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Summary
Background Whether short-term improvements in cognitive performance observed following smoking cessation are 
transient or if longer-term cognitive trajectories are also improved is unclear, particularly when adults are middle- 
aged or older at smoking cessation. We examined whether long-term cognitive trajectories improved following 
mid-to-late-life smoking cessation.

Methods In this longitudinal study, we used data from three nationally representative cohort studies from 
12 countries including 18 years of cognitive data (2002–20). Participants who quit smoking during follow-up were 
matched with an equal number of continuing smokers according to key demographic, socioeconomic, and 
cognitive criteria. We used piecewise linear mixed models to examine memory and fluency decline before and 
after smoking cessation and during a comparable time period in continuing smokers.

Findings We included data from 9436 participants who smoked (4718 [50⋅0%] smokers who quit matched with 
4718 [50⋅0%] continuing smokers, aged 40–89 years, with 4886 [51⋅8%] women and 4550 [48⋅2%] men). In the six 
years before smoking cessation, matched smokers who quit and continuing smokers had similar rates of memory 
and fluency decline (difference in memory decline [smokers who quit–continuing smokers] –0⋅03 SDs [95% CI 
–0⋅06 to 0⋅01], p=0⋅16; difference in fluency decline –0⋅01 [–0⋅04 to 0⋅03], p=0⋅76). In the six years following 
smoking cessation, smokers who quit had memory and fluency scores that declined more slowly than continuing 
smokers (difference in memory decline 0⋅05 SDs [0⋅00–0⋅10], p=0⋅036; difference in fluency decline 0⋅05 SDs 
[0⋅01–0⋅10], p=0⋅030). Coefficients for interaction with age at smoking cessation suggested results did not differ 
by age at smoking cessation (p>0⋅05 for all).

Interpretation In middle-aged and older smokers with initially similar cognitive trajectories, smokers who quit 
subsequently had more favourable trajectories than continuing smokers regardless of age at cessation. As older 
adults are less likely than younger people to attempt smoking cessation, improvements in long-term cognitive 
trajectories might provide an additional motivation to quit.
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Introduction
Alzheimer’s disease and related dementias are the eighth 
leading cause of death,1 with an estimated 56⋅9 million people 
living with dementia globally.2 Diagnosis of Alzheimer’s 
disease—the most common cause of dementia—occurs fol
lowing a decades-long process of neuropathological changes 
and cognitive decline.3 As such, targeting modifiable risk 
factors for cognitive decline from midlife onwards has 
become a primary focus of research aimed at prevention.4

Among these risk factors, cigarette smoking has emerged as a 
potential cause of accelerated cognitive decline.4 Smoking is 
thought to contribute to neurodegeneration via oxidative 
stress and inflammation, while also increasing risk of car
diovascular disease, leading to cognitive decline and 
increased dementia risk.5

Although the association between smoking and cognitive 
health is well established, the long-term cognitive effects of 

smoking cessation—particularly smoking cessation during 
mid-to-late life when smoking might have already begun to 
affect cognitive ageing—is less clear. Two previous small- 
scale smoking cessation trials of middle-aged and older 
adults (ages 68–88 years6 and 35–70 years7) have shown 
short-term improvement in cognitive performance in the 
6–24 months following smoking cessation. Whether these 
improvements are transient or will translate to slower 
cognitive decline in the long term, mitigating the effect of 
smoking on cognitive ageing, is not known.

As older adults suffer the most severe health con
sequences of smoking8 and are less likely to attempt 
smoking cessation than younger people,9 identifying com
pelling reasons for older adults to quit—such as revers
ibility of cognitive harms—remains an important focus for 
public health initiatives. In this study, we used 18 years of 
cognitive data from 9436 participants (aged 40–89 years) in 
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three large-scale, nationally representative, ageing studies 
including 11 European countries and the USA. We exam
ined cognitive trajectories before and after mid-to-late-life 
smoking cessation compared with a matched control 
group of participants who did not quit smoking over a 
comparable time period to assess whether trajectories 
improved following smoking cessation.

