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The efficacy of pulmonary
rehabilitation on cognitive
functions in patients with chronic
obstructive pulmonary disease:
systematic review

Shahad Alkandari*, Shibili Nuhmani, Mohammad AlSubaiei and
Turki Abualait

Department of Physical Therapy, College of Applied Medical Sciences, Imam Abdulrahman Bin Faisal
University, Dammam, Saudi Arabia

Background: Pulmonary rehabilitation (PR) program is an essential non-pharma-
cological management in patients with chronic obstructive pulmonary disease
(COPD). COPD can lead to cognitive impairment (Cl) for about 36%.in COPD
patients.

Objective: The aim of this study is to explore the efficacy of PR in improving
cognitive functioning in patients with COPD.

Method: Electronic searches of three databases: PubMed, Scopus, and Web of
Science were performed. The included studies assessed at least one cognitive
function in patients with COPD before and after participating in PR program.
Study quality was evaluated by two reviewers independently using risk-of-
bias tool (RoB 2) for randomized control trials (RCT) and Risk of Bias In Non-
Randomized Studies - of Interventions (ROBIN-I) for non-RCT.

Result: Eleven studies (six RCT and five non-RCT) were selected based on the
inclusion criteria, representing ten components of PR intervention, and 25 cog-
nitive tests (or subtests). The total number of participants was 864 patients with
COPD. The age range was 48 to 76 years and both genders were included. The
studies showed heterogeneity in the study design, PR intervention elements
and cognitive tests. PR program showed significant improvement among COPD
population in cognitive function in nine studies. The most frequent test used
was Montreal Cognitive Assessment test and the most frequent PR component
performed was aerobic exercise.

Conclusion: PR programs possibly improve cognitive function among patients
with COPD especially those suffering from cognitive impairment. Future studies
need to unify the PR intervention elements and the neuropsychological battery
tests used to enable a proper evaluation of the program efficacy and application.
Systematic review registration: PROSPERO Registration ID: CRD42023471801.
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1 Introduction

Cognition refers to the complex neural processes that facilitate the
transmission and processing of information influenced by various
emotional, psychological, and neurological factors (1). Cognition has
also been defined as the intellectual or mental process by which an
individual acquires, comprehends, uses, and explores information or
knowledge derived from the senses, perception, and thinking,
enabling the modification of an individual’s behavior to suit new situ-
ations (2, 3). The ability to think critically and creatively, including the
capacity to formulate and implement strategies, solve problems, and
understand complex ideas, is known as cognitive ability (4). The most
important neurophysiological domains of cognition include attention/
concentration, learning and memory, language, visuospatial and
motor function, executive functions, and social cognition/emotions
(2, 5). These cognitive domains provide individuals with different
complex and essential functions that can determine one’s intellectual
and personal skills (3, 6). Deficits in any of these functional domain’s
lead to cognitive impairment (CI), a condition that typically severely
impairs a person’s ability to perform a primary or complex func-
tion (7).

Chronic obstructive pulmonary disease (COPD) is a heteroge-
neous obstructive lung disease characterized by respiratory symptoms
such as dyspnea, sputum production, cough, and exacerbated lung
function due to abnormalities of the airways or the alveoli (8). Around
455 million people worldwide were diagnosed with COPD in 2019.
COPD is considered a life-threatening condition with a high mortality
rate, as it is the third leading cause of death globally, with about 3.2
million deaths (9). In addition to suffering the respiratory symptoms
associated with COPD, patients with this condition are prone to vari-
ous comorbidities, including lung cancer, cardiac disease, anxiety and
depression, musculoskeletal problems, and CI (6, 10, 11). According
to evidence, about 98% of COPD patients have one or more comor-
bidities (12). CI is one of COPD’s most prevalent comorbid disorders
(6). The CI morbidity in patients with COPD is higher than that of
healthy populations with similar characteristics, and about 36% of
patients with COPD experience CI compared to 16.7% of the general
population (13). COPD patients suffering from CI exhibited impaired
disease management and functional ability, which resulted in them
having high mortality rates and socioeconomic burdens (14). A meta-
analysis of 14 studies concluded that around 32% of individuals with
COPD suffer from CI and that about one in four experience mild
cognitive impairment (MCI) (15).

The relationship between COPD and CI has been hypothe-
sized several times. COPD has several risk factors, with a primary
factor being smoking, which has been known to increase the like-
lihood of developing CI (16). The various toxic components of
tobacco, such as carbon monoxide and nicotine, can damage
nerve cells and impair their function (17). Moreover, individuals
with COPD frequently experience chronic sleep deprivation,
which is associated with impaired cognitive function, as sleep is
essential for mental processes, and insufficient sleep can disrupt
brain clearance mechanisms and reduce blood flow in the prefron-
tal cortex, which may contribute to neuronal death in regions
responsible for sleep-related functions (18-20). Therefore, sleep-
ing disturbance comorbidities in COPD might lead to
CI. According to previous studies, COPD can trigger the develop-
ment of CI due to various mechanisms, such as tissue hypoxemia,
systemic inflammation, hypercapnia, and oxidative stress (21-23).
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The reduction of oxygen availability due to lung dysfunction is the
most independent risk factor that can lead to CI in patients with
COPD (6). From a physiological perspective, the brain is reason-
ably assumed to have the highest oxygen demand in the body;
therefore, it is highly susceptible to ischemia (3). When the oxygen
supplied to the brain is insufficient to meet its needs, neurons that
synthesize neurotransmitters, such as acetylcholine, are lost, lead-
ing to brain atrophy and cognitive deficits, including white matter
degeneration (13, 24, 25). This sequence will eventually lead to
CI. Moreover, patients who experience consistent cerebral hypoxia
are prone to experiencing various cognitive decline-related symp-
toms, such as declines in attention, information processing,
memory, visuospatial abilities, judgment, language, and executive
functioning (3, 25, 26). Patients afflicted by CI may face difficulty
managing their conditions and keeping track of their symptoms
or medications (25, 27). Therefore, patients with COPD who also
suffer from CI have worsened their condition over time.

Pulmonary rehabilitation (PR) is a vital, comprehensive, non-
pharmacological, and evidence-based intervention for COPD
patients that includes several components, such as exercise, educa-
tion, and nutrition (28-31). Numerous systematic reviews have
shown that PR can improve exercise capacity, quality of life, and
self-management, particularly in controlling disease and emo-
tional functioning among patients with COPD (32-35). A recent
review reported that PR is a promising management strategy for
improving the health-related quality of life (HRQoL) of COPD
patients through programs involving education, exercise training,
and breathing exercises (36). PR for patients with COPD has been
proven to exert psychological benefits and reduce healthcare
resources, and it has been shown to facilitate low-cost manage-
ment (37). Patients suffering from COPD who had experienced
an exacerbation were likely to have lower mortality rates, hospi-
talization rates, and readmission rates following their initial PR
sessions (38).

