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Abstract

Background: Evidence suggests a link between air pollution and dementia.
Cardiovascular disease (CVD) may be a potential determinant of dementia. This moti-
vated us to quantify the contribution of CVD to the association between air pollution and
dementia.

Methods: A cohort of Canadian-born residents of Ontario, who participated in the 1996~
2003 Canadian Community Health Surveys, was followed through 2013 or until dementia
diagnosis. Exposure to nitrogen dioxide (NO,) and fine particulate matter (PM, 5) was es-
timated with a 3-year average and 5-year lag before dementia diagnosis. Incident CVD
was evaluated as a mediator. We used multi-level Cox proportional and Aalen additive
hazard regression models, adjusting for individual- and neighbourhood-level risk factors
to estimate associations with NO, and PM, 5. We estimated the total, direct and indirect
effects of air pollution on dementia through cardiovascular disease.

Results: This study included 34 391 older adults. At baseline, the mean age of this cohort
was b9 years. The risk of dementia was moderately higher among those more exposed
to NO, (hazard ratio (HR) 1.10, 95% confidence interval (Cl) 0.99-1.19; and 100 additional
cases per 100 000 [standard error (SE) <100x10®]) and PM, 5 [(HR 1.29, 95% CI 0.99-1.64;
200 additional cases per 100 0001 [SE 100x107°]) after adjusting for covariates; however,
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these estimates are imprecise. A greater proportion of the relationship between PM, g
and dementia was mediated through CVD than NO, for both scales.

Conclusions: These results suggest some of the association between air pollution and
dementia is mediated through CVD, indicating that improving cardiovascular health may
prevent dementia in areas with higher exposure to air pollution.
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Key Messages

air pollution.

* A causal mediation analysis is a valuable tool to disentangle complex relationships and provides insight toward un-
derstanding disease aetiology and identifying specific prevention efforts.

* We applied a formal causal mediation analysis on both relative and absolute scales to examine the relative contribu-
tion of cardiovascular disease to the effect of air pollution on incident dementia.

* This study underscores that cardiovascular disease plays an important role in the development of dementia and that
it partially mediates the observed impact of air pollution on heightening dementia risk.

* Focusing efforts on improving cardiovascular health may prevent dementia, especially in areas with higher levels of

Introduction

Ambient air pollution has a range of acute and chronic
health implications. In 2015, an estimated 4 million pre-
mature deaths globally were attributable to exposure to air
pollution.! Ambient air pollution is a complex mixture of
particulate matter (PM), gaseous pollutants (e.g. nitrogen
dioxide:NO,), persistent organic pollutants and heavy
metals. Long-term exposure can result in oxidative stress
and increased inflammation which can impact the patho-
physiological processes of major chronic diseases and exac-
erbate existing health conditions.”

Recent evidence suggests air pollution affects diseases of
the central nervous system, including dementia.® Insight
into the aetiology and prevention of these diseases and neu-
rodegeneration is valuable, especially with increasing con-
cern with ageing populations and the current absence of a
cure. The worldwide prevalence of dementia is expected to
increase sharply, from 44 million people with dementia in
2013 to an estimated 135 million in 2050.*

A systematic review of 18 epidemiological studies pub-
lished through 2014 on air pollution and dementia and
cognitive function found most studies identified at least
one notable association between increased exposure to air
pollution and worse cognitive outcome.’ All previous stud-
ies examining the relationship between long-term exposure
to ambient air pollution and dementia suggest an associa-
tion.®™"* For example, traffic-related air pollutants and
close proximity to heavy traffic roads were found to be as-
sociated with increased risk of dementia in the UK, Sweden

and Ontario, Canada.'®'>"'* Evidence relating air pollu-

tion to cognitive performance is less consistent.
Associations between air pollution and measures of cogni-
tive function and decline were found in studies of older US
adults™~17
not found in studies of older adults in Los Angeles'? or the
UK.>

Despite growing evidence linking air pollution to de-

and in selected urban cities in Germany,'® but

mentia,® '3 the exact mechanism is not well understood.
Emerging literature suggests oxidative stress, neuro-
inflammation and cardiovascular disease (CVD) to be con-
tributing factors.>>"*> Knowledge of the causal pathway
can provide valuable insight into disease aetiology and
pathophysiology and inform where medical and public
health interventions can be most effectively applied to re-
duce disease burden. Identifying modifiable intermediates
along a causal pathway are of particular interest in public
health research because they offer opportunities to inter-
vene at a population level and can have lasting effects.