Methods
Data sources
In this secondary analysis of an observational cohort study, 
data were drawn from the English Longitudinal Study of 
Ageing (ELSA), the Survey of Health, Ageing and Retire
ment in Europe (SHARE), and the Health and Retirement 
Study (HRS). ELSA (2002–03 to 2021–23), SHARE 
(2004–05 to 2019–20), and HRS (1992–93 to 2022) are 
nationally-representative cohort studies of individuals aged 
at least 50 years and their partners (of any age) residing in 
England, 28 countries of Europe and Israel, or the USA. 
ELSA, SHARE, and HRS are approximately biennial sur
veys, with similar design to facilitate harmonisation.10–12 All 
cohorts were granted relevant local ethics approval, with 
written informed consent given at each interview. Of the 
HRS family of studies, these three studies were chosen for 
their long follow-up periods and comparable cognitive tests.

Waves 1–9 of ELSA (2002–03 to 2018–19), 1–2 and 4–8 of 
SHARE (2004–05 to 2019–20; wave 3 of SHARE is a life 
history module not related to the main interview), and 
8–14 of HRS (2006–07 to 2018–19) including refreshment 
cohorts were used in the present analysis to harmonise 
study years between surveys on the basis of the availability 
of comparable cognitive and smoking data (appendix p 29). 
Wave 1 of ELSA and SHARE and Wave 8 of HRS were 
therefore considered to be the baseline waves in the 

present study. To make follow-up consistent between 
cohorts, SHARE countries participating in the first wave 
of data collection in 2004–05 with at least four consecutive 
waves were included (Austria, Germany, Sweden, the 
Netherlands, Spain, Italy, France, Denmark, Switzerland, 
and Belgium).

To be able to examine smoking cessation during midlife 
in addition to late life, in this analysis we included partic
ipants and partners aged at least 40 years who reported 
smoking at the baseline waves of the present study and had 
at least two waves of data. We included participants aged 
40 years and older to capture smoking cessation across the 
full midlife period (roughly ages 40–64 years) as well as later 
life; restricting age to 50 years and older would have missed 
smoking cessation that occurs in early midlife. Data from 
all cohorts were pooled.

Smoking status
At each interview, participants were asked if they “smoke 
cigarettes at all nowadays” (ELSA), “smoke at the present 
time” (SHARE), or “smoke cigarettes now” (HRS). Partic
ipants were split into “smokers who quit” (who answered 
“no” to the smoking question for at least one wave) and 
“continuing smokers” (reported smoking at all waves). If a 
smoker who quit subsequently reported smoking again 
during the follow-up period, the wave at which they repor
ted smoking again and subsequent waves were excluded 
from analyses.

Cognitive function
The cognitive domains examined were episodic memory 
and verbal fluency, which are key for day-to-day function 
and show decline with dementia,13 and are relevant to 
health and wellbeing. All cohorts used the same tests of 

Research in context

Evidence before this study
We searched PubMed for publications until Nov 19, 2024, using 
the search terms “smoking”, “cognitive decline”, “smoking 
cessation”, “cognitive function”, and “cognitive ag*ing”. Smoking 
is associated with accelerated cognitive decline and increased risk 
of dementia, and short-term improvement in cognitive 
performance has been observed following smoking cessation in 
small-scale trials. Whether this improvement in cognitive 
performance is transient or if longer-term cognitive trajectories 
are also improved—ie, cognitive decline slows following smoking 
cessation—is not known, particularly for middle-aged or older 
smokers, in whom smoking might have already begun to affect 
cognitive health and ageing.

Added value of this study
With less than 10% of serious attempts to quit smoking 
succeeding after 1 year, identifying novel and compelling reasons 
to attempt to quit remains an important focus for public health 
initiatives. This focus is particularly relevant for older adults who 

are both less likely than younger people to try to quit smoking and 
also experience the largest burden of health consequences of 
smoking. Our large-scale longitudinal study using cognitive 
outcomes collected over 18 years showed that in middle-aged and 
older smokers with initially similar cognitive trajectories, those 
who quit smoking had slower cognitive decline following 
smoking cessation than matched individuals who did not quit 
smoking regardless of age at quitting. These findings suggest the 
potential reversibility of smoking-related cognitive harms and 
could motivate older adults to try to quit smoking, offering new 
evidence to support the public health message that it is never too 
late to quit.