Despite all previously offered evidence on the effectiveness of
the PR program in improving patients’ condition across several
aspects, evidence on PR’s efficacy in improving cognitive function
in patients with COPD and cognitive impairments is lacking. The
primary focus of the outcome measures in previous studies was
the effectiveness of PR on exercise capacity and HRQoL; however,
no specific outcomes have been used to evaluate cognitive func-
tion in patients with COPD practically (32-35). A limited number
of studies have examined the effects of PR interventions on cogni-
tion in individuals with COPD (39-42). In addition, these studies
did not provide conclusive evidence on the effects of PR interven-
tions on cognitive function in individuals with
COPD. Andrianopoulos et al. reported that patients with COPD,
with or without CI, showed significant improvement in cognitive
function post-PR (41). In contrast, other studies found that
patients with COPD and CI showed significant improvement in
cognitive function, whereas those without CI did not (40, 42).
Furthermore, Bonnevie et al. found that the score of the cognitive
test was not significantly associated with the score of other out-
comes such as functional capacity, quality of life (QoL), and anxi-
ety and depression scale, although their results obtained through
the cognitive test remain questionable due to the absence of mini-
mal clinical important difference value for the Montreal Cognitive
Assessment tool (MoCA) (42). Moreover, Tabka et al. concluded
that PR significantly improves cognitive function in COPD
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patients with CI, and that incorporating cognitive-behavioral
therapy into PR resulted in greater improvements than PR alone
(39). Therefore, no clear conclusion regarding the effects of PR
interventions on the cognitive function of individuals with COPD
currently exists.

Earlier reviews have looked at how physical activity or exer-
cise-based interventions affect cognitive function in people with
COPD. For example, Desveaux et al. (43) studied the cognitive
benefits of exercise and lifestyle physical activity. Still, these
reviews did not focus on structured pulmonary rehabilitation pro-
grams or clearly separate different cognitive domains. However,
this review aims to fill those gaps by evaluating pulmonary reha-
bilitation, examining cognitive outcomes by specific domains, and
taking baseline cognitive status into account. This approach offers
a more clinically useful and detailed summary of the current evi-
dence” To date, no systematic review has examined the effects of
PR interventions on cognitive function in individuals with
COPD. For this reason, this systematic review aims to explore
articles on the effectiveness of PR in improving cognitive func-
tioning in patients with COPD. We anticipate that this review’s
results will serve as a valuable guide in the decision-making pro-
cess for enrolling patients with COPD who suffer from CI in PR
programs, and we consider this intervention an essential compo-
nent in managing this population.

The following research question is addressed in this review to test
the efficacy of PR on the cognitive function of patients with COPD:
How effective is PR at improving the cognitive function of patients
with COPD?

P: Patients with COPD.
I: PR program.

C: None.

O: Cognitive function.

2 Methods

This systematic review adhered to the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis 2020 (PRISMA 2020)
(44). PRISMA checklist has added as
Supplementary material 1. The study protocol has been registered in
PROSPERO with the following ID: CRD42023471801.

guidelines been

2.1 Search strategy

PubMed, Scopus, and Web of Science databases were searched for
published articles. Searching was conducted from January 14, 2024, to
January 24, 2024. The following Medical Subject Headings (MeSH)
search terms used were as follows: (“cognition” OR “cognition disor-
ders” OR “cognitive dysfunction” OR “attention” OR “memory”) AND
(“neuropsychological tests” OR “neuropsychological battery test” OR
“neuropsychological assessment” OR “cognitive test” OR “cognitive
assessment”) AND (“pulmonary rehabilitations” OR “respiratory
rehabilitation” OR “exercise” OR “physical therapy”) AND (“chronic
respiratory disease” OR “chronic obstructive pulmonary disease” OR
“chronic bronchitis” OR “emphysema”). Details for the search strategy
employed for each database are available on Supplementary material 2.
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The results were limited to published English-language articles
that involved humans and were full-text, peer-reviewed.

2.2 Process

Two independent reviewers (MA and SA) screened the resulting
articles. The same reviewers checked the reference lists of each full-
text article to determine whether any additional articles should be
included. Moreover, disputes and conflicts were resolved by having the
reviewers reach an agreement.

2.3 Study eligibility

The search results were limited to published English-language
articles that involved humans and were full-text, peer-reviewed.
Studies on randomized controlled trials (RCTs), non-randomized con-
trolled trials (non-RCTs), prospective observational and cohort
designs conducted on COPD patients who underwent PR programs,
and the cognitive functions assessed, were included in our study. These
articles must consist of at least one cognitive outcome evaluated with
neuropsychological tests that are sufficiently sensitive to detect altera-
tions in cognitive function and to provide further information across
cognitive domains. Studies that explored patients with other respira-
tory diseases, did not test cognitive function, or used interventions
other than PR were excluded. In addition, case reports, case series,
review articles, qualitative investigations, papers that included book
chapters, protocol papers, reviews, conference abstracts, and articles
that did not fully represent the selected outcomes were also excluded.

2.4 Quality assessment for risk of bias

The included studies were assessed using either Risk of Bias in
Randomized Trials (RoB 2) (45) for RCTs or risk of bias in non-ran-
domized studies of interventions (ROBINS-I) (45) for non-RCTs (46),
for non-RCTs. RoB 2 was used with respect to its five domains: (1) bias
arising from the randomization process, (2) bias due to deviations
from intended interventions, (3) bias due to missing outcome data, (4)
bias in measurement of the outcome, and (5) bias in selection of the
reported result. The ROBINS-I tool was used with respect to its seven
domains: (1) confounding; (2) selection of participants; (3) classifica-
tion of interventions; (4) deviation from intervention; (5) missing
data; (6) measurement of outcome; (7) selection of reported result.
Two reviewers (MS and SA) used these tools independently. Conflicts
and disputes were resolved upon agreement between the reviewers.

2.5 Data extraction

The data extraction process included: sample size, age, gender,
component of the PR program, program duration, and cognitive func-
tion outcome measures. PR was defined as a structured intervention
including at least one core component of PR (e.g., exercise training,
respiratory muscle training, education, or multidisciplinary manage-
ment), delivered with the aim of improving functional and health-
related outcomes (30). These data are essential for determining the
differences between the programs, the subjects’ characteristics, and the
measured outcomes. Two reviewers (MA and SA) extracted these data
and inserted them into IBM SPSS Statistics, Version 21 (IBM Corp.,
Armonk, NY, USA) for statistical analysis.
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3 Ethical statement

Ethical approval was not required for this study because it is a
systematic review of previously published studies and did not involve
the collection of new data from human participants.

4 Results
4.1 Search results

The comprehensive search across multiple databases yielded an
initial identification of 256 articles. Following the removal of 76 dupli-
cate records, the titles and abstracts of 186 articles were screened, and
57 articles were retrieved for full-text analysis based on eligibility cri-
teria. Ten of the 57 articles met the eligibility criteria, and one addi-
tional study was added from the references of the selected studies after
a manual search. The selection process of the included studies is out-
lined in Figure 1. The characteristics of the studies and their results are

10.3389/fmed.2026.1753968

shown in Tables 1, 2, respectively. A total of 11 studies were included
in this systematic review, representing 10 different components of PR
intervention. Furthermore, 25 different cognitive tests (or subtests)
were used among the studies. A total of 864 patients with COPD par-
ticipated in the studies included in this review. These participants
ranged in age from 48 to 76.1 years.

