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Chronic obstructive pulmonary disease (COPD) is one of the highest-burden
chronic diseases worldwide. Lung function impairment is characterized by
airflow limitation that is usually progressive and largely irreversible (1). COPD
is a substantial cause of disability and mortality: 299 million people worldwide
were estimated to suffer from the disease in 2017 and COPD was responsible
for 3 million deaths in 2016, making it the third most common cause of death
worldwide (2).
Although COPD is primarily a lung disease, various manifestations outside the
respiratory system are common, including metabolic abnormalities (3, 4), muscle
dysfunction (5) and cognitive impairment (CI) (6). CI worsens patients' quality
of life (7, 8) and health outcomes (9, 10), it decreases their ability to engage in
activities of daily living (11) and it increases their risk of hospitalization (12). All
of this contributes to a vicious cycle in which patients' health status deteriorates
even further, and to a considerable economic burden for society (13, 14). It is
therefore very important to optimally manage COPD from a holistic perspective,
consider CI as comorbidity and to assist patients in attaining and maintaining a
healthy lifestyle. This thesis investigated determinants of cognitive performance
in patients with COPD and the potential efficacy of working memory training
(WMT) and nutritional management next to motivational regulations in increasing
patients' adherence to a healthier lifestyle.

Relevance for patients

I

The results of this thesis are very relevant to patients with COPD. Awareness
regarding the adverse impact of their disease and leads for improvement might
translate into their health status and wellbeing. Improved prospective memory
could for example improve self-management and treatment adherence. Improved
executive functioning could enhance self-control, enabling patients to resist
tempting unhealthy lifestyle choices in favor of more controlled and healthier
ones. The WMT that we developed and evaluated as single intervention was
unable to improve overall cognitive functioning or adherence to a healthy lifestyle.
Nevertheless, interventional modalities, such as daily-life cognitive stimulation
(e.g., playing chess (15), completing sudokus (16) or engaging in social interaction
(17, 18)) physical activity (19, 20) and dietary improvement (21, 22), have been
shown to benefit cognitive performance in non-COPD populations and are
recommended, also in light of other common comorbidities in COPD.
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Relevance for clinical practice
Raising awareness for cognitive impairment in COPD and interventions (also)
targeting cognitive functioning in these patients is very relevant for caregivers.
The prevalence of CI was particularly high in patients referred for pulmonary
rehabilitation (PR) compared to earlier prevalence estimates in stable patients
in population studies (6). This, and the fact that CI has been related to adverse
health outcomes including the likelihood of dropping out of PR (23), underlines
the importance for PR providers to recognize the possible presence of CI in their
patients and to tailor educational programs to patients’ cognitive capacities.
Furthermore, new insights in specific motivational regulations associated with
indicators of adherence to a healthy lifestyle (i.e., physical activity and dietary
quality) are important to consider in refining COPD-specific lifestyle counseling
interventions.

Relevance for society
A main aim of this thesis was to determine the health and lifestyle benefits of
the investigated interventions. WMT was ineffective, but targeted nutritional
management improved patients’ health status at an increase of costs that might
be considered acceptable for patients with a high disease burden. Moreover,
motivational interventions, if proven feasible as discussed above, might costeffectively improve patients’ lifestyle, health status, quality of life and functional
capacities as well. This enables patients to live more meaningful lives for a longer
period of time, for instance by prolonging their ability to work. Furthermore, it
might decrease health care expenditure and the COPD-associated disability
burden. Both are relevant for society, as rising health care costs present a large
and growing economic burden and COPD is the fifth-leading cause of disabilityadjusted life years (DALYs) worldwide (24).

Relevance for commercial parties
Motivational counselling does not have to remain confined to health care
professionals. In fact, counselling by commercial parties would take work away
from health care professionals, which would alleviate the growing work pressure
and financial burden on the health care system.
221
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Incorporating counselling into an e-health application could reduce the workload
associated with counselling even further. Various applications have been developed
over the past years to improve chronic disease management with promising
results on health outcomes, such as myIBDcoach (25, 26) for inflammatory bowel
disease and SanaCoach COPD for COPD (27). Counselling could even take place
entirely virtually. Habtic, an app developed to improve the lifestyle of corporate
employees, already uses such virtual, yet highly realistic, avatars.
The NUTRAIN trial showed that nutritional supplementation can improve the
overall health status of patients with COPD in a cost-effective manner. Further
developing medical foods and/or supplements, aimed at improving physical
capacity and health status but also building forth upon promising results regarding
their benefits on cognitive functioning (28, 29), for instance, could therefore be
promising for commercial parties.
Developing WMT modalities and marketing them as games has been an important
focus of industry in the past 20 years. Although these games are often supported
by claims that their effectiveness has been proven, independent investigations
routinely indicate they do not improve cognitive or real-life task performance (3032). The results of the current thesis also indicate that further developing WMT
applications is likely not worthwhile.