In this study, we hypothesized that CVD is on the causal
pathway between air pollution and dementia. Air pollution
has been consistently related to increased risk of incidence,
complications and mortality from CVD.**72° Furthermore,
growing evidence has linked CVD and its risk factors to
impaired cognitive function and often to co-occurrence
with dementia.?”»*8

To date, no study has investigated the extent to which
CVD plays an intermediate role in the association between air
pollution, specifically NO, and PM, s, and incident dementia.
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We aimed to disentangle this relationship on both relative and
absolute scales to describe the strength of the effect and quan-
tify the potential public health benefits, respectively.”
Dissecting this relationship can provide important insight into
the causal mechanism of dementia, identify vulnerable pop-
ulations and prioritize public health efforts to reduce the bur-
den of dementia. We thus performed a causal mediation
analysis in a large population-based cohort in Ontario,
Canada.

Methods
Study design and population

We conducted a population-based cohort study of older
adults in Ontario, Canada. Eligible participants included
Canadian-born Ontario residents who participated in the
1996-97 cycle of the National Population Health Survey
(NPHS) and the 2000/01, 2003 and 2005 cycles of the
Canadian Community Health Survey (CCHS). NPHS and
CCHS are population-based surveys administered across
Canada, which collect information about health status, health
care use and health determinants, covering approximately
98% of the Canadian population aged 12 years or older, with
a response rate of about 80%.?° Data from these surveys have
been widely used for public health surveillance and research.

Participants were included in this study if they lived in
Ontario for at least 5years and were 45 years or older at
the date of survey (i.e. study baseline). This allowed us to
measure previous cumulative exposure to air pollution in
Ontario and capture older individuals who are at higher
risk of developing dementia.

To study the potential mediating role of CVD, the expo-
sure had to accumulate before the mediator, which must
have subsequently occurred before the outcome. We achieved
this by using the year of survey completion to define time
periods, to ensure proper temporality. Briefly, we estimated
chronic exposure to air pollution before baseline survey com-
pletion. Then, CVD was assessed during a window after the
baseline survey. Finally, to ascertain dementia status,

individuals were followed from the end of CVD follow-up
through 2013 or until incident dementia diagnosis. We a pri-
ori considered this cohort structure to incorporate a hypothe-
sized lag before the effects of air pollution can present itself in
neurocognitive outcomes. The Research Ethics Board of
Sunnybrook Health Sciences Centre, Toronto, Canada, ap-
proved the study.

EXpOSU re assessment

Chronic exposure to ambient air pollutants, specifically
NO; and fine particulate matter (PM; 5), was the exposure
of interest for this study. We used previously estimated
mean measurements of NO, and PM, s at a spatial resolu-
tion of about 1 x 1km for each year between 1993 and
2013, to calculate these exposures. Details are included in
the supplementary material, available as Supplementary
data at IJE online.

To estimate chronic exposure to ambient air pollutants,
running averages of pollutant measurements over the 3
years leading up to the time of baseline survey completion
were calculated. For example, if a participant completed
the survey at the end of 1996, the participant’s chronic ex-
posure was estimated as an average of pollutant measure-
ment from 1994, 1995 and 1996 (Figure 1). This 3-year
running average was estimated for both NO, and PM, s
separately. These estimates were updated as the follow-up
continued through the study period.

Outcome assessment

Cases of incident dementia were defined as having at least
one of the following three criteria (see supplementary ma-
terial, available as Supplementary data at IJE online for
further details):

i. at least one hospital admission with a diagnosis of de-
mentia; or
ii. at least three physician claims over a 2-year period; or
iii. a prescription relating to dementia.

(1) Air pollution  (2) CVD (3) Dementia
estimate follow-up follow-up
\ 1 |

[ \f I\

1996 2001

Completed
health survey

Figure 1. Schematic of cohort follow-up periods. Example exposure, mediator and outcome follow-up periods for an individual who completed a
health survey in 1996: (1) 3-year air pollution measurement (exposure); (2) 5-year follow-up for CVD (mediator); (3) dementia follow-up through 2013

(outcome).
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We ascertained this information using data linkage to
population-based health administrative databases. The
databases included: hospital discharge records from the
Canadian Institute for Health Information’s Discharge
Abstracts Database, physician claims from the Ontario
Health Insurance Plan database and prescription claims
from the Ontario Drug Benefits database. These datasets
were linked using unique encoded identifiers, and analysed
at ICES. The province of Ontario has a single-payer, uni-
versal health care system offered through the provincial
government; virtually all Ontario residents are covered
through this system and are included in these registries.
The algorithm for identifying dementia cases has been vali-
dated with medical chart review, and has a sensitivity of
79% and specificity of 99%."

