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Reply to Rumrich and colleagues (What does “Parkinson’s disease mortality” mean?) 

We thank Rumrich and colleagues for their interest and correspon-
dence concerning our recently published article investigating the effects 
of long-term air pollution exposure on Parkinson’s disease (PD) mor-
tality in a large pooled European (ELAPSE project) cohort (Cole-Hunter, 
2023). In response, we agree that in general a more careful discussion of 
results is warranted due to the fact that air pollution as a specific risk 
factor is under-studied within the context of neurodegenerative diseases; 
hence, studies such as ours need to be performed albeit with some 
inherent limitations. Prior to our study, only two studies had examined 
long-term exposure to air pollution with respect to PD mortality, with 
one detecting significant positive associations for O3 (Zhao, 2021), and 
another finding a suggestive positive association for PM2.5 (Rhew et al., 
2021). Most studies have examined PD incidence with mixed results (see 
Supplemental Table S1 of our original article (Cole-Hunter, 2023). 

In regards to diagnosis, we acknowledge the concern expressed by 
Rumrich and colleagues that our study design included not only PD, but 
also atypical, secondary and undetermined parkinsonism, which are 
distinct disorders. As Rumrich and colleagues highlight, we included 
secondary parkinsonism in our outcome by design; however, only one 
out of the total 381 PD deaths was attributed to this diagnosis. The other 
(380) PD deaths, as we previously implied but can hereby clarify, were 
attributed to primary PD diagnosis (and not non-PD parkinsonism). 

Rumrich and colleagues raise the question whether the relatively 
young average age at end of follow-up challenges the interpretation of 
our results (whether we truly observed early-onset PD rather than 
atypical parkinsonisms or other disorders): 67 years for the total ELAPSE 
cohort, or 65 years for the included VHM&PP sub-cohort (contributing 
the majority of PD mortality cases: 284, or approximately 75%), as 
compared to the average age of PD diagnosis at 70 years (Macleod et al., 
2014). In the pooled cohort, we can now report that approximately 95% 
of PD mortalities were among participants 70 years of age or younger at 
end of follow-up. We therefore assume that the cases in the pooled 
cohort indeed reflect more severe cases diagnosed at a younger age, 
which are diagnosed with a higher accuracy than those at older age 
(Feldman, 2012), making outcome misclassification less likely. 

We observed a stronger association of PM2.5 with PD mortality 
among individuals ≥65 years of age at baseline when exploring poten-
tial modification by age (<65 or ≥65 years old at baseline) using an 
interaction term in our main model. To support the hypothesis that in-
dividuals with more progressed PD that are closer to death would 
experience age-related weight loss due to malnutrition (van der Marck, 
2012), we also observed effect modification by BMI (<25 or ≥25 kg/ 
m2). This pattern of effect modification by age or BMI at baseline is 
somewhat in agreement with that seen in the ELAPSE publication on 
long-term exposure to air pollution (namely PM2.5) and natural-cause 

mortality, reporting stronger associations of older (≥65 years old) 
although not underweight (<25 kg/m2) individuals (Strak, 2021). In 
this regard, we seem to observe a different pattern for PD mortality as 
compared to general (natural-cause) mortality. 

As we state, the main limitation of our study is related to the defi-
nition of PD based on mortality data. Studies have documented that PD 
is not well ascertained in death certificates and could be going undiag-
nosed; many patients may be dying with PD rather than directly from it 
(Shi and Counsell, 2021; Hobson and Meara, 2018). In the ELAPSE 
project, part of which is our study, we only have information on un-
derlying cause of death, and not contributing causes of death – as such, 
we did not include the portion of patients that die with PD as a 
contributing cause or from competing illnesses, but that die directly 
from it. Although our sample size from pooling seven European cohorts 
was large, our statistical power was limited due to a small number of 
deaths due to PD. 

In the context of studying a rare disease, such as PD, power is an 
inherent limitation, and a study of such outcomes has to present other 
advantages to outweigh power limitations. Our study from the ELAPSE 
project is supported by an adequate control for relevant confounders (as 
we adjusted for all relevant lifestyle and SES confounders), despite the 
small number of deaths due to PD. While a small number of PD deaths 
would affect our confidence in drawing a conclusion (i.e., resulting in 
large p-value and wide confidence intervals), it would not bias our es-
timate. The fact that we report a significant association between PM2.5 
and this limited number of cases, we believe, only confirms the likeli-
hood of the association. 

Information on other cause-specific, as well as natural-cause, mor-
tality among the seven cohorts of the ELAPSE project has been published 
previously; for the main air pollutants (Strak, 2021; Stafoggia, 2022) 
and eight PM2.5 components (Chen, 2021). For our study in question on 
PD mortality, we aimed to examine the association of long-term expo-
sure to air pollution including a novel investigation of eight PM2.5 
components. However, as highlighted by Rumrich and colleagues, we 
failed to mention that censoring did occur at the time of the event of 
interest, death from other causes, emigration, loss to follow-up for other 
reasons, or end of follow-up, whichever came first – according to the 
ELAPSE project protocol. Nevertheless, we do not expect the presence of 
competing risks to affect the hazard ratio estimate for PD mortality but 
cumulative PD incidence. 

Our observation of a linear PM2.5 exposure–response function with 
PD mortality, and a linear function for NO2 and BC exposure especially 
at lower levels, suggests that, besides there being no lower threshold 
levels below which air pollution is not harmful, our results may gener-
ally reflect air pollution related all-cause mortality rather than PD 
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specific effects. Our findings are comparable with exposure–response 
functions observed for natural-cause and cause-specific mortality in 
other studies from ELAPSE: most comparable in steepness of the curve to 
cardiovascular disease rather than natural-cause mortality (Strak, 2021; 
Stafoggia, 2022). Compared to these other studies, our function for PD 
mortality indicated higher confidence (narrower confidence intervals), 
suggesting a more precise estimate for PD mortality than for natural- 
cause mortality. Biological plausibility exists for long-term air pollu-
tion increasing the risk of PD mortality specifically through penetration 
of pollutants (PM or gases) to the brain via the circulatory or olfactory 
system, thereby disrupting proteostasis, causing injury to the mito-
chondria, and inducing inflammation (49). However, as we have pre-
viously stated, further research is needed into the relevant biological 
pathways. Until then, it may remain not entirely clear whether our 
present analysis truly reflects an association with PD mortality or the 
general air pollution and mortality pattern of association. 
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