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Smoking and dementia risk: an updated systematic review  ®
and meta-analysis of 61 prospective cohort studies and =
implications for tobacco control
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B et Sminking has been idenfified as a modifialle dementia sk factor by three Lancet Commissions, yet
dermentia rermains absent from most tolscco cotrel strategies. The magnitude of the assod alion across dementia _P"H""“"'"m

milstypes, smoking categories, and populaticn dh aracten g s has not been omprehen svely smthes sed since 2005, .

Memods PubMed, Embaze, OFN TRAL, and PepdNFO were seardhed from Jamuary 2003 to 31 Auaguost 2026,
upidsting the 105 review, which contributed 34 shdies Random-effects meta-analyses [Resto ded B admmom
Likefihood (REML)] with Harmmg-Knapp—5idik—] onkman adustmenl estimated pooled reative risks (RRs) with
9% %% confidence intervals (Ol s). Subsgroup analyses with tedts for inter action and metaregressdon escamined effed
medification by basdine age, ethmicity, follow-up duration, and adjustment for sex, education and Apolipopraoten
E ed {APOE £d) gencype Risk of biaz was assesed using Risk Of Bias In Nonrandomi ed Studies of
Exposures (ROBINS-E). Hsterogeneity was asessed using Cochran's @, 1% and ©? and pullication bias using
furnnd plots and E gger's test D ose—respon s= analysis of smolking and dementia sk was pedormed. Smddng
pepulation attributalle Fradions (PAF, unweghted and communalitysy sghted for the rsk of dementia were
ciloulated This study is reg stered with PROSPERD, ORD 42025 64453 5

LU LS

Pt Sivty-one cohart studies (approvimataly 28 million participants] were induded. Corremt smoking was
amodated with inoreased risk of all-cause dementia (RR 131 [95% O 1 23139; number of shodies ) = 39,
Alzheimer's disease (L40 [1.08—1 80} k = 15, and vasoular dementia {(L52 [1-20-1_53) k = 9. Former smoking
was not assodated with amy outcome, and former smokers had a lower righ of all-cause dementia than current
anokers [RR LEL [IL75-0EE). 1° ranged from 0% io 0% Egger's e suggested smallsudy effects only for
mrrent smoking and all-cause dementia {F = D09, The comrmmality-wei ghted PAF for smoking and demmentia
was L2% (%% O 1.7 LE. Dementia risk increased with smioking intensity as the poded RE was 116 {(9%5% O
LO9-12% at 10 cgarettes per day and rose to 134 (95% O L1E-1L51) at 20 dgarettes per day.

Bkt o Carrent smicking is con s stenfly assodiated with higher risk of all dermentia outcomes and inoreases
with smoking intensity. Estimates refer to dinically dagnosed dementia syndromes [Diagnostic and St stical
Manual of Mental D sorderslotemati onal Ol asdfication of Diseases (D5M1CD)] and not to biclogi cally defined
dizease Although causality cannot be established from observalional data, thess Gndings support considering
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dementia and brain health outcomes in national tobacco conird strategies and asodiated @mpaigns Fulare work
using objectively verified smoking hi stoni es is nesded to darify how age at cesmtion and time sinee guitting in-
fuenoe dementfia risk and whether these dffecs interact with total years of active snoling.
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Evidence bafom this study

e maxhed tha PubMed databuse for systematc nedews
and mata-anabges of smoking and demeota pblshed #am
nception {1946) unel ey B ueng the e
“smolking” AN D “demenia™ AM D “msta-anafyss” The seach
mtrioved 53 relpvant adices and idenifiad the meta-anadyss
mnducted by Fhang et al {3015) a5 the most recent and
comprehensive The msta-andyss snduded 37 prospectame
aohart tudes and repoded hagher dermentia sk in corent
i ot formes smokes acoss all-cavee dementa,
Alzheimaes's dismse (), and Vasodar dementa (Vady),
based on studes pubiahed op o 2012 Thee winequent
Lancet fommissiond {3007, 3000, W24 dentsfed smolng
a5 a maddidble dementia ssk factor yet dementa outcomaes
mmain dasent fram mast natianaltobac oo contmlstrateges

Midded walue af this study
Tha revew strengthem the evdence baw toom the 34
cahaort stuches of the previows meta-analyss to 61 cohort

studes and sppmismmately 28 million patopams. Poaled
estmmate for cument smokeng are simer to those of eadas

vt
Dementi affects over 57 million people wo rdwide with
an estirmted ghlunl moewl cod of USELY trillion n
19 In the abeeree of 3 cue, the identification and
rmedification of risk fackms mpeent te o s e ffedive
strategy Br mdcing the popubtion burden of de-
menta.’ Three mecessie lancet Commissions on
Dementa [in 2017, DX and X249 identified sk
ing as a significant and nodifhable rsk Boor for de-
nenta. Motably, the X124 Conmnisson estimated that
smoking accouned fora weighied [ pubtion attrlut
abk fmcton [PAF) of 23% of deoenta cases and a
mcent metanalysis of 9 cohon sudies indicated a
weighted PAF of 45%. The Austalian 45 and Up
Study, a prospective cohort of 178,169 adults meported
that cument smoking was assciaed with a 64%
inceased sk of death from allcauss dementa HR
LG4, 95% CI L1 4-2.36).

De spite this evideree, dementia and bmin healthare
mot remgnised as oukcomes within matiom] olbceo
control strEeges [sueh as the Austmlan Matoml

wok and mbest 1o the andom-effec s estimator, effect-
maasre type and rak of bas, and former smokes had a
hovwar demantaa =k than conent smokors. Poemt ecimate
were higher for Vall {elative ssk &%) 1.53) than for AD
{L40] and allcanse dementia {131] bt Yaly and Al
etemates dd not differ sigrificantly withen cobarts epoding
bath cutcomes. i addtion, déffesen ces by baseline age wene
mat statstically sgnificant. Dowe-espome andyss mdcate
that demanta risk incmase progresssaly with ety of
wmoikeng.

implications of al the availlshle evidence

These findings ae comstent with smokeng benga
moddfuble rah Goar for dementa and wath cesatan as an
smportant component af peiention stateges Thee Lanoet
Commission and the lrgest mata-analpsa to date meadh
mnegent condurinn, soppotng comederation of
dementia fsk mducton within matonal tobacco contml
staieg es and publlc halth messagng campagme. Ressardh
mnmded on how age at quating, teme snor cesation and