Cohort members were followed for incident dementia
from 5 years after completion of the baseline health survey
through 2013; this took into account a hypothesized 5-
year lag period for air pollution to have an effect on de-
mentia. For example, the same individual who completed
the survey at the end of 1996 would be followed for de-
mentia from 2001 through 2013. We chose 5 years as the
lag period because this was the greatest length we could
statistically account for, given the size of this cohort.
Individuals diagnosed with dementia during the lag period
were not included in the analysis.

Mediator assessment

We examined incident cardiovascular events as a potential

mediator between exposure to air pollution and
dementia. After excluding individuals with prevalent car-
diovascular events at the time of survey completion,
cohort members were followed for first cardiovascular
event for up to 5 years, beginning at the year of baseline
health survey. Cardiovascular events were defined as hos-
pital admissions or medical procedures for: coronary heart
disease, stroke, arrhythmia and congestive heart failure.
We obtained information about these events from hospital
discharge abstracts, medical procedure codes and the
Ontario Congestive Heart Failure Database (see supple-
mentary material, available as Supplementary data at IJE
online).*?

The 5-year mediator follow-up occurred immediately
after the interval during which air pollution exposure was
measured; it coincided with the 5-year lag between air pol-
lution and dementia follow-up. For instance, if the cohort
member completed the health survey in 1996, he/she
would be followed for cardiovascular events from 1996 to
2001 and then followed for dementia. Figure 1 describes
the timing of outcome, exposure and mediator follow-up

periods.

Covariates

We selected a priori potential confounders to include as
covariates in the model. We ascertained demographic and
health behaviour information from the health surveys. The
details of all covariates can be found in the supplementary
material, available as Supplementary data at IJE online.

Statistical analysis

The study cohort was described with means (standard devia-
tion: SD) and frequencies (%) for all variables of interest.
We then estimated the association between air pollution and
dementia and air pollution and cardiovascular events, sepa-
rately. We generated a Cox proportional hazards model and
an Aalen additive hazards model for each of these relation-
ships, to estimate hazard ratios (HR) and 95% confidence
intervals (CI), and parameter estimates () and standard
errors (SE) for every 5-ppb and 10-ug/m? increase in NO,
and PM,, s, respectively. In these eight models, we accounted
for spatial clustering by incorporating two-level clustering
with census neighbourhood nested within census division as
a random effect. We additionally ran minimally adjusted
models for each pollutant as sensitivity analyses. Final ad-
justed models included covariates for individual age, sex, ed-
ucation, marital status, income quintile, smoking status,
body-mass index, physical activity, rural residence and
northern region, and neighbourhood-level percentages of re-
cent immigrants, income quintile, unemployment and less
than high school education.

Causal mediation analysis

The primary objective of this paper was to perform a formal
causal mediation analysis to decompose the total effect of air
pollution on incident dementia into its natural direct and nat-
ural indirect effect through cardiovascular events. We used
the two-stage regression method for mediation analysis for
survival data under (i) Cox proportional and (ii) Aalen addi-
tive hazard models.>*>° Survival analysis in epidemiology
most frequently employs Cox proportional hazard models. A
newly developed, alternative and more flexible approach to
mediation analysis with survival data involves Aalen additive
hazard models.*® This approach offers additional flexibility
by not requiring the proportional hazards assumption, and is
a straightforward and intuitive way of interpreting effect
sizes extended to absolute number of events.*

We made the following assumptions on both models:
no unmeasured confounding and no mediator-outcome
confounder affected by the exposure itself. These were
tested with sensitivity analyses (see details below). We also
a priori assumed no exposure-mediator interaction in our
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main analysis; thus, we expect the controlled direct effect
(CDE) to coincide with the natural direct effect (NDE) and
interpreted them interchangeably.®® Sensitivity analyses ac-
counting for potential exposure-mediator interaction are
described and presented in Supplemental material. For
multiplicative and additive scales, the NDE compares the
dementia incident risk or additional cases for each unit in-
crease in exposure to air pollution, controlling for the
CVD pathway and all other covariates. The natural indi-
rect effect (NIE) represents the change in dementia risk or
additional cases when exposure to ambient air pollution is
held constant while CVD risk changes in response to one
unit increase in air pollution exposure.

