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Supplementary file Figure S1. Temporal trends of age-standardised mortality rates (ASMR)
(A) and age-standardised disability-adjusted life year rate (ASDR) (B) for dementia attributable
to smoking from 1990 to 2021 at the global level and across five sociodemographic index (SDI)
regions, based on the Global Burden of Disease (GBD) 2021 study. ASMR (C) and ASDR (D)
in 1990 and 2021 at the global level, across five SDI regions and 21 GBD regions. Estimated
annual percentage changes (EAPC) in ASMR (E) and ASDR (F) from 1990 to 2021 at the
global level and across 21 GBD regions.



Supplementary file Figure S2. Global map of dementia mortality attributable to smoking in
204 countries and territories, based on the Global Burden of Disease (GBD) 2021 study. (A)
Number of deaths in 2021; (B) distribution of age-standardised mortality rates (ASMR) in
2021; (C) estimated annual percentage changes (EAPC) in ASMR from 1990 to 2021.
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Supplementary file Figure S3. Temporal trends and distributions of deaths from dementia
attributable to smoking, by region, age, and sex, based on the Global Burden of Disease (GBD)
2021 study. (A) Temporal trend of age-standardised mortality rates (ASMR) from 1990 to 2021
at the global level and across 21 GBD regions. (B) Distribution of ASMR by sex across 21
GBD regions in 2021. (C) Deaths and ASMR in 1990 by age group and sex. (D) Deaths and
ASMR in 2021 by age group and sex. Error bars represent 95% uncertainty intervals (Uls) for
deaths; shading represents 95% Uls for rates.
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Supplementary file Figure S4. Distribution of age-standardised disability-adjusted life year
rates (ASDR) and age-standardised mortality rates (ASMR) for dementia attributable to
smoking across sociodemographic index (SDI) levels, based on the Global Burden of Disease
(GBD) 2021 study. (A-B) Global and 21 GBD regions from 1990 to 2021; (C-D) 204 countries
or territories in 2021. (E-F) Correlation of estimated annual percentage changes (EAPC) with

age-standardised rates (ASRs) (left) and SDI (right) in 204 countries and territories in 2021.
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Supplementary file Figure S5. Frontier analysis and health inequality assessment of dementia

Is from 1990 to 2021,



based on the Global Burden of Disease (GBD) 2021 study.

(A) Frontier analysis of age-standardised disability-adjusted life year rate (ASDR) for countries
and regions at different development levels from 1990 to 2021, with the efficiency frontier
delineated in solid black. Each dot represents a country or region, and the gradient from light
to dark blue reflects the combined trajectory of SDI and ASDR over time. (B) Frontier analysis
of ASDR for Alzheimer’s disease and other dementias attributable to smoking by 2021 SDI
values. The top fifteen countries with the largest effective gaps are marked in black. Examples
of frontier countries with low SDI (<0.5) and minimal effective gaps are shown in blue, while
countries with high SDI (>0.85) but substantial gaps are highlighted in red. (C) Slope index of
inequality (SII) showing the association between SDI and ASDR across 204 countries and
territories, with population-weighted data points. (D) Concentration curves illustrating
socioeconomic inequality by comparing the distribution of ASDR with the equality line, with

concentration index values reflecting the degree of deviation.
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Supplementary file Figure S6. Contributions of population ageing, population growth, and
epidemiological changes to the trend in dementia disability-adjusted life years (DALYSs)
attributable to smoking from 1990 to 2021, based on the Global Burden of Disease (GBD) 2021

study. Black dots represent the total change contributed by all three components. A positive



value for each component indicates an increase in DALY's, whereas a negative value indicates

a reduction.
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Supplementary file Figure S7. Global trends in dementia burden attributable to smoking from
1990 to 2035 using the Bayesian age—period—cohort (BAPC) model, based on the Global
Burden of Disease (GBD) 2021 study: projected disability-adjusted life years (DALYs) (A),
age-standardised disability-adjusted life year rate (ASDR) (B), and ASDR by age group among
individuals aged 40 years and older (C). The shaded areas represent the 95% confidence
intervals (CIs).
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Supplementary file Figure S8. Global trends of deaths (A) and age-standardised mortality
rates (ASMR) (B) for dementia attributable to smoking from 1990 to 2035 using the Bayesian
age—period—cohort (BAPC) model, based on the Global Burden of Disease (GBD) 2021 study.

