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Table S1. Comorbidity definition 
	Diseases
	Definition
	Code
	Reference

	Ischemic heart disease
	Hospital contact with primary diagnosis before baseline with the corresponding ICD codes
	ICD-8: 410–414 or ICD-10 : I20–I25
	Loft S et al. 20221, Pedersen MK et al. 20232

	Stroke
	
	ICD-8: 430–438 (excluding 43509 or 43599; corresponding code of these in ICD-10 is G459)
or ICD-10: I60–I69
	

	Myocardial infarction
	
	ICD-8: 410 or ICD-10: I21
	

	COPD
	
	ICD-8: 490-492 (excluding 49001; the corresponding code in ICD-10: J459) or ICD-10: J40-J44 
	

	Asthma
	
	ICD-8: 493 (including 49001) or ICD-10: J45-J46
	

	Diabetes
	Hospital contact or two medication prescription within six months before baseline 
	ICD-8: 249-250 or ICD-10: E10–14, H36.0, O24 (ex O24.4) or ATC codes: A10
	Jørgensen et al. 20193 

	Depression
	Hospital contact or a medication prescription before baseline
	ICD-8: 296.09, 296.29, 
296.99, 298.09, 300.49, 3
00.19 or ICD-10: F32, F33, F34.11, F41.2 or ATC codes : N06AB, N06AF, N06AG, N06AX (NOT N06AX12).
	Bräuner EV et al. 20224



Abbreviation: ICD-8: international Classification of Disease version 8; ICD-10: international Classification of Disease version 10; COPD: chronic obstructive pulmonary disease; ATC- Anatomical Therapeutic Chemical.

[bookmark: _Hlk179988132]Text S1. Study population: the Danish nationwide administrative cohort
The Danish nationwide administrative cohort was established first within the ELAPSE project, which analyzed seven European administrative cohorts, including one from Denmark, to investigate the health impacts of low-level air pollution 5,6. Later, the cohort of 3,323,612 residents was updated by extending the follow-up period by an additional three years beyond that used in the ELAPSE project's Danish analyses. The cohort included individuals aged 30 and older as of January 1, 2000 residing in Denmark for at least one year prior, with follow-up for mortality continuing through December 31, 2018.
We obtained information on 1,048,522 individuals who were 60 years or older from the Danish nationwide administrative cohort. We limited participants to this age range based on a validation study showing that dementia diagnosis before age 60 in the registry data have low validity.7
Text S2. Back- and forward-extrapolation method for time varying exposure estimates.
As part of a sensitivity analysis, annual mean levels of PM2.5, NO2, and BC for each year during follow-up were estimated using a back- and forward-extrapolation method, based on estimates from the Danish Eulerian Hemispheric Model (DEHM)10. Detailed description for the method can be found elsewhere11,12. In brief, DEHM offers monthly mean concentration estimates at a spatial resolution of 26 km × 26 km across Europe, back to at least 1990. DEHM was utilized due to the lack of continuous monitoring data from AirBase during the study period, with both datasets showing consistent temporal trends. Within the ELAPSE project, population-weighted annual mean air pollution concentrations were calculated at the NUTS-1 level (all of Denmark is within one NUTS-1 region). These values were then used to calculate the ratios of exposure levels for each follow-up year relative to 2010, which were subsequently multiplied by the LUR model exposure estimates at participants’ residential addresses at each year.

[bookmark: _Hlk180415801]Text S3. Indirect adjustment 
[bookmark: _Hlk181628762]We implemented the indirect adjustment method proposed by Shin et al.13, which uses ancillary survey data representative of the cohort to adjust hazard ratio (HR) estimates for missing confounders in administrative cohort. This method requires two pieces of information: 1) the relationship between air pollution exposure and lifestyle factors from an external population; 2) a risk function for these lifestyle factors in relation to the outcome of interest. These should come from independent sources.13 Therefore, we derived these information from the Danish National Health Survey (DNS)14 in 2010 and 2013, separately, each based on different random samples of the population. 
The indirect adjustment method was performed with the following steps. 
[bookmark: _Hlk181628274]First, as suggested in Shin et al., we compared the distributions of air pollution, age, sex, and other variables between the administrative cohort and the survey (Tables S11), to evaluate the representativeness of ancillary survey data (the DNS in 2013 in our study) to the cohort study. 
Next, to get (1) mentioned above, we examined whether smoking status, body mass index (BMI), and levels of alcohol consumption were associated with air pollution estimates using multiple linear regression while adjusting for other covariates in Model 3 in the DNS in 2013. For (2) mentioned above, we then obtained the HR estimates of smoking status, BMI, and levels of alcohol consumption for dementia incidence from the Cox model with adjustment of other potential covariates in the DNS 2010. 
[bookmark: _Hlk180415469][bookmark: _Hlk180415574]Lastly, the adjusted parameter is calculated as , where is the unadjusted effect estimates from Model 3,  is the matrix of associations between observed variables and missing covariates in administrative cohort, obtained from the DNS in 2013, and  is the vector of risk estimates of smoking status, BMI, and levels of alcohol consumption on health outcome derived from the DNS in 2010. The variance of the adjusted estimates accounts for the variance of the observed variables, the variance-covariance matrix of the association between missing factors and health outcome from the DNS in 2010, and the variance-covariance matrix of associations between observed variables and missing factors from the DNS in 2013. 

Text S4. Exaiming the effect modification on additive scale
We used “relative excess risk due to interaction” (RERI) based on binary exposures. Briefly, first, we dichotomized exposure levels of air pollutants based on median value of each pollutant and potential effect modifiers. Then, we fit the fully-adjusted model with main effects of these two recategorized exposures and its interaction effects.


where  is the hazard function at time ;  is  the baseline hazard function at time t;  and  is the coefficients of  and , and  is the coefficients of the product term for two exposure, and .
Third, we obtained the estimated hazard ratios of the main effects and the interaction effects by using the , , and  as below.
, where  is the estimate of 
, where  is the estimate of 
, where  is the estimate of 
From this, RERI is calculated based on the following calculations.