For each hazard model, we fitted two multilevel regression
models to estimate the total effect (TE), NDE and NIE.
Further details about estimating these quantities are described
in the supplementary material, available as Supplementary
data at IJE online. With these estimates we calculated the es-
timated proportion of the total effect of ambient air pollution
on dementia mediated through CVD. TEs, NDEs and NIEs
and their 95% CIs were computed using bootstrapping pro-
cedures (250 replications). We conducted various sensitivity
analyses to assess the robustness of our findings (see details in
the supplementary material, available as Supplementary data
at IJE online). All data management and statistical analyses
were conducted using RStudio Version 1.1.423 with the ex-

. . 9
tension packages coxme and timereg.*”**’

Results

This study included 34 391 older adults from Ontario,
Canada, who contributed a total of 366 208 person-years.
Approximately 7% (n=2559) of individuals developed de-
mentia during this period. At baseline, the mean age of this
cohort was ~60 years; 58% were female and about half of
the population (55%) attended some or completed college.
About one-third of the study population had no history of
smoking (Table 1).

The 3-year cumulative exposures to NO, and PM, s 5
years before dementia follow-up were 10.4 ppb [range: 2.2
54.4 ppb; interquartile range (IQR): 7.6 ppb] for NO, and
8.6 pg/m3 (range: 0.8-35.2; IQR: 4.7 pg/mS) for PM, s.

For every S-ppb and 10-pg/m? unit increase in cumulative
exposure to NO, and PM, s, there was a positive association
with the incidence of dementia, with fully adjusted HRs of
1.10 (95% CI 0.99-1.19) and 1.29 (95% CI 0.99-1.64), re-
spectively (Table 2). Additive models indicate that for each
unit increase, 100 (SE <100 x 10) and 200 (SE 100 x 107)
additional cases of dementia per 100 000 per year are diag-
nosed for NO, and PM, s, respectively (Table 2). See
Supplementary Table 1, available as Supplementary data at
IJE online for minimally adjusted estimates.

Table 1. Baseline characteristics of study population in
Ontario, Canada (n=234391)

Characteristic Mean (SD) or 1 (%)
Demographics
Age at entry (years) 60.19 (10.56)
Sex
Male 14 555 (42)
Female 19 836 (58)
Education
Less than high school 9055 (26)
High school diploma 6462 (19)
Some college or more 18 874 (55)
Income
Lowest 758 (2)
Low-middle 1856 (5)
Middle S117 (15)
Middle-high 8083 (24)
Highest 6645 (19)
Unknown 11 932 (35)
Marital status
Married 21175 (62)
Single 2827 (8)
Separated, widowed, divorced 10 373 (30)
Unknown 16 (<1)
Health information
Physical activity
Active 7346 (21)
Moderate 8792 (26)
Not active 18253 (53)
Smoking status
Never smoker 9976 (29)
Former smoker 16 441 (48)
Current smoker 7974 (23)
Weight status
Underweight 500 (2)
Normal 13 505 (39)
Overweight 13455 (39)
Obese 6931 (20)
Pre-existing comorbidity
Diabetes 3262 (10)
Hypertension 12 026 (35)
Traumatic brain injury 1279 (4)
Physician density per 1000 1.49 (1.17)
Geography
Northern latitude 5989 (17)
Missing 6 (<1)
Rural residence 11243 (33)
Area-level risk factors
Percentage of recent immigrants 1.87(2.61)
Percentage unemployed 6.71(1.93)
Percentage under high school 28.50 (5.74)

Associations between exposure to NO, and PM, ;s
and CVD were also detected, with HRs of 1.01 (95% CI
0.96-1.06) and 1.08 (95% CI 0.94-1.24), although these
estimates have wide confidence intervals and are imprecise
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(Table 2). For each unit increase, 100 (SE <100 x 107)
and 300 (SE 100 x 107%) additional CVD cases per 100 000
individuals per year were diagnosed for NO, and PM, s,
respectively (Table 2).