Implications of all the available evidence
Cumulative evidence indicates that the cognitive harms of 
smoking are not necessarily permanent and might be mitigated 
by smoking cessation. Our findings suggest that smoking 
cessation even later in life can have meaningful benefits for long- 
term cognitive function.

See Online for appendix

Articles

2 www.thelancet.com/healthy-longevity Vol 6 September 2025

http://www.thelancet.com/healthy-longevity


memory and fluency, enabling harmonised analyses. At 
each interview, memory was assessed using immediate and 
delayed recall tasks14 and fluency using the animal naming 
task (appendix p 5).15 Raw mean cognitive scores by wave in 
each country are presented in the appendix (pp 9–10); these 
values reflect a mix of cohort entry patterns, intermittent 
missingness, and differences in age distribution, and 
should not be interpreted as within-person change. Given 
absolute differences in cognitive scores between countries, 
cognitive scores were standardised by country (ie, with 
mean 0 and SD 1 in each country).

Other covariates
Covariates included birth year, country, sex (male or 
female), education level (lower than upper secondary, 
upper secondary, or above upper secondary), household 
wealth (standardised to country and year), alcohol con
sumption (whether consumes alcohol or not), psychiatric 
conditions (yes or no, based on self-report of clinically 
diagnosed psychiatric condition, score on the eight-item 
Centre of Epidemiologic Studies Depression Scale ≥3, or 
12-item EURO-D score ≥416,17), and self-report of clinical 
diagnosis of each of the following conditions (yes or no): 
high blood pressure, diabetes, lung disease, cardiovascular 
disease, stroke, and cancer. Covariates were drawn from the 
baseline wave.

Matching
In similar methods to previous studies,18,19 we selected the 
control group (continuing smokers) by coarsened exact 
matching,20 using age at baseline, sex, education level, birth 
year, country, and mean standardised cognitive score at 
baseline (ie, the mean of standardised memory and fluency 
scores). Participants were assigned to a matching stratum 
on the basis of these characteristics (appendix p 6). Because 
we matched according to cognitive score at baseline, we did 
not exclude individuals with cognitive impairment or 
dementia to include the full spectrum of cognitive health in 
both groups.

Statistical analysis
We used piecewise linear mixed models to examine dif
ferences in cognitive trajectories between smoking groups, 
with separate models for each cognitive domain. Linear 
mixed models use all available data regardless of length of 
follow-up, and handle non-monotone missingness patterns 
and attrition assuming data missing-at-random.21 All 
models included one random intercept and two slopes 
(for before and after smoking cessation) at the individual 
level with an unstructured covariance matrix to account for 
differences in cognitive trajectories between individuals.

In piecewise regression modelling, slope is allowed to 
differ before and after a predefined timepoint (t = 0), and 
each participant’s follow-up period is centred at t = 0. This 
piecewise model structure allows us to estimate whether 
trajectories diverge following smoking cessation while 

accounting for and comparing pre-cessation trends within 
a single framework. Modelling both periods simultan
eously is necessary to assess the difference-in-difference in 
decline and to support causal inference by showing similar 
pre-cessation trends between groups. Time was assigned 
the value of 0 at the age when participants first reported 
smoking cessation (aget=0; appendix p 11) or, for continuing 
smokers, the median age at smoking cessation in the 
participant’s matching stratum.

Two time terms were included in each model to corres
pond to the periods before and from t = 0: pre time for 
t<0 and post time for t≥0. All models included smoking 
group (smoker who quit or continuing smoker), pre time, 
post time, and interactions of smoking group with pre time 
and post time. Models were also adjusted for aget=0 centred 
at age 65 years (the median age at smoking cessation), 
interactions of aget=0with pre time and post time (to 
allow cognitive trajectories to differ depending on age), 
birth year, country, sex, education, wealth, alcohol con
sumption, psychiatric conditions, and chronic conditions 
(appendix p 8).

