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Figure S1. Flowchart visualizing the sample size reduction of the Heinz Nixdorf Recall Study 
cohort for the analysis sample investigating the association of air pollution on progression of 
atherosclerosis in different vessel beds/Markers (carotid intima media thickness cIMT (left); 
cIMT (right), coronary artery calcification (CAC); thoracic aortic calcification (TAC) in 
respective subpopulations. 

Figure S2. Directed acyclic graph describing hypothesized causal relationship between exposure, 
outcome and considered covariables. 

Figure S3. Estimated Odds Ratios (OR) (95%-CI) for progression of atherosclerosis measured 
using different markers (cIMT (left), cIMT (right), CAC, TAC) per IQR increase in air pollution 
concentration based on participants of the Heinz Nixdorf Recall cohort study (cIMT (left): 
n=2116; cIMT (right): n=2197; CAC: n=3220; TAC: n=3126) comparing different DAG-based 
adjustment sets. The first MSAS included personal characteristics, while the second and third 
included education or place of residence in combination with co-exposures noise or traffic. For 
each MSAS, variables were added subsequently. Main model combined 2 MSAS, before 
extended adjustment was applied. 

Figure S4. Estimated change (95%-CI) in intima media thickness (μm) and calcification (growth 
rate) per IQR increase in air pollution concentration based on participants of the Heinz Nixdorf 
Recall cohort study (cIMT (left): n=2116; cIMT (right): n=2197; CAC: n=3220; TAC: n=3126) 
comparing different DAG-based adjustment sets. The first MSAS included personal 
characteristics, while the second and third included education or place of residence in 
combination with co-exposures noise or traffic. For each MSAS, variables were added 
subsequently. Main model combined 2 MSAS, before extended adjustment was applied. 



Figure S5. Histograms and Scatterplots between long-term exposure concentration for PM10, 
PM2.5, and NO2 modelled via CTM and LUR. 

Figure S6. Histograms and Scatterplots of CTM air pollutant concentrations (PM10, PM2.5, 
PNacc, and NO2) at baseline (2001-2003) and follow-up (2006-2008). 

Table S1. Spearman correlation coefficients for CTM-modelled air pollutant concentrations 
PM10, PM2.5, PNacc, and NO2 between baseline (2001-2003) and follow-up (2006-2008). 

Figure S7. Histograms of outcome distributions at baseline and follow-up in all four subclinical 
markers of atherosclerosis (cIMT (left), cIMT (right), CAC, and TAC in participants of the Heinz-
Nixdorf-Recall Study. 

Figure S8. Histograms of change in markers of atherosclerosis (cIMT (left), cIMT (right), CAC, 
and TAC) in participants of the Heinz-Nixdorf-Recall Study. 

Table S2. Estimated Odds Ratio [95%-CI] for progression of atherosclerosis and estimated 
change [95%-CI] in cIMT (µm) and calcification (growth rate) displayed per interquartile ranges 
of exposure based on participants of the Heinz-Nixdorf Recall Study sample (N = 2116 for cIMT 
(left), N = 2197 for cIMT (right), N = 3220 for CAC, and N = 3126 for TAC). 

Figure S9. Estimated Odds Ratios (OR) (95%-CI) for progression of atherosclerosis measured 
using different markers (cIMT (left), cIMT (right), CAC, TAC) per IQR increase in air pollution 
concentration based on participants of the Heinz Nixdorf Recall cohort study evaluating 
adjustment by potential mediating variables. 

Figure S10. Estimated change (95%-CI) in carotid intima media thickniss (μm) (cIMT (left) and 
cIMT (right)) and calcification (growth rate) (CAC and TAC) per IQR increase in air pollution 
concentration based on participants of the Heinz Nixdorf Recall cohort study evaluating 
adjustment by potential mediating variables. 

Table S3. Odds Ratio [95%-CI] for progression and change [95%-CI] in cIMT (µm) and 
calcification (growth rate) displayed per interquartile ranges of exposure estimated in participants 
of the Heinz-Nixdorf Recall Study with no/minor atherosclerotic burden at baseline (t0) (cIMT 
(left)=1054, cIMT (right)=1017, CAC=1527,TAC=1761) and participants with advanced 
atherosclerotic burden at t0 (cIMT (left)=1203, cIMT (right)=1317, CAC=1693,TAC=1469). 

Figure S11. Subgroup effect estimates for the associations between different air pollutants and 
progression of atherosclerosis in subpopulations of the Heinz Nixdorf Recall Study based on the 
marker of atherosclerosis (cIMT (left)=2116, cIMT (right)=2197, CAC=3220, TAC=3126). 
Model is adjusted for age, sex, BMI, smoking status and quantity, environmental tobacco smoke 
(ETS), LDL-C/HDL-C, physical activity, education, traffic noise and for dichotomous outcomes 
additionally years of follow-up Panel A displays Odds Ratios (OR) (95%-CI) for any progression 
in atherosclerosis based on an interquartile range (IQR) in exposure. Panel B displays change in 
thickness (µm) for cIMT and change in growth rate for CAC and TAC. 



Table S4. Estimated Odds Ratio (95%-CI) for progression of atherosclerosis in different markers 
defined by 10% increase (first column) and Relative Risks (95%-CI) for progression of 
atherosclerosis estimated using Poisson regression (second column) displayed per interquartile 
ranges of exposure based on participants of the Heinz-Nixdorf Recall Study sample (N = 2116 for 
cIMT (left), N = 2197 for cIMT (right), N = 3220 for CAC, and N = 3126 for TAC). 

Table S5. Estimated Odds Ratio (95%-CI) for progression of atherosclerosis in different markers 
as a sensitivity analysis investigating mean of left and/or right cIMT, faster progression of CAC 
based on personal percentile, displayed per interquartile ranges of exposure based on participants 
of the Heinz-Nixdorf Recall Study sample (N = 2594 for cIMT (left/right), N = 3220 for faster 
CAC). 

Table S6. Estimated Odds Ratio [95%-CI] for progression of atherosclerosis and estimated 
change [95%-CI] in cIMT (µm) and calcification (growth rate) displayed per interquartile ranges 
of exposure with regard to different time windows of exposure, modelled using the EURAD 
chemistry-transport model (CTM). Estimation are based on the main model and participants of the 
Heinz-Nixdorf Recall Study sample (N = 2116 for cIMT (left), N = 2197 for cIMT (right), N = 
3220 for CAC, and N = 3126 for TAC). 

Figure S12. Subgroup effect estimates for the associations between different air pollutants and 
progression of atherosclerosis in subpopulations of the Heinz Nixdorf Recall Study based on the 
marker of atherosclerosis with respect to exposure misclassification (cIMT (left)=2116, cIMT 
(right)=2197, CAC=3220, TAC=3126). Movers within subsamples: cIMT (left) = 13.3%; cIMT 
(right) = 12.8%; CAC = 12.9%; TAC = 12.8%. Non-Employees within subsamples: cIMT (left) = 
57.9%; cIMT (right) = 58%; CAC = 58.8%; TAC = 59.9%. Panel A displays Odds Ratios (OR) 
(95%-CI) for any progression in atherosclerosis based on an interquartile range (IQR) in 
exposure. Panel B displays change in thickness (µm) for cIMT and change in growth rate for 
CAC and TAC. 

 