The shaded areas represent the 95% confidence intervals (CIs).



Table S1. Global deaths and disability-adjusted life years (DALYs) for Alzheimer’s disease and other dementias attributable to smoking,
1990-2021, based on the Global Burden of Disease (GBD) 2021 study.

Location

Global
Sex
Male
Female
Sociodemographic Index
Low SDI
Low-middle SDI
Middle SDI
High-middle SDI
High SDI
GBD region
Andean Latin America
Australasia
Caribbean
Central Asia
Central Europe
Central Latin America
Central Sub-Saharan Africa
East Asia
Eastern Europe
Eastern Sub-Saharan Africa
High-income Asia Pacific
High-income North America

North Africa and Middle East

Oceania
South Asia
Southeast Asia
Southern Latin America

Deaths
32165(7167, 90875)

20500(4491, 59321)
11665(2688, 31740)

560(120, 1649)
2734(599, 8145)
7296(1585, 20848)
7881(1719, 22241)
13666(3109, 37832)

53(11, 156)
173(39, 486)
131(27, 385)
161(35, 469)
947(201, 2744)
337(73, 979)
31(6, 97)
8275(1752, 23209)
993(208, 2885)
181(39, 528)
1982(444, 5668)
5457(1230, 15094)
1184(256, 3369)
92, 26)
2128(449, 6485)
1510(325, 4342)
185(39, 536)

1990
DALYs
794915(328160, 1832306)

532606(218597, 1249854)
262310(108907, 587292)

15215(6187, 36017)
71967(29724, 171906)
195493(79072, 452313)
200798(81328, 463649)

310666(130615, 702662)

1262(503, 2977)
4412(1851, 9949)
3466(1454, 7889)
4360(1806, 9853)

26911(11210, 60890)
8966(3848, 20171)
964(372, 2414)
218922(85070, 511412)
28706(11945, 65340)
4798(1906, 11467)
45858(18362, 107246)
125527(52921, 285762)
30637(12599, 69931)
299(116, 712)
55864(22839, 134870)
40981(17306, 93086)
5659(2339, 12669)

Deaths

67176(15334, 188054)

46755(10329, 134861)

20420(4810, 54048)

1216(263, 3650)

6466(1418, 18767)
19215(4233, 56316)
18463(4114, 52435)
21771(5108, 59270)

141(30, 408)
337(78, 938)
258(56, 740)
300(64, 887)

1350(294, 3798)
655(144, 1865)
72(15, 213)
25333(5531, 74332)
1647(351, 4803)
340(74, 976)
4738(1101, 12601)
7774(1778, 21207)
2664(586, 7587)
20(4, 59)
5664(1225, 16651)
3542(784, 10170)
351(75, 1018)

2021
DALYs
1533214(635494, 3540712)

1110023(455152, 2610152)
423191(174998, 938675)

30072(11697, 72762)
153657(60635, 359920)
470385(193113, 1110523)
435096(178933, 1005900)
442915(183731, 995724)

3188(1275, 7443)
7016(2816, 16008)
6059(2530, 13803)
8070(3328, 18795)

33947(14360, 76632)
16187(6719, 36591)
2170(782, 5238)
611761(248099, 1437419)
43178(17488, 99434)
8554(3275, 20523)
87434(35167, 194159)
164284(67856, 371859)
66397(27256, 152854)
661(257, 1567)
129918(49628, 307774)
89722(36338, 211686)
9343(3772, 21209)