Both genders were included, except in three studies in which only
male participants were included (39, 47, 48).

4.2 Risk of bias across outcomes

4.2.1 Risk of bias across RCT using the RoB 2 tool

The included RCTS’ risk of bias was comprehensively evaluated
using the RoB 2 tool, which assesses biases across five domains. In
line with the research plan to examine the effects of PR on cogni-
tive function among COPD patients, the studies were evaluated
using the intention-to-treat (ITT) analysis method. A summary of
the review’s findings on the studies’ risk of bias is presented in
Figure 2.

Records identified from database
= searching:
g PubMed (n = 54) Records removed before screening:
€ Scopus (n =171) > Duplicate records removed (n = 76)
c Web of Science (n = 40)
ﬁ
~—
A
)
Records screened Records excluded from title and
—>
(n=189) abstract (n = 132)
Reports excluded: (n = 47)
Not in English language (n = 2)
No PR intervention (n = 10)
= A 4 Not using proper cognitive function
c o tests pre- and post-PR (n = 24)
§ Reports assessed for eligibility | Protocol articles (n = 3)
S (n=57) "|  Fulltext not available (n = 1)
Book chapter (n = 1)
Review article (n = 4)
Pilot study (n = 2)
v
Full-text reports matched Additional article from references
eligibility P E— (n=1)
(n=10)
—
— 1
®
o Studies included in review
=}
S| | m=11)
£
FIGURE 1
PRISMA flow diagram.
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TABLE 1 Summary of included studies in the systematic review.

References

Emery et al., 1998 (52)

RCT

Participants?

Niota = 79

Waitlist control: n = 25, age:
67 £ 6 yrs.*, 48% male
Exercise intervention: N = 29,

age: 65 + 7 yrs.%, 50% male

Intervention

Duration: 10 weeks

Intensity: Not specified

Frequency: 3-5 days/week

Components:

First 5 weeks (5 days/week):

45 min of aerobic exercises and strength training.
60 min of education (4 days/week)

60 min of stress management (1 time/week)

Last 5 weeks (3 days/week):

60-90 min of exercises.

60 min of stress management (1 day/week).

Waitlist control: No intervention
Educational control:
Educational lectures and stress

management sessions only

Cognitive assessment

Digit Vigilance Test, Verbal Fluency
Test, Finger Tapping Test, Trail
Making Test Digit Symbol subscale
of WAIS-R.

Kozora et al., 2002 (54)

Experimental, Non-

Niow = 59

Duration: 3 weeks

COPD control with no

Digit Span and Digit Symbol

RCT Control: n = 29, age: 67 yrs.", Intensity: Not specified intervention subscales of WAIS-R, Logical

45% male Frequency: 4 days/week Memory, Visual Reproduction, and

Exercise intervention: n = 30, Components: Exercise, educational and psychosocial sessions. Paired Associates subscales of

age: 67 yrs.", 50% male WDMS-R, Trail Making Test, Digit
Vigilance Test, Clock Drawing to
Command, Boston Naming Test,
Animal Naming Test Controlled
Oral Word Association Test

Pereira et al., 2011 (53) Cohort: Prospective Noow = 34, age: 65 + 7 yrs.%, Duration: 3 months None Stroop Test, Digit Span Test, FAS

Resistance and aerobic
exercise: n = 14, age:

65 + 8 yrs.%, 100% male
Aerobic exercise alone: n = 14,

age: 69 + 7 yrs.%, 100% male

Intensity: progressing over 4 weeks

Resistance training session: 4-10 rep in 3 sets at 70-90% of 1-RM

Aerobic training session: 30 min at 70-90% of HRmax

Frequency: 2 times/day for 5 days/week

Components: Resistance training, aerobic training, respiratory, mobility and

balance exercises.

study 50% male Intensity: Not specified Test, RAVLT
Frequency: 3 days/week
Components: Resistance, aerobic training, psychosocial and educational
sessions
Aquino et al., 2016 (47) RCT Niotal = 28 Duration: 4 weeks Aerobic Exercise alone RAVLT, Attentive Matrices Test,

Drawing Copy Test, Verbal Fluency

Test, Raven Test

(Continued)
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TABLE 1 (Continued)

References

Bonnevie et al., 2020 (42)

Prospective
multicentre

observational study

Participants®

Nioal = 56

Group with MoCA < 26:

n =41, age: 64 + 9 yrs.*, 51%
male

Group with MoCA > 26:
n=15,age: 59 + 11 yrs.%, 33%

Intervention

Duration: 8 weeks

Intensity:

Peripheral muscle strengthening: 70% of the 1-RM

Endurance training: adjusted at the anaerobic threshold then increased based
on symptoms.

Frequency: 3 days/week

Cognitive assessment

MoCA

Control group: n = 52,
age:68.3 £ 7.8 yrs.%, 84.6%
male

CogT training group: n = 53,
age:

+ 8.2 yrs.%, 86.8% male

according to patient’s ability, nutritional counseling, respiratory rehabilitation,
oxygen therapy, health education, control visits

For respiratory rehabilitation:

Inpatient program

Duration: 6 weeks

Intensity: up to 70% of the Wmax

Frequency: Not specified

Components: upper arm exercises and inspiratory muscle training.
Home program

Duration: 6 months from baseline

Intensity: Not specified

Frequency: 30 min daily

Components: Not specified

CogTprogram:

Inpatient program

Duration: 6 weeks

Frequency: 15 min each training

Components: 4 cognitive function training

Home program

Duration: 6 months from baseline

Frequency: 2 days/week, booster sessions at 3 and 5 months

Components: Same as inpatient program in addition booster session

program only)

male Components: Respiratory physiotherapy, endurance training, muscle
strengthening, nutritional support, and self-management.
Incalzi et al., 2008 (51) RCT Niowa = 105 Standardized program: Standardization of pharmacological therapy, inhalers Usual care (Standardized Raven’s progressive matrices test,

Verbal fluency test, Visual span test,
Verbal span test, Verbal memory—
short term test, Verbal memory—
long term test, Copying drawings
test, Copying drawings with
landmarks test, Immediate visual
memory test, Sentence construction
test, Number of defective MDB
tasks, MMSE score

(Continued)
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TABLE 1 (Continued)

References

Participants®

Intervention

Cognitive assessment

PT+CDE Group: n = 12, age:
65.17 + 6.35 yrs.%, 83.3% male
PT Group: n =12,

64.75 + 8.49 yrs.%, 83.3% male

Duration: 8 weeks

Intensity: For physical activities: Moderate-intensity aerobic

Frequency: For beathing exercise:2 sets with 5 rep 2 times/days, 5 days/week
For physical activities: 30 min 5 days/week

Components: For breathing exercises: Diaphragmatic, chest, and bilateral
segmental breathing exercises, incentive spirometer, the teaching of breathing
control, relaxation of body positions, coughing techniques, and pursed lip
breathing.