We focused on reporting results for the 6 years before and 
after t =0, corresponding to 12 years in total (the maximum 
follow-up period for HRS, the cohort with the shortest 
follow-up). We reported two differences between smoking 
groups to assess whether cognitive trajectories improved 
following smoking cessation: (1) the difference in 6-year 
cognitive decline between smokers who quit and continu
ing smokers during t<0 and t≥0, where a positive value 
would indicate smokers who quit had slower cognitive 
decline than continuing smokers for the given time period; 
and (2) the difference-in-difference, calculated by sub
tracting the difference in 6-year cognitive decline between 
smoking groups for t<0 from the difference in 6-year 
cognitive decline between smoking groups for t≥0. 
A positive value for difference-in-difference indicates the 
cognitive trajectory improved for smokers who quit relative 
to continuing smokers.

Finally, to visualise differences in cognitive decline, we 
plotted 6-year cognitive trajectories before and from t=0 
for smokers who quit and continuing smokers with cova
riates at their reference values (born 1945–49, residing in 
England, male, upper secondary education, mean wealth, 
consumes alcohol, no psychiatric conditions, no chronic 
conditions, and aged 65 years at t =0). We also plotted the 
average marginal effect of smoking group for the same 
period. Analyses were performed in StataMP (version 18.0) 
with a two-sided p value below 0⋅05 considered significant.

We did several additional analyses. First, we included 
interactions between smoking group, aget=0, and pre time 
or post time to assess whether results differed depending 
on age of smoking cessation. Second, although heaviness of 
smoking might affect findings, variable missingness pre
vented us from including this covariate in the main ana
lysis; we did a sensitivity analysis where we imputed daily 
number of cigarettes (appendix p 4). Third, there might be 
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an acute improvement in cognitive performance following 
smoking cessation,7 the cognitive score measured at t=0 
could show a discrete improvement that deviates from t]he 
previous cognitive trajectory observed for t≤0, particularly 
as there might be a gap between smoking cessation and 
reporting smoking cessation. We reran analyses including 
additional terms in the model (a discontinuity indicator and 
random slope for discontinuity) to allow for this discrete 
change. We also reran analyses including the following in 
models: self-reported physical activity (moderate to vigor
ous physical activity weekly or not), time-varying covariates 

until t =0, higher-order time terms (quadratic and cubic) to 
examine non-linearity of cognitive trajectories, and inter
actions between time and time-invariant covariates.

We ran exploratory models to assess heterogeneity in the 
results by country or cohort (appendix pp 12, 30). Finally, we 
ran unadjusted models in the complete unmatched sample 
with aget=0 for continuing smokers assigned as the 
median age at quitting smoking overall. These models 
(appendix pp 13, 31) do not account for baseline imbalances 
or confounding and should not be used for inference.

Role of the funding source
The funders of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
Of 16 883 ELSA, SHARE, and HRS participants aged at 
least 40 years who smoked at baseline, 1114 (6⋅6%) were 
missing all cognitive data, 359 (2⋅1%) were missing cova
riate data, and 1224 (7⋅7%) had fewer than two waves of 
data and were excluded from analyses. Of the remaining 
14 186 (84⋅0%) participants, 4718 (33⋅3%) smokers who quit 
were matched with 4718 (33⋅3%) continuing smokers, lead
ing to an analytic sample of 9436 participants (1742 [18⋅5%] 
ELSA, 4870 [51⋅6%] SHARE, and 2824 [29⋅3%] HRS; 
appendix pp 32–34). Excluded participants were generally 
similar to included participants, but were less healthy and had 
worse memory scores (appendix p 14).

At baseline, smokers who quit and continuing smokers 
were similar with respect to age (mean age 58⋅3 years 
[SD 7⋅6] for smokers who quit and 58⋅4 years [SD 7⋅6] for 
continuing smokers), birth year (in real terms—only a 
difference of 1 year), country, sex (2245 [51⋅8%] women and 
2273 [48⋅2%] men for smokers who quit and 2441 [51⋅7%] 
women and 2277 [48⋅3%] men for continuing smokers), 
education level, alcohol consumption, prevalence of high 
blood pressure, diabetes, cancer, and cardiovascular dis
ease, and baseline cognitive performance (table 1). Smok
ers who quit were slightly less wealthy than continuing 
smokers (p=0⋅040), and less likely to have psychiatric con
ditions (p<0⋅0001), lung disease (p=0⋅031), or stroke 
(p=0⋅024). For those who reported number of daily ciga
rettes, the mean for smokers who quit was 12⋅1 (SD 8⋅9) 
compared with 13⋅5 (9⋅7) for continuing smokers. The 
mean age at time t=0 was 64⋅2 years (8⋅1) for smokers who 
quit and 64⋅0 years (7⋅3) for continuing smokers. The 
median follow-up period was 8 years (IQR 5–12) for 
smokers who quit and 6 years (2–9) for continuing 
smokers.

