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Abstract
Background General cognitive impairment is highly prevalent in patients with chronic obstructive
pulmonary disease (COPD). Domain-speci�c cognitive impairments include de�cits in working memory
(WM), cognitive �exibility, verbal memory, planning and psychomotor speed. These impairments may be
associated with poor health behaviours, such as a sedentary lifestyle and low-quality diet. Cognitive
training may reverse these effects. Recent evidence suggests that WM training is linked to self-control
and, indirectly, to improved lifestyle behaviour including increased physical activity. We aim to investigate
the e�cacy of WM training (WMT) in patients with COPD on cognitive performance, cognitive stress
susceptibility and perception, self-control, and adherence to personalised physical activity and dietary
behaviour goals. Methods A double blind, placebo-controlled randomised trial will be conducted in 60
patients with COPD. The trial will consist of two phases; 12 weeks of active WM training or sham training
followed by 12 weeks of maintenance. Prior to the WMT, before the �rst phase, participants in both the
sham (n=30) and training group (n=30) will set dietary and physical activity goals based on their dietary
intake and physical activity pro�le using validated tools. Cognitive performance will be examined using
the Cambridge Neuropsychological Test Automated Battery. The primary outcome of this study will be
change in cognitive performance. Secondary outcomes will be self-control (impulsivity), compliance,
stress susceptibility and perception, change in dietary intake and daily physical activity level and pattern.
Discussion This trial will attempt to determine if cognitive performance can be improved in patients with
COPD by WMT. Moreover, WM plays a key role in self-regulation of behaviour, i.e. resisting hedonic
impulses in exchange for more deliberate evaluations and the achievement of long-term goals. Therefore,
we expect that WMT will also have a positive impact on health behaviours. Registration Clinicaltrials.gov
registration: NCT03073954,  https://clinicaltrials.gov/ct2/show/NCT03073954?
term=NCT03073954&rank=1

Background
Chronic obstructive pulmonary disease (COPD) is a serious respiratory condition which affected more
that 251 million individuals in 2016 (1), and from 2016 to 2040 is estimated to become the fourth leading
cause of life years lost (2). Chronic obstructive pulmonary disease is characterised by persistent
respiratory symptoms and air�ow limitation (3), which is often associated with substantial morbidity and
mortality (4). In addition, COPD patients often suffer from musculoskeletal impairments (5),
cardiovascular comorbidity (6, 7) as well as anxiety (8) and depression (9). Moreover, COPD patients are
at increased risk for cognitive impairment with adverse clinical consequences (10).

Cognitive impairment in COPD

A recent meta-analysis found a prevalence of CI of 32% among patients with COPD (11). Multiple factors
contribute to CI in COPD, including smoking (12), dietary insu�ciencies (13), an inactive lifestyle (14, 15)
and hypoxia in advanced disease (16).
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Why are cognitive impairments relevant in COPD?

Impairments in working memory (WM) or other cognitive areas can have a signi�cant impact on patients.
Cognitive impairments in general can reduce quality of life, physical activity, social interaction (11) and
medication adherence in affected patients (17). Moreover, it can lead to short-term memory problems,
loss of initiative, di�culties with concentration and fatigue (18). As a result of these consequences, daily
activities such as house work may become more di�cult (18), and the risk of all-cause hospitalisation
increases (19). These issues can be further complicated in COPD due to the presence of anxiety and
stress. This is particularly relevant to individuals with COPD, as compared to their peers, they experience
stronger detrimental mental and quality of life effects when faced with life event related stress (20).
Animal model research suggests that these effects can be further compounded as repeated stress has
been shown to cause cognitive impairment (21) and can induce depressive and anxiety like behaviours, in
addition to memory de�cits (22). Taken together, this suggests that any existing cognitive impairment
may be worsened by inherent stress exposure. Therefore, ways to help temper disease and stress related
cognitive impairment are of considerable interest.

Why consider cognitive training in the overall management of COPD?

Cognitive training is an area of translational neuroscience which is gaining interest (23). The most recent
meta-analysis on working memory training (WMT) suggests WMT is effective in various populations, but
that these effects as well as transfer effects tend to be small (24). However, these results are primarily
from relatively healthy populations, with normal levels of cognitive functioning, and perhaps leave little
room for improvement. Individuals with COPD more frequently experience cognitive impairment (10);
approximately 56.7% of patients with COPD are affected by cognitive impairment, compared to 13.3% of
aged matched peers (10), which can also worsen over time (25, 26). When cognitive function is affected,
typically attention, memory, executive functions and WM are affected (27, 28). This is similar to the
pattern which has been observed in patients with traumatic brain injury (TBI). In patients with TBI,
attention, memory and executive functions are most commonly affected (29). Interestingly, the mild
results observed in various populations become more striking if results are focused on patients with a
TBI. Speci�cally, WMT resulted in a moderate and long lasting improvement in untrained WM tasks, small
improvements in evaluations of everyday life functioning, cognitive control and reasoning (30). Moreover,
WMT has been observed to increase prefrontal cortex neural activity and increase the strength of the
connectivity between the prefrontal cortex and other brain areas (31).