For physical activities: walking, cycling, and swimming.

The CDE:

Duration: 8 weeks

Intensity: Not specified

Frequency: 45 min.

Components: Locomotor and non-locomotor movements combined with

elements of dance

standard PT program)

Lavoie et al., 2019 (50) Randomized, Niotal = 304 SMBM program: SMBM+P group (SMBM with MoCA
partially double- SMBM+T group: n=76,age; | Duration: 12 weeks placebo)
blind, placebo- 65.1 £ 6.4 yrs.?, 72.4% male Frequency: 1 time/day
controlled, parallel- SMBM+T/O group: n =76, Components: Behavior change techniques (e.g., goal setting, positive
group trial age: 64.9 £ 6.9 yrs.%, 63.2% reinforcement and problem solving)
male ExT program:
SMBM+T/O + ExT group: Duration: 8 weeks
n =76, age: 64.8 + 6.5 yrs.?, Intensity: Gradually increased based on dyspnoea and fatigue score.
59.2% male Frequency: 3 times/week
SMBM+P group: n = 76, age: Components: Hight-intensity of whole-body exercises training, and lower limb
64.4 £ 6.6 yrs.%, 69.7% male resistance training.
France et al., 2021 (40) Prospective Niotat = 112 Duration: 6 weeks AECOPD group: (no MoCA
Observational study | AECOPD group: n = 45, age: Intensity: Not specified intervention; natural recovery)
68 (61.5-74.0) yrs.5, 60% male | Frequency: 2 h/day, 2 days/week
PR group: n = 67, age: 69 Components: Resistance and aerobic training, multidisciplinary disease-related
(64.0-73.0) yrs. <, 55.2% male education
Cheng et al., 2022 (48) Prospective study Niora = 48 Duration: 8 weeks IMT group: (only IMT) MMSE
Total age: 67.23 + 7.32 yrs.%, Intensity: Not specified
100% male Frequency: 2 times/day, 5 days/week
IMT + EMT group: n =28 Components: 30 breaths for IMT and EMT
IMT group: n =20
Kaya et al., 2023 (49) RCT Nl = 24 PT program: PT group: (receiving the MoCA

(Continued)
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TABLE 1 (Continued)
References

Tabka et al., 2023 (39)

Design

RCT

Participants®

Niowr = 39

PR + CogT group: n = 21, age:
65.2 £2.79 yrs.?, 100% male
PR group: n = 18, age of

65.3 + 3.2 yrs.%, 100% male

PR program

Duration: 12 weeks

Intensity: 60-70% of MHR

Frequency: 40 min exercise session, 3 days/week

Components: Endurance training, education for COPD management,
symptom monitoring, breathing techniques and medical management.

CogT program

Duration: 12 weeks

Intensity: The difficulty increased progressively

Frequency: 20 min each session 3 days/week

Components: Paper-and-pencil exercises: attention exercise, memory exercise,

concentration exercise, language exercise.

Control

PT group: (receiving the
standard PT program)

Cognitive assessment

P 300
MoCA

RCT, randomized controlled trial; N, number of participants in the study; #, number of participants in the group; Yrs, years; WAIS-R, Wechsler Adult Intelligence Scale - Revised; WMS-R, Wechsler Memory Scale — Revised; RAVLT, Rey Auditory Verbal Learning Test; FAS,

oral fluency test by letters F, A, and S; 1-RM, One Repetition Maximum; HR, heart rate; MoCA, Montreal Cognitive Assessment test; W, watt; CogT, cognitive training; MMSE, the Mini Mental State Examination; SMBM, Self-Management Behavior Modification; T,

Tiotropium 5 pg; T/O, Tiotropium/Olodaterol 5/5 pg; ExT, Exercise Training; P, placebo; AECOPD, Acute Exacerbation of Chronic Obstructive Pulmonary Disease; PR, Pulmonary Rehabilitation; IMT, Inspiratory Muscle Training; EMT, Expiratory Muscle Training; PT,

Physiotherapy; CDE, Creative Dance-based Exercise; MIN, Minutes.

*Age reported as mean + standard deviation.

"Standard deviation not provided.

Age reported as median (interquartile range).
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TABLE 2 Significance of pre-to-post within subject in cognitive measures across studies.

Study design

Emery et Aquino et
al, 1998 al, 2016
(52) (47)

Cognitive domains and tests

RCT

Incalziet Lavoieetal, Kayaetal, Tabkaet Kozoraet Pereiraet
al., 2008 2019 ( ) 2023 ( ) al,2023 al, 2002 al, 2011
(52) (39) ()

Non-RCT

Bonnevie et
al., 2020
(@2

France et
al,, 2021

(

)

Cheng et al,,
2022 (%)

Processing speed/attention/executive functions

Finger Tapping NS - - - - - - - - R
Digit Vigilance NS - - - - - IS only: 0.004 - - -
Digit Span (Visual span) - - NS - - - NS NS - -
Digit Symbol NS - - - - - NS - - -
Stroop Colour Word Test 1 - - - - - - - 0.024 - -
Trail Making Test -
Part A NS - - - - - - - - -
Part B NS NS
Verbal Fluency Test (Letter) (FAS) <0.001 - NS - - - NS NS - -
Verbal Fluency Test (Semantic) - CT: <0.01 AT: - - - - NS - - _
<0.01
Both: <0.01
Verbal Span - - NS - - - B - R -
Verbal Competence (Sentence - - NS - - - - - - _
Construction)
Attentive Matrices Test - CT: <0.01 AT: - - - - - - - -
<0.01
Both: <0.01
Learning and Memory
RAVLT - - - - - - - - R
Sum of Trials 1 to 5 - - - - - - - <0.001 - -
Short Delay Recall (REY-IR) - NS NS - - - - 0.005 - -
Long Delay Recall (REY-DR) - CT: <0.01 AT: NS - - - - 0.022 - -
<0.05
CT vs. AT:
<0.05
Logical Memory (Story Retention) - - - - - IS only: 0.006 - - -
Visual Reproduction (Visual Retention) - - - - - NS - - _
Paired Associates (Verbal Pairs) - - - - - NS - - _
Immediate Visual Memory - NS - - - - - - -
Visuo-spatial abilities
Clock Drawing - - - - - NS R - R
Drawing Copy Test I - NS NS - - - - - - -

(Continued)
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TABLE 2 (Continued)

Study design RCT Non-RCT
Emery et Aquinoet Incalziet Lavoieetal, Kayaetal, Tabkaet Kozoraet Pereiraet Bonnevieet Franceet Chengetal,

al, 1998 al, 2016 al, 2008 2019 ( ) 2023( ) al,2023 al, 2002 al., 2011 al., 2020 al., 2021 2022 (“2)