If the result of the above calculation is close enough to zero, we interpretate that there is no statistically significant effect modification on additive scale. The detailed method and statistically inference can be found elsewhere.15,16






Figure S1.  Study population 
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Table S2. The Comparison of the baseline characteristics by the status of being excluded or included in the final analysis.
	Characteristics
	Total
N =1,048,522
	Excluded
N = 113,730
	Included
N = 934,792

	Dementia incidence
	89,307 (8.6)
	7,576 (7.3)
	81,731 (8.7)

	Age at baseline (years), mean ± SD
	72.3 ± 8.5
	76.2 ± 9.3
	71.8 ± 8.3

	Sex, n (%)
	
	
	

	Man
	455,765 (43.5)
	46,780 (41.1)
	408,985 (43.8)

	Woman
	592,757 (56.5)
	66,950 (58.9)
	525,807 (56.2)

	Household income (DKK), mean ± SD
	138,237.53 ± 134,103.09
	120,543.34 ± 161,660.56
	140,388.79 ± 
130,192.3

	Occupational status, n (%)
	
	
	

	Unemployed
	5,783 (0.6)
	341 (0.3)
	5,442 (0.6)

	Sick/cash support/ pension/student/others
	919,060 (87.7)
	106,135 (93.3)
	812,925 (87.0)

	Employed
	123,675 (11.8)
	7,250 (6.4)
	116,425 (12.5)

	Immigrant status
	
	
	

	Danish origin
	1,011,879 (96.5)
	110,172 (96.9)
	901,707 (96.5)

	western country of origin
	24,908 (2.4)
	2,659 (2.3)
	22,249 (2.4)

	non-western country of origin
	11,730 (1.1)
	894 (0.8)
	10,836 (1.2)

	Marital status
	
	
	

	Unmarried
	64,397 (6.1)
	11,432 (10.1)
	52,965 (5.7)

	Divorced
	102,202 (9.7)
	11,656 (10.3)
	90,546 (9.7)

	Widowed
	308,954 (29.5)
	44,464 (39.1)
	264,490 (28.3)

	Married/registered partnership
	572,891 (54.6)
	46,100 (40.6)
	526,791 (56.4)

	Highest complete education level
	
	
	

	Primary
	695,191 (66.3)
	88,330 (77.7)
	606,861 (64.9)

	Upper secondary
	8,168 (0.8)
	712 (0.6)
	7,456 (0.8)

	Vocation/qualifying
	238,058 (22.7)
	1,7444 (15.3)
	220,614 (23.6)

	Vocation bachelors/ short cycle higher education
	80,244 (7.7)
	5,406 (4.8)
	74,838 (8.0)

	College level and over
	26,861 (2.6)
	1,838 (1.6)
	25,023 (2.7)

	Parish level mean income in 2001, mean ± SD

	163,834.35 ± 27,365.00
	161,569.81 ± 26,609.72
	164,078.32 ± 27,433.99

	Parish level percentage of unemployment, mean ± SD
	1.93 ± 0.68
	1.98 ± 0.74
	1.93 ± 0.68


Abbreviations: SD – standard deviation; DKK – Danish Krone; 


Table S3. Effect modification of the association between long-term exposure to air pollutants and risk of dementia in the older population of the Danish administrative cohort (N=934,767).
	Baseline characteristics
	Levels
	N
	Cases (%) 
	PM2.5
HR (95% CI)a
	NO2
HR (95% CI) a
	BC
HR (95% CI) a
	p-value of interaction

	Age in tertile 
	< 66.6 years
	311,568
	19,294 (6.2)
	1.09 (1.07, 1.12)
	1.21 (1.18, 1.24)
	1.18 (1.15, 1.21)
	PM2.5: <0·0001; NO2:  <0·0001; BC: <0·0001.

	
	66.6-75.1 years
	311,701
	33,842 (10.9)
	1.13 (1.11, 1.15)
	1.22 (1.19, 1.25)
	1.19 (1.16, 1.22)
	

	
	>75.1 years
	311,523
	28,595 (9.2)
	1.21 (1.18, 1.25)
	1.36 (1.32, 1.40)
	1.33 (1.30, 1.38)
	

	Sex
	Men
	408,985
	30,960 (7.6)
	1.15 (1.13, 1.17)
	1.25 (1.22, 1.28)
	1.23 (1.20, 1.26)
	PM2.5: 0.49; NO2: 0.86; BC: 0.69.

	
	Women
	525,807
	50,771 (9.7)
	1.14 (1.12, 1.16)
	1.25 (1.22, 1.28)
	1.23 (1.20, 1.26)
	

	Household income
	Lowest
	186,959
	15,432 (8.3)
	1.17(1.14, 1.21)
	1.30(1.26, 1.34)
	1.28(1.24, 1.32)
	PM2.5: <0·0001; NO2: <0·0001; BC: <0·0001.

	
	2nd
	186,958
	16,581 (8.9)
	1.18(1.14, 1.21)
	1.30(1.26, 1.33)
	1.27(1.24, 1.31)
	

	
	3rd
	186,959
	16,593 (8.9)
	1.15(1.12, 1.18)
	1.27(1.23, 1.30)
	1.24(1.21, 1.28)
	

	
	4th
	186,957
	16,685 (8.9)
	1.12(1.09, 1.15)
	1.20(1.17, 1.23)
	1.18(1.14, 1.21)
	

	
	Highest
	186,959
	16,440 (8.8)
	1.10(1.07, 1.12)
	1.19(1.16, 1.22)
	1.17(1.14, 1.20)
	

	Education level
	< college level
	909,769
	79,217 (8.7)
	1.15(1.13, 1.17)
	1.26(1.23, 1.29)
	1.23(1.21, 1.26)
	PM2.5: 0.028; NO2: 0.0021; BC: 0.011.