Working memory and health behaviours

Recent research has demonstrated the importance of self-control in the regulation of health behaviours,
including physical activity (32). Low levels of self-control are associated with reduced compliance to
physical activity (33, 34) and healthy diets (34), obesity, substance abuse, and procrastination (35). On
the other hand, individuals with high self-control are better able to control their thoughts, regulate their
emotions and inhibit their impulses (36). 
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Self-control is a part of the executive functions, which are a family of top-down mental processes which
allow one to concentrate and pay attention to non-instinctual tasks (37). There are three primary
executive functions: inhibition [inhibitory control, self-control (behavioural inhibition) and interference
control (selective attention and cognitive inhibition)], WM, and cognitive �exibility (37, 38). Working
memory, the ability to select and hold goal-relevant information for a short time, enables us to engage in
complex goal-orientated behaviour by managing sensory inputs (23) and plays a key role in cognitive
control (39). Individual differences in WM capacity are related to the ability to inhibit automatic
responses, in favour of more opportune controlled-processing responses (40). 

Employing these executive functions costs energy. Simply said it is easier to give in to temptation and to
continue to engage in “automatic” reactions than to carefully think about what to do next (37). The dual
process theories of behaviour suggest that the balance between controlled (executive system) and
impulsive (impulsive system) behaviour are due to the interaction between these systems (40).  In
addition, based on this theory strengthening the executive system could improve goal orientated
behaviour by improving control over automatic impulses (40, 41).

The COGtrain Trial

Lack of physical activity, albeit often not classi�ed as detrimental as illicit drug or alcohol use, can cause
considerable damage. Speci�cally, physical inactivity is a predictor of worse COPD outcomes including
progression of exercise intolerance (47) and increased risk of mortality, and is unfortunately frequently
observed in patients with COPD (48). Reducing sedentary behaviour is therefore an important COPD
management goal and an integrative part of pulmonary rehabilitation (PR). However, behavioural
translation of improved physical capacity after PR to a more active lifestyle is inconsistent (49-51). These
inconsistencies likely have different drivers but one may be related to low levels of self-control. 

Working memory training may enhance self-control by improving attentional control, the e�ciency with
which attention is regulated towards relevant and away from irrelevant material (52), and thus aid in
maintaining goal relevant information and resisting distraction (53). These changes could then
potentially improve health-related behaviours and in turn could lead to improvements in quality of life.
However, it remains to be determined if WMT is effective in patients with COPD, and if it will impact
further reaching areas such as behaviour, and if patients will accept online training modules. Therefore
the primary objective of the present clinical trial is to investigate the feasibility and e�cacy of WMT in
conjunction with goal setting in patients with COPD on cognitive performance (executive function,
episodic memory, visual memory, information processing, and sustained attention). Furthermore, we aim
to assess the impact of WMT on self-control (impulsivity), stress susceptibility, perception and
compliance to pre-de�ned individual daily physical activity level and pattern, and dietary advice goals as
well as stress. 

Hypotheses

Working memory training enhances cognitive performance in patients with COPD.
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Working memory training facilitates the transfer of healthy lifestyle goals to a healthier lifestyle in
patients with COPD.

Improved cognitive performance reduces stress susceptibility in patients with COPD.

Methods
Patient population

This study will include a population of patients with COPD from the region of South Limburg, the
Netherlands. Patients are eligible if they have a diagnosis of COPD based on the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) guidelines (3) and if they are not affected by any of the
exclusion criteria (Table 1). Once participants have agreed to participate in the study they will be
randomly allocated into the treatment or control arm. All measurements will be performed at Maastricht
University Medical Center.

Table 1: Exclusion Criteria

Exclusion criteria
Disease and/or disability limiting ability to undergo neuropsychological testing and/or

WMT (e.g. blindness, stroke, or lack of hand control)

Neurological disorders (e.g. Alzheimer’s Disease, Parkinson’s, Huntington’s disease)
Insufficient mastery of the Dutch language
Participation in an inpatient PR programme during study period

Participation in another intervention study during study period

Patients will be recruited using local advertising in newspapers, magazines, and local physiotherapy
practices. In addition, patients who have participated in previous studies and have indicated that they
may be contacted for future studies, as well as COPD patients visiting the outpatient clinics will be
approached.

Intervention

A double blind, placebo-controlled randomised trial will be conducted on 60 patients with COPD. The trial
consists of two phases; 12 weeks of intensive training (n=30) or sham training (n=30) (T0-T12) followed
by 12 weeks of active follow-up (T12-T24) (�gure 1). Of the 30 sessions, patients may miss �ve sessions.
After they have missed three sessions the investigators will be noti�ed and contact the participants. If
patients miss more than �ve training sessions they will be withdrawn from the study. Patients will be
evaluated at a screening appointment, baseline, T12 and T24. 
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This study followed the Spirit Guidelines (54), refer to supplementary materials and Supplementary table
1. All assessments will be performed by MvB, LS and SM.

Working memory training

The WMT consists of three different tasks: a visuospatial task, a backward digit span task, and a letter
span task. In the visuospatial task, participants will be shown a four-by-four grid of squares, some of
which �ash in blue one after the other. Participants will be required to recall which squares �ashed in blue
and in which order, by clicking the squares. In the backward digit span task, numbers will be presented on
a computer screen, and the participants will be required to reproduce the sequence in the reverse order.
Lastly, in the letter span task, letters will be presented one by one in the centre of the screen, and
simultaneously with every letter, an accompanying arm will light up (see Figure 2). After all letters have
been presented along with their corresponding arms, one arm will light up in red, and participants are
required to indicate the letter belonging to that arm on the keyboard of the computer. Participants in the
control (sham) group will receive the same tasks as those in the training group but in contrast to the
intervention group the tasks will not increase in di�culty by increasing the number of digits, or complexity
of the pattern to be recalled (45).

