data
abstraction included: study design, study location, inclusion
and exclusion criteria, baseline characteristics (age, sex,
number of participants, COPD severity, comorbidities),
study protocol, and outcome measures (correlation coeffi-
cients, hypothesis testing outcomes, beta-coefficients, dual
task results, and treatment outcomes).

Quality assessment

Quality assessment was performed using a 15-item modified
Downs and Black checklist*® or the full Downs and Black"'
checklist (27-items)" depending on study design, the latter
was used for randomized trials, randomized controlled trials
(RCTs), or non-randomized controlled trials. This checklist
queries study quality, external and internal validity, and
power. Quality assessment was conducted by pairs of in-
dependent reviewers (PR, SA, EF, UM, MK) and dis-
agreements were resolved by a third reviewer.

Data synthesis

Baseline characteristics and cognitive and physical as-
sessments of reports were tabulated (Table 1). Study out-
comes were synthesized into three tables: cross-sectional
studies that assessed the relationship between cognitive test
scores and physical measure (Table 2); dual task studies

(Table 3); and interventions that evaluated cognitive and
physical outcomes (Table 4).

Results

The PRISMA diagram (Figure 1) summarizes the screening
results.’” The initial and second searches yielded
10,045 and 1207 articles, respectively. The number of
duplicates removed was 3619. Screening resulted in
133 full-text articles to be screened for eligibility and
44 articles met the inclusion criteria.'®>*""> Studies were
excluded due to lack of a relationship between cognition and
physical outcomes (n = 84); regression models utilizing
cognition as an outcome rather than an explanatory variable
(n = 2); drug intervention studies that evaluated pre- and
post-cognitive outcomes to assess safety (n =2); and a study
that evaluated cognitive but not physical outcomes after
rehabilitation.

Of the 31 studies evaluated using the modified Downs
and Black checklist (see Supplementary Appendix), quality
assessment scores ranged from 43.8% to 87.5%, with a
mean of 65.5%. All 31 studies scored points for: stating the
study hypothesis or study aim(s); clearly delineating study
outcomes; clearly describing the main findings; using ap-
propriate statistical tests; and using valid and reliable study
measures. Studies demonstrated poor external validity and
internal validity (confounding) with a combined mean
percentage of 14.6% and 32.3%, respectively. The
31 studies had a mean score of 74.2% for internal validity
(bias), with no studies receiving points for blinding outcome
measures.

Of the 13 studies evaluated using the full Downs and
Black checklist, quality assessment scores ranged from
46.4% to 89.3%, with a mean of 60.7%. These studies
scored high for internal validity (bias) with a mean of
83.5%. The studies demonstrated poor external validity
with a mean of 12.8%. Only two of the 13 studies dem-
onstrated sufficient statistical power.

Baseline characteristics of study participants and cogni-
tive assessment used are summarized in Table 1. Regarding
the type of cognitive assessment used in the cross-sectional
and longitudinal (non-intervention) studies, three studies
used a comprehensive neuropsychological testing battery,
seven studies used the Mini-Mental State Examination
(MMSE), four studies used the Montreal Cognitive As-
sessment (MoCA) test, and nine studies used a combination
of the Stroop Test, Trail Making Test (TMT), Digit Symbol
Substitution Test (DSST), clock-drawing test (CDT), a verbal
fluency test, and word recall. For the dual task studies, one
applied backwards spelling, four used backwards subtraction
by threes, and one of these four also applied a verbal fluency
task. Among the intervention studies, 10 utilized neuro-
psychological testing batteries, nine utilized either the MoCA
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or MMSE, one used the Culture Fair Intelligence Test, and
one used the AD8 dementia screening tool.

The relationship between cognitive test scores and
physical performance are summarized in Table 2.