	
	College level +
	25,023
	2,514 (10.0)
	1.09(1.04, 1.14)
	1.16(1.11, 1.22)
	1.15(1.09, 1.21)
	

	Occupational status
	Not employed
	818,367
	74,447 (9.1)
	1.15 (1.13, 1.17)
	1.26 (1.23, 1.29)
	1.23(1.21, 1.26)
	PM2.5:<0·0001; NO2: 0.0025; BC: 0.0058;

	
	Employed
	116,425
	7,284 (6.3)
	1.08 (1.05, 1.11)
	1.20 (1.16, 1.24)
	1.18(1.13, 1.22)
	

	Having stroke
	No
	899,978
	79,430 (8.8)
	1.14 (1.12, 1.16)
	1.25(1.22, 1.27)
	1.22(1.20, 1.25)
	PM2.5: 0.00060; NO2: <0·0001; BC: 0.00050;

	
	Yes
	34,814
	2,301 (6.6)
	1.25 (1.18, 1.31)
	1.38(1.31, 1.46)
	1.34(1.27, 1.41)
	

	Having IHD
	No
	860,974
	76,025 (8.8)
	1.14 (1.12, 1.16)
	1.25 (1.22, 1.28)
	1.23(1.20, 1.26)
	PM2.5: 0.95; NO2: 0.74; BC: 0.94;

	
	Yes
	73,818
	5,706 (7.7)
	1.14 (1.10, 1.18)
	1.26 (1.21, 1.30)
	1.23(1.18, 1.28)
	

	Having MI
	No
	896,704
	79,165 (8.8)
	1.14 (1.12, 1.16)
	1.25 (1.22, 1.28)
	1.23(1.20, 1.25)
	PM2.5: 0.76; NO2: 0.11; BC: 0.16;

	
	Yes
	38,088
	2,566 (6.7)
	1.15 (1.10, 1.21)
	1.30 (1.23, 1.36)
	1.27(1.21, 1.34)
	

	Having asthma
	No
	919,980
	80,717 (8.8)
	1.14 (1.12, 1.16)
	1.25 (1.22, 1.28)
	1.23 (1.20, 1.26)
	PM2.5: 0.85; NO2: 0.38; BC: 0.32;

	
	Yes
	14,812
	1,014 (6.8)
	1.15 (1.07, 1.24)
	1.21 (1.12, 1.31)
	1.18 (1.09, 1.28)
	

	Having COPD
	No
	901,232
	80,085 (8.9)
	1.14 (1.12, 1.16)
	1.25 (1.22, 1.28)
	1.23 (1.20, 1.26)
	PM2.5: 0.24; NO2: 0.80; BC: 0.93;

	
	Yes
	33,560
	1,646 (4.9)
	1.19 (1.11, 1.27)
	1.26 (1.18, 1.35)
	1.23 (1.15, 1.32)
	

	Having diabetes
	No
	883,689
	77,946 (8.8)
	1.14 (1.12, 1.16)
	1.25 (1.22, 1.28)
	1.23 (1.20, 1.25)
	PM2.5: 0.19; NO2: 0.083; BC: 0.21;

	
	Yes
	51,103
	3,785 (7.4)
	1.17 (1.12, 1.22)
	1.29 (1.23, 1.35)
	1.26 (1.20, 1.32)
	

	Having depression
	No
	825,879
	71,445 (8.7)
	1.14 (1.12, 1.16)
	1.25 (1.22, 1.28)
	1.23(1.20, 1.25)
	PM2.5: 0.96; NO2: 0.25; BC: 0.37;

	
	Yes
	108,913
	10,286 (9.4)
	1.14 (1.11, 1.18)
	1.23 (1.19, 1.27)
	1.21(1.17, 1.25)
	


Abbreviation: HR – Hazard ratio; CI – Confidence intervals;  PM2.5 – Particulate matter aerodynamic diameter < 2.5 µm; NO2 – Nitrogen dioxide; BC – Black carbon; IHD – Ischemic heart disease; MI – Myocardial Infarction; COPD – Chronic obstructive pulmonary diseases.
aAssociations were from models considered age as underlying time scale, sex in strata term, and parish levels in cluster term, and adjusted for household income in decile, occupational status, immigrant status, marital status, and highest completed education level, regional mean household income, regional percentage of un- employment, and the difference of mean household income and percentage of unemployment, between parish and region.
Table S4. Comparison of associations with air pollution across different definition of incident dementia in the Danish administrative cohort study: using both hospitalization and medication data or only one of them in the older population of the Danish administrative cohort (N=934,792).
	Incident dementia definition
	PM2.5
HR (95% CI)a
	NO2
HR (95% CI) a
	BC
HR (95% CI) a

	Dementia, defined based on either hospitalization or medication (N=81,731)
	1.14 (1.12, 1.16)
	1.25 (1.22, 1.28)
	1.23 (1.20, 1.26)

	Dementia, defined based only on hospitalization (N=51,100)
	1.15 (1.11, 1.19)
	1.33 (1.28, 1.39)
	1.31 (1.26, 1.37)

	Dementia, defined based only on medication (N=60,774)
	1.11 (1.09, 1.13)
	1.19 (1.17, 1.23)
	1.17 (1.15, 1.20)


Abbreviations: HR – Hazard ratio; PM2.5 – Particulate matter aerodynamic diameter < 2.5 µm; NO2 – Nitrogen dioxide; BC – Black carbon.
Note: Results are presented as hazard ratio and 95% confidence interval for the following interquartile range increments: 1.9 μg/m3 for PM2.5, 10.2 μg/m3 for NO2, and 0.5×10-5/m for black carbon.
aAsscoiations are from models considering sex in strata term and each parish in cluster term, and adjusted for household income in decile, occupational status, immigrant status, marital status, and highest completed education level, regional mean household income, regional percentage of unemployment, and the difference of mean household income and percentage of unemployment, between parish and region.
Table S5. Associations between long-term exposure to air pollution and all and subtype of dementia in the Danish administrative cohort study in the older population of the Danish administrative cohort (N=934,792).
	Outcomesa
	PM2.5
HR (95% CI)b
	NO2
HR (95% CI) b
	BC
HR (95% CI) b