A year increase in age corresponded to an average decline 
in memory performance of 0⋅03 SDs (95% CI 0⋅02 to 0⋅03) 
or fluency performance of 0⋅02 SDs (0⋅01 to 0⋅02). The 
average marginal memory decline in the 6 years before t=0 
in the sample overall was 0⋅04 SDs (0⋅02 to 0⋅06): 0⋅05 SDs 
(0⋅03 to 0⋅08) for smokers who quit and 0⋅03 SDs (0⋅01 to 
0⋅06) for continuing smokers (figures 1, 2). Smokers who 

Smokers who quit 
(n=4718)

Continuing 
smokers (n=4718)

p value

Standardised cognitive score (mean, SD) 0⋅06 (0⋅75) 0⋅05 (0⋅75) 0⋅61
Age, years (mean, SD) 58⋅3 (7⋅6) 58⋅4 (7⋅6) 0⋅89
Birth year (median, IQR) 1949 (1942–1954) 1950 (1943–1955) 0⋅0071
Country

Austria 211 (4⋅5%) 234 (5⋅0%) >0⋅99

Germany 222 (4⋅7%) 199 (4⋅2%) ⋅⋅
Sweden 197 (4⋅2%) 197 (4⋅2%) ⋅⋅
Netherlands 257 (5⋅4%) 257 (5⋅4%) ⋅⋅
Spain 247 (5⋅2%) 247 (5⋅2%) ⋅⋅
Italy 315 (6⋅7%) 315 (6⋅7%) ⋅⋅
France 252 (5⋅3%) 252 (5⋅3%) ⋅⋅
Denmark 288 (6⋅1%) 288 (6⋅1%) ⋅⋅
Switzerland 169 (3⋅6%) 169 (3⋅6%) ⋅⋅
Belgium 277 (5⋅9%) 277 (5⋅9%) ⋅⋅
England 871 (18⋅5%) 871 (18⋅5%) ⋅⋅
USA 1412 (29⋅9%) 1412 (29⋅9%) ⋅⋅

Sex

Male 2273 (48⋅2%) 2277 (48⋅3%) 0⋅95

Female 2445 (51⋅8%) 2441 (51⋅7%) ⋅⋅
Race*

White 1756 (37⋅2%) 1775 (37⋅6%) 0⋅83

Non-White 525 (11⋅1%) 508 (10⋅8%) ⋅⋅
Missing 2437 (51⋅7%) 2435 (51⋅6%) ⋅⋅

Education†

Low 1416 (30⋅0%) 1470 (31⋅2%) 0⋅45

Intermediate 2587 (54⋅8%) 2533 (53⋅7%) ⋅⋅
High 715 (15⋅2%) 715 (15⋅2%) ⋅⋅

Standardised wealth (mean, SD) –0⋅13 (0⋅77) –0⋅16 (0⋅73) 0⋅040
Consumes alcohol 3182 (67⋅4%) 3164 (67⋅1%) 0⋅71
Psychiatric conditions 1502 (31⋅8%) 1720 (36⋅5%) <0⋅0001
Reports diagnosis of:

High blood pressure 1490 (31⋅6%) 1498 (31⋅8%) 0⋅88

Diabetes 450 (9⋅5%) 469 (9⋅9%) 0⋅53

Cancer 237 (5⋅0%) 261 (5⋅5%) 0⋅29

Lung disease 377 (8⋅0%) 437 (9⋅3%) 0⋅031

Cardiovascular disease 444 (9⋅4%) 499 (10⋅6%) 0⋅064

Stroke 166 (3⋅5%) 210 (4⋅5%) 0⋅024
Years in study smoking (mean, SD) 5⋅9 (3⋅8) 5⋅7 (2⋅6) 0⋅0005

Data are n (%), unless otherwise indicated. *Race and ethnicity data are not available in the Survey of Health, Ageing and 
Retirement in Europe. †Low education is lower than upper secondary, intermediate is upper secondary, and high is above 
upper secondary.