Our mediation analysis showed that the effect of air
pollution on dementia may be partially mediated through
cardiovascular events for both scales (Tables 3 and 4). On
the multiplicative scale, we observed an indirect effect HR
of 1.01 (95% CI 0.98-1.03) for NO, and 1.06 (95% CI

Table 2. Associations between air pollutant and dementia
and cardiovascular disease

Cox PH model Aalen model
HR® (95% CI) Estimate® (SE)
NO,®
Dementia 1.10 (0.99-1.19) 100 x 107 (<100 x 10°)
Cardiovascular disease 1.01 (0.96-1.06) 100 x 10 (<100 x 107)
PM, 5 °
Dementia © 1.29 (0.99-1.64) 200 x 107 (100 x 107)

Cardiovascular disease 1.08 (0.94-1.24) 300 x 107 (100 x 107)

PH, proportional hazards.

?Adjusted for age, sex, education, marital status, income quintile, smoking
status, body mass index, physical activity, rural residence and northern re-
gion; area level: recent immigrants, unemployment and education.

PNO, per 5 ppb, PM, s per 10 pg/m®.

“Total effect obtained from product method.

Table 3. Total, controlled direct and natural indirect effects of
ambient air pollutant through cardiovascular disease (Cox
proportional hazards model)

Pollutant Total effect Natural direct Natural indirect
effect effect
HR? (95% CI) HR (95% CI)  HR® (95% CI)
NO,°© 1.10 (0.99-1.19) 1.09 (1.00-1.18) 1.01 (0.98-1.03)
PM, ¢ 1.29 (0.99-1.64) 1.22(0.95-1.56) 1.06 (0.99-1.12)

#Total effect obtained from product method.

bAdjusted for age, sex, education, marital status, income quintile, smoking
status, body mass index, physical activity, rural residence and northern re-
gion; area level: recent immigrants, unemployment and education.

°NO, per 5 ppb, PM, s per 10 ug/m>.

0.99-1.12) for PM, s mediated through CVD. These trans-
late to approximately 9% of the effect of NO, on dementia
and 21% of the effect of PM, s on dementia being medi-
ated through cardiovascular events in this study popula-
tion. In additive models, for NO, we observe that
approximately 1.5 (95% CI 1.0-2.6) additional cases per
100 000 per year can be attributed to the pathway through
CVD. For PM, s, approximately 4.2 (95% CI 2.9-6.9) ad-
ditional cases per 100 000 per year can be attributed to the
pathway through CVD. These translate to approximately
2% and 4% of the pathway from NO, and PM, s, respec-
tively, can be attributed to the pathway through CVD. For
both relative and absolute scales, a greater proportion of
the effect of PM, 5 on dementia may be mediated through
CVD than for NO,. It is important to note that measures
of proportion mediated should be interpreted as a qualita-
tive measure and are imprecise due to the wide confidence
intervals of our indirect effects. Our conclusions did not
change appreciably with sensitivity analyses (see supple-
mentary material, available as Supplementary data at IJE

online).

Discussion

Using a population-based cohort of 34 391 individuals in
Ontario, Canada, we decomposed the total effect of expo-
sure to ambient air pollutants, specifically NO, and PM, s,
on incident dementia into its respective direct and indirect
effects through CVD, on multiplicative and additive scales.
We found an increased risk of dementia among those with
higher exposure to NO, (HR 1.10, # 100 x 10”) and
PM, s (HR 1.15, 200 x 107). We found some evidence
of an indirect effect through CVD for both pollutants, with
incident CVD mediating more of the relationship between
PM, s and dementia than the relationship between NO,
and dementia. These effects are observed in a region with
pollutant concentrations that are among the lowest in the
world.

This total effect is in line with previous studies. Two re-
cent systematic reviews of air pollution and cognitive

Table 4. Total, controlled direct and natural indirect effects of ambient air pollutant through cardiovascular disease (Aalen addi-

tive hazards model)

Pollutant Total effect Natural direct effect Natural indirect effect
Estimate® (95% CI) Estimate® (95% CI) Estimate® (95% CI)

NO,* 100x 1075 (1.20 x 107°=100 x 107) 100 x 107> (<100 x 107°=100 x 10~) 1.45x107° (1.00 x 107°-2.56 x 1075)

PM, ¢ 100 x 107° (3.60 x 1075300 x 10~5) 100 x 107 (<100 x 107> =300 x 10~) 420x107°(2.85x107°-6.91x107)

#Total effect obtained from product method.