In the �rst phase of the study, participants will receive 30 training sessions over a 12-week period, and
have to complete at least 25 sessions. Participants will receive a link to every session through e-mail, and
have 48 hours to complete a session after receiving the e-mail. In phase two (T12-T24) we will investigate
the longer-term effects of the intervention. There is evidence to support the maintenance of the training
effect after the cessation of the intervention (55-58). However, providing booster sessions could greatly
enhance the long-term effects of the training. Ball et al. (59) demonstrated that one booster session
compensated for nearly �ve months of cognitive decline, and the positive results of the training
intervention were apparent for years after it ended. Given the potential bene�ts of booster sessions we
will therefore offer the participants one booster session per week for three months in the maintenance
phase (phase two) after completion of the training.

Goal setting

Behaviour with respect to physical activity and dietary intake will be measured at T0 and at the end of
phase 1 (T12) and 2 (T24) in both the intervention and the control group. Physical activity data will be
collected by an ActivPALTM accelerometer. This device provides a well-established measurement of both
physical activity and sedentary time. Subjects wear the accelerometer fastened to their leg with
TegadermTM adhesive tape for 7 consecutive days. The ActivPALTM calculates body posture as
sitting/lying, standing, and stepping and energy expenditure (METs) using static and dynamic
acceleration information (60). Energy expenditure can then be classi�ed from the ActivPALTM into
sedentary (G1.5 METs), light (1.5–2.99 METs), and MVPA (>3 METs) intensity (60). 

Dietary intake will be monitored using a 24-hour recall questionnaire in the form of an interview.
Participants will be asked if the past 24 hours were re�ective of typical dietary intake. If dietary intake
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varied signi�cantly from normal, participants will be asked to recall their intake on the previous day. 

After having analysed the accelerometry data and the dietary questionnaire, participants will be informed
about the results by a trained research assistant. Dietary and/or physical activity goals will then be set by
the patients together with the research assistant. Representative scores will be calculated based on the
Alternative Healthy Eating Index (AHEI) (61) to aid participants in understanding how they can improve
their diets. Information will be presented as a score and in graphical form for individual categories such
as fruit, vegetable, red meat, excessive alcohol consumption, among others, for easy interpretation and
guided goal setting discussions. Physical activity will be presented as daily step counts, and percent time
spent in sitting, standing and moving activities in the form of graphs. The graphs will also clearly show
the time of day which type of activity was performed. Goals can include dietary changes such as
reducing alcohol, red meat, increasing whole grains, fruit and or vegetable consumption; physical activity
will be in the form of steps per day.

Study parameters and endpoints

The study parameters are listed in Table 2. Study participants will visit twice, separated by a week, before
the study (T0) to determine baseline performance. Additionally, they will be tested at the end of phase one
after 12 weeks (T12) and at the end of phase two after 24 weeks (T24). All measurements will be taken
by the trained investigators.

Primary outcome: measures of cognitive function

The Cambridge Neuropsychological Test Automated Battery (CANTAB) is a widely used cognitive
function assessment tool which has been used in a large range of clinical and non-clinical studies. Using
the CANTAB system, we will test WM, cognitive �exibility, and planning with the motor screening task,
paired associated learning task, reaction time task, delated matching to sample task and a spatial WM
task. Furthermore, we will administer the Stop-Signal Task (SST) as a measure of impulsivity.

As an additional measure of cognitive function, we administer the Addenbrooke’s Cognition Examination
Revised (ACE-R); a brief test battery which assesses �ve domains, namely: orientation and attention,
memory, verbal �uency, language and visuospatial ability. The ACE-R is a comprehensive screening tool,
and has good psychometric properties: both sensitivity and speci�city are around 0.9 (62-64).

Secondary measurement outcomes

Additional outcome measures will include a measure of perceived stress (Cohen’s Perceived Stress Scale
(PSS)) (65), chronic stress (hair cortisol) (66), acute stress (salivary cortisol awakening response (CAR))
(67), stress response (socially evaluated cold pressor test (SECPT))  (68), functional exercise capacity (6
minute walk test) (69), physical performance (short performance test battery (SPBB)) (70), disease-
speci�c health status (COPD assessment test, (CAT)) (71), motivation for exercise and dietary intake
(Behavioral Regulation in Exercise Questionnaire-2 (BREQ-2)) (72), the Regulation of Eating Behavior

http://cantabbibliography.co.uk/
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Scale REBS (73), depression (Beck depression inventory (BDI-II)) (74), anxiety (generalised anxiety
disorder-7 (GAD-7)) (75) and dietary intake (Food frequency questionnaire (FFQ)).

Table 2 – Measurement timing of study parameters

Primary
outcomes

Instrument T0 T1 T12 T24
     

Cognitive performance        
  Cambridge Neuropsychological Test

Automated Battery
X* X X X

  The Addenbrooke's Cognitive Examination
Revised

  X    

Secondary
outcomes

 

Cognitive stress susceptibility and perception
Chronic stress The Perceived Stress Scale   X X X
  Hair cortisol   X X  

  Salivary cortisol awakening response   X X  

Acute stress Socially Evaluated Cold pressor test   X X X

Physical activity      
  Accelerometer: step count, gait variability   X X X

  6-minute walking test X X X X

Balance
  Short Performance Battery   X X X

Quality of life          
  COPD assessment test   X X X
Motivational questionnaires
  Behavioural Regulation in Exercise

Questionnaire-2
X     X

  Regulation of Eating Behaviour Scale X     X
Psychological wellbeing
  Beck Depression Inventory- second edition   X X X
  Generalised Anxiety Disorder-7   X X X
Dietary intake      
  Food Frequency Questionnaire X   X X
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Other characteristics
 

Socioeconomic variables        
  Age, gender, education level X$ X$    
Anthropometry        
  Height X$ X$    
  Bioelectrical impedance X$ X$ X X
  Waist circumference X$ X$    
  Weight X$ X$ X X
Other clinical characteristics        
  Smoking status, , exacerbations, COPD Gold classification, spirometry X      

Medication        
  Questionnaire   X X X
Manipulation Check        
  Manipulation check     X X
Compliance and accessibility                                                                     
  Training compliance     X X

* Required to compensate for any possible learning effects.