Cognition and exercise capacity

Inconsistent findings were reported for the relationship
between 6MWD and stratification of subgroups using
cognitive screening tools (MoCA or MMSE) or a com-
prehensive neuropsychological testing battery. Observa-
tional studies did not identify a difference in 6MWD in
cognitively impaired (CI) and cognitively normal (CN)
subgroups.®®**7> Two cross-sectional studies®*’* identified
a difference in 6 MWD between CI and CN subgroups when
stratified by the MMSE, with the CI group having a lower
mean 6MWD. However, this relationship was negated in
one report after adjusting for age and education.® Of note,
cross-sectional studies identified significant weak-to-
moderate correlations between cognitive screening tools
and 6MWD,**%*"* while another study did not find an
association between the MoCA and 6MWD.”' When using
a comprehensive neuropsychological testing battery, cross-
sectional studies did not identify a difference in 6MWD
between CI and CN individuals.’®*°

Other cognitive tests used to evaluate relationships with
6MWD also showed mixed results. A longitudinal study
organized patients into low or high baseline TMT part B
(higher scores indicate greater impairment for TMT A and
B) scores (measure of executive function) and reported
varying improvements in their cognitive test scores over
3 years, with those improving having higher baseline
6MWD.** A cross-sectional study found differences in
6MWD when stratifying COPD patients by TMT part A
scores (measure of psychomotor speed) but not according to
TMT part B scores; COPD patients with impaired TMT part
A had lower 6 MWD than patients categorized with a normal
TMT part A score.®® Moreover, TMT part A but not TMT
part B was found to have a weak inverse correlation with
6MWD.® Another cross-sectional study found a weak
correlation between TMT and 6MWD.®® Two cross-
sectional studies found the DSST, a measure of psycho-
motor speed, to be weakly associated®® and weakly cor-
related with 6MWD.® The CDT, a measure of memory,
attention, and visuospatial abilities had a weak correlation
with 6MWD.”

Regarding gait speed, in a cross-sectional study using
multivariate linear regression, all covariates, which included
delayed word recall, immediate word recall, measurement
of orientation or executive function, were not significant.””

Regarding cycle ergometry, Average Impairment Rating,
a global index of impairment (higher score indicates greater
CI), and an independent global rating by clinicians, dem-
onstrated a weak negative correlation with maximum

work.'” TMT part A was also reported to have a weak
negative correlation with maximum work, while the rela-
tionship with TMT part B was not significant.®’

The Stroop-Color Word Test (SCWT), a measure of
executive function and cognitive flexibility, and TMT part
B, were both found to have a moderate inverse correlation
with leg extension force.*!

Cognition and dyspnea

Categorizing COPD patients into CI and CN subgroups
according to cognitive test scores had mixed results re-
garding Modified Medical Research Council (mMRC)
Dyspnea scores. Higher mMRC Dyspnea scores were found
in CI COPD when stratifying by MMSE®” and TMT part
B, while MoCA,*>”® a comprehensive neuro-
psychological testing battery,** and TMT part A% strati-
fication showed no significant differences.

Regarding other measures of dyspnea, categorizing
subgroups based on a comprehensive neuropsychological
battery, one cross-sectional study did not identify a dif-
ference in their Visual Analogue Scale (VAS) dyspnea
scores.>® Categorizing patients into high or low TMT part B
baseline scores with varying trajectories of cognitive im-
provement, did not find a significant difference between
their University of California, San Diego Shortness of
Breath Questionnaire (UCSD-SOBQ) scores®; with TMT
part B being weakly correlated with the UCSD-SOBQ,
while TMT part A was not.®’

Cognition and balance

An investigation of postural and functional balance
through center-of-pressure displacement and Berg Bal-
ance Scale (BBS), respectively, found moderate corre-
lations with Stroop interference.®> Multiple linear
regression modelling showed associations with Stroop
interference score and center-of-pressure, adjusted for
other covariates (see Table 2).°’ In a younger COPD
cohort (mean of 57 years), the MMSE was weakly cor-
related with BBS, and MMSE was associated with BBS
through simple linear regression.’* Moreover, another
cross-sectional study using multivariate linear regression,
found an association between delayed word recall and
tandem stance time.>°