	Dementia (N=51,100)
	1.15 (1.11, 1.19)
	1.33 (1.28, 1.39)
	1.31 (1.26, 1.37)

	Alzheimer’s Disease (n=23,286)
	1.13 (1.07, 1.18)
	1.33 (1.26, 1.41)
	1.29 (1.22, 1.37)

	Vascular dementia (n=5,457)
	1.12 (1.05, 1.20)
	1.27 (1.18, 1.37)
	1.24 (1.16, 1.33)


Abbreviations: HR – Hazard ratio; PM2.5 – Particulate matter aerodynamic diameter < 2.5 µm; NO2 – Nitrogen dioxide; BC – Black carbon.
Note: Results are presented as hazard ratio and 95% confidence interval for the following interquartile range increments: 1.9 μg/m3 for PM2.5, 10.2 μg/m3 for NO2, and 0.5×10-5/m for black carbon.
aOutcomes were defined based on records from hospitalisation only (see the Method part for details).
bAsscoiations are from models considering sex in strata term and each parish in cluster term, and adjusted for household income in decile, occupational status, immigrant status, marital status, and highest completed education level, regional mean household income, regional percentage of unemployment, and the difference of mean household income and percentage of unemployment, between parish and region

Table S6. Comparison of associations of long-term exposure to air pollution with risk of all and subtypes of dementia before and after applying for indirect adjustment for lifestyle factors in the older population of the Danish administrative cohort (N=934,792) 
	Outcomesa (number of cases)
	Air pollutants
	Model3b

HR (95% CI)
	Model3b+indirect adjustmentc 
HR (95% CI)

	All dementia
(n=81,731)

	PM2.5
	1.14 (1.12, 1.16)
	1.14 (1.12, 1.16)

	
	NO2
	1.25 (1.22, 1.28)
	1.25 (1.22, 1.27)

	
	BC
	1.23 (1.20, 1.26)
	1.22 (1.20, 1.25)

	Alzheimer’s Disease (n=23,286)

	PM2.5
	1.13 (1.07, 1.18)
	1.13 (1.07, 1.18)

	
	NO2
	1.33 (1.26, 1.41)
	1.33 (1.25, 1.40)

	
	BC
	1.29 (1.22, 1.37)
	1.28 (1.21, 1.36)

	Vascular dementia
(n=5,457)
	PM2.5
	1.12 (1.05, 1.20)
	1.11 (1.04, 1.19)

	
	NO2
	1.27 (1.18, 1.37)
	1.26 (1.17, 1.36)

	
	BC
	1.24 (1.16, 1.33)
	1.23 (1.15, 1.32)


Abbreviations: HR – Hazard ratio; CI – confidence interval; PM2.5 – Particulate matter aerodynamic diameter < 2.5 µm; NO2 – Nitrogen dioxide; BC – Black carbon.
Note: Results are presented as hazard ratio and 95% confidence interval for the following interquartile range increments: 1.9 μg/m3 for PM2.5, 10.2 μg/m3 for NO2, and 0.5×10-5/m for black carbon.
aAll Dementia was defined based on records from hospitalisation and medication, and subtype of dementia were defined based only on hospitalization (see the Method part for details)
bModel 3 included sex in strata term and each parish in cluster term, and was adjusted for household income in decile, occupational status, immigrant status, marital status, and highest completed education level, regional mean household income, regional percentage of unemployment, and the difference of mean household income and percentage of unemployment, between parish and region
cFurther applied indirect adjustment method for lifestyle factors (smoking status, obesity, and alcohol consumptions) to Model3.
Table S7. Relationship between air pollutants and lifestyle risk factors (smoking status, body mass index, alcohol consumption), used for the indirect adjustment, in the Danish National Health Survey 2013 aged 60 years or older (N=51,388).
	Lifestyle factor
	PM2.5
	NO2
	BC

	
	Beta
	SE
	p-value
	Beta
	SE
	p-value
	Beta
	SE
	p-value

	Smoking
	
	
	
	
	
	
	
	
	

	Never smoker
	Ref.
	Ref.
	Ref.
	Ref.
	Ref.
	Ref.
	Ref.
	Ref.
	Ref.

	Previous smoker
	0.0046
	0.0016
	0.0047
	0.0027
	0.0004
	<.0001
	0.0471
	0.0086
	<.0001

	Current smoker
	0.0044
	0.0013
	0.0004
	0.0013
	0.0003
	0.0001
	0.0215
	0.0066
	0.0011

	Body mass index (BMI)
	
	
	
	
	
	
	
	
	

	Underweight (BMI<18.5)
	0.0003
	0.0005
	0.5366
	-0.0001
	0.0001
	0.5738
	-0.0008
	0.0025
	0.7390

	Normal (BMI:18.5-25)
	Ref.
	Ref.
	Ref.
	Ref.
	Ref.
	Ref.
	Ref.
	Ref.
	Ref.

	Overweight (BMI: 25-30)
	-0.0007
	0.0016
	0.6621
	-0.0009
	0.0004
	0.0262
	-0.0166
	0.0085
	0.0497

	Obese (BMI>30)
	-0.0006
	0.0012
	0.6298
	0.0002
	0.0003
	0.5459
	-0.0077
	0.0064
	0.2234

	Alcohol consumptiona
	
	
	
	
	
	
	
	
	

	None
	Ref.
	Ref.
	Ref.
	Ref.
	Ref.
	Ref.
	Ref.
	Ref.
	Ref.

	Low risk drinking 
	-0.0018
	0.0015
	0.2389
	-0.0009
	0.0004
	0.0184
	-0.0175
	0.0079
	0.0270

	High risk drinking
	0.0029
	0.0010
	0.0025
	0.0009
	0.0002
	0.0006
	0.0196
	0.0051
	0.0001


Abbreviation: SE – Standard error; Ref. -  Reference; PM2.5 – Particulate matter aerodynamic diameter < 2.5 µm; NO2 – Nitrogen dioxide; BC – Black carbon.
aNone - Having not drunk alcohol in the past 12 months; Low risk drinking – unit per alcohol intake per week ≤ 21 for men and ≤ 14 for woman; High risk drinking - unit per alcohol intake per week > 21 for men and > 14 for woman.
Associations were adjusted for age, sex, household income in decile, occupational status, immigrant status, marital status, highest completed education level, regional mean household income, regional percentage of unemployment, and the difference of mean household income and percentage of unemployment, between parish and region.