Toliceo Straegy 20233030, which does ot reference
derrentia, Alzheimer's disase, or cognitve impair-
mentl.  Conequenty, reither public bealth mesaging
carmmigns mor pictora | wamings on cigarette mck-
agirg, core comporents of thes stgies, include
derrentia or brain health as motivators B end wolaceo
uz' These cammigns contine © cente on carcer
outcorres ard = aqpimtry and adowsubr disa sy
CWD) for which there has been cauml evide nee since
tte 19608 ard the policy mspone well esmblished
Compared to te lage bady of evidence linking smok-
irg to mrdiovamular disease and cancer, epide miokg-
ical evidence linking srmoking © risk of dermentia has
leen more limied A metanalysis of 37 pogectve
cohort studies’  completed by Zhorg and colleagues
n 215" burnd #at curent smokers had 3 sgoif
cantl imcmeased rsk of allaue denenta, AD, and
mucubr dementia  (WaD), whik former smoking
shewed mo significant asscciation with any outcome.
Since then, sviderce hos expanded and the hinlbgical
mecharians that may umderpin smeking-dementa
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amocatons are better chamctened © For emmple,
chimni expomre o whioco smoke poootes athem.
wlemsds, endothelal dysfunction, and micmwxular
darmage, leading © cembral hypoperfuson and white
mu tter Esions Smoking alm induces srxtemic and
erhrl  unincfhmmaton, imcra s oxidative
grEm, disrupts the Heod-bmin bamer,’ and axel
emtesanyhd-fapggegaton and @u pho sphoryhtion

The mlative contdbation of vascubr and peurcdegen:
emtive pathways to the snoking-dementa asocation
has direct implications for prevention stategy design
Whetler the smolingdementi assocation differs
acmoss demrenta subtypes rmay further nBmm under
sgarding of the undedying mechanisns | addition,
meent hrge-salk cobort studies dmwing on das from
millions of mricimnts =pesnted in mtioml regis
tries and biclunks inchding the UK Biokank, ™ the
Fomran Matoml Health Insummoe Service, " amd a
Swedish national regiser shady’ bave contrbuted to
grEngthen the eviderce. This gmowth in demenfia-
mwhied data povides greater smtisteal mwer and an
opportunity to exphre miental diffeences in the
amochtion between snoking and derentia acmoss
l.l].'ltTFEl.

We thertore conductsd an updaed sysEmmatc re
view ard mem-amlysie © quantify the assac@tions
letween srmoking status fever, curtent, forrer vs never)
ard mcidence of allcauss derenta, AD, ard Vab,
ircorporating doss—mepone ammlyss by smoking in
ensty ard PAF estimation. We a |so explored w bether
thess assxciations are  rmodified by sidy and
ppubtion kvel clamcteristc s known o infee e de
menti sk, chding mmple size, ethocity, age at
lnselire, folbw up durstion and adjustreent for s,
educ fion a rd Apelipopmein E APOE] o4 genotype.

Met haids

Study design and regstration

This sysermtc mview and mew-amlysis was con
diucted in acordance with the Pefered Reporbing
lt=ms for Sysermtic Reviews and Mes-Ammlyes
FRISMA] 2020 suterment’ and was pospectively
megisterd with the Intermatioral P o spectise Regiser of
Sysermatc Reviews [FROSPERCT CRD4202 56 445359,
The review updates and exterds the sysenmtic Eview
by Zhong etal

Seanch strategy

PubMed, Embase, CENTRAL Cochmne Centml Reg-
isterof Contralled Trials), and PeclMFO were ssamhed
frem lanimry 2013 to 31 Avgust 15, and e ssarh
was updted o 31 August 2026 during revision. The
warch sraegy combined Medical Subect Headings
Me SHj and free-text £ rms for dementa [(“dementa”,
Alzdeimers  disease®, tognithe  imminment”,
tognithe decline”, “wmxular derentia®, “tognition®)

weard e corti Wal 00 Moswstibior, 2008

and smeking expomare [“srolng®, “cgarte”, ‘nio-
tire”, “whacce”, “smoke") Hoolean opermbrs and
truncation were used o maximi s eEnsitivig. Backwand
cibtion sarching of all included studies and r= vt
systermatic review s was performed o identify a dditional
eligilile studies Studies published before 2013 wer
identifed fom the pevious sywtermtc mview by
Thorg et al, which systermtically ssarched the lierm-
ture up o H12; buibding on this =view pesned
contimuity with its sceening and avoided duplication,
w hile all datalbas=s were sached de now for the sub-
squent pericd. After review, 34 shodies from the
Zherg etal” review were considered eligibe for in-
clusnn Three studiss” ' * wer exwchided lecue of a
cross-sectioml design. Full ssarch stategies are pmo-
vided in the Suppermentry Appndis

Eligbility eriteria

We imchded prospective cobort studes imestigating
the association between smoking and incide rit demren-
tia fallmue, AD, or Val) in ommunity-dwelling
adults with a mean lmeeline age of 50 years or older
who wer free of dermentia at ln eline. Studies wer
required b @t risk esirates (RE, lmord atio [H R,
orodds mtic [DR]) with 95% Cls companng at ka gt ome
s king category (ever, current, or forred with rever
srmolers Studies mpiing comprixons onl with
continuing smokers [eg., former versus continuing
s lery wer mhined in the sysermtic mview lut
exclided fom the mew-armlyss, as their estinates
could mot |2 pooled with tho = using rever srobersas
the mfereme gmoup. Ever srmoking refers © ind vidwals
who epored any hisory of smoking, ercompassing
both current and formrer mmles Cunent smoking
derotes individialn who wer actively srmoking at the
tirre of baselire ase mment. Fommer smoking efers
irdividials whe had peviously sooked bt bad ceased
priot to enrohrent Mever smoking mters to ind ividuals
who repored no hisory of smeking and sresas the
referenee category inall amalyse s We excluded cross
ectibral  studies, radormed contmlled  tdals,
case—contm | sudies, cass mports, conkerce abstmcs,
edipraln Studies condiced in specifc @mtient pop-
ulations [e-g., tho e with CVD or pechiatnc diomdersd
were exchded © exerd geremlisbiliy o community-
dwellirg mpubtions