Cognition and hand function

In COPD patients categorized by TMT part A and TMT
part B scores, grip strength was significantly higher in CN
individuals.®® Additionally, through multivariable re-
gression, borderline impaired TMT part A scores and
borderline impaired and impaired TMT part B scores were
independently associated with decreased grip strength
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Identification of studies via databases and registers
Records identified from: Record's rfamoved before
S = . screening:
.0 Databases —total =11,252; Duplicate records removed
S Medline 2621; Embase 5219; (n = 3619)
(%) . . -
E CENTRAL 1909, CDSR_ 19; —> Records marked as ineligible
= APA PsycINFO 274; ; -
s by automation tools (n = 0)
@ CINAHL Complete
S 1210)Registers (n = 0) Records removed for other
9 - reasons (n = 0)
—/
R d d R d luded**
ecords screene ecords exclude
—>
(n=7633) (n =7500)
Reports sou_ght for retrieval Reports not retrieved
> (n=133) (n=0)
'S
[}
g
: !
(7]
Reports as(s:is$gsf)or eligibility ——»| Reports excluded: Total = 89
No relation between cognition
and physical outcome (n = 84)
Cognition is dependent variable
— in regression (n = 2)
Cognition assessed for safety
f rather than for treatment (n = 2)
3 Studies included in review
T (n=44) Physical outcome not available in
= Reports of included studies treatment study (n = 1)
= (n=44)

Figure |. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram summarizing search strategy

results.

(Table 2).°” Along with handgrip strength, cognition
measured through MMSE had a moderate negative cor-
relation with placement and turning dexterity in a hyp-
oxemic cohort, with the dexterity correlation not being
different in those with mild and moderate hypoxemia.”®

Dual tasking in COPD patients compared to
healthy controls

In one study, COPD patients exhibited decreased walking
velocity during both single and dual task (walking and
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backwards spelling) conditions compared to healthy
controls,”’ while another study did not report differences
in gait speed in both task conditions, but did find greater
stride time variability for COPD patients during dual
tasking (walking and backwards counting by 3).>* Mixed
results were also found for the Timed Up and Go (TUG)
test, whereby one study reported COPD patients having a
longer TUG completion time in both single and dual tasks
relative to healthy controls,’® while the other did not report
a difference in single and dual task conditions for the TUG
test and knee extension muscle force.®’ Both studies uti-
lized backwards counting as their cognitive task
paradigm.®®®' Regarding balance assessed through CoP
displacement during dual tasking, COPD patients ex-
hibited greater balance deficits in both single and dual
tasks relative to healthy controls.”®

Effects of interventions on cognitive outcomes in
COPD patients

Pulmonary rehabilitation (PR) resulted in variable im-
provements among the studies assessing specific cognitive
domains.*>** %57 PR showed improvements in global
cognition,*>%4%-3559 attention and processing speed, ***>+>7
executive function,”>** ¢ visuospatial skills,>>>” and
language ability.’” Among the five PR studies showing
improvements in global cognition,*”**%%°>> two studies
demonstrated improvements only in CI COPD patients.*®*
All PR interventions resulted in significant improvements in
physical outcomes,>>38:39-44-46:4849.35.57.59  ith  three
studies’***? reporting no difference in 6MWD post-
rehabilitation between CI and CN COPD patients, while
investigation® reported CN COPD patients having sig-
nificantly greater post-rehabilitation 6-min stepper test
(6MST) scores than CI COPD patients. Studies evaluating
whether cognition is associated with PR physical im-
provements showed mixed results.***® Improvements in
MoCA scores were not associated with changes in exercise
capacity as measured by 6MWD and 6MST in hospital-
based PR,® while baseline MMSE scores were significantly
correlated with improvements in maximum cycling effort
(watts) (r=0.46, p <0.05) and VO,max (r = 0.41, p <0.05)
in home-based PR.**

Exercise interventions had variable cognitive
outcomes.’”*7*® Endurance training was shown to improve
fluid intelligence,””*” global cognition,® visuospatial
abilities,>”®® working memory,®® attention,’” delayed re-
call,’” and executive function.’’” Combined aerobic and
resistance training resulted in greater improvements in
delayed recall, fluid intelligence, and visuospatial abilities
compared to aerobic training alone.’’

Working memory (WM) training versus sham WM
training was also studied.”” WM refers to the short-term

memory that is required to do things in the moment. Al-
though WM span increased over 24 weeks in the inter-
vention group, this was not reflected in improvements in
cognitive test scores.”” Moreover, physical capacity as
measured by 6MWT and Short Physical Performance
Battery (SPPB) showed no improvements.’?