152) () 15) (39) 63) (42) 40,
Drawing Copy Test II - CT: <0.01 AT: NS - - - - - - - -
<0.05 CT vs.
AT: <—-0.05
Language
Boston Naming Test - - - - - - NS - - - -
Intelligence and abstract
reasoning
Raven Test - CT: <0.01 AT: NS - - - - - - - -
<0.05
CT vs. AT:
<0.05
Multiple cognitive domains
MMSE (Total score) - - NS - - - - - - - IMT: NS
IMT + EMT: NS
Total: 0.002
MoCA (Total score) - - SMBM+T: <0.001 PT + CDE: < 1G: <0.001 - - MoCA<26: <0.01 IS only: 0.004 -
SMBM+T/O: 0.05 CG: <0.001 MoCA>26: NS
<0.001 PT: <0.05 1G vs. CG: Total: <0.01
SMBM+T/O + ExT: PT + CDE vs. <0.001
<0.001 PT: <0.05
SMBM+P: <0.001
SMBM+T/O vs.
SMBM+P: <0.05
SMBM+T vs.
SMBM+P: <0.05
MoCA (Sub-category score)
Visuospatial - - NA NA NA - - NS NA -
Naming - - NA NA NA - - NS NA -
Attention - - NA NA NA - - NS NA -
Language - - NA NA NA - - NS NA -
Abstract - - NA NA NA - - NS NA -
Memory - - NA NA NA - - MoCA<26: <0.01 NA -
Orientation - - NA NA NA - - NS NA -

RCT, randomized controlled trial; NS, not significant; NA, not available; FAS, oral fluency by letters F, A, and S; RAVLT, Rey Auditory Verbal Learning Test; MoCA, Montreal Cognitive Assessment test; MMSE, the Mini Mental State Examination; SMBM, Self-Management
Behavior Modification; T, Tiotropium 5 pg; T/O, Tiotropium/Olodaterol 5/5 pg; ExT, exercise training; P, placebo; IMT, Inspiratory Muscle Training; EMT, expiratory muscle training; PT, physiotherapy; CDE, creative dance-based exercise; CT, combined aerobic and
resistance training; AT, aerobic training only; IG, intervention group; CG, control group; IS only, impaired subject only.
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4.2.1.1 Randomization process

The reduction of selection bias in clinical trials is primarily depen-
dent on the trials’ randomization processes. In this review, all RCTs
indicated a low risk of bias in the randomization processes. Kaya et al.
and Tabka et al. used a computer-based program (39, 49) for random-
ization, while Lavoie et al. used a pseudorandom number generator
(50). In addition, three studies used simple randomization (47, 51, 52).
Moreover, Tabka et al. and Emery et al. clearly stated that the alloca-
tion sequence was concealed (39, 52). This strict approach implies
high confidence in allocating individuals to the control or intervention
groups. Furthermore, Lavoie et al. and Aquino et al. used a block-
randomized design to achieve balanced allocation (47, 50).

4.2.1.2 Deviations from intended interventions

This section evaluates adherence to and consistency of the inter-
vention protocols. In this domain, all included RCTs demonstrated
low risk of bias, indicating that the interventions were delivered as
planned (39, 47, 49-52).

4.2.1.3 Missing outcome data

Comprehensive outcome data are essential for the integrity of the
study’s findings. Every RCT study in our review was rated as low risk,
suggesting that adequate data were available for evaluation and analy-
sis (39, 47, 49-52).

4.2.1.4 Measurement of outcomes

Outcomes must be measured reliably and consistently to validate
results. Most RCTs in our review had a low-risk score in this domain,
which makes the reported findings more credible (47, 49, 50, 52).
However, the works of Tabka et al. and Incalzi et al. raised concerns in
this domain, as the outcome assessors were not blinded to or unaware
of the intervention the research participants had received (39, 51).

4.2.1.5 Selection of the reported result

The trustworthiness of the study is impacted by the transparency
with which the results are presented. All RCTs included in our review
had low risk of bias in reporting, indicating high accountability and
transparency (39, 47, 49-52).

4.2.1.6 Overall bias

Most included studies were judged to have a low risk of bias.
However, some concerns were seen only in one domain: outcome
measurement. Moreover, none of the studies included were catego-
rized as having a high risk of bias, indicating their overall reliability
and quality.

4.2.2 Risk of bias across non-RCT studies using
the ROBIN-I tool

The risk of bias of the included non-RCT studies was comprehen-
sively evaluated using the ROBIN-I tool, which assesses biases across
seven domains. In line with the research plan to examine the effects of
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PR on cognitive function among COPD patients, the included studies
were evaluated using the ITT analysis method. A summary of the
findings on risk of bias is presented in Figure 3.

4.2.2.1 Bias due to confounding (pre-intervention)

Determining a specific causal relationship between interventions
and outcomes might be complicated by confounding variables. Thus, the
use of proper techniques to account for confounding variables is crucial.
The studies by Pereira et al. and Cheng et al. showed low risk of bias in
this domain, as there were no significant differences in demographic
characteristics between the groups (48, 53). While Kozora et al’s study
was rated as having a moderate risk of bias due to a significant baseline
difference between the groups, the results remained significant after
adjusting for baseline differences (54). Moreover, the work of Bonnevie
etal. and France et al. indicated a serious risk of bias in this domain due
to dividing the groups into a CI group and a non-CI group, where Cl is
considered one of the main confounding factors that will affect the
response to the treatment applied and, therefore, the results (40, 42).

4.2.2.2 Bias in the selection of participants into the study
(pre-intervention)

Bias in selection may arise from the initial follow-up period of
specific individuals or the exclusion of eligible participants. Even if
the intervention’s effects are the same, there is still a correlation
between the intervention and the outcome. A low risk of bias score
in this domain was found in the studies of Cheng et al. and Kozora et
al. (48, 54). In contrast, Pereira et al. and France et al. demonstrated
a moderate score risk of bias in this domain: Pereira et al. confirmed
a significant difference in neuropsychological testing between groups
at the baseline, and France et al. also showed a significant difference
in the orientation domain of the cognitive test between the groups at
the baseline (40, 53). Furthermore, Bonnevie et al. rated the risk of
bias as serious due to the separation of the groups according to their
CI, as this would imply an association between the intervention and
outcomes (42).

4.2.2.3 Bias in the classification of interventions (during
intervention)

The bias arises from incorrectly classifying intervention status as
either differentially or non-differentially. Kozora et al. and Cheng et
al. scored low in this section, while Pereira et al. exhibited a moderate
score (48, 53, 54). The work of Pereira et al. indicated differences in
the baseline cognitive assessment between groups, and only the exper-
imental group was enrolled in PR; thus, there was bias in the interven-
tion (53). Furthermore, Bonnevie et al. and France et al. reported
serious risk of bias due to the division of the group into CI and non-
CI, which influenced the intervention because CI is considered a
cofounding factor, and due to the subcategories of CI and non-CI
participants, respectively (40, 42).

4.2.2.4 Bias due to deviations from intended interventions
(post-intervention)

This domain reflects a deviation from the intended treatment.
The effect of interest determines how bias is assessed in this area.
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All non-RCT studies demonstrated a low risk of bias in this
domain (42, 48, 53, 54) except France et al., who achieved a mod-
erate score due to the effect of starting and adhering to the inter-
vention (40).