Study selection and data extraction

Record s wmer impored inko Coviderce [Yerifis Health
Inrenation, Melloume, Austmla) and duplicaes
rernoved using the in buik function Titks and abstracts
were independently screered by two eviewers for the
prrmary sarch (E5, 55k and updae (BCMS, M5, fal-
lowed by fulbtext asessment of potentially eligible
studies. Data were extmcted by 8 'amof up © thee
reviewers who indeperdently crossverified data extrac-
tion [ES, 55k, M5 Extracked dak irchded bArstauthar
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e, publimtion year, study lecation, mmple iz, =
distribution, mean age at basline, ethnicity, snoking
exposure categories fliemative ch sifcations mxch as
quitle ry, ed uceTs, suskiners or inceEa erswer mRpped
to the ever, current and former catego tes only when the
contmst was eferereed to rever arobers and estimates
referenced to continning smokers wer amlysd emE-
miel), mumler of caes and @rcipnts, Bllowup
dumtion, ks © bllowup, dements diagnostc
crieria, the mo s fully adjused sk estirates with 25%
1, the effect mea sure (HR, OR or RR), and ad justroent
oo Dimgreements at any sage were meobed |y
consensus or mnsulation with 2 snior reviewer (M50
Where sverl publeations dew on the sme cobort
feg., UK Biobank, the Koman Matioml Health Insue-
arce Service, the Health Swudy of Trendelag [HUNT
Studyi], the publication with the bigest mmplk 42 was
ewired, with the boges follew.op ued as a e
beaker The sception was the Roterdam, Cardioas-
cobr Risk Factors Aging and Dementa CAIDE) and
Camdan Study of Heahth and Aging £5HA) coborts,
for which both publicfions were rewired in te pri
rary amalyds as wporting different tpes of snoking
exposures and dermentia ouko e & Overb pping coborts
and the publications-ewied snstvity amlysis are
lixed in Supplk oenary Tabks 51 and 52

Risk of bias assessment

Risk of bias wasassemed using the Riskof BaslnMon
mndomised Studies of Expsures (ROBIMSE) " bol
acm ss wven dommings bas due © onfouding (D13,
bias ansng from e suemrent of the exponme (D2,
bias in sslkction of participants D7), has due to post
exposure interventions [(D4), b s die o mising data
(D51, bias adsirg from mreasuement of the sukome
(Cxi), ard las in ekction of the mmted malt (D7
The assessment was indeperdently corducted by five
eviewe s (|B, TR, 55, MG, LRF) and cosschecked by
a m=rior reviewer (M5). Each dormin and the overall
assmrentwer mied as low sk, some conems, high

sk arvery high risk

Statistical analysis

Ramdom-ettects newmambss usmg resricted
maximum  likelibood [REML) estmmbon of the
between shdy warance with the Hartung—Kra pp-
Sidik-lonkman (H KS]) adjusment were conduced for
niTe companons ever, curent, and former anoking
versus never srmoking for each of thee outcomes @1k
cause dermenti, AD, VaDi. Efect sizes were bg
tra nstormed before pooling, and sandad enors were
derved as SE = Ifupper limit] - loflowe r limit]) | 192,
using the rerted 95% confidence limite HRs and
ORs were treated as equibalent o RRs gren the reh-
tvely bw cumulative incidence of dementia i the
inchided cohorts ™ Becue this meoukome asgamp-
tinn rruy mat hol in oder coborts with g follw-up,

we eamired whether pooled esirmes diffeed by
effect measure hpe Between shdy beterogereity was
manfified using Cochmn's @ satisic, the |* sttisic
prith 1 * #50% and *75% co nsdered moderae and high
hetemgeneity, mspectively), and the letween-study
warance comporent (75

Pre-specifed subgroup analyss examired poential
effect nodifcation by mmpe sz (<1000 vs = 1000
particimts], ethricity, geogmphic location of the
sudy, mean pr rmedan) age at laslire, moximum
folkre -up duration [<10 vs 2 10 yeard, b o folleeup
(L% vs =X0%), diognosic critera, adjustment for
APOE e4 genotype, education and e, publimtion
period, efect meamie and cerll risk of has Difer
erces letween sulgmups wer asesed with a est for
interacton [(Q-lbetween), and effect medifim ion was
infered cnly when this test was satistically signiho ot
P <0051 Random effects meta-regression (REML with
Empp-Harurg adjustment) was condwcted @
emamine whether shudy-kwvel clamcteristics (mmplk
sz, mean baelneage; follbwup dumtion, and loss o
folkw-up) modifed te pookd efiect esinme s Meta-
mgession was performed el for each smok-
irgy cornpmrison jever, curent, foroer vs never) and
eachdermenta cutmme gl cause dementia, AD, Valij.
Fublication Has was asssed by vinml inspection of
funrel pbts and Egger's regression test (P« QU0
conside md muggestve of asrmmetnd.

We conducted a bwo-stage mrdomeflects dose—
Espone  meR-amlyEs At Sage |, shady-specihc
bg-mlatve risks (bg RRS acoss expsure ciegones
were mgested on the caitegory midpoint dose using
genemlised least spames [GLE, with within-study
covarmnce momnstncted from the eferncecategory
e count' ' At Sage 2, sudyspecific sbpes wer
pooled with the DerSimonan—laid mndomeffects
esfirrabor Results are presented as RR e 10 and 20
cigaretes perday, and as RR at 5, 10, 20 ard 40 ciga-
mttes per day derved fom a restricted cubie spliee
RCS). We poolkd studies on the orginal meported
mretric where posdble. Studies tha t eported pack-years
or packs perday wer comverted o cigartesprday at
e @egory midpoint assming an average smoking
dumtionof 40 years (5o | packyear = 0.5 cgaettes per
day, and 40 packyears = 20 cgametes per day). Open
erded op categores wer assigred a midpint of
flower lound + 5 forciga mte s perday hinsand (bwer
lourd + 10 for packyear hins. Moo lineant was
asensed udTg marcted cubic splires with thee kbots
pheed at 10, 20and X0 cgarttes perday. These pos-
tisne span the densg mgion of the oleered doe
distribution (the interquartik mnge across sudied,
yieldirg sablk spline estirates for the tpic | exposue
rarge while permitting curature at higher doses. A
Wald st on the cubkic bass functon esed Hy the
elatonship is lneac Icluson crera br the
do se—response pool were: [ pospective mhart design;
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fill two or mome categories of exposure with 3 never.
asioler referie, OR a continuous-dose adjused
nodel that could ke ireark lncktm nsiommed onio the
cgetesperdiy  scak; (i) allcause  dementa
cutcorre; () epored RE, lmard mtio, or cdd s @tio
with 85% Cl. Othayarma DX vwas included on the basis
of the adjusted hamid mtio per | packyear, evalmed at
the mhort's mean expoare B9 mcokymmms, =45 ciga-
et s per day at 4lyear dumtion). Heerogeneity wa s
mantfed with Cochran's Q@ [chi-squarsd tesf,
Dersimonan-Laird) ard 17, Srall-study effects wer
amessed v Egger's mgre sion st