bAdjusted for age, sex, education, marital status, income quintile, smoking status, body mass index, physical activity, rural residence and northern region; area

level: recent immigrants, unemployment and education.
°NO; per 5 ppb, PM, s per 10 pg/m°.
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functioning and dementia reported that the majority of
reviewed studies found positive associations between
higher exposure to air pollution (PM, s or living in a high
traffic area) and worse cognitive ageing and dementia.’>®

Such findings are biologically plausible and are sup-
ported by neuroimaging and biological studies. Pathology
studies have shown that dementia is the result of a combi-
nation of neurodegenerative and vascular lesions, suggest-
ing commonalities in the mechanisms of dementia and
vascular disease.’®** Taking this into account, with the
substantial literature linking air pollution with cardiovas-
cular and cerebrovascular risk factors and disease, provides
motivation to investigate CVD as an intermediate on the
pathway.>>72¢

Understanding dementia disease aetiology and the role
of CVD in dementia can provide invaluable insight toward
prevention strategies. Since well-defined interventions to
prevent CVD exist, targeted efforts to improve cardiovas-
cular health may be beneficial to dementia prevention in
areas with increased exposure to air pollution. For in-
stance, cardiovascular health programmes, screening and
access to CVD health care can be prioritized in highly pol-
luted areas to not only improve CVD outcomes but also
potentially reduce the risk of dementia.

Many methodological challenges exist when studying
dementia at the population level.*® First, our findings are
subject to selective attrition due to mortality. Whereas this
would likely result in underestimating the effect sizes, we
acknowledge the possibility that a portion of study partici-
pants died from air pollution-related causes (e.g. CVD, re-
spiratory conditions) before living long enough to develop
dementia. Thus, those who developed dementia could be a
healthier group of participants who were less vulnerable to
detrimental air pollution effects. We attempted to address
this concern by examining the influence of potential risk
factors for competing risks in our models.

Second, our classification of dementia is limited to diag-
nosed cases. This can be a concern when cases are ascer-
tained from a data source that does not definitively capture
dementia information. For example, using the hospital dis-
charge data alone underestimates dementia cases because
the diagnosis and management of dementia do not require
hospital admission. We addressed this by using three sour-
ces (i.e. hospital discharge records, physician claims and
prescription claims) to identify cases in a population with
universal access to health care. It is also possible that there
might be inconsistencies in diagnoses, because the diagno-
sis often depends on caregiver’s concern and access to
care.”® Additionally, individuals with CVD conditions may
interact more frequently with the health care system and
therefore increase their probability of being diagnosed ear-
lier for dementia. However, since our study population is

restricted to individuals who have completed a health sur-
vey, individuals in our study are more likely to be health-
conscious and are likely of higher socioeconomic status.
This may limit the generalizability of our findings, but we
believe that studying dementia in this population mini-
and thus
improves the validity of our findings. Similarly, we were

mizes potential outcome misclassification,

unable to account for undiagnosed CVD cases.

Next, the results from this mediation analysis rely on
the assumptions of no unmeasured confounding and no
mediator-outcome confounder affected by the exposure.
To check this assumption, we conducted sensitivity analy-
ses to assess the extent of confounding by measured risk
factors and health status variables (e.g. diabetes, hyperten-
sion, traumatic brain injury) that may violate the assump-
tion of no unmeasured mediator-outcome confounding,
and found no appreciable change in our observed indirect
effect sizes. We also assumed no interaction between air
pollution and CVD in our main analysis, allowing the
CDE and NDE to be interpreted similarly. To check this
assumption, we accounted for exposure-mediator interac-
tion in Cox proportional hazard models and found slightly
attenuated natural indirect effect estimates.

This study has major strengths including its large size,
ability to ascertain incident cardiovascular events and inci-
dent dementia from validated sources, availability of indi-
vidual socioeconomic and health behaviour information
and analytical approach. We also used two survival models
to account for potential violations in either model assump-
tions. We encourage future studies to replicate our meth-
ods in established cohort studies where participants have
routine evaluations for dementia and cognitive decline.

A formal causal mediation analysis is a valuable tool to
disentangle complex relationships and provides insight to-
ward understanding disease aetiology and identifying spe-
cific prevention efforts. Our results suggest an increased
risk of dementia among individuals with higher cumulative
exposure to air pollution, which was partially mediated
through CVD. Our study identified and highlighted two
modifiable risk factors, ambient air pollution and CVD,
for dementia. Intervening on one or both has the potential
to significantly reduce the burden of dementia.

Supplementary data

Supplementary data are available at IJE online.
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