Other interventions such as behavioral modification,>®
lung volume reduction surgery,’® oxygen (O,) therapy,*’
amino acid*® and piracetam supplementation’* resulted in
cognitive improvements. Moreover, all these therapies

also improved physical outcomes except O,
supplementation,3-24:43:36.38
Discussion

COPD, 6MWD, and balance

Our findings indicate that CI and CN COPD patients have
comparable 6SMWT scores,*®**%*7> with studies finding no
association between cognitive impairment and 6MWD.**-¢>
These findings are corroborated by the low-order correlation
between global**’* and domain-specific®>’* cognitive test
scores and 6MWD. Similarly, dyspnea scores were com-
parable between CI and CN COPD patients,>>>6:40:64:.74.75
with low,®> moderate,* and non-significant correlations
found.”* Importantly, lower cognitive test scores were as-
sociated with impairments in balance parameters.’*>*%3

Of clinical importance, a recent meta-analysis found that
COPD npatients had greater deficits in their balance com-
pared to healthy controls.”® Nonetheless, while shorter
6MWDs are correlated with impairments in balance
function,”””” and a 6MWD <300 m being a predictor for
balance impairments as measured by the BBS and TUG,*"
the reviewed studies indicate no difference in 6MWDs
between CI and CN COPD patients. Given the importance
of balance in daily activities, further exploration of inter-
ventions to improve the relationship between CI and falls
are required.

Potential mechanisms underlying cognitive-physical
relationship

As depicted from the results, COPD patients who display
decreased cognitive capacity are more likely to exhibit
impairments in balance and hand function, rather than
functional exercise capacity or physical conditioning as
measured by the 6MWT. Our results do not reflect a lack of
relationship with 6MWD, but that the relationship with
cognition and 6MWD is less pronounced. One plausible
mechanism is the increased cortical sensorimotor connec-
tivity demonstrated while standing versus walking.®' This
heightened cortical connectivity suggests greater attention is
needed for balance and postural control, while walking may
depend more on spinal neural networks.®! COPD patients
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exhibit reduced white matter integrity and impairments in
gray matter functional connectivity®?; thus, CI COPD pa-
tients may lack the cortical resources to sustain adequate
balance.

A regression model investigating cognitive-balance re-
lationships demonstrated an association between better
delayed word recall and increased tandem stance time.>’
The 10-word list used for delayed recall is often utilized to
detect mild CI by assessing hippocampal and entorhinal
cortical functions.®® Poor delayed recall is associated with
hippocampal®*** and entorhinal atrophy.*®*” Importantly,
hippocampal atrophy and its association with CI has been
reported in COPD.® The hippocampus and entorhinal
cortex receive input from the vestibular system.® Notably,
hippocampal and entorhinal atrophy is associated with
impaired vestibular function, a system important for
maintaining balance.””

Additionally, another regression model depicted poorer
TMT scores (worse executive function) associated with
weaker handgrip strength.®” The prefrontal cortex (PFC)
facilitates executive function,”’ and PFC impairments can
lead to worse motor planning and recruitment, and thereby
reduced strength.”>"?

Dual tasking

Similarly, cognitive-motor dual tasking induced static
balance deficits in COPD patients.”> Balance’® and
postural control’*°° are often impaired in COPD. While
several factors have been implicated in balance impair-
ments, such as age,”®"” dyspnea,”® inspiratory muscle
weakness,”” and lower limb muscle strength,”® the in-
fluence of cognition has not been investigated as thor-
oughly. Although, a cognitive screening test was not
conducted in the dual task study by Van Hove et al.,”*
COPD patients had lower verbal fluency task scores than
healthy controls.