The akulation of te pplation atrbuabe fac
tinn [PAF) for sroking and allc ue dementa fo lloeed
the methodolbgy adopied by the 024 lancet Com
mission on dementa pevention, inervention and
e’ The mme appmach is appled to the pooled
mhtive risgk derped fom the pressnt metaanalysis,
allbwing direct comprssn with the Commission's
puhlished estimate

The unweighted PAF is the pmoportion of disase
mes in the popubition that would be prevented if the
exprsure wer elimirated, a suming te ehitive sk
RR] mHects a muml effect Levin's formub expreses
thisax

PAF_unurighted =| R x{ RR— 1)} /{1 + Pex{RR— 1))

where P, in the prevalence of the exposure in the mp
ubtion and RR is the mlative Ask of dissas given
exmsure. The formub assumes that the RR isappmox
imately imarant acrass population stmt and tat the
expo sure is aumlly assciated with the ouktome

The urweghted PAF is then dicounted by this
ga red porticrr

PAF_weighted = P_unweighted » { | —com mumality)

For srmoking, the derived commurmality 15 0650 The
weight applied is the refore:

1 =0 G50 =0.350

The 95% confidence interal 1) of the PAF isch
wired by mibstituting the bwer and upper bounds of
the RR's 95% Cl inb the moe formub. This is the
sme a pproach used by the Lancet Commisson

Post-boc analyss

Sensitivity ammlyss mpeated the prinmry analses
with the DerSimonian—Laird estimator and = stricted
o studies without a high or very high ovemll risk of
lae Eerause AD and VaD estimates derive from
partl different studies, we compared them within
coborts mmpring oth oukcmes by pooling the
within-study ratio of the VaD and AD elative risks. To
compare cessmtion with contimed moking, we

weard e corti Wal 00 Moswstibior, 2008

oo kd within study mtos of the formmerversus rever
arnd cumentversusrever estirates fom  coborts
reparting both

Allanalyses were conducted in Python version 113
using MumPy and SciPy. Matplbdib was used for the
torest 'F‘-ﬂ'tl ard funrel pht:

Ethits

Ethical appmyal was mot requited because this study is
a mystermatic mview and mewanalsis of published,
aggregae data fmm previousl  published cobort
studies; o individual padicipantdata wer accessed

Role of the funding sownce
Ther was no funding mwuce for this shdy.

Resilts

Study selection and characterstics

The dablbas march identified 4777 remmds After
removing 319 duplicake s 445 recond s were wresned at
titk ard abgtrmct kel of which 43 urdereent full ext
assesarent Eghteen wer excluded after full ext re
view, with the wmining 25 suded mesting inclusion
crtera. " The updated =axch [Sepember 2025 o
Avgust D) idknfifed B further mcords afer
remmoval of 180 duplicaes, 716 were creered, six wer
asssed in full text and teo rew gudies et the in-
clusion ertera "™ Combined with 34 shadies '

from the previous review,” 61 pmgectve cohaor
gtudies ' 200 et ¥ gape included in the spsteEme
atic eview and 57 Sl e

were  iwcludkd i the oewamlmis (e

studies’ * did not mport estirates ot could be
poalked against rEwET arolersy. Twehe
Lt “5 fld risk estrmtes as teo
studies” " mpored asscciations for men and wormen)

reparted dak on mEnsiy of swking amd wer
imchided in the dose—mesponse amlysds (Fig 11

Tl imchded shdies comprised appodnmmely 18
millinn participants, with follow- up period s moging frem
2" o 40 years. Studies wer distribuied acmss wgions
{sore mubltimtional coborts - contributed © o than

ore 1:|.-E||:|.r|:| .|'|.'E'|:'|= =11, Ari
(o= 15

Apstmlia and MNew Iﬂl:.r.d mn o= 3 E timpe
R P g i Huﬂh Arrerica
r.l.l E LA i 0 i _t1 ] H

and South Amerdm (1L ° 5111]:|h nrlnr.gedﬁ'nm]ﬁi
to TE9.532 participant Armong the 57 studies contrils.
uting i the mewarmlyes, derenta was aceraired
withclinim| dagnostic critera. (Diag rostic and Sktistical
Mamal of Mennl Disvders, Thid Edition, Rewisd
[DSM-HIF © Dagrostc and Sutistial Mamal of
Mental Disarders, Fifth Edition (DSM.5), Matioral
Institue of Meunlogial and Communicative Discoders
ard Stmle—Alzheirmer's Diwa e and Rebied Disoders
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. I FRIG MG-compliant flow dagam for the wpdaed sydomatic meoew Thiety-ioon of 1o 37 studes from the provioos oo maic peviss
by ey ot al @O015] an roopoaied o ths opdite Mo combining row and povicosly demfied wades G cofoet wiedes vam
incushd in the setamaic pesiw Tha wandh was wpdared 1031 Auguet 2006 ard v Ledher siadios s inclsded

Agmoiaton (MIHCDSADRDA) or cons=nsus mreld in
40, health records or Intermational Chsdhoation of Ois
eates |CD) codes in 12, algorithms based on ognitive
et wores in 4 ard urclear metods n 1 o ussd
biommarker or iragingoonbinmed sibhping Studies
pullished sinee 13 reled owre often on Ecords or
ICD mdes (7 of 22 w8 5 of 35 eaddier sudies) and on
cogmitive-score algonthms (4 of 22w o
Suppernentary Tablkes 53 amd 54).