Southern Sub-Saharan Africa 168(37, 483) 4087(1664, 9384) 151(31, 445) 4104(1588, 9706)

Tropical Latin America 1028(224, 2951) 26318(10366, 61161) 2220(509, 6217) 52048(20766, 120267)
Western Europe 7135(1620, 19756) 154412(64716, 350463) 9444(2227, 25151) 184594(76702, 411312)
Western Sub-Saharan Africa 98(20, 281) 2506(972, 5941) 175(37, 527) 4580(1722, 11342)

SDI, Sociodemographic index.



location_name
ighanistan

Albnia

Ageria

American samoa

Andorrs

angola

Antigoa and Barbuda

srgentina

Aemenia

Austrlia

Austia
Aaerbijan
Bahamss

Alzheimers disease and other dementias

Alsheimer' disesseand other dementias

Crechia
Cotedvoire

Alsheimer' disesseand other dementias

Alsheimer' disesseand other dementias

Denmark
Diibout

Dominican Republic

Indonesia
Iran samic Republic o)

Alsheimer' disesseand other dementias

Alsheimer' disesseand other dementias

jrsy
Warshall sands
Mauritivs
Mexico

Alsheimer' disesseand other dementias

Alsheimer' disesseand other dementias

North Macedonia
Northern Marizns sands
Norway.

Republicof Korea
Reputiic of Moldova

Rusian Federation
Rwands

Saint Kitsand Nevis
Saint Lucia

Alsheimer' disesseand other dementias

Alsheimer' disesseand other dementias

Taiwan (Provinceof China)

Tonga
Trinidad and Tobsgo
Tunisia

United Kingdom

Alsheimer' disesseand other dementias

Alsheimer' disesseand other dementias

United Statesof America

Alsheimer' disesseand other dementias

Uruguzy
Usbekistan

Alsheimer' disesseand other dementias
Alsheimer' disesseand other dementias
Alsheimer' disesseand other dementias

Zimbabwe

Alsheimer' disesseand other dementias

Alsheimer' disesseand other dementias

metric_name.

2021.0ALYs Both
706,0007503

77719199



location_name
Alghanisian

Bhutan

Alzheimers disease and other dementias

Alsheimer' disesseand other dementias

Bosnia and Herzsgovina
Botswana

Canada
Central Afrcan Republic
chad

Alsheimer' disesseand other dementias

Alsheimer' disesseand other dementias

Denmark
Diibout
Dominica
Dominican Republic
Ecusdor

eyt
£1Salvador

Indonesia
Iran samic Republic o)

Alsheimer' disesseand other dementias

Alsheimer' disesseand other dementias

jrsy
Warshall sands

Alsheimer' disesseand other dementias

Alsheimer' disesseand other dementias

Republicof Korea

Alsheimer' disesseand other dementias

Alsheimer' disesseand other dementias

Suitzerland

Syrian At Republic
Taiwan (Provinceof China)
Tajkistan

Thaland

Timor-Leste

Togo

Tokelau

Tonga
Trinidsd and Tobsgo
Tunisia

Uganda
Utsine

United Arsb Emirates
United Kingdom

Alsheimer' disesseand other dementias

Alsheimer' disesseand other dementias

United Statesof America

Alsheimer' disesseand other dementias

Uruguzy
Usbekistan
Vanuatu

Alsheimer' disesseand other dementias
Alsheimer' disesseand other dementias
Alsheimer' disesseand other dementias

VietNam

Alsheimer' disesseand other dementias

Alsheimer' disesseand other dementias

metric_name.
Rate

2021ASMR8oth

156230076
2288882012



location_name
Alghanisian

Bhutan

Alzheimers disease and other dementias

Alsheimer' disesseand other dementias

Bosnia and Herzsgovina
Botswana

Canada
Central Afrcan Republic
chad

Alsheimer' disesseand other dementias

Alsheimer' disesseand other dementias

Denmark
Diibout
Dominica
Dominican Republic
Ecusdor

eyt
£1Salvador

Indonesia
Iran samic Republic o)