Impairments when performing a concurrent task may
arise due to processing constraints within the brain, such as
the PFC. In a single-cell recording study in monkeys, dual
tasking resulted in concurrent activation of the same lateral
PFC region suggesting cognitive capacity limitations.'*’
Related to limitations in capacity, Hassan et al.”' observed
that COPD patients did not increase dorsolateral PFC
oxygenated hemoglobin (O,Hb) from single to dual tasks,
while healthy individuals did increase O,Hb. Therefore,
this observed ceiling effect in neural activity may be
pivotal to the constraints in simultaneous processing. In
addition to limited cognitive capacity, impairment has
been reflected by reduced PFC automaticity (decrease in
O,Hb seen in tasks requiring less executive function)
during single and dual task walking in COPD and older
adults, respectively.'?!"102

Pulmonary Rehabilitation

In this review, the predominant intervention to facilitate
cognitive-physical improvements was PR. All PR studies
found significant improvements in cognition. However, of
the four studies®~**>7 assessing differences in PR out-
comes between CI and CN COPD patients, three®®*>’
found cognitive improvements only in CI COPD patients.
Thus, the efficacy of PR cognitive improvement may also,
among other factors, rely on baseline cognition.

Notably, the physical improvements that arise from PR
seem to be independent from baseline cognition, as all
studies specifically evaluating PR in CI COPD patients
note an improvement in physical performance.’>-3%3%:49
Although, Ferrari et al.*® did find a moderate correlation
between baseline MMSE scores and improvements in
exercise capacity in a minimally supervised home PR
setting. While compliance was assessed, potential CI may
have influenced proper completion of the training sessions
in a minimally supervised setting, hence the moderate
correlation between MMSE scores and exercise capacity.
Furthermore, Cleutjens et al.>® found that CI COPD pa-
tients had an increased rate of PR dropout compared to CN
COPD patients.

Nonetheless, despite the potential risk for PR dropouts,
physical improvements were observed in CI COPD, with
the 6OMWT being the most frequent treatment outcome.
While this scoping review identified balance as a potential
factor that is impaired in CI COPD patients, most PR studies
included in our review did not conduct balance assessments.
Of interest, a report that examined physical outcomes but
not cognition before and after PR in COPD patients, found
that the small improvement in BBS were not related to
improvements of 6MWD.'®” Thus, including balance
outcomes, along with usual exercise capacity measures,
may be warranted, especially in CI COPD patients.

Aerobic and resistance training

An interesting finding regarding exercise is the enhanced
cognitive benefits found in combining aerobic and resis-
tance training versus aerobic training alone in COPD pa-
tients.>” This approach is corroborated by studies of those
with stroke'®* and dementia,'® as well as a meta-analysis of
healthy individuals that showed a larger effect size of
combined aerobic-resistance training than aerobic training
alone.'%

Working memory training

Cognitive training, specifically WM training, has been re-
cently investigated in COPD patients. While van Beers
et al.’”? found an improvement in WM trained task, the
improvements did not generalize to overall cognitive
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improvements as measured by the Cambridge Neuro-
psychological Test Automated Battery. Additionally,
secondary outcomes measuring exercise capacity showed no
improvements. A previous study investigating cogni-
tive training in hypoxemic COPD also found no cognitive
improvements relative to the control group (no cognitive
training).'”” A review investigating cognitive training also
affirms that, while cognitive training can improve the specific
trained task, there may be a lack of generalizability.'*®

Limitations

There are some limitations in this scoping review. To de-
velop a broader descriptive scope of the differences between
CI and CN COPD patients, results from independent t-tests,
Mann-Whitney U tests, and correlation coefficients were
included. While these results help characterize the rela-
tionship between cognition and physical performance,
they cannot delineate the underlying mechanisms. Sec-
ondly, there was a large degree of heterogeneity in study
designs and outcomes that prevented a meta-analysis of the
interventions. Moreover, the low statistical power in many
of these interventions precludes conclusions of actual
treatment effects. Regarding dual task studies, the com-
parator groups were healthy individuals rather than CN
COPD patients, thus the impact CI has on dual tasking
cannot be stated. Importantly, most of the data was col-
lected from cross-sectional studies, thus determining the
causality between cognition and physical performance is
not possible.

Conclusions and future directions

Limited cognitive capacity in COPD was more likely to be
associated with impairments in balance, hand function, and
dual tasking rather than exercise capacity. Due to the in-
herent limitations in study design and statistical analysis,
causal mechanisms cannot be determined. Pulmonary re-
habilitation was the most common treatment, which resulted
in variable cognitive improvements. Given the increased
incidence of falls in COPD,"'® and the possible relationship
between cognitive impairment and balance deficits, future
interventions may incorporate balance assessment in COPD
patients that present with cognitive decline and impairment.
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