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Introduction 
Cancer survivors are rapidly increasing.1 There is a need for strategies 
against cardiovascular disease (CVD), the leading cause of death after 
surviving cancer.2 Despite the well-known adverse health effects of to-
bacco use, ∼20% of individuals diagnosed with cancer smoke persistent-
ly after the diagnosis.3,4 Yet, data are scarce regarding patterns and 
cardiovascular consequences of post-diagnosis smoking habit change 
among cancer survivors. 

Methods 
From a nationwide, single-provider database of the Korean National Health 
Insurance Service,5 we identified 1 246 958 adults aged ≥20 newly diag-
nosed with cancer (having International Classification of Diseases, 10th re-
vision [ICD-10] codes C00-C97 and critical condition code V193 for 
cancer)6 in 2006–13. Among 864 840 (69.4%) 3-year survivors, 320 353 
underwent health examination each within 2 years before and within 3 
years after cancer diagnosis. After excluding 3273 participants with missing 
data on covariables and 7985 with CVD event before the date of 3-year sur-
vival (index date), a final study cohort of 309 095 participants remained. This 
study complied with the Declaration of Helsinki and was approved by the 
Institutional Review Board of Severance Hospital, Seoul, Korea 
(Y-2021-0052) with a waiver of informed consent. 

Smoking status was assessed by a self-reported questionnaire during each of 
the last examination within 2 years before cancer (Exam 1) and the last 

examination within 3 years after cancer (Exam 2). Participants were categor-
ized into four groups according to changes in smoking habits between 
Exams 1 and 2: (i) those who were not smoking in both exams were classified 
as ‘sustained non-smokers’; (ii) those who were smoking in Exam 1 but were 
not smoking in Exam 2 were classified as ‘quitters’; (iii) those who were not 
smoking in Exam 1 but were smoking in Exam 2 were classified as ‘initiators 
or relapsers’; and (iv) those who were smoking in both exams were classified 
as ‘continuing smokers’. The median (interquartile range) time interval between 
Exam 1 and cancer diagnosis was 0.5 (0.1–1.0) years, and that between cancer 
diagnosis and Exam 2 was 2.0 (1.6–2.5) years. The observed smoking habit 
changes were thereby considered to have occurred after cancer diagnosis. 

The primary outcome was a composite CVD event, defined as the first 
hospitalization for myocardial infarction (ICD-10: I21-I23) or stroke 
(ICD-10: I60-I64), or cardiovascular death (ICD-10: I00-I99) by 31 
December 2019. Cumulative incidence of CVD events was estimated using 
subdistribution cumulative incidence function, accounting for a competing 
risk of non-cardiovascular death.7,8 Hazard ratios (HRs) and corresponding 
95% confidence intervals (CIs) were calculated using cause-specific Cox 
proportional hazards models, censoring participants at competing death 
events.8 Analyses used SAS 9.4 (SAS Institute Inc., Cary, NC, USA) and R 
4.0.3 (R Foundation, Vienna, Austria). 

Results 
Of the 309 095 cancer survivors (median age, 59 years; 51.8% women), 
250 102 (80.9%) sustained non-smoking, 31 121 (10.1%) quit smoking, 
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4777 (1.5%) initiated or relapsed to smoking, and 23 095 (7.5%) contin-
ued smoking after their respective cancer diagnoses. Patterns of smok-
ing habit change varied across cancer types; the proportion of initiators/ 
relapsers and continuing smokers combined was the highest among 
urinary tract (15.6%), male genital organ (14.2%), and hepatobiliary/ 
pancreatic/other gastrointestinal (14.1%) cancer survivors, and was 
the lowest among breast (1.0%), female genital organ (2.1%), endocrine 
(5.7%), and lung (6.5%) cancer survivors (Figure 1A). 

During a median follow-up of 5.5 years, 10 255 new CVD events oc-
curred. The cumulative incidence of CVD events was the highest 
among continuing smokers, followed by initiators/relapsers, quitters, 
and sustained non-smokers (Figure 1B). When sustained non-smokers 
were the reference, multivariable-adjusted HRs (95% CIs) for CVD 
events were 1.20 (1.12–1.28) among quitters, 1.51 (1.33–1.71) among 
initiators/relapsers, and 1.86 (1.74–1.98) among continuing smokers 
(Figure 1C). When compared with continuing smokers, multivariable- 
adjusted HR (95% CI) for CVD events was 0.64 (0.59–0.70) among 
quitters. 