Table S8. The risk estimates for lifestyle risk factors (smoking status, body mass index, and levels of alcohol consumption) on all and subtypes of dementia, used for the indirect adjustment, in the Danish National Health Survey 2010 aged 60 years or older (N=59,856). 
	Lifestyle factor
	All dementia 
(N=1,976)
HR (95% CI)
	Alzheimer’s disease (N=776)
HR (95% CI)
	Vascular dementia
(n=132)
HR (95% CI)

	Smoking status
	
	
	

	Never smoker
	Ref.
	Ref.
	Ref.

	Previous smoker
	1.07 (0.95, 1.20)
	1.13 (0.94, 1.36)
	1.09 (0.66, 1.79)

	Current smoker
	0.99 (0.85, 1.15)
	1.02 (0.79, 1.31)
	1.44 (0.79, 2.63)

	Body mass index (BMI)
	
	
	

	Underweight (BMI<18.5)
	1.06 (0.75, 1.48)

	0.96 (0.56, 1.65)

	1.80 (0.55, 5.91)


	Normal (BMI:18.5-25)
	Ref.
	Ref.
	Ref.

	Overweight (BMI: 25-30)
	0.75 (0.67, 0.84)
	0.76 (0.63, 0.91)
	0.86 (0.54, 1.39)

	Obese (BMI>30)
	0.75 (0.63, 0.89)
	0.69 (0.52, 0.92)
	1.22 (0.65, 2.28)

	Alcohol consumptiona
	
	
	

	None
	Ref. 
	Ref.
	Ref.

	Low risk drinking 
	0.88 (0.78, 1.00)
	0.95 (0.78, 1.17)
	0.63 (0.38, 1.04)

	High risk drinking
	0.94 (0.77, 1.15)
	0.96 (0.70, 1.33)
	0.70 (0.32, 1.57)


Abbreviation: HR- Hazard ratio; CI – Confidence interval; Ref. -  Reference; PM2.5 – Particulate matter aerodynamic diameter < 2.5 µm; NO2 – Nitrogen dioxide; BC – Black carbon.
aNone - Having not drunk alcohol in the past 12 months; Low risk drinking – unit per alcohol intake per week ≤ 21 for men and ≤ 14 for woman; High risk drinking - unit per alcohol intake per week > 21 for men and > 14 for woman. 
The risk estimates were obtained from Cox proportional hazard models including age (underlying time scale), sex (strata), smoking status, body mass index, levels of alcohol consumption, household income in quintile, employment status, immigrant status, highest completed education level, marital status, regional mean household income, regional percentage of unemployment, and the difference of mean household income and percentage of unemployment, between parish and region.
Table S9. Associations between long-term exposure to air pollution and dementia after further adjustment for another air pollutant in the Danish administrative cohort study in the older population of the Danish administrative cohort (N=934,792).
	Outcomesa
	Pollutants
	Model 3b
HR (95% CI)
	Model 3 b + adjustment for the below pollutant

	
	
	
	PM2.5
HR (95% CI)
	NO2
HR (95% CI)
	BC
HR (95% CI)

	Dementia
(N=81,731)
	PM2.5
	1.14 (1.12, 1.16)
	-
	1.05 (1.02, 1.07)
	1.06 (1.03, 1.08)

	
	NO2
	1.25 (1.22, 1.28)
	1.21 (1.17, 1.25)
	-
	1.19 (1.12, 1.26)

	
	BC
	1.23 (1.20, 1.26)
	1.18 (1.14, 1.21)
	1.06 (1, 1.12)
	-

	Alzheimer’s Disease
 (n=23,286)
	PM2.5
	1.13 (1.07, 1.18)
	-
	0.97 (0.91, 1.04)
	0.99 (0.93, 1.06)

	
	NO2
	1.33 (1.26, 1.41)
	1.36 (1.26, 1.47)
	-
	1.29 (1.16, 1.44)

	
	BC
	1.29 (1.22, 1.37)
	1.30 (1.20, 1.40)
	1.03 (0.92, 1.16)
	-

	Vascular dementia
(n=5,457)
	PM2.5
	1.12 (1.05, 1.20)
	-
	1.00 (0.90, 1.10)
	1.01 (0.92, 1.11)

	
	NO2
	1.27 (1.18, 1.37)
	1.27 (1.15, 1.42)
	-
	1.24 (1.03, 1.48)

	
	BC
	1.24 (1.16, 1.33)
	1.23 (1.12, 1.35)
	1.03 (0.87, 1.23)
	-


Abbreviations: HR – Hazard ratio; PM2.5 – Particulate matter aerodynamic diameter < 2.5 µm; NO2 – Nitrogen dioxide; BC – Black carbon.
Note: Results are presented as hazard ratio and 95% confidence interval for the following interquartile range increments: 1.9 μg/m3 for PM2.5, 10.2 μg/m3 for NO2, and 0.5×10-5/m for black carbon.
aAll Dementia was defined based on records from hospitalisation and medication (see the Method part for details).
bAsscoiations are from Model 3 considering sex in strata term and each parish in cluster term, and adjusted for household income in decile, occupational status, immigrant status, marital status, and highest completed education level, regional mean household income, regional percentage of unemployment, and the difference of mean household income and percentage of unemployment, between parish and region.
Table S10. Associations between long-term exposure to air pollution and risk of dementia from cox models with relaxation of proportional hazard assumption
	Pollutant
	Main modela

HR (95% CI)
	Main model with relaxation of proportional hazard assumption
HR (95% CI)

	PM2.5
	1.143 (1.123-1.63)
	1.142 (1.122-1.162)

