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Abstract:

PURPOSE: Chronic exposure to fine particulate matter (PM2.5) is associated with
neurodegeneration and impaired cognitive and motor functioning. Gray matter volume reflects
the structural integrity of cortical and subcortical regions underlying these processes, while
brain-derived neurotrophic factor (BDNF) supports neuroplasticity and synaptic function. Both
reduced BDNF and lower gray matter volume have been proposed as mechanisms linking PM2.5
exposure to cognitive decline; however, their interrelationship and the potential modifying role of
cardiorespiratory fitness (CRF) remain unclear. This study examined: (1) independent
associations of PM2.5 exposure with gray matter volume and BDNF, (2) the potential mediating
role of BDNF, and (3) the modifying role of CRF in air pollution-related neural alterations.

METHODS: We analyzed data from 1,137 adults aged 18-65 years participating in the Czech
Healthy Aging in Industrial Environment — Programme 4 (4HAIE) study. Lifetime PM2.5 exposure
was estimated from residential histories and modeled across exposure quartiles (Q1-Q4).
Fasting serum BDNF levels were measured using ELISA. Total gray matter volume was assessed
using a 1.5T Siemens Magnetom Sempra MRI scanner. CRF was determined by graded exercise
testing (VO2max). Analyses adjusted for age, sex, education, height, and CRF. Mediation
analyses evaluated pathways linking PM2.5 exposure, BDNF, and gray matter volume.

RESULTS: Higher PM2.5 exposure was associated with lower gray matter volume (8 = —0.05 per
quartile, p =.034) and reduced BDNF levels (B = -0.10 per quartile, p =.006). BDNF was not
significantly associated with gray matter volume (f = 0.01, p =.57) and did not mediate the
PM2.5-gray matter association. CRF was positively associated with gray matter volume (B =
0.11, p=.007) and attenuated the association between PM2.5 exposure and reduced gray
matter volume.

CONCLUSIONS: Lifetime PM2.5 exposure was independently associated with lower BDNF
levels and reduced gray matter volume suggesting distinct biological pathway linking air
pollution to neural integrity. Higher CRF was associated with greater gray matter volume and
attenuated PM2.5-related reductions, supporting its potential neuroprotective role. Further
research using longitudinal and interventional designs is warranted.