Alsheimer' disesseand other dementias

Alsheimer' disesseand other dementias

jrsy
Warshall sands

Alsheimer' disesseand other dementias

Alsheimer' disesseand other dementias

Republicof Korea

Alsheimer' disesseand other dementias

Alsheimer' disesseand other dementias

Suitzerland

Syrian At Republic
Taiwan (Provinceof China)
Tajkistan

Thaland

Timor-Leste

Togo

Tokelau

Tonga
Trinidsd and Tobsgo
Tunisia

Uganda
Utsine

United Arsb Emirates
United Kingdom

Alsheimer' disesseand other dementias

Alsheimer' disesseand other dementias

United Statesof America

Alsheimer' disesseand other dementias

Uruguzy
Usbekistan
Vanuatu

Alsheimer' disesseand other dementias
Alsheimer' disesseand other dementias
Alsheimer' disesseand other dementias

VietNam

Alsheimer' disesseand other dementias

Alsheimer' disesseand other dementias

metric_name.
Rate

2021.A5DR Both
3207597931

4506532734



location_name

Bosna and Herisgovina

Crechia
Cotedvoire

Demacratic People’sRepublic of Korea.
Democratic Republic o the Congo
Denmark

Diibout

Dominica

Dominican Republic

Indonesia
Iran samic Republic o)

Kyrgyastan
L30 People's Democratic Republic

Lebanon
Lesotho
Liberia

jrs
Warshall sands
Mauritania
Mauritivs

Mexico
Wicronesa Federated Statesof)
Mansco

N
North Macedonia
Northern Marizns sands
Norws

Oman

Pakistan

Palau

Palestine

panam.

Republicof Korea
Repubiic of Moldova.

Romania

Rusian Federation

Rwands

SaintKitsand Nevis

Saint Lucia

Saint Vincent and the Grensdines

-
Syrian Avab Republi
Taiwan (Provinceof China)
Tajkistan

Thaland
Timor-Leste
Togo
Tokelau

Tonga
Trinidad and Tobsgo
Tunisia

Urited States Virgi slands
Uruguzy
Usbekistan

Venezuel (Bolivarian Republic o)

Zimbabwe

EAPCASMR

0745884023

0.17(008,0.42)
061052070

1.46(:1.69,1.22)

1.070:136,0.77)

LEne

2.44(3.55,2.32
038

2.15(219,2.11

1.74(:188,1.60

0.78(0.88,0.68)
0.35(.1.00,0.89
1110120203

137059,1.16

0.801087,0.72
0.750.95,0.54)




location_name

Boliia Plurinational stateof)
Bosnia and Herisgovina

Demacratic People’s Republic of Korea.
mocratic Republic of the Congo

Der
Denmark

indonesia
Iran samic Republic o)
a

Kyrgyastan
L30 People's Democratic Republic
Latvia
Lebanon

tho
Liberia

Republic of Korea
Repubiic of Moldova.
Romania

Rusian Federation

Urited Republic of anzania
United Statesof America
Urited States Virgi slands
Uruguzy

Usbekistan

Vanuatu
Venezuel (Bolivarian Republic o)
VietNam

EAPCASDR
0123210685

721412136

eavcs

0.12(014,038)




gola
Antigua and Barbuda

Alzheimer's disease and other dementias

Alsheimer's disesse and other dementias

Botswana

Canada
Central Afican Republic
Chad

chile

Cotedvoire

Alsheimer' disease and other dementias
Alzheimer's disease and other dementias

Alzheimer's disease and other dementias

heimerscisease and other dementias
Alzheimer'sdisease and other dementias.
Alsheimer' disease and other dementias

Denmark
ojibouti

Dominican Republic
Ecuador

Alaheimer's disesse and other dementias

Alzheimer's disease and other dementias

heimerscisease and other dementias
Alzheimer'sdisease and other dementias.
Alsheimer' disease and other dementias

Alzheimer's disease and other dementias.