	NO2
	1.251 (1.224-1.279)
	1.250 (1.223-1.278)

	BC
	1.228 (1.202-1.255)
	1.226 (1.200-1.253)


 Note: Hazard ratio were calculated per 1.9 µg/m3 for PM2.5, 10.2 µg/m3 for NO2, and 0.5×10-5/m
aAccounted for age as underlying time scale, sex as strata term, and parish level as cluster term, and adjusted for household income, occupational , immigrant status, and marital status, educational level, regional-level mean household income and percent unemployment, and region-parish difference in mean income and percent unemployment.
[bookmark: _Hlk180417492]bAccounted for age as underlying time scale and parish level as cluster term, and sex, household income, occupational, and marital status, educational level as strata terms, adjusted for immigrant status and regional-level mean household income, and estimated time-varying coefficients17 for regional percent unemployment and region-parish difference in mean income and percent unemployment.
Table 11. The comparison of hazard ratios of dementia incidence associated with long-term exposure to air pollutants (per 5 µg/m3, 10 µg/m3, and 0.5 10-5/m,increase in PM2.5, NO2, and BC, respectively) between models with exposure estimate in 2010 at baseline addresses and those with exposure estimate back-extrapolated to the cohort baseline (2000) in the Danish administrative cohort. 

	Exposure estimation type
	Individuals, N
	Cases, N
	PM2.5
HR (95% CI)
	NO2
HR (95% CI)
	BC
HR (95% CI)

	Exposure in 2010 (main)
	934,792
	81,731
	1.42 (1.36, 1.49)
	1.25 (1.22, 1.27)
	1.23 (1.20, 1.25)

	Exposure back-extrapolated to baseline
	934,792
	81,731
	1.28 (1.24, 1.32)
	1.18 (1.17, 1.20)
	1.24 (1.21, 1.27)


Abbreviations: PM2.5 – Particulate matter aerodynamic diameter < 2.5 µm; NO2 – Nitrogen dioxide; BC – Black carbon. 
Hazard ratios and confidence intervals were adjusted for age (underlying time scale), sex (strata), parish level (cluster term), household income in decile, occupational status, immigrant status, marital status, and highest completed education level, regional mean household income, regional percentage of unemployment, and the difference of mean household income and percentage of unemployment, between parish and region
Table S12. The comparison of hazard ratios of dementia incidence associated with long-term exposure to air pollutants (per 5 µg/m3, 10 µg/m3, and 0.5 10-5/m increase in PM2.5, NO2, and BC, respectively) between models with exposure estimate in 2010 at baseline addresses and those with back-extrapolated time-varying exposure estimates in the Danish administrative cohort.
	Exposure estimation type
	Individuals, N
	Cases, N
	PM2.5
HR (95% CI)
	NO2
HR (95% CI)
	BC
HR (95% CI)

	Exposure in 2010 (main)
	922,606
	81,461
	1.42 (1.36, 1.49)
	1.25 (1.22, 1.27)
	1.23 (1.20, 1.25)

	Time-varying exposure
	922,606
	81,461
	1.43 (1.40, 1.46)
	1.28 (1.27, 1.30)
	1.30 (1.29, 1.32)


Abbreviations: PM2.5 – Particulate matter aerodynamic diameter < 2.5 µm; NO2 – Nitrogen dioxide; BC – Black carbon. 
Hazard ratios and confidence intervals were adjusted for age (underlying time scale), sex (strata), parish level (cluster term), household income in decile, occupational status, immigrant status, marital status, and highest completed education level, regional mean household income, regional percentage of unemployment, and the difference of mean household income and percentage of unemployment, between parish and region. 
For model with time-varying exposure, we additionally included the strata term of each 5 years.
Table S13. Effect modification of the association between long-term exposure to air pollutants and risk of dementia in the older population of the Danish administrative cohort in additive scale (N=934,767). 

	Baseline 
characteristics
	PM2.5
	Additive Interaction, RERI (95% CI)
	Multiplicative Interaction, 
HR (95% CI)
	NO2
	Additive Interaction, RERI (95% CI)
	Multiplicative Interaction, 
HR (95% CI)
	BC
	Additive Interaction, RERI (95% CI)
	Multiplicative Interaction, 
HR (95% CI)

	Age
	
	
	
	
	
	
	
	
	

	60-70
	1.15 (1.13, 1.18)
	0.09
(0.13, 0.06)
	0.90 
(0.88, 0.93)
	1.17 (1.15, 1.20)
	0.07 
(0.11, 0.04)
	0.92 
(0.89, 0.94)
	1.17 (1.15, 1.20)
	0.10 
(0.14, 0.07)
	0.89 
(0.87, 0.92)

	70+
	1.27 (1.25, 1.30)
	
	
	1.28 (1.25, 1.30)
	
	
	1.31 (1.29, 1.34)
	
	

	Sex
	
	
	
	
	
	
	
	
	

	Female
	1.21 (1.19, 1.24)
	-0.01 
(-0.04, 0.02)
	1.00 
(0.97, 1.02)
	1.21 (1.19, 1.24)
	0.02 
(-0.02, 0.05)
	0.97 
(0.95, 1.00)
	1.24 (1.21, 1.26)
	0.00 
(-0.04, 0.03)
	0.99 
(0.96, 1.02)

	Male
	1.22 (1.19, 1.25)
	
	
	1.24 (1.22, 1.27)
	
	
	1.25 (1.22, 1.28)
	
	

	Household income
	
	
	
	
	
	
	
	
	

	Below median
	1.29 (1.26, 1.32)
	0.12 
(0.08, 0.15)
	0.89 
(0.87, 0.92)
	1.28 (1.26, 1.31)
	0.10
 (0.07, 0.13)
	0.91 
(0.88, 0.93)
	1.31 (1.28, 1.34)
	0.11 
(0.07, 0.14)
	0.90 
(0.88, 0.93)

	Above median
	1.15 (1.13, 1.18)
	
	
	1.17 (1.14, 1.19)
	