$ Measurements may be taken at screening or T1.

Manipulation check

This will be done in the form of a very short structured interview in which the participant will be asked to
recall and name the speci�c dietary and physical activity goals they made at the beginning of the
intervention. This test will be administered in a way similar to that of Hatchell and colleagues (76), where
participants are asked to recall key health messages from their personalised healthy lifestyle advice
sessions. Patient responses will be recorded in writing. The recalled points will be compared to the
personalised advice given to the participant. Responses will then be scored as follows: 0 points – �eld
blank or no recall of the message content; 1 point – key points not directly related to the message
themes; 2 points – key points directly related to the message themes (76). Patients who recall more
information will be given higher scores.

Compliance and accessibility

Training compliance will serve as a measure of compliance and accessibility of the WMT. During the trial,
patient participation in the online sessions will be recorded. Here we can examine participant engagement
to the training (total time spent), number of completed sessions, answer patterns as well as monitor
attrition rate.
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Statistical Analysis
Data analyses will be conducted according to the intention-to-treat principle using the statistical package
IBM SPSS Statistics for Windows, version 25.0 (SPSS, Inc., Chicago, IL). All subjects who complete the
study will be included in the analysis of the primary outcome. Missing data will be considered as missing
at random and will not be imputed. Two-sided p-values less than 0.05 will be claimed as statistically
signi�cant. No interim analysis will be performed.

Demographic and clinical background information including socioeconomic status, age, gender,
education level, smoking status, alcohol intake, medication use, oxygen therapy, exacerbations,
comorbidities, COPD Gold classi�cation, and spirometry will be collected at baseline.

To determine the effects of WMT on our primary and secondary parameters, assuming the data meets
the requirements, a two-way Repeated Measures Analysis of Variance with time (baseline compared to
Post-intervention and 3-month secondary follow-up) and group (intervention compared to placebo) as
independent variables will be used to compare mean changes. If the data are not normally distributed, the
data will be log-transformed in order to normalize the distribution. Effect sizes will be reported as Cohen’s
d, computed as the difference in performance at baseline and post-intervention or 6-month follow-up
between the two groups. Effect sizes of 0.8 are considered large and effect sizes between 0.5 and 0.8 are
moderate. If participants withdraw from the study (either because they miss more than �ve sessions or
because they terminate their participation themselves), their data will be used up to the point of their
withdrawal, although techniques such as multiple imputation will not be used to deal with missing data.

Sample size and power

The sample size calculation was calculated with G*Power 3.1.9.4 and sample sizes used in the most
comparable studies from literature. In a recent Canadian study examining the effects of cognitive training
on cognitive decline, the authors reported an effect size of the training of f = 0.475 (77). When taking into
account a two-tailed paired-samples t-test, an α of 0.05 and a power of 95% these parameters result in a
required sample size of 60 individuals, or 30 per group.

Randomisation

The randomisation will be performed by an independent researcher via www.randomization.com, before
the participants start the training. A randomisation block will be used with 70 subjects randomised in 7
blocks (10 per block, 5x control and 5x active training) (allowing for drop out). After 40 subjects have
been randomised, the same independent researcher will verify if the distribution between the groups on
the basis of age and gender is similar. All researchers involved will remain blinded until the completion of
the study and analysis.

Data management and monitoring
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Participant data is stored on a secured network server accessible only to the researchers. All paper
documents are stored in a secured cabinet located at Maastricht University Medical Center. Data is
entered into the database by the researchers or research assistants, which is then periodically examined
by the data monitor. After completion of the study the database will be cleaned and compared to original
documentation in the case of obscure values.

Data monitoring is performed by the independent Clinical Trials Centre Maastricht (CTCM) committee at
trial commencement, trial closing and at least twice during the course of the study.

Discussion
We hypothesise that it is possible to improve WM in patients with COPD. Moreover, because WM plays a
key role in this self-regulation of behaviour, i.e. resisting hedonic impulses in exchange for more
deliberate evaluations and the achievement of long-term goals, we expect that WMT will also have a
positive in�uence on diet and physical activity.

Anticipated clinical implications

If the results of this study are positive it would indicate that WMT should be adopted in COPD
management given the prevalence of (mild) cognitive impairment in COPD patients. Adding WMT would
be a simple addition to any programme as patients can complete the training without supervision either
in a home or in a rehabilitation setting given. Future updates will likely allow this type of training to be
performed on tablets or smart mobile phones and o�ine. Positive results in this study also imply a
greater need to create awareness among patients with COPD and their caregivers and physicians to
remain cognitively active, for instance through reading newspapers or playing cognitively challenging
games such as chess or sudoku.

Trial status

The trial started on 19 October 2017. At the time of submission, the recruitment was �nished. The �nal
sample size is 68 participants, 52 of which are currently foreseen to complete the entire intervention. Data
collection will be completed in February 2020. This study follows the SPIRIT guidelines (see Additional
�le 2 for the checklist).