I

222

Impact

References
1.

Global Initiative for Chronic Obstructive Lung Disease (GOLD). Global Strategy for the
Diagnosis, Management and Prevention of Chronic Obstructive Pulmonary Disease.
Agusti A, Vogelmeier C, editors; 2020.

2.

World Health Organization. The top 10 causes of death 2018 [accessed July 16, 2020].
Available from: https://www.who.int/news-room/fact-sheets/detail/the-top-10-causesof-death.

3.

Trajanoska K, Schoufour JD, Darweesh SKL, Benz E, Medina-Gomez C, Alferink LJM,
et al. Sarcopenia and its clinical correlates in the general population: the Rotterdam
Study. Journal of Bone and Mineral Research. 2018;33(7):1209-18.

4.

Cebron Lipovec N, Beijers RJ, Van den Borst B, Doehner W, Lainscak M, Schols AMWJ.
The prevalence of metabolic syndrome in chronic obstructive pulmonary disease: a
systematic review. COPD. 2016;13(3):399-406.

5.

Remels AH, Gosker HR, Langen RC, Schols AMWJ. The mechanisms of cachexia
underlying

muscle

dysfunction

in

COPD. Journal

of

Applied

Physiology.

2013;114(9):1253-62.
6.

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. JAMDA. 2017;18:451.e1-.e11.

7.

Dodd JW, Charlton RA, Van den Broek MD, Jones PW. Cognitive dysfunction in patients
hospitalized with acute exacerbation of COPD. Chest. 2013;144(1):119-27.

8.

Roncero C, Campuzano AI, Quintano JA, Molina J, Perez J, Miravitlles M. Cognitive
status among patients with chronic obstructive pulmonary disease. International
Journal of COPD. 2016;11:543-51.

9.

Brega AG, Grigsby J, Kooken R, Hamman RF, Baxter J. The impact of executive
cognitive functioning on rates of smoking cessation in the San Luis Valley Health and
Aging Study. Age and Ageing. 2008;37(5):521-5.

10. Meek P, Lareau SC, Anderson D. Memory for symptoms in COPD patients: how accurate
are their reports? European Respiratory Journal. 2001;18(3):474-81.
11. Baird C, Lovell J, Johnson M, Shiell K, Ibrahim JE. The impact of cognitive impariment
on self-management in chronic obstructive pulmonary disease: a systematic review.
Respiratory Medicine. 2017;129:130-9.
12. 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 Geriatric Society. 2012;60(10):1839-46.
13. Mannino DM, Thorn D, Swensen A, Holguin F. Prevalence and outcomes of diabetes,
hypertension and cardiovascular disease in COPD. European Respiratory Journal.
2008;32(4):962-9.