4.2.2.5 Bias due to missing data (post-intervention)
Bias resulting from the absence of subsequent follow-up for indi-
viduals initially included and monitored. Pereira et al. and Cheng et

al. demonstrated a low risk of bias in this domain (48, 53); however,
the other non-RCTs studies, which were conducted by Kozora et al.,
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Bonnevie et al., and France et al., showed serious scores due to the
large number of participants who lost follow-up (40, 42, 54).

4.2.2.6 Bias in measurement of outcomes
(post-intervention)

Bias resulting from measurement inaccuracies in outcome data,
whether the data are differential or nondifterential. In this domain,
Kozora et al., Pereira et al., and Cheng et al. reported moderate scores
due to their inability to blind the assessor (48, 53, 54). Meanwhile,
Bonnevie et al. and France et al. indicated a serious risk of bias due to
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the presence of CI and non-CI categories between the groups in their
studies (40, 42).

4.2.2.7 Bias in the selection of the reported result
(post-intervention)

Results are reported selectively based on the findings. Pereira et
al. and Cheng et al. scored low risk of bias in this domain, as they
reported their data correctly (48, 53). However, Bonnevie et al. and
France et al. indicated a serious risk of bias due to the inappropriate
sequence of group selection and the presence of a confounding factor:
CI (40, 42). In addition, Kozora et al. also showed a serious risk of bias
because, in some paragraphs, they stated that no significant interac-
tion effects were found. In contrast, in other paragraphs, they reported
significant interaction effects for the same tests (54).

4.2.2.8 Overall bias

Only Cheng et al. reported a low-risk score for overall bias
(48). Only one study, conducted by Pereira et al., showed a moder-
ate score (53), and only one study, Kozora et al., showed a serious
score (54). Both Bonnevie et al. and France et al. demonstrated a
critical risk of bias (40, 42). Although the overall results were not
low in most included studies, they were still included in this
review because the limited matching study designs were used for
the review’s purpose.

4.3 Intervention component delivery

The components of the intervention varied, including aerobic
exercise in 10 studies (39, 40, 42, 47, 49-54), strengthening exer-
cises in six studies (40, 42, 47, 50, 52, 53), education sessions in
six studies (39, 40, 47, 51, 52, 54), breathing exercises in four stud-
ies (39, 42, 49, 53), medical management in three studies (39, 50,
51), and nutritional sessions in two studies (42, 51), stress man-
agement in two studies (52, 54), respiratory muscle training in two
studies (48, 51), psychological session in one study (53), and bal-
ance exercises in one study (47). A description of the intervention
components is provided in Table 1. Eight studies examined the PR
intervention as one or more components within the subjects (40,
42,47, 48, 50, 52-54). In contrast, other studies included PR with
other interventions; two studies included PR and cognitive train-
ing (CogT) (39, 51), and one study included PR and creative
dance-based exercise training (CDE) (49).

4.3.1 Effect of PR versus control group with no
intervention on cognitive function

Three studies evaluated the effects of PR versus a control
group without intervention (40, 52, 54). The RCT by Emery et al.
(52) showed significant improvement (p < 0.001) in the letter-
verbal fluency task in favor of the intervention group; the remain-
ing tests were not significant. One non-RCT study found no
significant between-group differences except for cognitively
impaired subjects in digit vigilance (p =0.004) and logical
memory (story retention) (p = 0.006) in favor of PR (54). The
other non-RCT study by France et al. (40) reported a significant
improvement in favor of the PR group (p = 0.004) only among
cognitively impaired subjects.
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4.3.2 Effect of PR versus control group with other
PR components on cognitive function

Four studies examined the effects of PR versus the control group
with other PR components (47, 48, 50, 52). The first study (47) compared
the combination of aerobic and strengthening training (CT) versus aero-
bic training (AT) alone. It revealed that both groups improved signifi-
cantly in almost all cognitive tests: Verbal Fluency Test (Semantic) (CT:
p<0.01, AT: p<0.01), Attentive Matrices Test (CT: p <0.01, AT:
p <0.01), Long Delay Recall (REY-DR) (CT: p < 0.01, AT: p <0.05),
Drawing Copy Test IT (CT: p < 0.01, AT: p < 0.05), and Raven Test (CT:
p <0.01, AT: p < 0.05). Additionally, CT was significantly superior to AT
(CT vs. AT: p <0.05) in the three following tests: REY-DR, Drawing
Copy Test II, and Raven Test. However, two tests, the Short Delay Recall
(REY-IR) and the Drawing Copy Test I, showed no significant improve-
ment in either group. The second study compared the intervention
group (IG) with aerobic strengthening, education, and self-management
to the control group (CG) with education and self-management alone
and showed no statistically significant difference in all cognitive tests
except in the Verbal Fluency Test (Letter) (FAS) in favor of IG (p < 0.001)
(52). The third study (50) conducted an RCT for four groups: Self-
Management Behavior Modification (SMBM) and Tiotropium 5 pg
(SMBM+T), SMBM with Tiotropium/Olodaterol 5/5 pg (SMBM+T/O),
SMBM with T/O and exercise training (SBMB+T/O+ExT), and SMDM
with placebo (SMBM+P) and examined the cognitive function by
MoCA. Total MoCA scores improved significantly across all groups
(p <0.001). Additionally, SMBM+T/O and SMBM+T were superior to
SMBM+P (p < 0.05) (50). The fourth study compared the combination
of inspiratory muscle training (IMT) and expiratory muscle training
with IMT alone and revealed no significant differences among groups in
terms of the Mini-Mental State Examination (MMSE) score; however,
combining both group results indicated significant improvements in
MMSE scores with p-value (p < 0.002) (48).

4.3.3 The effect of PR as a standard program
versus other interventions on cognitive function

Two RCTs compared the standard program as the CG and the
integration of the standard program with CT as the IG (39, 51); how-
ever, both studies reported conflicting results. Incalzi et al. (51)
reported no significant improvement in all cognitive tests when com-
paring IG with CG, whereas Tabka et al. found significant differences
in both groups using MoCA. In addition, IG was found to be superior
to the standard program alone in CG (39). One RCT compared the
standard program as the CG and the combination of the standard
program with CDE, finding that IG showed significant results within
both groups in terms of utilizing MoCA and that the improvement
was significant and favored IG (49).

4.3.4 Effect of PR versus no control group on
cognitive function

Two studies by Pereira et al. (53) and Bonnevie et al. (42) valuated
the effect of the PR program without a compression group and identi-
fied post-PR improvements across various aspects. Pereira et al. found
significant improvements in results for the Stroop Colour Word Test
(p = 0.024) and the Rey Auditory Verbal Learning Test (RAVLT), which
included three subtests: sum of trials one to five (p < 0.001), REY-IR
(p =0.005), and REY-DR (p = 0.022) (53). On the other hand, Bonnevie
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et al. found that participants without CI (initial MoCA > 26) showed no
significant improvement post-PR. In contrast, participants with CI (ini-
tial MoCA < 26) showed significant post-PR improvements, especially
in the memory component (p < 0.01) and in the final MoCA score
(p <0.01) (42). In addition, the total final MoCA scores of both groups
showed significant improvement post-PR intervention (p < 0.01) (42).

