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BACKGROUND AND OBJECTIVES

Exerkines are signalling factors that are re-
leased from organs throughout the body during 
physical exercise (El-Sayes et al., 2019). Some 
of these exerkines are thought to contribute to the 
well-documented benefits of exercise on brain 
health and cognitive function, potentially delay-
ing age-related cognitive decline (Erickson et al., 
2011). However, research is still far from establish-
ing a mechanism-based, evidence-driven exercise 
programme to prevent such decline. To date, most 
studies have focused on endurance training, leav-
ing other training modalities underexplored. More-
over, few studies have simultaneously examined 
exercise-induced effects on blood, brain, and cogni-
tive domains, limiting more holistic understanding 
of the underlying mechanisms. Research has also 
primarily involved healthy adults, whereas older 
adults at risk of Mild Cognitive Impairment (MCI) 
are less frequently studied. Importantly, the effects 
of exercise on cognition have never been investi-
gated in persons with Spinal Cord Injury (SCI), a 
population with an elevated risk of age-related cog-
nitive decline and dementia. 

The primary objective of the dissertation was 
therefore to gain a more comprehensive under-
standing of the mechanisms underlying the bene-
ficial effects of exercise training, specifically resis-
tance exercise in older adults and Neuromuscular 
Electrical Stimulation (NMES) in individuals with 
SCI, on brain health and cognitive function, with a 

particular focus on the role of exerkines in (exer-
cise-induced) neuroplasticity.

METHODS

Eleven studies were conducted. Study 1 was a 
literature review describing exerkine release follow-
ing acute and chronic endurance or resistance ex-
ercise and their effects on neuroplasticity via long-
term synaptic potentiation. Study 2 summarised the 
findings from transcriptome and secretome studies 
identifying muscle-derived exerkines (myokines). 
Studies 3 and 4 were cross-sectional studies in older 
adults (n  = 74) investigating the relationships be-
tween participant characteristics, blood (inflamma-
tory and neurotrophic) and brain biomarkers (neu-
rometabolites, regional grey matter volumes), and 
cognitive function. Studies 5–8 evaluated the effect 
of a single bout (n = 37) and a 12-week resistance 
exercise programme (n  = 74) on blood and brain 
biomarkers and cognitive function in older adults. 
Studies 6 and 7 further compared outcomes be-
tween cognitively healthy older adults and those at 
elevated risk of MCI (based on the Montreal Cogni-
tive Assessment). Study 9 systematically reviewed 
evidence on the effects of exercise interventions on 
cognitive performance in individuals with SCI and 
highlighted factors underlying their elevated risk of 
cognitive decline. Study 10 tested the effect of a sin-
gle bout of NMES on exerkines and cognitive per-
formance in persons with SCI. Study 11 described 
the protocol of a 12-week NMES intervention in 
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individuals with SCI to examine the effect on ex-
erkines and cognitive outcomes.

RESULTS

Study 1 identified 16 exerkines with known 
(in)direct effects on long-term synaptic potentia-
tion. Study 2 reported 1,126 putative myokines, 
most with still unknown effects on the brain and 
body. Study 3 found associations between the circu-
lating inflammatory marker kynurenine and signs of 
neuroinflammation and neurodegeneration in older 
adults. Study 4 showed that older adults with nor-
mal-to-slightly-elevated body weight and greater 
handgrip strength maintained larger brain volumes. 
Study 5 demonstrated improved working memory 
performance in older adults immediately after a sin-
gle session of resistance exercise training compared 
to control group. Study 6 suggested hippocampal 
volume preservation over time in the resistance 
exercise group, and Study 7 revealed executive 
function improvements in older adults at elevated 
risk of MCI after 12 weeks of resistance training 
compared with control group. Study 8 demonstrated 
neurometabolic changes in older adults who con-
tracted COVID-19 during participation. Study 9 
confirmed that no prior studies have investigated 
exercise effects on cognitive function in individuals 
with SCI. Study 10 found increases in lactate lev-
els, but no changes in cognitive performance after 
a single NMES session in persons with SCI. Study 
11 described the design for a future 12-week NMES 
intervention study for individuals with SCI.

CONCLUSIONS

The dissertation advances the understanding 
of exercise effects on brain health and cognition in 
older adults and individuals with SCI, providing 
a neurobiological basis for future research. Ky-
nurenine levels, handgrip strength, and a healthy 
body weight emerged as potential biomarkers of 
brain health for older adults. The findings under-
score the importance of monitoring cognitive func-
tioning in persons with SCI. 

Although further research is needed to clarify the 
effect of different exercise modalities across popula-
tions with varying cognitive risk profiles, the present 
evidence reinforces the notion that physical exercise 
benefits brain function. A multimodal, enjoyable, and 
sustainable exercise programme maintained through-
out life is likely to be the most effective strategy to 
mitigate or delay age-related cognitive decline.
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