	
	1.18 (1.16, 1.21)
	
	

	Education
	
	
	
	
	
	
	
	
	

	<College level
	1.22 (1.20, 1.24)
	0.09 
(0.00, 0.19)
	0.91 
(0.84, 0.98)
	1.23 (1.21, 1.25)
	0.11 
(0.00, 0.21)
	0.90
(0.83, 0.98)
	1.25 (1.23, 1.27)
	0.13
(0.03, 0.24)
	0.88 
(0.81, 0.96)

	College level+
	1.11 (1.03, 1.20)
	
	
	1.11 (1.02, 1.20)
	
	
	1.10 (1.01, 1.20)
	
	

	Occupation
	
	
	
	
	
	
	
	
	

	Not employed
	1.23 (1.21, 1.24)
	0.13 
(0.08, 0.18)
	1.10 
(1.04, 1.15)
	1.23 (1.21, 1.25)
	0.08 
(0.03, 0.13)
	1.05 
(1.00, 1.10)
	1.25 (1.23, 1.27)
	0.08 
(0.03, 0.14)
	1.05 
(1.00, 1.10)

	Employed
	1.12 (1.07, 1.17)
	
	
	1.17 (1.12, 1.23)
	
	
	1.19 (1.13, 1.25)
	
	

	Stroke
	
	
	
	
	
	
	
	
	

	No
	1.21 (1.19, 1.23)
	0.15 
(0.04, 0.25)
	0.88 
(0.81, 0.96)
	1.22 (1.20, 1.24)
	0.19 
(0.08, 0.30)
	0.86 
(0.79, 0.93)
	1.24 (1.22, 1.26)
	0.21 
(0.10, 0.32)
	0.84 
(0.77, 0.92)

	Yes
	1.37 (1.26, 1.49)
	
	
	1.42 (1.30, 1.55)
	
	
	1.46 (1.34, 1.59)
	
	

	IHD
	
	
	
	
	
	
	
	
	

	No
	1.22 (1.20, 1.24)
	0.03 
(-0.04, 0.09)
	0.97 
(0.92, 1.03)
	1.22 (1.20, 1.24)
	-0.03 
(-0.09, 0.03)
	1.02 
(0.96, 1.07)
	1.24 (1.22, 1.26)
	-0.01 
(-0.07, 0.06)
	1.00 
(0.95, 1.06)

	Yes
	1.18 (1.12, 1.25)
	
	
	1.24 (1.18, 1.31)
	
	
	1.24 (1.18, 1.31)
	
	

	MI
	
	
	
	
	
	
	
	
	

	No
	1.21 (1.20, 1.23)
	-0.02 
(-0.10, 0.07)
	1.01 
(0.93, 1.09)
	1.22 (1.20, 1.24)
	0.03 
(-0.06, 0.12)
	0.96 
(0.89, 1.04)
	1.24 (1.22, 1.26)
	0.03 
(-0.06, 0.12)
	0.96 
(0.89, 1.04)

	Yes
	1.21 (1.12, 1.30)
	
	
	1.27 (1.17, 1.37)
	
	
	1.29 (1.19, 1.39)
	
	

	Asthma
	
	
	
	
	
	
	
	
	

	No
	1.21 (1.20, 1.23)
	-0.01 
(-0.15, 0.13)
	1.00 
(0.89, 1.14)
	1.23 (1.21, 1.25)
	0.12 
(-0.02, 0.26)
	0.89 
(0.79, 1.01)
	1.24 (1.22, 1.26)
	0.10 
(-0.04, 0.25)
	0.91 
(0.80, 1.03)

	Yes
	1.22 (1.08, 1.38)
	
	
	1.10 (0.97, 1.24)
	
	
	1.13 (1.00, 1.28)
	
	

	COPD
	
	
	
	
	
	
	
	
	

	No
	1.21 (1.20, 1.23)
	0.07 
(-0.04, 0.19)
	0.93 
(0.84, 1.03)
	1.22 (1.20, 1.24)
	0.04 
(-0.08, 0.15)
	0.96 
(0.87, 1.06)
	1.24 (1.22, 1.26)
	-0.02 
(-0.13, 0.09)
	1.01 
(0.92, 1.12)

	Yes
	1.30 (1.18, 1.43)
	
	
	1.27 (1.15, 1.40)
	
	
	1.23 (1.11, 1.35)
	
	

	Diabetes
	
	
	
	
	
	
	
	
	

	No
	1.21 (1.19, 1.23)
	0.11 
(0.02, 0.19)
	1.05 
(0.98, 1.12)
	1.22 (1.20, 1.24)
	0.12 
(0.04, 0.21)
	1.06 
(1.00, 1.14)
	1.24 (1.22, 1.26)
	0.11 
(0.02, 0.19)
	1.05 
(0.98, 1.12)

	Yes
	1.27 (1.19, 1.36)
	
	
	1.30 (1.21, 1.38)
	
	
	1.30 (1.21, 1.38)
	
	

	Depression
	
	
	
	
	
	
	
	
	

	No
	1.21 (1.19, 1.23)
	0.08 
(0.01, 0.14)
	1.00 
(0.96, 1.04)
	1.23 (1.21, 1.25)
	0.00 
(-0.06, 0.07)
	0.94 
(0.91, 0.98)
	1.25 (1.22, 1.27)
	-0.01 
(-0.08, 0.05)
	0.95 
(0.91, 0.99)

	Yes
	1.21 (1.16, 1.26)
	
	
	1.16 (1.11, 1.21)
	
	
	1.19 (1.14, 1.23)
	
	



Table S14. Comparison of the associations obtained from cox proportional hazard model and from Fine-Gray model accounting for competing risk.
	Pollutants
	Total Population
(81,731 cases among 934,792 subjects)
	Sub-sample
(4,087 cases among 46,739 subjects)

	
	Main Model
HR (95% CI)
	Main Model
HR (95% CI)
	Fine-Gray Model
sHR (95% CI)

	PM2.5
	1·14 (1·12, 1·16)
	1.14 (1.10, 1.19)
	1.13 (1.08, 1.18)