Table 1: Baseline characteristics

Articles

4 www.thelancet.com/healthy-longevity Vol 6 September 2025

http://www.thelancet.com/healthy-longevity


quit and continuing smokers had a similar rate of memory 
decline for t<0. The difference in memory decline between 
smokers who quit and continuing smokers over the 6 years 
preceding t=0 was –0⋅03 SDs (–0⋅06 to 0⋅01; p=0⋅16; table 2).

The average marginal memory decline in the 6 years after 
t=0 was 0⋅21 SDs (95% CI 0⋅19–0⋅24) in the sample overall: 

0⋅19 SDs (0⋅16–0⋅22) for smokers who quit and 0⋅24 SDs 
(0⋅20–0⋅30) for continuing smokers (figures 1, 2). In the 
period t≥0, smokers who quit declined more slowly than 
continuing smokers, with smokers who quit declining 
0⋅05 SDs (0⋅00–0⋅10) less than continuing smokers during 
the 6-year period following t=0 (p=0⋅036). The memory 
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Figure 1: 12-year memory and fluency trajectories before and after smoking cessation (n=9436) 
Time (t)=0 is age of reporting smoking cessation or equivalent age for continuing smokers; plotted results are for when participants are aged 65 years at t=0. Models 
include smoking group, pre time, post time, interactions of smoking group with pre time and post time, and are adjusted for aget=0, interactions of aget=0 with pre time and 
post time, birth year, sex, education, standardised wealth, alcohol consumption, psychiatric conditions, and self-reported chronic conditions, and plotted results are for 
reference values of covariates (born 1945–49, resident in England, male, upper secondary education, mean wealth, consumes alcohol, no psychiatric conditions, and no 
chronic conditions). Shading indicates 95% CIs.
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Figure 2: Average marginal effect for smoking group 
Average marginal effect for smoking group (smoker who quit or continuing smoker). Y-axis indicates magnitude of cognitive difference between smoking groups. 
A value above 0 indicates better cognitive performance in smokers who quit and a value below 0 indicates better cognitive performance in continuing smokers. Shading 
indicates 95% CIs.
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trajectory of smokers who quit improved after smoking 
cessation, with a value for difference-in-difference of 
0⋅08 SDs (0⋅01–0⋅15; p=0⋅028; table 2).

The average marginal fluency decline in the 6 years before 
t=0 in the sample overall was 0⋅02 SDs (95% CI 
0⋅00 to 0⋅03): 0⋅02 SDs (–0⋅01 to 0⋅04) for smokers who quit 
and 0⋅01 SDs (–0⋅02 to 0⋅04) for continuing smokers 
(figures 1, 2). During t<0, there was a similar rate of fluency 
decline between smokers who quit and continuing smok
ers. The difference in fluency decline between smoking 
groups during this period was –0⋅01 SDs (–0⋅04 to 0⋅03; 
p=0⋅76; table 2).

The average marginal fluency decline in the 6 years after 
t=0 in the sample overall was 0⋅08 SDs (95% CI 0⋅05 to 
0⋅10): 0⋅05 SDs (0⋅02 to 0⋅09) for smokers who quit and 
0⋅11 SDs (0⋅07 to 0⋅14) for continuing smokers (figures 1, 2). 
In the period t≥0, the rate of fluency decline was slower for 
smokers who quit than for continuing smokers. Smokers 
who quit had fluency scores that declined 0⋅05 SDs (0⋅01 to 
0⋅10) less than those of continuing smokers over the 6-year 
period from t=0 (p=0⋅030). The difference-in-difference for 
fluency was 0⋅06 SDs (–0⋅01 to 0⋅13), indicating an 
improvement in fluency trajectory following smoking ces
sation; however, this improvement did not reach statistical 
significance (p=0⋅098).