4.4 Length of interventions employed in the
studies

Descriptions of the intervention lengths for each study are pro-
vided in Table 1. These interventions lasted 3-12 weeks, except in one
article, which extended its intervention to 6 months (51). One inter-
vention lasted 3 weeks (54), another lasted 4 weeks (47), and another
lasted 10 weeks (52). Two studies had interventions that were carried
out over 6 weeks (40, 51); however, one of these studies extended the
intervention duration to 6 months (51). Four studies conducted their
interventions for 8 weeks (42, 48-50); however, in Lavoie et al’s study
(50), only the exercise component lasted 8 weeks. Three interventions
were conducted over 12 weeks (39, 50, 53); in Lavoie et al’s study (50),
the self-management component lasted 12 weeks.

4.5 Measures of cognitive function among
the studies

A total of 25 cognitive tests (or subtests) were used in the included
studies, as shown in Table 2. Twenty-one tests specific to each domain
and four general tests, including subtests representing multiple
domains, were conducted. The 21 specific tests represented five cogni-
tive domains. The cognitive tests employed by the included studies are
shown in Table 3.

5 Discussion

This is the first systematic review to study the effects of PR on
cognitive functions in patients with COPD. Among the 11 heteroge-
neous studies, PR programs resulted in significant improvements in
cognitive function in nine studies, with significant improvements in
almost all cognitive domains observed in five studies (39, 47, 49, 50,
53). Significant improvements in a single domain were noted in one
study (52), and significant improvements among CI subjects only were
found in three studies (40, 42, 54). However, PR did not improve cog-
nitive domains in two studies (48, 51). The most frequent test used
among the included studies was the MoCA test (39, 40, 42, 49, 50) and
the most frequent component of the PR program was aerobic exercise
(39, 40, 42, 47, 49-54).

PR programs significantly improved the following cognitive
domains in COPD patients: visuospatial (39, 47, 49, 50), naming (39,
49, 50), attention (39, 47, 49, 50, 53), working memory (39, 53), lan-
guage (39, 49, 50), intelligent and abstract reasoning (39, 47, 49, 50),
learning and memory (39, 47, 49, 50, 53), and orientation (39, 49, 50).
The improvements in cognitive functioning confirmed by several cog-
nitive tests might be due to participation in a comprehensive PR pro-
gram aligned with the American Association of Cardiovascular and
Pulmonary Rehabilitation and the American Thoracic Society/
European Respiratory Society guidelines (30, 55-57). In addition, some
programs lasted 12 weeks (39, 50, 53) in accordance with international
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TABLE 3 Cognitive assessments of included studies.

Study Cognitive test

Emery et al., 1998 (52) Finger Tapping, Digit Vigilance, Digit
Symbol, Trail Making Test Part A and
Part B, and Verbal Fluency Test (Letter)

(FAS).

Aquino et al., 2016 (47) Verbal Fluency Test (Semantic),
Attentive Matrices Test, RAVLT: Short
delay recall (REY-IR) and Long delay
recall (REY-DR), Drawing Copy Test I,

Drawing Copy Test II, and Raven Test.

Incalzi et al., 2008 (51) Digit Span (Visual span), Verbal
Fluency Test (Letter) (FAS), Verbal
span, Verbal competence (sentence
construction), RAVLT: Short delay
recall (REY-IR) and Long delay recall
(REY-DR), Immediate visual memory,
Drawing Copy Test I, Drawing Copy

Test I, Raven Test, and MMSE test.

Lavoie et al., 2019 (50), MoCA test.
Kaya et al., 2023 (49) MoCA test.
Tabka et al.,2023 (39) MoCA test.

Kozora et al., 2002 (54) Digit Vigilance, Digit Span (Visual
span), Digit Symbol, Trail Making Test
Part B, Verbal Fluency Test (Letter)
(FAS), Verbal Fluency Test (Semantic),
Logical Memory (Story Retention),
Visual Reproduction (Visual
Retention), Paired Associates (Verbal

Pairs), Clock Drawing, and Boston

Naming Test

Pereira et al., 2011 (53) Digit Span (Visual span), Stroop
Colour Word Test, Verbal Fluency Test
(Letter) (FAS), RAVLT: Sum of trials 1
to 5, Short delay recall (REY-IR), and

Long delay recall (REY-DR)

Bonnevie et al., 2020 (42) MoCA test.
France et al., 2021 (40) MoCA test.
Cheng et al., 2022 (48) MMSE test.

FAS, oral fluency by letters F, A, and S; RAVLT, Rey Auditory Verbal Learning Test; REY-IR,
short delay recall; REY-DR, long delay recall; MoCA, Montreal Cognitive Assessment test;
MMSE, the Mini Mental State Examination.

guidelines and recommendations (30, 55, 56). Etnier et al. revealed that
the walking distance and cognitive capacity of COPD patients
improved significantly following 12 weeks of exercise (58). Moreover,
integrating a CogT program with a PR program might improve cogni-
tive function. One study demonstrated the potential effectiveness of
cognitive rehabilitation in improving cognitive function, QoL, and self-
management ability in patients with COPD (59). Furthermore, inte-
grating additional aerobic exercise programs, such as cycling,
swimming, and dancing, with PR programs that include aerobic exer-
cise is likely to improve cognitive abilities, as endurance exercises are
well known as cornerstones of PR programs (30). Aerobic exercise has
been shown to improve global cognitive function by possibly
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increasing brain volume and enhancing functional connectivity
between the temporal cortices and a portion of the posterior frontal
cortex (60). Emery et al. reported that executive function in COPD
patients was the only cognitive domain to improve significantly after
exercise training, and the authors believed this effect may be due to
improved frontal lobe function, which would enable better executive
functioning (52). The frontal lobe has previously been shown to
improve cognitive function with exercise training (61). Significant
improvements in cognitive domains among CI patients who under-
went PR programs were identified in three studies (40, 42, 54). These
cognitive domains include memory (42, 54), attention (54), and orien-
tation (40). The practice effect for the cognitive test is proposed as the
reason only CI subjects showed improvement, as the PR program
lasted only 3 weeks, a period considered too short for pre- and post-test
evaluation (54). In addition, the high risk of bias in the studies critically
diverted the results toward the CI subjects, as this group was selected
based on the most confounding factor: CI score (42).

Two studies noted no improvements in cognitive domains after
the PR program (48, 51). This may be due to the use of a single PR
component: respiratory muscle training (48). PR guidelines (30) rec-
ommend integrating multiple components rather than a single com-
ponent, as this is beneficial for patients with COPD. The cornerstone
of PR, exercise training, was not included in these two studies.
Therefore, incorporating multiple components of the PR intervention
may yield better results. Furthermore, Incalzi et al. stated that the ele-
ments of the CT program were not selected based on the participant’s
defect, as the outcome of the baseline assessment revealed that the
impairments were more involved with constructive functions than
with orientation (51). Therefore, if the CT program were more focused
on regaining or retaining constructive functions, it might result in
improvements in cognitive function (51). Moreover, Winocur et al.
found that subjects who entered CogTthree months after CI screening
showed lower improvement than those who entered CogT immedi-
ately after screening (62). However, this was not the case in Incalzi et
al’s work, as the participants in this study began their training after the
availability of a four-patient group, which suggests that some partici-
pants may have waited too long to start their post-screening train-
ing—this resulted in unequal starting points for post-screening
training (51).