Risk of bins: ROBIMS-E assetament was oo pleted
Foor all 61 stosdies

Owernll, m studies wer low risk, 24 shdies
[ o S i e chssi
Fed as having T CO TN, =
(5% P i ik

as high risk, and 9 [15%)" " “ as very high

rsk The mog probematc donmins were confounding
(D1: 21 0f61 sadies, 4% high risk), =Recting irmde-
quate adjustmrent for key confounders ach as APOE 4
gty e and carmorbidifies, and missing dat (D% 11 of
a1 studies 18% high risk), refecting highor uneported
b to followup in everal colorts Postexposoe in-
terventions (D4 60 of 61 shdies, B% low nsk) and
outkcorme mea suement (O 60 of 6] shdies, 8% bw
riskj wer geremlly well addessed Exposure measue-
rrent [0 was mied a8 wome concem in 56 of 61 sudies

BX), mhecting univerml mlane on elrepred
smoking sttus (Supplementry Figs 51 and 53,

Al -cavse dementia

Ever mroking was associated with a higher riskof all
cause derrentia (RR 113 [@5% C1 L04-1.22): k = 29:
[* = 55%%), an was current srooking (RE 131 (L23-1.3%9;
ke 395 1% = 6 5%, whe mas former smoking wasmot (RR
104 .98~ 109 k= 30; 1* = 53%) (Fig. 2 Table 1) Far
curent smoking, the asmcition differed by mgion,
leing wealer in multiratioral and other coborts (105
096-115) and wa s stronger in studies adjusting for
ex (L3E v 117 P for intem ction=4 0001 ) or edumtion
{1.36 v5 L. 21; P for interaction = 0.038) (Suppkrenman
Fige 5355, Point estimmes for cument smoking
decreased with inceasing mean bamelire age (465
yrare 136 [1.0-1.41); 6574 years L3 {L15-147);
=M yeare 112 025113, lut the teg for mEmction
was ot sgnifcant (P = 012} For bomer sneking,
esirmtes differed Iy laelne age [P for inemc-
fion = 0021}, fmm 115 (08-1.33 in mharts aged
G574 years o 0BT [0_78-098) in cobortsoder than 74
YEATE, =0 the ovemll mull =giro e doud not b= inee
preted as unitorm acm ss ages. For et srmoking, only
publication period todified te amocation [Pofor
interaction 0.001), with a null esfirmie in te thees
studies published since 2013 [0.92 [0.82-1.0 ).

ek b et o Wl 100 Mossriiber, 300E
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. = Senoking and vtk of dl-cuvse domanda. Panel & owi v nower amokes (= 20] Pand B et & g smokes (8 = 59 Pand ©
oo v ra aroliors (ke 10 Shbwouiators: I, confdanoo irdoral, FEML, wakicnd masimum ko lihood, FR, miatvg dol Sguams dhow

susdy-spocific [RR/HE] and hosizontal bams show O5% OF; sguan sio

b propostiona 1o the dudy veght in the sandom o ffocs. model

Marands show e poolod ectimate, with the widih of the damond cpesanting dhe 934 01 Poolod stimates wore cbBined wsing
mndom-afiocis meta-anadysis with b teen-sisdy variano (o) stirmaind by FEML F s e pacortage of iotal varabiliny aonoes studie
awibumbie to hetaogane ity rather fan dhance. o is dhe estimated betwoon study adance § is Codans § statssc - hotorcgorainy,
waiilh s P wales (P hoteogenaily). P dovarall affoct] ks the Pl of ithe et thait ithe pooled offect aquals dha mll 538 = 1)

Alrhieimers diseme

Curent sroking was asscaed with a higher risk of
AD (RR L40 [95% C1 LOB-LEO) k= 15 1% = BO%,
whereas the assccintion for ever sroking wa s not sta.
fmicall wignifiart (L10 DOB<1.24; k = 2% and

Brmer l.n:n'k'ij:g was mot associged with AD (Lo

[OO5-1087; k = 16 (Fig 3, Tabk 1). For curent
sroking, the amocation differed by bae lineage F for
imtemction = 00 2, with the brgest estirate incobhorts
aged 65-74 years [LBS (LI7-173); no other charac-
teristic sigrnifcanty modified the 3 socations with AD
[Suppkmentry Figs S6—58).

LiTE S ke rmakud! i [ 55% prafuction B
| Lo ] Infr e
Pt .
Al v direnda g 113 {1041 20 [FE % 018 152 L]
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Cumedl & nusar
Al cmme damenda 19 po A SERE L] iy, (AL 0% o1d 08511 oG
alrhwimor s i85 Lo iogd 30y i dow oisd 87343 o
il dimrremis L] 152 {0154 004 B L X1 5R-2E5 [T
Frtied i s
Al vaimn dormensd i3 Lo {310} i3 9% [ T:0 oEEiay 7y
Alrbwd e dn oo 16 Lk f - 10d) B5i FL i 051 o [T L
‘il drvinta -] L6 [83-130 35 129 [riio 5131 E ]

k= rambwrof s udy peimem PR s rdasve ik O s comdenes el P onded ensmssnm. fmm o dom-sSee s rmncdel 1 (e o Ko mean el hood (L) wRh

mw-ﬁmmnfl".ﬁn bl iy d b
e rrampurahle ey i ke 7 sl
| Yl & vaader demmis

i chy | . 5% previcfnn merval @ rnge wsh in shivh thesSest in

=

Aty vari o Coger « 1" vabos from o gers renresl on e e Aol o ssymresry AD s Ao’ s dows

| Tablr B Summtary of s offi s, mot -y, of smoking and dak of
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. 2 Sencking and sk of Abdharmers dscee. Panel & 0w vs o smokers (k = 23). Fand B: asmnt w nover smokers (B = 5. Panel C
el e rawr smokam = 36) Dotsilk & for Fo 0 Bblesemtions O, confidonco intonal FEML, retacted massmuen Mkdibhood, FR,
mlatne ssh. Squams shov shudy.gpocifc [ FRHR] and bodoontal bas dow 95% O squan size s propoationall 10 the sty vatight in ik
mrdom-aifecs model. Dham onds sheas the pooled ectimare, with the width of She diamon o epesaemtng the 955 0 Pookid ecdirmaies v
cbtarad uing random-eflacts meta-analss with botvwoon shady sarance (¢ ecbmatod by BEVL. T & the porcoriage of toial sarabalicy
arcns studies it bl © eoogenty atar than dance. ©° i dw stimated bvween-study atano. § s Codan's O dattic e
Feetaeegan city, vtk iz P wdue F hotorcgaraity | P (ol afiect| i the Faake of the iest that the poobd cifioct equals the nul (B8 = )

