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cSwedish Meteorological and Hydrological Institute, Norrköping, Sweden10
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Abstract. Exposure to fine particulate air pollution (PM2.5) is emerging as a risk factor for Alzheimer’s disease (AD), but
existing studies are still limited and heterogeneous. We have previously studied the association between dementia (AD and
vascular dementia) and PM2.5 stemming from vehicle exhaust and wood-smoke in the Betula cohort in Northern Sweden.
The aim of this commentary is to estimate the association between total PM2.5 and dementia in the Betula cohort, which is
more relevant to include in future meta-estimates than the source-specific estimates. The hazard ratio for incident dementia
associated with a 1 �g/m3 increase in local PM2.5 was 1.38 (95% confidence interval: 0.99 – 1.92). The interpretation of our
results is that they indicate an association between local contrasts in concentration of PM2.5 at the residential address and
incidence of dementia in a low-level setting.
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Worldwide, Alzheimer’s disease (AD) is one of the24

leading causes of impaired health and mortality and25

as populations continue to age the share of individ-26

uals with AD is projected to increase in the future.27

Recently, the Lancet Commission of 2020 added air28

pollution as one of three new modifiable risk factors29
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to the 2017 Lancet Commission on dementia preven- 30

tion, intervention, and care life-course model, now 31

consisting of twelve factors [1]. 32

We have previously reported results from exposure 33

to air pollutants and dementia from the prospective 34

Betula cohort study from Northern Sweden, in detail 35

described elsewhere [2]. In the Betula cohort, we 36

observed clear associations between traffic-related 37

air pollution (nitrogen oxides) and incidence of AD 38

[3] as well as associations between fine particulate 39
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air pollution (PM2.5) stemming from both vehicle40

exhaust and domestic wood burning [4]. We also41

observed that residential noise did not seem to be42

a risk factor for AD, or confounding the association43

between air pollution and AD [5], and that adverse44

effects of air pollution on AD incidence were not45

limited to, or stronger in, APOE ε4 carriers than in46

the total population [6]. We have not yet presented47

an estimate for the total effect of PM2.5 on dementia48

incidence, however. Such an estimate is important to49

communicate now, as air pollution is beginning to be50

an established risk factor for AD and meta-analysis51

of effect estimates are sought for since substantial52

heterogeneity in published studies still remain [7, 8].53

The aim of this commentary is thus to describe the54

association between total PM2.5 and dementia in the55

Betula cohort, using the same data and methods as56

when investigating source-specific exposure [4]. In57

short, a Cox regression model assuming proportional58

hazards is used, adjusting for the same individual59

level factors as previously (physical activity, smok-60

ing, sex, body mass index, waist-hip ratio, alcohol,61

and age) in the Betula study of approximate 1,80662

individuals over a 15-year period, where the mean63

age at start of follow-up was 68 years, 57% were64

women, and the proportion of APOE ε4 carriers were65

28%. The hazard ratio for incident dementia asso-66

ciated with a 1 �g/m3 increase in total PM2.5, was67

1.38 (95% confidence interval: 0.99 – 1.92). The68

interpretation of our results is that they indicate an69

association between total concentration of PM2.5 at70

residential address and incidence of dementia in the71

Betula cohort. Supported by other epidemiological72

studies, as well as laboratory studies [1, 9, 10], the73

results add to already existing evidence for air pollu-74

tion to increase dementia risk. The estimate is quite75

high compared to the meta-estimate of a relative risk76

of 1.08 per 5 �g/m3 increase in PM2.5 calculated by77

Yu and colleagues [7]. This is most likely due to78

the fine spatial resolution in our air pollution model,79

meaning that we model local contrasts in air pollution80

concentrations. The study area, Umeå municipality,81

is furthermore rather small (33.5 km²), and we have82

not access to any data on possible contrasts in long-83

range-transported PM2.5. Our results should therefore84

be interpreted as risks associated with differences in85

local exposures, and may therefore be in line with86

what has been observed by others in terms of local87

air pollution having a substantially higher impact88

on mortality per unit compared to regional air pol-89

lution [11]. This could have implications on health90

impact assessments attributing dementia cases to air91

pollution exposure, when local models are available, 92

and populations are similar, it might be relevant to 93

consider if a higher dose-response-function should 94

be used than, for example, applied by Rittner and 95

colleagues [12]. 96

Based on strong evidence, the Lancet Commis- 97

sion of 2020 added air pollution as a modifiable 98

risk factor and adding our result in future meta- 99

analyses will help to gain a better understanding of 100

the magnitude and precision on evidence suggest- 101

ing total air pollution levels to be associated with 102

incident dementia. Our findings further suggest the 103

need to consider ambient air pollution associated with 104

dementia pathology in public health policy decisions. 105

ACKNOWLEDGMENTS 106

This work was supported by Swedish Research 107

Council Formas under grant agreement number 2017- 108

00898 (AO). 109

Authors’ disclosures available online (https:// 110

www.j-alz.com/manuscript-disclosures/20-1538r1). 111

REFERENCES 112

[1] Livingston G, Huntley J, Sommerlad A, Ames D, Ballard C, 113

Banerjee S, Brayne C, Burns A, Cohen-Mansfield J, Cooper 114

C (2020) Dementia prevention, intervention, and care: 2020 115

report of the Lancet Commission. Lancet 396, 413-446. 116
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