Abbreviations
AHEI                      Alternative Healthy Eating Index

ACE-R                    Addenbrooke’s Cognition Examination Revised (ACE-R)

BDI-II                     Beck depression inventory

BREQ-2                 Behavioural Regulation in Exercise Questionnaire-2
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CANTAB               Cambridge Neuropsychological Test Automated Battery

CAR                        Cortisol awakening response

CAT                        COPD assessment test

COPD                     Chronic obstructive pulmonary disease

CTCM                    Clinical Trials Centre Maastricht

FFQ                        Food frequency questionnaire

GAD-7                   Generalized anxiety disorder – 7

GOLD                    Global Initiative for Chronic Obstructive Lung Disease

METC                    Ethics Committee of Maastricht University

METS                     Metabolic equivalents

MUMC+               Maastricht University Medical Centre+

MVPA                   Moderate to vigorous activity bouts

N                             Number

PR                           Pulmonary rehabilitation

PSS                         Cohen’s Perceived Stress Scale

REBS                      Regulation of Eating Behavior Scale

SECPT                    Socially evaluated cold pressor test

SPBB                      Short performance test battery

SST                         Stop signal task

TBI                          Traumatic brain injury

T0-T24                   Time 0, Time 1 week, Time 12 weeks, Time 24 weeks

WM                       working memory

WMT                     working memory training

Declarations



Page 13/23

Acknowledgements

The researchers would like to thank the future and current participants of this study as well as the
independent physician Prof. dr. Anne-Marie Dingemans. 

Funding Statement

This work was supported by the Maastricht University Interfaculty Programme ‘Eatwell’, and through the
JPI HDHL project “Ambrosiac” by ZonMW (project number 529051006). 

Availability of data and materials

Not applicable. 

Related articles

This manuscript or any publication regarding this study has neither been submitted nor published in any
other journal. 

Author’s Contributions

SM did the literature search and did the statistical power calculation in consultation with AS. SM wrote
the �rst draft of the article. KH, MvB, FF, DJ, HG and AS gave valuable input in drafting the manuscript. In
collaboration with MvB and LS, SM wrote the medical ethical protocol for the study, which was also
carefully reviewed by KH, FF, DJ, HG and AS. All authors critically revised the manuscript for intellectual
content, �nally approved of the version to be published, and agree to be held accountable for all aspects
of the work in ensuring that questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. 

Ethical considerations

The study was registered at ClinicalTrials.gov (NCT03073954) and was approved by the local Ethics
Committee of Maastricht University (METC) in June 2017 (NL59883.068.17/ METC173010). Any required
amendments to the study will be submitted for approval by the local accredited METC, and implemented
after favourable opinion by the METC. No measurements will be carried out before written and informed
consent has been obtained by the investigators. Participants can withdraw from the study at any point.
The total burden of participation consists of approximately 30 online cognitive training sessions of 20 to
30 minutes each, in the form of a game on a mobile device or computer, as well as outcome assessment
at baseline and after 12 weeks. In addition, participants will be asked to complete maintenance online
cognitive training sessions, once per week during the 3-month follow-up period. 

Dissemination



Page 14/23

The �ndings of the study will be disseminated through peer-reviewed journals, national and international
conference presentations and to the COPD patients through a newsletter and/ or presentation. 

Patient and Public Involvement statement

This study was designed to meet an unmet need, to improve adherence to patient rehabilitation
programmes and thus patient outcomes. Patients were not involved in the direct design of the study but
patient burden was considered carefully by the researchers. Furthermore, patients are not involved in
recruitment and conduct of the study beyond their own participation and personal responses to study
advertisements. Study results will be communicated with participants as discussed in the dissemination
section. 

Consent for publication

Not applicable. 

Competing interest’s statement

Authors declare no con�icting interests.

References
1. Organization WH. Chronic obstructive pulmonary disease (COPD) Fact sheet Geneva: World Health

Organization; 2017 [December 2017:[Available from: https://www.who.int/news-room/fact-
sheets/detail/chronic-obstructive-pulmonary-disease-(copd).

2. Foreman KJ, Marquez N, Dolgert A, Fukutaki K, Fullman N, McGaughey M, et al. Forecasting life
expectancy, years of life lost, and all-cause and cause-speci�c mortality for 250 causes of death:
reference and alternative scenarios for 2016–40 for 195 countries and territories. The Lancet.
2018;392(10159):2052-90.

3. Vogelmeier CF, Criner GJ, Martinez FJ, Anzueto A, Barnes PJ, Bourbeau J, et al. Global strategy for the
diagnosis, management and prevention of chronic obstructive lung disease 2017 report. Respirology.
2017;22(3):575-601.

4. Murray CJ, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al. Disability-adjusted life years
(DALYs) for 291 diseases and injuries in 21 regions, 1990–2010: a systematic analysis for the Global
Burden of Disease Study 2010. The lancet. 2013;380(9859):2197-223.

5. Cielen N, Maes K, Gayan-Ramirez G. Musculoskeletal disorders in chronic obstructive pulmonary
disease. BioMed research international. 2014;2014.

�. Cavaillès A, Brinchault-Rabin G, Dixmier A, Goupil F, Gut-Gobert C, Marchand-Adam S, et al.
Comorbidities of COPD. European Respiratory Review. 2013;22(130):454-75.

7. Chen W, Thomas J, Sadatsafavi M, FitzGerald JM. Risk of cardiovascular comorbidity in patients
with chronic obstructive pulmonary disease: a systematic review and meta-analysis. The Lancet

https://www.who.int/news-room/fact-sheets/detail/chronic-obstructive-pulmonary-disease-(copd


Page 15/23

Respiratory medicine. 2015;3(8):631-9.