Vaseular dementia

Ever rmoking (RR 125 @5% CT L07-1.46); k = 10 and
cure ntameking (L52 (L D-193); k = %) we e asocabed
with a higher askotVaD, w beras fomer amoking was
mot (106 0931200 k=9 (Fig. 4, Tabk 1} Forcurent
srroking , estirraie s difiewd by puldication period, effect
measure and overall ddk of bas P for intencton
OLO0S-007), buat these commprisons irmolved very few

studirs per subgroup (Suppknentry Figs 295111,

Comparson of subtypes

Because the AD and VaD esiimaiesderve from party
different sets of mhorts we mmpaed them within
cohorts reporting both oukomes |n the nire coborts
eparting bath, e mtio of the VaD to e AD rehtive
risk ©or cument smoking was 111 [©95% €] OGEE-1L40;
F=0.31); thecomesponding mtios were 110 096125
k= 10j for ever smoking and 101 QES-1L14; k =9} for
fermer smoking [Suppkrentry Tabkle 55)

Cessntion versus continved smoking

Within the 2 mlorts reporting both cumrent and
former mmoking agams never swlem, oorer
srokers lad a lower rsk of allcause derremta dan
current srmokers [RR (CEL, 9 5% Cl 0.75-088; 1° = 48%),
with simikr mntrsts for AD [L77, O60-0.98; k = 15)
and VaD (A7 OEI-0ES: k = 9 [Suppknenan
Table 55). Shodies reporfing contmsts  against
continung smokers wer congsent in the Health and
Retirerment Study, peopk who had quit before lneline
tad a kbwer derrentia risk than cument smokers (HR
W, 95% Cl I:I.Eﬁl—l:IE]]."'a:nd two Korean coborts -

pored simibr Airdings"

Sendithvity analyses

Pooled estnates were almost dentical with the
CerSimoniam-laind estimator [curent smoking and
allcauss dementia= RR 1031, 95% ©1 1.23-1.38) and
when mstriced © studies with ome concems for
overall sk of hWas (130, L1-15% k = 16}
(Eupplementary Tablk 51 Edimaes did not differ by
effect nea sure trpe for any comm rison except cure ot
mmoling and VaD (P for interachon = 0005; two
gudies mmrting RRS, and =stncting the ambsis of
curert sreking and allcauss dermenta o HRs gave
130 [1.23-1.38; k = ®). Refining ore pullieation per
cobort for the cobhorts that contributed more than ore
pulication o the mme comm risan gave similar est-
makes [curent smoking and all@ue dementia 131,
L1 Lds k= 34; Supplenentry Tabk 511 DEgno stic
asermimment methed did mot modify any associbon
&l P for intemction =0.33).

Publication bias and meta-regression

Funrel plots and Egger's mgmsson ests asssssd
publication  bas across  all npine oewamlyss
Eupplementany Fige 512 and 530). Egger's teat mag-
gested pomsible smll sudy etfects Brourent smoking
ard allcause dementia (P = 0.0, although the pooled
egtirmate was unchanged in shdies with at kst 1000
peticimnts (131, 1.231.3% k= 35; thers was no &
deme of asymmrety for the ofter omprisans (all
P = 020, Mew-rgesson amlyss (REML with
Empp-Harurg adjustment Supplenentn Talike 57)
exarmined whether mmple Gz, blasline age, follw-up
dumtion, or b= o 'E:i'hw-l..q: rodibed the assoc@ bon
letween smoking exposwe arnd dementa ocutcomes

ek b et o Wl 100 Mossriiber, 300E
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. i Smoking and rid of vaeodar dermonda. Panal A sear va noser smokor (k = 20). Parel B asmwmni v neser smokors (6 = 9). Pand ©
o v o arckiom (= 0] Detalsas for o 2 Abbeoviations: O confidonoe intoral; FEML, eovtiotad m asmwm koibood, BR, rdadee
ek, Sopsres shony study -spacific [ FREE] and hodeontal bam dhow 9594 O sguere sine i propotionall 1o the shady weicivt in #e random-
affacts model D@rmondk show the poolad eelimate, vtk e widih of the diam ond mpesoniing iFe 954 £ Poclodd shmanes waom obiined
wing randorn-efieos mes-ardkas with betssnsnsdy sariance (0] astmatod by BEBAL I & dw poroontage of ioial sarmbilty aoces
e amsbotablo 1o helecge oty cathar than drama o e atimared botvweon-siady asance § & Codwan's § datstc o ol
oo rsity, vl s P ke (P hoooganaily). P icearall offact) isthe Pwale of thae test that the pooled offact aquak e rll (FR = 1)

Across all smoking skitus comparisons (ever, curent,
ard former ve rewer) for allcauss dementia, AD, and
Va D, mo moderator was ggnifimnt @l P 0011 the
muin sures of heergereity dentifed were mgion
and mnto under adjustrrent in the subgmupa mbye=e

Diose—resp nae analysis

A two-stage mandomeefects  dos—response et
aralysis acmes 121 shdies (14 estinetes;
Supplementary Tables 58 ard 59) fournd a poolked hosmr
dope of RR 116 [95% O 1.09-1.23 per 10 cgaetes
ferday Guppknentany Tabk 5191 Restricted cubic
gplire aralysis sowed pogressvely ncreasing sk
from 108 @5% Cl 106-110) at 5 cigaretes o LG4
B5% Cl 1437189 at 40 cigarettes per :hj. with mo
agnifcant departure from licearity [P =037 [Fi °
ard Supplermentary Tabe 511).

PAF caloula tion

The urmweighted PAF of alla ue dementia for cument
aro kg was B 4% [O5% Cl 4B-E. 1), based ona global
cunentsmoking peakbne of 227 and 3 pooked
mhtve rnisk of L31 @5% CI 1.283-4.9). Th
mmmuralityweighted PAF was L& [I.7-18),
mnEistent with the estimate of the D24 Larcet Com
missinn [Fg. &)

Chis v e

This systermmbc review and mew-ambsis of 61 cobort
sudies and a ppoximately 18 million paticipns pm.
vides an updaed saliafion of the assecation lbetwesn
amcking and dermenta sk Curment sroking is aso-
ciated with increased rsk acmss all thee demento
outcoares, formmer smoking ismot asscated with excess
risk mlative to never smoking and is asmcited with
bwer nsk #an curent l'n'.l:iE::g. ard dermenta risk

weored rdarae? cort Wal 00 Mowshbor, 2008

e Eases with snoking inenste Point estimaies were
lages in coborts with a midlife baseline, although the
tegt for intemction was not sgnifmntand mean base
lire dge isanimperfect proay forthe Grming o fespo sire.

