Appendix
Multiple imputation
We used multiple imputation with fully conditional specification to impute for subjects with missing values. Covariates including age at PD index date, sex, socioeconomic status, degree of urbanization, the Charlson Comorbidity Index, cancer diagnosis, PD status, smoking, physical activity, and estrogen score. The imputation was set to produce 5 separate imputed data sets. The final results were estimated using all 5 imputed data sets and 0.2 as the weight in logistic regression models for each data set. 

Survival bias structure in PASIDA
We used directed acyclic graphs (DAG) to present the structural relationships between variables (34, 35) and proposed a bias structure based on the study design employed in PASIDA (Supplementary Figure 1). The causal relationship between cancer (CA) and Parkinson’s disease (PD) is the main focus of this analysis. Two levels of selection, survival (S1) and participation (S2), happen sequentially, i.e. the decision to participate can be made only by those who were alive during the study period when approached for interviews. The likelihood of both survival (S1) and participation (S2) are decreased among cancer sufferers – the latter due to diminished health status. Variable set Z represents a set of known and measured risk factors for cancer that also influence survival and risk of developing PD, which includes demographical characteristics, i.e. age (Z1), sex (Z2), SES (Z3), and urbanization (Z4), comorbidities (CM), and lifestyle factors such as smoking (SM) and physical activity (PA). In addition, a set of unknown or unmeasured variables (U) is also included in the causal diagram. Survival (S1) and PD are negatively related through U, which represents factors that make a person less likely to survive but more likely to subsequently have developed PD had they survived, hypothetically these factors may include behavioral changes due to insidious PD and prodromal dysfunctions such as depression or autonomous nervous system dysfunction in pre-clinical PD that may decrease survival chances. Conditioning on both survival (S1=1) and participation (S2=1) in an interview-based case-control study opens up a biasing path and induces biases.  

Bias analysis adjusting for selection bias due to non-participation
In PASIDA, since we have information on demographic characteristics and comorbidities available from the Danish national registries for every eligible and approached case and control, therefore we were able to extract individual level data for all selected cases and controls and include both participating (S2=1) and non-participating (S2=0) cases and controls in the analysis to adjust for potential selection bias due to non-participation assessing the association between cancer and PD. For non-participants, lifestyle factors were imputed using multiple imputation based on demographics and comorbidities assuming missing at random (MAR). 

Bias analysis adjusting for survival bias
For survivors (S1=1), we then used Monte Carlo techniques to generate the conditional probability of survival using the logistic equation as: 

logit P(S1 = 1|cancer, PD, SM, PA, CM, Z1, Z2, Z3, Z4) = βS1 + βS1cancer*cancer + βS1PD*PD + βS1SM*SM +  βS1PA*PA + βS1CM*CM + βS1Z1*Z1 + βS1Z2*Z2 + βS1Z3*Z3 + βS1Z4*Z4                                                            (1)

Where survival is defined as binary (S1=1: survived; S1=0: dead); βS1 is the log odds of S1 = 1 when all predictors are set at the reference level; other βs are the log odds ratio (OR) relating S1 to each predictor holding others constant. Based on reported associations between cancer and PD (Supplementary Table 2) and annual national mortality statistics in Denmark [1] and reported cancer mortality rates by cancer site and stage for aging populations in European countries [2-4] we assumed values for each bias parameter on the OR scale reflecting the impact of each predictor on survival (Supplementary Table 3). Using equation (1) we generated the selection probabilities for those who were alive (S1=1) conditioning on their cancer, PD, smoking, physical activity, comorbidity, age, sex, SES, and urbanization values and the assumed bias parameters. We generated normal distributions with standard deviations of 0.10 for each bias parameter. Simulation of the bias parameters was repeated for 1000 iterations. 

By using simulated priors, selection probabilities were generated for S1 and we estimated the OR adjusting for survival bias by using P(S1 = 1)/ P(S1 = 1| cancer, PD, SM, PA, CM, Z1, Z2, Z3, Z4) as the regression weight to estimate the association between cancer and PD after taking smoking, physical activity, comorbidities, age, sex, SES, urbanization, and selection into account.
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