	NO2
	1·25 (1·22, 1·28)
	1.30 (1.23, 1.37)
	1.25 (1.19, 1.33)

	BC
	1·23 (1·20, 1·26)
	1.28 (1.22, 1.34)
	1.22 (1.16, 1.29)


Abbreviations:-Hazard ratio; sHR: sub-distribution hazard ratio; CI: confidence interval; PM2.5: particulate matter with an aerodynamic diameter ≤ 2.5 µm; NO2: nitrogen dioxide; BC: black carbon. 
Results are presented as hazard ratio and 95% confidence interval for the following interquartile range increments: 1·9 μg/m3 for PM2·5, 10·2 μg/m3 for NO2, and 0·5×10-5/m for black carbon.
Sub-sample were 5% stratified random sample of our original participants for sex and dementia cases proportion.
Model adjusted for age (time scale), sex (strata), household income, educational level, occupational, immigrant and marital status, regional levels of mean household income and unemployment rate, and the corresponding disparity between parish and region. Fine-Gray model considered all-cause mortality as competing risk.

Table S15. The comparison of hazard ratios of dementia incidence associated with long-term exposure to air pollutants between in the total population and in population free from dementia at 2010-01-01
	Pollutants
	Total Population
(81,731 cases among 934,792 subjects)
	Population free from dementia at 2010-01-01 (40,591 cases among 534,240 subjects)a

	
	Main Model
HR (95% CI)
	Main Model
HR (95% CI)

	PM2.5
	1·14 (1·12, 1·16)
	1.14 (1.12, 1.17)

	NO2
	1·25 (1·22, 1·28)
	1.23 (1.20, 1.26)

	BC
	1·23 (1·20, 1·26)
	1.22 (1.19, 1.25)


Note: Hazard ratio were calculated per 1.9 µg/m3 for PM2.5, 10.2 µg/m3 for NO2, and 0.5×10-5/m
Hazard ratios were obtained from models accounted for age as underlying time scale, sex as strata term, and parish level as cluster term, and adjusted for household income, occupational , immigrant status, and marital status, educational level, regional-level mean household income and percent unemployment, and region-parish difference in mean income and percent unemployment.
[bookmark: _Hlk179895735]a Annual mean exposure levels of PM2·5, NO2, and BC at the individuals’ geocoded residential addresses at the year 2010 were estimated with European-wide hybrid land-use regression (LUR) models for the year 2010 with 100 × 100 m resolution, which were developed and validated within the framework of the ELAPSE (Effects of Low-level Air Pollution – A Study in Europe) project and a detailed description of this work is available elsewhere.14
Table S16. The comparison of hazard ratios of dementia incidence associated with long-term exposure to air pollutants: Models using age vs. time since baseline as the time-scale in Cox model
	Pollutants
	Main Model with age as time scale
HR (95% CI)
	Main Model with time since baseline as time scale
HR (95% CI)

	PM2.5
	1·14 (1·12, 1·16)
	1.15 (1.13, 1.17)

	NO2
	1·25 (1·22, 1·28)
	1.27 (1.25, 1.30)

	BC
	1·23 (1·20, 1·26)
	1.25 (1.22, 1.28)


Note: Hazard ratio were calculated per 1.9 µg/m3 for PM2.5, 10.2 µg/m3 for NO2, and 0.5×10-5/m
Hazard ratios were obtained from models accounted for sex as strata term, and parish level as cluster term, and adjusted for household income, occupational , immigrant status, and marital status, educational level, regional-level mean household income and percent unemployment, and region-parish difference in mean income and percent unemployment.

Table S17. Comparison of descriptive statistics for demographic characteristics between the Danish nationwide administrative cohort and Danish health survey, who aged 60 or above.
	Characteristics
	Danish nationwide administrative cohort (%) 
	Danish Health Survey 2013 (%)

	Age
	
	

	60-69
	47.5
	54.9

	70-79
	34.5
	31.3

	80-89
	15.6
	12.3

	≥90
	2.3
	1.6

	Sex
	
	

	Men
	43.8
	48.1

	Women
	56.2
	51.9

	Household income in quintilea
	
	

	1st
	20
	3.7

	2nd
	20
	7.7

	3rd 
	20
	22.2

	4th 
	20
	25.7

	5th 
	20
	40.6

	employment status
	
	

	Unemployed
	0.6
	0.4

	Having support or pension
	87.0
	80.5

	Employed
	12.5
	19.1

	Immigrant status
	
	

	Danish origin
	96.5
	93.8

	Western country of origin
	2.4
	4.3

	Non-western country of origin
	1.2
	1.8

	Marital status
	
	

	Unmarried
	5.7
	5.7

	Divorced
	9.7
	13.0

	Widowed
	28.3
	20.3

	Married/registered partnership
	56.4
	61.0

	Highest complete education level
	
	

	Primary
	64.9
	34.3

	Upper secondary
	0.8
	2.0

	Vocation/qualifying
	23.6
	39.8

	Vocation bachelors/ short-cycle higher education
	8.0
	18.3

	College level and over
	2.7
	5.7

	Region
	
	

	North Denmark 
	11.1
	10.2

	Central Denmark
	21.1
	20.4

	South Denmark
	22.8
	21.9

	Capital region
	29.5
	29.9

	Zealand
	15.4
	17.6

	Parish level mean income in quintilea
	
	

	1st
	20
	2.1

	2nd
	19.9
	3.3

	3rd 
	20
	4.1

	4th 
	20.2
	20.4

	5th 
	19.9
	70.1

	Parish level percentage of unemployment in quintileb
	
	

	1st
	20
	49.8

	2nd
	20
	17.2

	3rd 
	19.9
	12.7

	4th 
	20.1
	10.7

	5th 
	19.9
	9.7


aComparison of household income, area-level mean household income between two dataset made based on quintiles from Danish nationwide administrative cohort with considering the difference of price indexes due to the time difference. 
b Based on quintiles from Danish nationwide administrative cohort
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