Alzheimer's disease and other dementias

Aliheimer's disesse and other dementias

Alzheimer's disease and other dementias
Alzheimer's disease and other dementias.

Nive
North Macedonia

Alzheimer's disease and other dementias
heimerscisease and other dementias

sheimerscisease and other dementias

Norway.
oman
Pakistan

Panama
PapuaNew Guinea
paraguay

RepublicofKorea
Republic of Moldova
Romania

Russan Federation

Rwanda
Saint Kitts and Nevis
Lucia

Alzheimer's disease and other dementias.

Alzheimer's disease and other dementias
Alsheimer's disesse and other dementias

Samoa
San Marino
Sa0Tomeand Principe.
Saudi Arabia

Sweden
Swit

Syrian Arab Republic

Alsheimer' disease and other dementias
Alzheimer's disease and other dementias

Alzheimer's disease and other dementias

Tojkistan

Tonga

Trinidad and Tobgo.
unisia

Turkey.

Turkmenistan

Tovalu

Uganda

Ukraine.

United Avab Emirates

United Kingdom

Alzheimer's disease and other dementias.

Alzheimer's disease and other dementias

Uruguay
Usbekistan

Alsheimer' disesse and other dementias
Alzheimer's disease and other dementias.
Alzheimer's disease and other dementias.

Alzheimer's disease and other dementias
Alsheimer's disesse and other dementias
Alzheimer's disease and other dementias

sheimerscisease and other dementias

metric_name

2021 Death-Both



location_name
Somalia

Burundi
Centra Afrcan Republic

Benin
Democrati Republic o the Congo
Malawi

Madagascar

Eritres

Timor-Leste
United Republic of anzania

L30 People's Democratic Republic
Bangladesh

Demacratic People’sRepublic of Korea.
Marshall sands
India

Eswatin
Wicronesa Federated Statesof)

Venezuel (Bolivarian Republic o)
Bolivia Plurinational stateof)
Kyrgyastan

Eerpt

Belze

Namibia

Mongolia

Dominican Republic

Syrian Arab Republic

Nauru

Tonga

Paraguay
Saint Vincent and the Grensdines

Aaerbijan
Iran samic Republic o)
stafica

Bosni and Herisgovina
vgentina

American Samoa

Kezakhatan

sord

ubja

Niue

Seychelles
Republic of Moldova.

Palau
Saint Kitsand Nevis
Utsine
Bulgaria

Romania
Trindad and Tobsgo
Spain

Chile

Northern Marisns sands

Oman
Cooklsiands
Belarus

ot
Rusian Federation

ey

Brunei Darussalam
Stovakia

Poland

SaudiArsbia

Bermuda

Urited StatesVirgi sands
PuertoRico

Irean
Taiwan (Provinceof China)
Iceland

Luxembourg

Republicof Korea

wed:

o1
0077688109

008262831
1613281
0833059111

year
201

201
201
2021

4143082987
59,85085328

DR frontier

as
1731415732

5714911897

effectve difference range

1238699169

5413594138



Supplementary Methods

This supplementary section provides additional methodological details to support the
analyses described in the main text, including definitions of key epidemiological
indicators and further information on data processing and statistical procedures.

1 Sociodemographic Index (SDI)

The SDI is a composite index used to evaluate the level of development across countries
and regions. It is derived from the geometric mean of three metrics: total fertility rate,
average educational attainment, and per capita income!. SDI values range from 0 to 1,
with higher values reflecting greater socioeconomic development. Based on these
thresholds, the Global Burden of Disease (GBD) framework classifies 204 countries
and territories into five development levels: low SDI (0-0.4658), low-middle SDI
(0.4658-0.6188), middle SDI (0.6188-0.7120), high-middle SDI (0.7120-0.8103), and
high SDI (0.8103-1.0000). This stratification systematically captures disparities in
socioeconomic conditions that influence health outcomes across populations.

