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Role of physical fitness in resistance and cognitive resilience
against age-related pathology
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Abstract

Background: Cognitive reserve (CR) and brain maintenance enable the brain to
maintain performance despite injury and disease while also reducing neural decline by
safeguarding brain structure and function. Physical activity is a potential pathway to
BM and CR, as fitness relates to better cognition in older adults, though the underlying
mechanisms remain unclear. To explore the role of physical fitness in BM and CR, we
tested its association with brain pathology and its potential moderation of pathology’s
impact on cognitive performance.

Method: We collected data from 167 cognitively unimpaired participants (mean
age 71.57+7.50 years; 70 females) of the ongoing SFB1436 study (www.sfb1435.
de; Figure 1). We collected many markers, including global and verbal cognitive
performance; aerobic (VO,,.,) and muscular capacity; blood-based biomarkers of
Alzheimer’s disease (plasma AB1-42/1-40, ptau217) and plasticity (serum BDNF, VEGF
and Cathepsin-B); PET-derived medial temporal lobe tau burden (MTL DVR, 8F-PI-
2620 PET); and MRI-derived volumes of hippocampi, white matter hyperintensities,
and perivascular spaces (PVS) in the basal ganglia (BG) and centrum semiovale
regions. The tests were two-fold. We first tested whether fitness was associated
with lower MTL DVR values, reduced MRI-derived volumes of brain pathology, and
better cognition. Using moderation analysis, we then tested whether physical fitness
moderated the relationship between pathology and cognition. We relied on ANOVA for
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model comparison. We adjusted models for age and sex and FDR-corrected multiple
comparisons.

Result: Participants with better aerobic capacity (VO,,,,,) had lower BG-PVS volumes
(Figure 2a) and better global cognitive performance. Those with higher MTL tau burden
had worse verbal memory (Figure 2b). We found no evidence of a relationship between
physical fitness and Alzheimer’s markers, plasticity-related markers, or hippocampal
volume. Moderation analysis revealed that physical fitness did not moderate the
relationship between MTL tau burden and verbal memory, but model comparison
revealed weak evidence for CR against MTL tau.

Conclusion: We demonstrated that aerobic fitness is related to lower BG-PVS volumes
in old age and showed that aerobic fitness tends to act as CR proxy against MTL
tau pathology. Aerobic fitness may help maintain cerebrovascular and glymphatic

dysfunction in old age, thereby mitigating cognitive decline.
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Figure 1. Method Overview: Graphical representation of the primary variables and measures utilized in the ongoing study of the
SFB1436 (www.stb1435.de). Global cognitive performance was assessed using the CERAD (Consortium to Establish a Registry
for Alzheimer’s Disease; z-composite) and the PACCS5 (Preclinical Alzheimer's Composite; z-composite). Memory performance
was evaluated through the VLMT (German adaptation of the Rey Auditory Verbal Leaming Test, assessing delayed verbal
memory) and the ROCFT (Rey-Osterrieth Complex Figure Test, assessing visuospatial delayed memory). Structural markers
include BG PVS (basal ganglia perivascular spaces) and CSO PVS (centrum semiovale perivascular spaces). Physical fitness
was assessed using two modalities: aerobic fitness, represented by VO,max (maximal oxygen consumption in ml/min/kg), and
muscular capacity (z-composite), which included ASMM (appendicular skeletal muscle mass in kg), maximal handgrip strength,
and the TUG test (Timed-Up-and-Go, measured in seconds).
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Figure 2. Regression plots. A: Effects of VO, (aerobic capacity: ml/min/kg) on BG-PVS (perivascular spaces in the
basal ganglia region) and B: effect of MTL tau burden (MTL DVR, '8F-PI-2620 PET) and delayed verbal memory
performance (VLMT, residuals). Estimated regression line is shown with a 95% confidence interval. B, beta coefficient
(slope); SE, standard error; Adjusted p, FDR- corrected (False Discovery Rate) p value (Benjamini-Hochberg
procedure); *, Adjusted p < .05. All models included age and sex as covariates.
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