Point estimates forourrent smo king were higher for
ValD 5¥% imcreased risk) than br AD [($0%) and all-
cuz derenfa [311%). Howewer, thee pooled ewi
rmates derive from partly different ets of coborts, and
within cohorts eporting both subtypes the Vab and AD
estirates did mot differ significantly. The appaent
grdient is therefore dexcriptve and should ot be
taken as eviderce of a pedomimant waxular mecha-
nism Smoking has wellesahlided effects on athem-
wihrosig”  erdothelal ﬂ}'fu.nl:tinn." ard  cerlxal
micmwarcular disase" The associabon with |:E.n.i.1||'r
diagrosed AD suggests that effects are not confred
the saculatue, ptentally through diect rrun o
effects, pmootion of amybid mthalogy, or mixed
wmacular-neundegenentve prcesses.  Clinicopatho-
legical shdies indicae dat appmximately ore-third of
peopk with AD lave cerhbml mfarcts at autops and
-0% hw appecablk m=ebowsubc athobgy
alongside Alzbeimer vpe cha mnges Vamular mtho gy
comtributes © dermenta mostly as part of mixed -
the gy rather than as isch ed va cular dementia and is
frequently under-remgnised clinicall. * Cohorts incor-
pomting reumimaging and bioratker measues of
cerebma wular burden {ruach as white mater hyper-
int=nsities, nfartsa nd micm bleed s) akbrgside armyloid
and wu madters could clamcense the sascular
contribution mome completely. Supporting peope to
quit sroking akbngside the memgement of other
wsular risk factors omy theretore b= 8 pagmmatic
Prevertion staegy.

The dos—response amlysis showed a gmded n-
crease in dementia risk with sreking intensity. The
aherce of a theehad or ph‘lzn.u within the abered
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There Anding s ar compatble with a blereht of cesm-
tion lut require cautious nterpeation. Pooling all
ormrer smakers inb ore @egory combines recent and
kng- e rm quite s, who s rds muy differ; few sudies
mpored time since cesmtion, although in ore mcent
mhort derrentia risk declied with duration of abst-
rerce and appmached that of rever amwlems after
approcitaEly 7 years.” The comparion isals sus
e ptible to competing 6 skof death, because people who
arele and survive long encugh to quitand renain free
of derrentn may e sleced for lower sk and
mverse causmton thmugh ‘sickquitter’ efects, whemr by
eregirg illress pomps cesmtion ™" In addition,
edimaie s for former sroking differsd by laslire age,
o the ol mull estimate should ot b ead as uni
Brm across ages. Smoking pometes cerebmasular
:hn'n.gz, e oidative sheEss ard FEELI -
mfarmrmtion,” accelbrating amykid- ke accurmila.
fion ard twu phosphoplaton* and cesston may
mrtially reverse these process=s A paltiraticral
bngitudimal study of 943% p@rcipns acmss 12
muntries found that peopl who quit smeking during
mid-to-hte-lik experienced dgnifimnty skwer decline
in memory and verbal Auency over six years post
e mation compared with thos who contmed smok
irg, mgardless of age at quitting."” The nechanisms
undedying camdiovascubr rsk eduwction after cesm-
tion, imchding mestoed endothelial function and
impmved nitric oxide Woawilability, are slaed with
erhmwasular mthways implicated in  demrenta
pthopenesis, poviding a plausibe biologial lsis br
the obseration that the risk asscaed with foorrer
mmoking approaches that of rever smoking.’
Collecthvely, there datm agges that the brin omy
r=tin sorre capacity for varcular ard metalolic o
ery follbwing cesmtion, although this is an inkence
from the bmade rlitem wre rathe rtlan a diect = ailt of
our aralysis

Amocations with cument smoking tended 10 be
gmrger when expoie was asessed in midlife (<65
years) and weaker inlake HE (=74 vea ), although the
Ll test for interaction wa s oot shtigicaly sgnife
ant Twe mechamsns may account for this patern
Firg, a “healthy mirvvor” effect, whereby individuals
who mmele and survive o adwaned age repErent a
hHologically resilent subpopulaon, mt geremlly
mpesnbtie of pople whoe smoke ™ Secoond, revers
mumtion, wherby podreem | derentia may lead o
smking reduction or cesmtion pior o clinical dag-
mosin' ™ Both mechani sms would produce syseomtic
urdemestiratio n of the tne asssiation in studies with
oder baselire ages ADL and VaDl gecifc edinaies
wer hrgest in the 6574 years statum, which may
efecteithera bnge rexpo mredizae htercy forthes
mibtypes or limied satbstical power for  mibbype
sgmtified analss in the youngest age stmtum. Thess
mttem s support messuning exm sue it midlife, well

weard e corti Wal 00 Moswstibior, 2008

betore the pmdmmal phas, but do not esaHish
midlife as a peried of greaer susepikiliy. Updhed
pooled estimmtes for cunent smoking are similar o
thoe of Zhong etal® gllcauss dementa: RRE 131 ve
130 AD: 140 we 1.40), whereas the VaD estirmte is
higher (152 v& 1.3, reHecting the mntibufion of
recent cohorts with bng follow- up. T e chsernation tat
studies adjusting for ex oredwation produced  ston-
ger aamcations than kEssadjused sudie s reeds care-
ful imerprewtion. This ptern oey ety =fec
survial-mbhted selction ansing from the competing
risk of death mther than confounding. Specifically,
peopk who die pemaarely from cardisvacualar dis
ea e or catcer befor demrenta onest are rermoved from
the risk ==t, which can atrrmate the ochsered
srme king—derentia asooation © Covariate adjustment
cannot resolve this as it requie s explicit definition of
the cauml gquestion and ambsis of death as a
competing event,” which few included coborts urder
took. Abrer et al” and Rojas-Saurem etal” are ex-
amples of studies that usd 3@ competingrisk
framewark. Smoking mlated cadipwscubr and pul
morary disae may alo contribue o denenta
dim:th'. ard few coborts clamcerised clinical or sub-
clinical cerebmaa culardiease (Br esample, with bain
KMR1)atdiagno sis APCE cdrmayalscactas more thana
simpe cnfounder in this conex smokers and non-
smclers may differ in APDE cd distribution, and
APQOE =4 mmay modify mther than confound  the
smoking AD asmcmtion, which camplicates direct
imterpeation of the adjused estirates. That 615 of
i haded sudies were mted as highor very high risk of
hias drmen primadl by mdegquate  confounder
adjustrrent and ks o folbwup underscomes the
imporanee of this ineprettion and indicae s tdat
curemt pooled estirates may Eomin oon e natve