2 Disability-adjusted life years (DALYS)

DALYs are a widely used indicator of overall disease burden or injury, calculated by
combining years of life lost (YLLs) and years lived with disability (YLDs), thereby
offering more comprehensive measure of health damages than any single metric.

3 Age-standardised rates (ASRs)

ASR was calculated using the formula below:



Here, n denotes the aggregate number of age groups; i indicates the current age
group’s index; a; shows the indicator value for that age group, w; reflects the number
of individuals in age groupi under the standard population structure.

4 The estimated annual percentage change (EAPC)

To quantify the long-term trends in ASMR and ASDR attributable to smoking-related
dementia, the estimated annual percentage change (EAPC) was calculated using linear
regression. The regression model was specified as In(y) = o + BX + ¢, where In(y)
represents the natural logarithm of the ASR, «a is the intercept, [ is the slope, X
denotes the calendar year, and ¢ is the error term. EAPC and its 95% confidence
interval (CI) were computed as 100 X [exp(B) — 1], indicating the annual percentage
change. If both the EAPC value and the lower bound of its 95% CI were above 0, the
ASR was considered to be increasing; if both were below 0, it was considered to be
decreasing; otherwise, the ASR was considered stable. The 95% CI for EAPC was
obtained from the linear regression model. We applied Spearman rank correlation to
examine the relationships between ASRs and SDI, and between EAPC and both ASRs
and SDI. The Spearman rank correlation coefficient (R) ranges from —1 to 1. Values
approaching either end of this range indicate stronger associations, whereas those near
zero suggest weak or no correlation.

4 Frontier analysis
Frontier methods was used to investigate the relative efficiency of countries and

territories in achieving health outcomes, with a focus on the relationship between SDI



and health performance®. This analysis defined the efficiency gap as the difference
between the observed health burden in each country and the theoretical minimum
burden at its corresponding SDI level, thereby quantifying relative efficiency. A
standardised efficiency score was calculated to evaluate how closely each country
approached the frontier line. Scores closer to 1 represented higher relative efficiency.
To further examine the influence of development level and regional context on
efficiency variation, stratified comparisons were conducted by SDI quintile and
geographic region. Frontier analysis provides a comprehensive assessment of national
and regional health performance, helping to identify potential areas for improvement
and inform more targeted health intervention strategies.

5 Health inequality analysis

To characterise the distribution of the smoking-attributable burden of AD and other
dementias across SDI regions, we conducted a health inequality analysis using the slope
index of inequality (SII) and the concentration index®. The SII based on regression
analysis to quantify absolute inequality in health outcomes across the socioeconomic
gradient, exemplified by the SDI. In contrast, the concentration index assesses the
extent to which health outcomes are concentrated across the entire socioeconomic
distribution, reflecting the degree of inequality in health resource allocation. The
concentration index values closer to zero suggest more equitable distribution.

6 Decomposition analysis

The Das Gupta decomposition method was applied to identify the structural drivers



underlying differences in overall disease burden*. Unlike conventional regression
models that estimate associations between variables, this method decomposes changes
in dementia-related deaths and DALYs during 1990-2021 into three distinct
contributors: population ageing, population growth, and age-specific rates. It offers a
clearer understanding of the mechanisms contributing to trends in the burden of AD and
other dementias.

7 Bayesian age-period-cohort (BAPC) analysis

Additionally, we adopted the BAPC model to estimate disease burden in 2035,
implemented with the BAPC package in R and based on observed data from 1990 to
2021. By capturing the relationships among age, period, and cohort effects, it supports
more accurate modelling of temporal trends and facilitates projections over the medium
and long term. To account for randomness in future incidence, the model automatically

incorporates Poisson noise during prediction®.
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