�. Willgoss TG, Yohannes AM. Anxiety disorders in patients with COPD: a systematic review.
Respiratory care. 2013;58(5):858-66.

9. Schneider C, Jick SS, Bothner U, Meier CR. COPD and the risk of depression. Chest. 2010;137(2):341-
7.

10. Cleutjens FA, Franssen FM, Spruit MA, Van�eteren LE, Gijsen C, Dijkstra JB, et al. Domain-speci�c
cognitive impairment in patients with COPD and control subjects. International journal of chronic
obstructive pulmonary disease. 2017;12:1.

11. Yohannes AM, Chen W, Moga AM, Leroi I, Connolly MJ. Cognitive impairment in chronic obstructive
pulmonary disease and chronic heart failure: a systematic review and meta-analysis of observational
studies. Journal of the American Medical Directors Association. 2017;18(5):451. e1-. e11.

12. Dal Negro RW, Bonadiman L, Tognella S, Bricolo FP, Turco P. Extent and prevalence of cognitive
dysfunction in chronic obstructive pulmonary disease, chronic non-obstructive bronchitis, and in
asymptomatic smokers, compared to normal reference values. International journal of chronic
obstructive pulmonary disease. 2014;9:675-83.

13. Bazinet RP, Layé S. Polyunsaturated fatty acids and their metabolites in brain function and disease.
Nature Reviews Neuroscience. 2014;15:771-85.

14. Kobayashi Y, Takahashi Y, Seki T, Kaneta T, Amarume K, Kasai M, et al. Decreased physical activity
associated with executive dysfunction correlates with cognitive impairment among older adults in
the community: a retrospective analysis from the Kurihara project. Dementia and Geriatric Cognitive
Disorders Extra. 2016;6(2):350-60.

15. Falck RS, Davis JC, Liu-Ambrose T. What is the association between sedentary behavior and
cognitive function? A systematic review. British Journal of Sports Medicine. 2016;51:800-11.

1�. Ortapamuk H, Naldoken S. Brain perfusion abnormalities in chronic obstructive pulmonary disease:
comparison with cognitive impairment. Annals of Nuclear Medicine. 2006;20(2):99-106.

17. Campbell NL, Boustani MA, Skopelja EN, Gao S, Unverzagt FW, Murray MD. Medication adherence in
older adults with cognitive impairment: a systematic evidence-based review. The American journal of
geriatric pharmacotherapy. 2012;10(3):165-77.

1�. Johansson MM, Marcusson J, Wressle E. Cognitive impairment and its consequences in everyday
life: experiences of people with mild cognitive impairment or mild dementia and their relatives.
International psychogeriatrics. 2015;27(6):949-58.

19. Chang SS, Chen S, McAvay GJ, Tinetti ME. Effect of coexisting chronic obstructive pulmonary
disease and cognitive impairment on health outcomes in older adults. Journal of the American
Geriatrics Society. 2012;60(10):1839-46.

20. Lu Y, Nyunt MSZ, Gwee X, Feng L, Feng L, Kua EH, et al. Life event stress and chronic obstructive
pulmonary disease (COPD): associations with mental well-being and quality of life in a population-
based study. BMJ open. 2012;2(6):e001674.



Page 16/23

21. Yuen EY, Wei J, Liu W, Zhong P, Li X, Yan Z. Repeated stress causes cognitive impairment by
suppressing glutamate receptor expression and function in prefrontal cortex. Neuron.
2012;73(5):962-77.

22. Gawali NB, Bulani VD, Gursahani MS, Deshpande PS, Kothavade PS, Juvekar AR. Agmatine
attenuates chronic unpredictable mild stress-induced anxiety, depression-like behaviours and
cognitive impairment by modulating nitrergic signalling pathway. Brain research. 2017;1663:66-77.

23. Simon AJ, Skinner SN, Ziegler DA. Training Working Memory: Anatomy Matters. The Journal of
neuroscience : the o�cial journal of the Society for Neuroscience. 2016;36(30):7805-6.

24. Soveri A, Antfolk J, Karlsson L, Salo B, Laine M. Working memory training revisited: A multi-level
meta-analysis of n-back training studies. Psychonomic Bulletin & Review. 2017;24(4):1077-96.

25. Hung WW, Wisnivesky JP, Siu AL, Ross JS. Cognitive decline among patients with chronic obstructive
pulmonary disease. American journal of respiratory and critical care medicine. 2009;180(2):134-7.

2�. Park SK. Trajectories of change in cognitive function in people with COPD. Journal of clinical
nursing. 2018.

27. Dodd J, Getov S, Jones PW. Cognitive function in COPD. European Respiratory Journal.
2010;35(4):913-22.

2�. Mora L, Sagot C, Dieudonne B, Faucounau V, Barrou Z, Breining A, et al. Link between non hypoxemic
chronic obstructive pulmonary disease and executive functioning in oldest old. Geriatrie et
psychologie neuropsychiatrie du vieillissement. 2015;13(3):335-42.

29. Arciniegas DB, Held K, Wagner P. Cognitive impairment following traumatic brain injury. Current
Treatment Options in Neurology. 2002;4(1):43-57.

30. Weicker J, Villringer A, Thöne-Otto A. Can impaired working memory functioning be improved by
training? A meta-analysis with a special focus on brain injured patients. Neuropsychology.
2016;30(2):190.