223

I

Impact
14. Mannino DM, Higuchi K, Yu T-C, Zhou H, Li Y, Tian H, et al. Economic burden of COPD
in the presence of comorbidities. Chest. 2015;148(1):138-50.
15. Lillo-Crespo M, Forner-Ruiz M, Riquelme-Galindo J, Ruiz-Fernández D, GarcíaSanjuan S. Chess practice as a protective factor in dementia. International Journal of
Environmental Research and Public Health. 2019;16(12):2116.
16. Ferreira N, Owen A, Mohan A, Corbett A, Ballard C. Associations between cognitively
stimulating leisure activities, cognitive function and age-related cognitive decline.
International Journal of Geriatric Psychiatry. 2015;30(4):422-30.
17. Kelly ME, Duff H, Kelly S, McHugh Power JE, Brennan S, Lawlor BA, et al. The impact
of social activities, social networks, social support and social relationships on the
cognitive functioning of healthy older adults: a systematic review. Systematic Reviews.
2017;6:259.
18. Biddle KD, D’Oleire Uquillas F, Jacobs HIL, Zide B, Kirn DR, Rentz DM, et al. Social
engagement and amyloid-b-related cognitive decline in cognitively normal older
adults. American Journal of Geriatric Psychiatry. 2019;27(11):1247-56.
19. Falck RS, Davis JC, Best JR, Crockett RA, Liu-Ambrose T. Impact of exercise training on
physical and cognitive function among older adults: a systematic review and metaanalysis. Neurobiology of Aging. 2019;79:119-30.
20. Song D, Yu DSF, Li PWC, Lei Y. The effectiveness of physical exercise on cognitive and
psychological outcomes in individuals with mild cognitive impairment: a systematic
review and meta-analysis. International Journal of Nursing Studies. 2018;79:155-64.
21. Martínez-Lapiscina EH, Clavero P, Toledo E, Estruch R, Salas-Salvadó J, San Julián B,
et al. Mediterranean diet improves cognition: the PREDIMED-NAVARRA randomised
trial. Journal of Neurology, Neurosurgery and Psychiatry. 2013;84(12):1318-25.
22. Van den Brink AC, Brouwer-Brolsma EM, Berendsen AAM, Van de Rest O. The
Mediterranean, Dietary Approaches to Stop Hypertension (DASH), and MediterraneanDASH Intervention for Neurodegenerative Delay (MIND) diets are associated with
less cognitive decline and a lower risk of Alzheimer’s disease - a review. Advances in

I

Nutrition. 2019;10(6):1040-65.
23. Cleutjens FAHM, Spruit MA, Ponds RWHM, Vanfleteren LEGW, Franssen FM, Dijkstra
JB, et al. The impact of cognitive impairment on efficacy of pulmonary rehabilitation in
patients with COPD. JAMDA. 2017;18(5):420-6.
24. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, regional,
and national incidence, prevalence, and years lived with disability for 354 diseases
and injuries for 195 countries and territories, 1990-2017: a systematic analysis for the
Global Burden of Disease Study 2017. Lancet. 2018;392(10159):1789-858.

224

Impact
25. De Jong M, Van der Meulen-De Jong A, Romberg-Camps M, Becx M, Maljaars JP, Cilissen
M, et al. Telemedicine for management of inflammatory bowel disease (myIBDcoach):
a pragmatic, multicentre, randomised controlled trial. Lancet. 2017;390(10098):95968.
26. De Jong M, Van der Meulen-De Jong A, Romberg-Camps M, Degens J, Becx M, Markus
T, et al. Development and feasibility study of a telemedicine tool for all patients with
IBD: MyIBDcoach. Inflammatory Bowel Disease. 2017;23(4):485-93.
27. Trappenburg J, Niesink A, De Weert-Van Oene GH, Van der Zeijden H, Van Snippenburg
R, Peters A, et al. Effects of telemonitoring in patients with chronic obstructive
pulmonary disease. Telemedicine Journal and E-Health. 2008;14(2):138-46.
28. Külzow N, Witte AV, Kerti L, Grittner U, Schuchardt JP, Hahn A, et al. Impact of omega-3
fatty acid supplementation on memory functions in healthy older adults. Journal of
Alzheimer’s disease. 2016;51(3):713-25.
29. Troesch B, Eggersdorfer M, Laviano A, Rolland Y, Smith AD, Warnke I, et al. Expert
opinion on benefits of long-chain omega-3 fatty acids (DHA and EPA) in aging and
clinical nutrition. Nutrients. 2020;12(9):2555.
30. Etherton JL, Oberle CD, Rhoton J, Ney A. Effects of Cogmed working memory training
on cognitive performance. Psychological Research. 2019;83(7):1506-18.
31. Harris DJ, Wilson MR, Vine SJ. A systematic review of commercial cognitive training
devices: implications for use in sport. Frontiers in Psychology. 2018;9:709.
32. Kable JW, Caulfield MK, Falcone M, McConnell M, Bernardo L, Parthasarathi T, et al. No
effect of commercial cognitive training on brain activity, choice behavior, or cognitive
performance. Journal of Neuroscience. 2017;37(31):7390-402.

I

225