Using the 2024 Lancet Commission famework, the
cormrmra lity-weig hied PAF for cume nt samoking (2276
was consistert with the Commission's estimate,
providing independent mupport for it froma lager ev.
iderce lne i the association is s, mlghh'n'l:l- in
4% derrentin cawe s worddwide would ke attriluable 0
curent mroking. Thess estimetes support inchading
dermentia among the outcome s considersd 10 smoking
prevention and cessmtion stmtegies, alongside cardin:
wasular dissas ard carcer.

Matioral tolucce mntm] strategies have not incor-
pomted dermenta or brain health ina simibr manrer to
cardicsa cular dissmee or camcer. © This =presenis a
material gap between the evidence ard its transhtion
imtn poalicy. The abence of excess risk among former
s beTe was |'.r|n=.|:|.|'r con sl nt across cubcormes and
regions, altough estirates wared by hslie age
Stuele s of cognitive tmjeciories afer cess ion agges
that quitting atany age may bereht brain bealth 5 this
isan inference from the braader lie mture nther tana
direct msult of our atalysis Inmrpomting this mesage
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inty mmpaigns pictoral wernings and cesmtion pro-
grarmmes oukl bmaden their reach and nothatiomsl
appeal, mrticulady among older adults for whom @r
diovascubr ard caner mesmging may be less mlient
or perceived a s mlating to treatalde conditions, whereas
dementa iswidely viewed as untreatable and isamong
the most fEared bealth cukones in middleaged and
alder populations ™

The dagnos=s inthe nchded coborts were chimcal-
srdmmic  clamifeationn [DSMATLER w0 DSM-5,
MINCDESADRDA or |1C0 mdes) that pedat
biormadker lnsed defintions of AD' AD pathology
begins 10-25 years lefor spmptoms"" and fequently
co-ceours with smallvessel disase, cerhrl a myloid
angiomthy, lewy body and TDP. 43 pathobgy, prticu-
brl in cder people,” ' and sepwise wscubr de-
menti as defned by eardier critena is now uncommon
Ciur subtype eginae s should therefore be interpreted
as assclations with clincally diagnosd sdmmes
mther than with secifc mthokgies a3 mem-amlyasof
publided cohoris canmot Etospectvely  apply
binmarker criteria. Even the rewer cohorts boked im-
agirg or biomadker mnhrraton of asticlegy, s the
evidence lmee ko s not advarnced sree the 2015 review
The lomg preclinkal pla=s alm mmplices the
exposureoutmme window as smoking measued in
bte life may already be afeced by prodool change s,
whereas exposure mea aired in midlife, decades befure
d'u.g-rnl':. in kxs ILI.I:EFtiH.E o reverse cumtion,
which may partly exphin the lager estirra e s in midlits
cohorts

Seven | limitations reed consideration. The obeer
wativral design of all inchded shudie s predudes causl
inferernce; the consigency of findings acm = oukcomes,
smokirg categories and regions is o mpatible with, b
dees mot eshblish, a causl rebtionship. Resdml mn-
founding, revers caumton amd sickquiter bias
competing risk of mondementa death, and beemoge-
reity in firre smce cesmtion may all have mfuenced
the e gimnen Smoking shtus was selfemred inall
shidies, intmdudng poential mischssifcaton that
would gererlly atemate effect esirates Hetemge-
reity was subsantal Br ewenl comprisons, o
brly curent smoking and AD, indicating vanahility in
effect sims mot full amounted for by the cwbates
emamired. The limited number of wscular dermentia
studies [nire to ten per comparison) constmins the
power of subgmup amlyses for this cutome Most
inchided studies were conducted in high imome
countries with predomimntdy Whie or East Asan
populations, limiting genemlimbility o other s=ttings
ard popubtions. Few studies mported sexspecifc es
timates, pechding a meaningful asessment of =x
differerces, and more disinguished biokbgical ex fom
scial gerder. Similady, race and ethnicity were ot
consisenty repored in the included coberts and could
mt be :.rn.h'mﬂ. m we coud mot asess whether

asmcations differ acmss racml or sthme gmups
Snokirg expsure defnitions wred acms  sudies
with subsantial betemgeneity n the minimoam dum-
fion or frequency of emwoking required o ch sify a
prtcimnt as a person who smokes, the mcency of
cesation used to distinguidh curent and fonrer
amcking, ard serifcation of e epred soolking
satus by bicchemiz | measues Thess onsistencies
e ent a recognised himitaton of the litem ure and
mmy contribute o beteesn-study wadakility in the
pooled estirmies. Confbunder adjustre nt was ireon
asent, and 51% of included studies were med :.nhi.gh
or very high ovenll risk of bas Mishssifcaton of
derrenta subtype s isa comncem not only in registry-and
hiokank lmsed cohorts relying on 12D codes, hospital
mromds or death certificates, but alss in clinically
asessed cohorts using DSM or consensus critera, as
o ircheded study weed bomuder or irmging-
confimred subtypitg; rewer oo harts relied more ofen
on records and cognitive-score algorithms, although
disgrostc  method  did not oodif the  pooled
asmCEtions.

This mview shows that curmnt sroking is consis-
erty asmcated with a2 higher risk of allcause de-
merta, AD and VaD, with risk imcreasing with
amcking intensity, whers s former stoking is a soc
aed with risks similar o those of rever srokers and
kbwer than thoe of curent smokers. Although ober
watiomal dita cannot e sablish ca LLn.Etr. the s 'FI:I.1|£1'EI
grergthen the epidemiological evidence supporting
considemtion of derenta risk reduction within ma-
tional wlmeo contme] srategies and asscciaed public
health campaigns to end tobacco use Shadies with
objectively verified srmoking histories in divers pop.
ubticns are reeded to determire how de e ntia risk
wares with age at quiting and time snce cesmtion, and
whether ol years of actve smoking modifes the e
effects
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