Results were similar for all ages at smoking cessation 
(appendix p 15), when adjusted for daily number of ciga
rettes (appendix pp 16–17), and when allowing discrete 
changes in cognitive score at t=0 (appendix pp 18–19), with 
no evidence of a discrete improvement in cognitive score 
at t=0 for either smoking group (appendix p 20). Con
clusions were unchanged in other sensitivity analyses 
(appendix pp 21–28).

Discussion
The key result arising from this longitudinal study using 
18 years of data from 9436 middle-aged and older adults is 
that in smokers who initially had similar cognitive 

trajectories, regardless of age at smoking cessation, indi
viduals who quit smoking had more favourable trajectories 
following smoking cessation than continuing smokers: the 
rate of cognitive decline was slower for smokers who quit 
than for continuing smokers in the period after smoking 
cessation. The results suggest the importance of smoking 
cessation, even in later life, for long-term cognitive health.

The main strengths of this study are its long follow-up 
period, age range, use of data from large-scale ageing 
studies, and use of matching. The long follow-up period 
meant there was sufficient cognitive data to break follow-up 
into two periods (before and after smoking cessation), 
allowing us to examine cognitive decline over a longer 
period of time than in previous studies, which also did not 
include a pre-cessation period to establish cognitive 
trends.6,7 The age range allowed us to examine smoking 
cessation in an age group that is particularly relevant to 
public health efforts. Using data from nationally repre
sentative studies enhances generalisability and improves 
on previous results from small-scale trials. Finally, match
ing improves on standard observational methods, 
strengthening the inferences that can be drawn by ensuring 
smoking groups are comparable with respect to key 
characteristics.

There are limitations to the present study. Unmeasured 
confounding could still threaten causality, and the analysis 
rests on the assumption that the smoking groups are 
similar. We were not able to use other quasi-experimental 
methods for causal inference (eg, difference-in-difference) 
because of violations to the assumptions of these 
models22—eg, the decision to quit smoking might depend 
on cognitive function. However, using piecewise models 
allowed us to make similar comparisons with fewer 
assumptions. Differences between cohorts could affect the 
accuracy and precision of the results—eg, between-cohort 
differences in wording of the smoking question could 
affect the ability to capture occasional smokers. However, 
we accounted for between-country and between-cohort 
differences by adjusting for country and standardising 
cognitive scores. Differential attrition between smoking 
groups could affect the results as the ability of mixed 
models to handle missing data assumes data are missing- 
at-random; however, follow-up durations were similar 
between smoking groups, with the difference in median 
follow-up corresponding to one wave of data collection, 
suggesting differential attrition is unlikely to have affected 
the findings. We depended on self-report for chronic con
ditions, which might result in some misclassification, 
although evidence suggests that self-reporting for the 
included conditions generally has good sensitivity and 
specificity when compared with medical records.23 The 
analysed sample was somewhat healthier than those par
ticipants excluded from the analysis, which might affect 
generalisability. Furthermore, because the study comprises 
older smokers surviving long enough to be included, the 
analysis is likely to have included individuals whose health 
is less affected by smoking compared with the average 

Difference in 6-year cognitive decline, smokers who 
quit–continuing smokers

Difference-in-difference

t<0 t≥0

Memory
Estimate (95% CI) –0⋅03 SDs (–0⋅06 to 0⋅01) 0⋅05 SDs (0⋅00 to 0⋅10) 0⋅08 SDs (0⋅01 to 0⋅15)
p value 0⋅16 0⋅036 0⋅028
Fluency
Estimate (95% CI) –0⋅01 (–0⋅04 to 0⋅03) 0⋅05 (0⋅01 to 0⋅10) 0⋅06 (–0⋅01 to 0⋅13)
p value 0⋅76 0⋅030 0⋅098

Time (t)=0 is age of reporting smoking cessation or equivalent age for continuing smokers. Difference in 6-year cognitive 
decline (quitters–continuing smokers) corresponds to difference in cognitive decline over 6 years in SDs between quitters 
and continuing smokers for given time t; a positive value indicates quitters decline more slowly than continuing smokers 
for given time t. A positive value for difference-in-difference indicates improvement in cognitive trajectories for quitters 
relative to continuing smokers. All models include smoking group, pre time, post time, interactions of smoking group with 
pre time and post time, and are adjusted for aget=0, interactions of aget=0with pre time and post time, birth year, sex, 
education, standardised wealth, alcohol consumption, psychiatric conditions, and self-reported chronic conditions.