31. Constantinidis C, Klingberg T. The neuroscience of working memory capacity and training. Nature
Reviews Neuroscience. 2016;17(7):438.

32. Hagger MS, Wood C, Stiff C, Chatzisarantis NL. The strength model of self-regulation failure and
health-related behaviour. Health Psychology Review. 2009;3(2):208-38.

33. Martin Ginis KA, Bray SR. Application of the limited strength model of self-regulation to
understanding exercise effort, planning and adherence. Psychology and Health. 2010;25(10):1147-
60.

34. Wills TA, Isasi CR, Mendoza D, Ainette MG. Self-control constructs related to measures of dietary
intake and physical activity in adolescents. Journal of Adolescent Health. 2007;41(6):551-8.

35. de Ridder DT, Lensvelt-Mulders G, Finkenauer C, Stok FM, Baumeister RF. Taking stock of self-control:
A meta-analysis of how trait self-control relates to a wide range of behaviors. Personality and Social
Psychology Review. 2012;16(1):76-99.



Page 17/23

3�. Tangney JP, Baumeister RF, Boone AL. High self‐control predicts good adjustment, less pathology,
better grades, and interpersonal success. Journal of personality. 2004;72(2):271-324.

37. Diamond A. Executive functions. Annual review of psychology. 2013;64:135-68.

3�. Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager TD. The unity and diversity of
executive functions and their contributions to complex “frontal lobe” tasks: A latent variable analysis.
Cognitive psychology. 2000;41(1):49-100.

39. Hofmann W, Schmeichel BJ, Baddeley AD. Executive functions and self-regulation. Trends in
Cognitive Sciences. 2012;16(3):174-80.

40. Dassen FC, Houben K, Van Breukelen GJ, Jansen A. Gami�ed working memory training in overweight
individuals reduces food intake but not body weight. Appetite. 2018;124:89-98.

41. Hofmann W, Friese M, Strack F. Impulse and self-control from a dual-systems perspective.
Perspectives on Psychological Science. 2009;4(2):162-76.

42. Houben K, Dassen FC, Jansen A. Taking control: Working memory training in overweight individuals
increases self-regulation of food intake. Appetite. 2016;105:567-74.

43. Dassen FC, Houben K, Van Breukelen GJ, Jansen A. Gami�ed working memory training in overweight
individuals reduces food intake but not body weight. Appetite. 2017.

44. Day AM, Kahler CW, Metrik J, Spillane NS, Tidey JW, Rohsenow DJ. Working memory moderates the
association between smoking urge and smoking lapse behavior after alcohol administration in a
laboratory analogue task. Nicotine & Tobacco Research. 2014;17(9):1173-7.

45. Houben K, Wiers RW, Jansen A. Getting a grip on drinking behavior: training working memory to
reduce alcohol abuse. Psychological science. 2011;22(7):968-75.

4�. Rass O, Schacht RL, Buckheit K, Johnson MW, Strain EC, Mintzer MZ. A randomized controlled trial of
the effects of working memory training in methadone maintenance patients. Drug and alcohol
dependence. 2015;156:38-46.

47. Troosters T, Gosselink R, Janssens W, Decramer M. Exercise training and pulmonary rehabilitation:
new insights and remaining challenges. European Respiratory Review. 2010;19(115):24-9.

4�. Spruit MA, Singh SJ, Garvey C, ZuWallack R, Nici L, Rochester C, et al. An o�cial American Thoracic
Society/European Respiratory Society statement: key concepts and advances in pulmonary
rehabilitation. American journal of respiratory and critical care medicine. 2013;188(8):e13-e64.

49. Cindy Ng LW, Mackney J, Jenkins S, Hill K. Does exercise training change physical activity in people
with COPD? A systematic review and meta-analysis. Chronic respiratory disease. 2012;9(1):17-26.

50. Troosters T, Demeyer H, Hornikx M, Camillo CA, Janssens W. Pulmonary Rehabilitation. Clinics in
Chest Medicine. 2014;35(1):241-9.

51. Egan C, Deering BM, Blake C, Fullen BM, McCormack NM, Spruit MA, et al. Short term and long term
effects of pulmonary rehabilitation on physical activity in COPD. Respiratory medicine.
2012;106(12):1671-9.



Page 18/23

52. Duncan J, Humphreys GW. Visual search and stimulus similarity. Psychological review.
1989;96(3):433.

53. Unsworth N, Spillers GJ. Working memory capacity: Attention control, secondary memory, or both? A
direct test of the dual-component model. Journal of Memory and Language. 2010;62(4):392-406.

54. Chan A-W, Tetzlaff JM, Altmann DG, Laupacis A, Gotzsche PC, Krleza-Jeric K, et al. SPIRIT 2013
statement: de�ning standard protocol items for clinical trials. Annals of Internal Medicine.
2013;158(3):200-7.

55. Vermeij A, Claassen JA, Dautzenberg PL, Kessels RP. Transfer and maintenance effects of online
working-memory training in normal ageing and mild cognitive impairment. Neuropsychological
rehabilitation. 2016;26(5-6):783-809.

5�. Brehmer Y, Westerberg H, Bäckman L. Working-memory training in younger and older adults: training
gains, transfer, and maintenance. Frontiers in human neuroscience. 2012;6.

57. Carretti B, Borella E, Zavagnin M, Beni R. Gains in language comprehension relating to working
memory training in healthy older adults. International journal of geriatric psychiatry. 2013;28(5):539-
46.

5�. Borella E, Carretti B, Zanoni G, Zavagnin M, De Beni R. Working memory training in old age: an
examination of transfer and maintenance effects. Archives of clinical neuropsychology.
2013;28(4):331-47.