The findings were consistent for all individual components of the pri-
mary outcome and across both sexes. When the study participants 
were classified according to their first primary cancers,6 the results 
were broadly similar across all cancer types. However, the analyses 
were underpowered to draw definitive conclusions for certain types 
of cancer (e.g. bone/cartilage, soft tissue, or haematologic cancer). 

Among 15 392 continuing smokers with data on tobacco consump-
tion per day, 3105 (20.2%) reduced their daily tobacco intake by ≥50% 
after cancer diagnosis. Smoking reduction without cessation was not as-
sociated with a lower risk of CVD events (multivariable-adjusted HR 
0.99, 95% CI 0.80–1.22) (Figure 1D). 

Discussion 
Over 40% of smokers in our study opted to continue smoking even after 
cancer diagnosis (Graphical Abstract). This calls for additional efforts to 
promote smoking cessation among cancer survivors, preferably during 
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Figure 1 Post-diagnosis smoking habit change and incident cardiovascular disease events among cancer survivors. (A) Patterns of smoking habit change 
according to cancer type. (B) Cumulative incidence of cardiovascular disease events according to smoking habit change. (C) Risk of cardiovascular disease 
events according to smoking habit change. Hazard ratios were adjusted for age, sex, household income quartile, residential area, alcohol consumption, 
physical activity, body mass index (kg/m2;  <18.5, 18.5–22.9, 23–24.9, and ≥25), systolic blood pressure, fasting glucose, total cholesterol, blood 
pressure-lowering drug use, glucose-lowering drug use, lipid-lowering drug use, Charlson comorbidity index (0, 1, 2, and ≥3), cancer type, presence 
of distant metastasis at initial diagnosis, year of cancer diagnosis, chemotherapy regimen, and radiotherapy use. We placed fourth-order polynomials 
on age and fasting glucose, cubic terms on systolic blood pressure, and quadratic terms on total cholesterol. Data on chemotherapy regimen and radio-
therapy use were updated during follow-up and modelled as time-varying covariables. *Incidence rate per 1000 person-years. (D) Cumulative incidence 
of cardiovascular disease events among smoking reducers vs. non-reducers. CI, confidence interval; CVD, cardiovascular disease; GI, gastrointestinal; 
HBP, hepatobiliary and pancreatic; HR, hazard ratio.  
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immediate post-diagnostic period with the highest motivation for smok-
ing cessation.9 On the other hand, ∼2% of non-smokers initiated or re-
lapsed to smoking after cancer diagnosis (Graphical Abstract). As cancer 
survivors can gradually lose their motivation for maintaining a healthy life-
style after recovery,4 tobacco prevention support for non-smoking sur-
vivors should continue throughout the whole survivorship phase. 

This study contributes to the field in three distinctive aspects. First, our 
demonstration of the differing patterns of smoking habit change by cancer 
type emphasizes the importance of developing cancer type-specific strat-
egies for tobacco control. Second, our research extends the findings from 
the general population to cancer survivors who may gain cardiovascular 
benefits from smoking cessation and be harmed by smoking initiation/re-
lapse. Third, our analysis offers new insights into the potential limitations 
of smoking reduction as a measure to reduce CVD risk among patients 
with cancer.10 Overall, our findings provide the first specific evidence to 
inform tobacco control programs for cancer survivors, which have primar-
ily relied on evidence obtained from non-cancer populations.9 

Study limitations include (i) the use of self-reported questionnaire for 
smoking status assessment; (ii) the possibility of residual confounding; 
(iii) the potential crossover of the participants during follow-up; and 
(iv) the uncertainty in the generalizability of the findings, especially to 
those who did not participate in serial health examinations and were 
excluded from the study. Nevertheless, the substantiated high rate of 
smoking after cancer diagnosis and its association with CVD events 
highlight the urgent need for initiatives to promote smoking cessation 
and prevent smoking initiation/relapse among patients with cancer. 
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