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		Abstract

		Background: UPP-age-R is a urinary proteomic biomarker indicating accelerated biological ageing. From 1990 to 2019, exposure to airborne particulate matter (PM) became worldwide the leading environmental risk factor. This study investigated whether PM exposure accelerates biological ageing, independent of calendar age, and whether this association is modified by other risk factors. 

Methods: In a Flemish population, UPP-age-R was derived from the urinary proteomic profile measured in 2005-2010 by capillary electrophoresis coupled with mass spectrometry. A high-resolution spatial-temporal interpolation method was used to assess each individual’s exposure to PM with an aerodynamic diameter of <10 mm or <2·5 mm. Associations of UPP‑age-R with PM10, PM2·5, black carbon (BC), and NO2 were investigated by mixed models accounting for clustering by residential address and confounders. As modifiers of the associations between UPP-age-R and air pollutants, 18 factors reflecting cardiovascular, renal, metabolic, or inflammatory risk were explored. Direct and indirect associations between total and cardiovascular mortality up to 30 June 2019 and air pollutants were evaluated by multivariable-adjusted Cox models. 

Findings: Among 660 participants (50·2% women; mean age: 50·7 years), an interquartile range (IQR) increment in PM10, PM2·5, BC, and NO2 was associated with UPP-age-R increases ranging from 0·87 to 1·17 years (p≤0·051). Desphospho-uncarboxylated matrix Gla protein (dpucMGP), higher plasma levels signifying poorer vitamin K status, steepened the slopes of UPP-age-R on the air pollutants (p≤0·012). In further analyses among participants with dpucMGP ≥4·26 μg/L (median), an IQR increment in PM10, PM2·5, BC, and NO2 was associated with an UPP‑age‑R increase of 2·03 (95% confidence interval: 0·60-3·46), 2·22 (0·71-3·74), 2·00 (0·56-3·43), and 2·09 (0·77-3·41) years. The correlations between UPP-age-R per each individual’s residential address and airborne exposure were all ≥0·151 (p=0·0061). UPP‑age-R was an indirect mediator of the associations of mortality with the air pollutants (multivariable-adjusted hazard ratios ranging from 1·094 (p=0·046) to 1·110 (p=0·036), whereas the direct associations were not significant (p≥0·70). Interpretation: Ambient air pollution is associated with accelerated ageing, high vitamin K status having a protective effect. Current guidelines to decrease the adverse health effects of airborne pollutants might include advice on protective effect modifiers, such as vitamin K intake. 

Funding: FLEMENGHO was supported by the European Union (grants IC15-CT98-0329-EPOGH, LSHM CT 037093-InGenious HyperCare, HEALTH-201550-HyperGenes, HEALTH-278249-EU-MASCARA, HEALTH-305507 HOMAGE), the European Research Council (Advanced Researcher Grant-2011- 294713-EPLORE and Proof-of-Concept Grant-713601 uPROPHET), the European Research Area Net for Cardiovascular Diseases (JTC2017-046-PROACT), and the Research Foundation Flanders, Ministry of the Flemish Community, Brussels, Belgium. APPREMED (URL: www.appremed.org) received a non-binding grant from OMRON Healthcare Co., Ltd., Kyoto, Japan. Dries Martens holds a postdoctoral grant by the Research Foundations Flanders (FWO grants 12X9620N and 12X9623N). Ana Inês Silva has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 956780.

Declaration of Interest: HM is the co-founder and co-owner of Mosaiques Diagnostics (Hannover, Germany). AL is an employee of Mosaiques-Diagnostics. All other authors declare no competing interests.

Ethical Approval: This prospective population study used data from the Flemish Study on Environment, Genes, and Health Outcomes (FLEMENGHO), which complies with the Helsinki declaration and is registered at the Belgian Data Protection Authority (III 11/1234/13; Aug 22, 2013). The ethics committee of the University Hospitals Leuven, Belgium, approved the secondary use of FLEMENGHO data (B32220083510). 
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