59. Ball KK, Ross LA, Roth DL, Edwards JD. Speed of processing training in the ACTIVE study: how much
is needed and who bene�ts? Journal of aging and health. 2013;25(8_suppl):65S-84S.

�0. Lyden K, Keadle SK, Staudenmayer J, Freedson PS. The activPALTM Accurately Classi�es Activity
Intensity Categories in Healthy Adults. Medicine and science in sports and exercise. 2017;49(5):1022-
8.

�1. Chiuve SE, Fung TT, Rimm EB, Hu FB, McCullough ML, Wang M, et al. Alternative dietary indices both
strongly predict risk of chronic disease. The Journal of nutrition. 2012:jn. 111.157222.

�2. Lonie JA, Tierney KM, Ebmeier KP. Screening for mild cognitive impairment: a systematic review.
International journal of geriatric psychiatry. 2009;24(9):902-15.

�3. Fang R, Wang G, Huang Y, Zhuang J-P, Tang H-D, Wang Y, et al. Validation of the Chinese version of
Addenbrooke's cognitive examination-revised for screening mild Alzheimer's disease and mild
cognitive impairment. Dementia and geriatric cognitive disorders. 2014;37(3-4):223-31.

�4. Pigliautile M, Ricci M, Mioshi E, Ercolani S, Mangialasche F, Monastero R, et al. Validation study of
the Italian Addenbrooke’s Cognitive Examination Revised in a young-old and old-old population.
Dementia and Geriatric Cognitive Disorders. 2011;32(5):301-7.

�5. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. Journal of health and
social behavior. 1983:385-96.

��. O'Brien KM, Tronick E, Moore CL. Relationship between hair cortisol and perceived chronic stress in a
diverse sample. Stress and Health. 2013;29(4):337-44.



Page 19/23

�7. Wust S, Wolf J, Hellhammer DH, Federenko I, Schommer N, Kirschbaum C. The cortisol awakening
response-normal values and confounds. Noise and health. 2000;2(7):79.

��. Schwabe L, Haddad L, Schachinger H. HPA axis activation by a socially evaluated cold-pressor test.
Psychoneuroendocrinology. 2008;33(6):890-5.

�9. Holland AE, Spruit MA, Troosters T, Puhan MA, Pepin V, Saey D, et al. An o�cial European Respiratory
Society/American Thoracic Society technical standard: �eld walking tests in chronic respiratory
disease. Eur Respiratory Soc; 2014.

70. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG, et al. A short physical
performance battery assessing lower extremity function: association with self-reported disability and
prediction of mortality and nursing home admission. Journal of gerontology. 1994;49(2):M85-M94.

71. Jones P, Harding G, Berry P, Wiklund I, Chen W, Leidy NK. Development and �rst validation of the
COPD Assessment Test. European Respiratory Journal. 2009;34(3):648-54.

72. Markland D, Tobin V. A modi�cation to the behavioural regulation in exercise questionnaire to include
an assessment of amotivation. Journal of Sport and Exercise Psychology. 2004;26(2):191-6.

73. Pelletier LG, Dion SC, Slovinec-D'Angelo M, Reid R. Why do you regulate what you eat? Relationships
between forms of regulation, eating behaviors, sustained dietary behavior change, and psychological
adjustment. Motivation and Emotion. 2004;28(3):245-77.

74. Beck AT, Steer RA, Ball R, Ranieri WF. Comparison of Beck Depression Inventories-IA and-II in
psychiatric outpatients. Journal of personality assessment. 1996;67(3):588-97.

75. Spitzer RL, Kroenke K, Williams JB, Löwe B. A brief measure for assessing generalized anxiety
disorder: the GAD-7. Archives of internal medicine. 2006;166(10):1092-7.

7�. Hatchell AC, Bassett-Gunter RL, Clarke M, Kimura S, Latimer-Cheung AE. Messages for men: The
e�cacy of EPPM-based messages targeting men's physical activity. Health Psychology.
2013;32(1):24.

77. Gill DP, Gregory MA, Zou G, Liu-Ambrose T, Shigematsu R, Hachinski V, et al. The healthy mind,
healthy mobility trial: a novel exercise program for older adults. Med Sci Sports Exerc.
2016;48(2):297-306.

 

Figures



Page 20/23

Figure 1

The trial consists of two phases; 12 weeks of intensive training (n=30) or sham training (n=30) (T0-T12)
followed by 12 weeks of active follow-up (T12-T24)
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Figure 2

In the letter span task, letters will be presented one by one in the centre of the screen, and simultaneously
with every letter, an accompanying arm will light up
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Figure 3

SPIRIT �gure. *Recommended content can be displayed using various schematic formats. See SPIRIT
2013 Explanation and Elaboration for examples from protocols. **List speci�c timepoints in this row. -t1 ,
corresponds to patient screening and the mandatory weight time between informing the potential
participant about the study and actively enrolling the potential participant into the study t0 is the baseline
measurement and corresponds to our T0. This is the �rst visit to the clinic where �rst informed consent
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will be requested, and some measurements will be taken t1, corresponds to our t1 (1 week into the study),
where additional measurements will be taken and the participant will be randomly allocated into either
the sham or training group t2 corresponds to our t12 (12 weeks into the study), this follows 12 weeks of
sham or active training and a number of measurements will be taken. t3 corresponds to our t24 (24
weeks into the study) this follows 12 weeks of optional additional training for the participant and is also
the �nal time the participant will come to the clinic for testing.
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