The specific elements of the program required to improve cogni-
tive function in patients with COPD are not yet known, as the
included studies varied in frequency and intensity, types of exercise,
and program length. Our study results regarding the design of exercise
programs align with a previous systematic review (43). The results of
our study inform the proposal of a PR program based on the included
studies, which show significant improvements in almost all cognitive
domains among all COPD patients participating in the program. The
suggested PR program elements include the following: PR duration
must be four (47), eight (49, 50) or 12 weeks (39, 50, 53); intensity of
exercise must range from moderate (39, 49) to high (47, 50) intensity;
PR frequency should be set to three (39, 50, 53) to 5 days per week (47,
49); and the PR components aerobic exercise (39, 47, 49, 50, 53), resis-
tance exercises (47, 50, 53), psychological sessions (53), education
sessions (39, 53), breathing exercises (39, 47, 49), self-management
(50), and balance exercises (47) must be included. These PR program
elements were shown to be aligned with international PR recommen-
dations (30, 55, 56).

The most frequently used cognitive test in the studies was the
MoCA test, which was used in five studies (39, 40, 42, 49, 50), four of
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which (39, 40, 49, 50) reported their results as total scores and one of
which (42) reported its results for each domain score separately. The
studies justified their use of the MoCA test based on its efficacy, high
sensitivity and specificity in the diagnosis, screening, and tracking of
MCI (63). In 2014, the MoCA test was used for the first time to assess
the cognitive function in COPD populations (64); therefore, only
recent studies have used the test. According to previous studies, the
MoCA test is superior to the MMSE test in detecting mild CI in
COPD populations (65, 66); hence, this might explain why the two
studies using the MMSE test did not achieve significant results
(48, 51).

This systematic review has several strengths. It is the first system-
atic review to explore the effectiveness of PR programs in enhancing
cognitive function in patients with COPD. All steps of the systematic
review were conducted in accordance with the PRISMA guidelines.
Moreover, this systematic review includes both RCTs and non-RCTs.
To ensure rigorous methodological standards, the risk biases of the
included studies were assessed using tools such as RoB 2 and
ROBINS-I, as recommended by Cochrane. In addition, the review
consists of all rehabilitation components of an intervention, not just
exercises, as well as all types of neuropsychological battery tests.

This review has several limitations. The inclusion of only peer-
reviewed studies published in English may have introduced both lan-
guage and publication bias. Relevant studies published in other
languages or reported in the grey literature may not have been identi-
fied, potentially leading to an overrepresentation. However, the find-
ings were interpreted with caution.

In addition, one of the limitations in this review is the heterogene-
ity of the study’s design, the cognitive tests used, and the PR interven-
tion elements examined, which make it challenging to conduct a
meta-analysis. Although five studies assessed cognitive functions
using the MoCA, a quantitative meta-analysis could not be conducted.
This was primarily due to incomplete and inconsistent reporting of
outcome data: only two studies provided the required summary sta-
tistics (mean and standard deviation) (49, 50), whereas the remaining
three reported results were solely as p-values (39, 40, 42). Moreover,
not all studies reported results for each MoCA domain separately;
some presented MoCA scores as a total score for cognitive function
(39, 49, 50). This makes it challenging to identify which domain has
been improved by PR. Therefore, providing such details should help
determine which domains have been improved and which have led to
improvements in the total cognitive function score. In addition, these
details will inform comparisons of MoCA results with those of other
single neuropsychological batteries that assess the exact cognitive
domains across different studies. Due to the heterogeneity of PR inter-
ventions comprising only a subset of traditional PR components (e.g.,
inspiratory muscle training alone) may exert different effects on cog-
nitive outcomes compared with comprehensive, multidisciplinary PR
programs, and that this should be considered when interpreting the
findings and, in this study, the contribution to the cautious interpreta-
tion of the overall evidence was performed.

Future researchers should prioritize the thorough reporting of
exercise intervention parameters, including the length of the program,
the components used, the types of exercise employed in PR, the fre-
quency and intensity of PR, and the duration of PR sessions. In addi-
tion, future studies should minimize the impact of practice on
cognitive tests to enable practical findings to guide recommendations
for PR programs used to improve cognitive function in COPD
populations.
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6 Conclusion

Patients with COPD are known to develop CI that progresses
alongside the disease. PR programs constitute a vital non-pharmaco-
logical management method for COPD populations. PR is well known
to improve cardiorespiratory fitness and QoL. However, its efficacy in
improving cognitive function in COPD patients remains debated. This
systematic review revealed that PR programs might improve cognitive
function in patients with COPD, especially those also suffering from
CI. However, the results of this study should be interpreted with cau-
tion, as the program design is heterogeneous and included PR inter-
ventions and cognitive tests. Future studies should unify the elements
of PR interventions and neuropsychological batteries to enable a
proper evaluation of the efficacy and application of PR programs.
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Glossary

AECOPD - Acute exacerbation of chronic obstructive pulmo-
nary disease

AT - Aerobic training

CDE - Creative dance-based exercise training
CG - Control group

CI - Cognitive impairment

CogT - Cognitive training

COPD - Chronic obstructive pulmonary disease
CT - Combination of aerobic and strengthening training
EMT - Expiratory muscle training

FAS - Oral fluency test by letters F, A, and S

HR - Heart rate

HRQoL - Health-related quality of life

IG - Intervention group

IMT - Inspiratory muscle training

IS only - Impaired subject only

ITT - Intention-to-treat

MCI - Mild cognitive impairment

MIN - Minutes

MMSE - Mini-Mental State Examination
MoCA - Montreal cognitive assessment tool

NA - Not available
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NS - Not significant
PR - Pulmonary rehabilitation

PRISMA 2020 - Preferred Reporting Items for Systematic Reviews
and Meta-Analysis 2020

PT - Physiotherapy

QoL - Quality of life

RAVLT - Rey Auditory Verbal Learning Test

RCT - Randomized control trials

REY-DR - Long delay recall

REY-IR - Short delay recall

ROB 2 - Risk of Bias in Randomized Trials

ROBIN-I - Risk of Bias In Non-Randomized Studies - of Interventions
SMBM - Self-Management Behavior Modification

SMBM+P - Self-Management Behavior Modification with Placebo
Modification and

SMBM+T - Behavior

Tiotropium 5 pg

Self-Management
SMBM+T/O - Self-Management Behavior Modification with
Tiotropium/Olodaterol 5/5 pg

SBMB+T/O+EXT - Self-Management Behavior Modification with
Tiotropium/Olodaterol 5/5 pg and exercise training

W - Watt
WAIS-R - Wechsler Adult Intelligence Scale — Revised
WMS-R - Wechsler Memory Scale - Revised

1-RM - One Repetition Maximum
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