Table 2: Difference in 6-year cognitive decline between quitters and continuing smokers (n=9436)
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smoker because of a combination of individual character
istics (eg, smoking history or genetics) and environmental 
factors. However, this detail does not pose a limitation, 
because surviving older smokers are the target population 
for intervention. We could not include a more detailed 
measure of alcohol consumption because these questions 
were not administered consistently across cohorts. Despite 
the relationship between smoking and mortality, we could 
not examine whether terminal decline affected the results 
because of a lack of data. However, results did not vary by 
age; if terminal decline played an important role we would 
expect a larger difference in cognitive decline at older ages. 
Finally, we were unable to assess whether results varied by 
race or ethnicity because these data were unavailable in 
SHARE. Future research should examine moderating 
effects of demographic and socioeconomic characteristics, 
explore results for other cognitive domains, and clarify the 
effect of smoking history, which we could not compre
hensively examine because of missing data. Data sparsity 
also precluded examining between-country heterogeneity, 
which is another key area of future research, as effects of 
smoking cessation might differ between countries.

The findings of the present study align with small-scale 
smoking cessation trials (n=22–229) suggesting cognitive 
benefits in the 6–24 months following smoking cessation in 
middle-aged and older adults.6,7 By contrast with one of 
these studies in which cognitive scores improved 6 months 
after smoking cessation,7 we did not see an improvement in 
cognitive performance, but rather a reduction in the rate of 
decline. This difference is probably attributable to the 
younger age distribution in the previous study (mean age 
45 years), given that memory and fluency decline generally 
begin to accelerate from age 60–65 years onwards,24 and to 
the 2-year interval between cognitive assessments in the 
present study, which might not capture improvement in 
cognitive scores immediately after smoking cessation. The 
fact that we observed more rapid cognitive decline in the 
second half of follow-up when cognitive trajectories were 
centred at age 65 years (ie, participants were aged 65 years at 
t = 0) regardless of smoking cessation is also consistent 
with memory and fluency ageing trajectories.24 Finally, our 
findings complement studies that show adults aged at least 
65 years who quit smoking aged 44 years or younger had 
better cognitive scores than current smokers,25 and that 
former and never smokers have a similar risk of dementia a 
decade or longer after quitting.26 Smoking is thought to 
affect long-term cognitive health through its cardiovascular 
effects;5 however, even for adults aged 65 years and older, 
excess risk of myocardial infarction, stroke, and cardiovas
cular death might be reduced 5 years after smoking cessa
tion,27 suggesting the worst cardiovascular effects might be 
partly reversible and providing a plausible explanation for 
the findings.

Preventive Alzheimer’s disease strategies focus on 
improving overall cognitive trajectories by mitigating cog
nitive decline in the decades preceding dementia diagnosis, 
and thereby delaying onset of cognitive symptoms. Our 

results show that later-life smoking cessation is associated 
with a delay in cognitive decline corresponding to up to 
3 years of cognitive ageing over 6 years. This benefit accu
mulates further over time. As a comparison, current 
Alzheimer’s disease therapies delay progression of cogni
tive decline by around 5 months over a period of 
18 months.28 This research supports clinical practice and 
public health initiatives that encourage smoking cessation 
for older smokers to mitigate cognitive decline and potentially 
delay onset of dementia.

With the largest health consequences of smoking expe
rienced by older people,8 less than 10% of attempts to quit 
smoking succeeding after 1 year,29 and a commitment of 
£15 million per year by the UK Government to fund 
national smoking-cessation campaigns,30 identifying novel, 
compelling reasons that might motivate older smokers to 
attempt to quit is both clinically relevant and relevant to 
public health messaging. The present findings reiterate the 
negative effects of smoking on cognitive health and offer 
new evidence to support smoking cessation at any age.
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