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Smoking and sudden cardiac death in patients with previous 
coronary artery disease
Minna Järvensivu-Koivunena, Jussi Hernesniemia,b and Juho Tynkkynenc

Background  Smoking is a known risk for sudden 
cardiac death (SCD) in the general population. However, 
its significance in patients with acute coronary syndrome 
(ACS), a condition that also elevates the risk of SCD, is 
disputable.

Methods  A total of 9704 consecutive ACS patients with 
available smoking data were included in the analysis. 
Comprehensive patient data were obtained from the 
Mass Data in Detection and Prevention of Serious 
Adverse Events in Cardiovascular Disease research 
database. A composite endpoint of SCD, SCD aborted 
by successful resuscitation and accurate implantable 
cardioverter defibrillator therapy to otherwise potentially 
fatal ventricular fibrillation/ventricular tachycardia was 
used. Univariate, age- and sex-adjusted, and a multivariate 
fine-gray competing risk regression with adjustment to 
traditional risk factors was conducted.

Results  Median follow-up time was 6.8 years (IQR, 
4.1–10.2), and 454 (4.7%) SCD cases were identified. At 
the baseline, 23.7% (N = 2444) were active smokers, and 
20.8% (N = 2146) were ex-smokers. In the multivariate 
model, active smokers had an elevated risk of 1.79 (95% 

CI, 1.41–2.27; P < 0.001) for future SCD. Ex-smokers 
had no elevated risk for SCD in fine-gray subdistribution 
hazard. Also, active smokers were notably younger (mean 
age 58.7 years) than non- or ex-smokers (71.1 years and 
68.9 years, respectively, P < 0.001 for both comparisons).

Conclusion  Active smokers had a 79% higher risk 
of SCD when compared with nonsmokers. Smoking 
cessation should be heavily encouraged after ACS. Also, a 
person’s smoking status should be considered in further 
studies developing SCD and implantable cardioverter 
defibrillator-benefit risk scores. Coron Artery Dis XXX: 
XXXX–XXXX Copyright © 2024 The Author(s). Published 
by Wolters Kluwer Health, Inc.

Coronary Artery Disease XXX, XXX:XXXX–XXXX

Keywords: acute coronary syndrome, smoking, sudden cardiac death

aFaculty of Medicine and Health Technology, Tampere University,  bHeart 
Hospital, Tampere University Hospital and cDepartment of Radiology, Tampere 
University Hospital, Tampere, Finland

Correspondence to Minna Järvensivu-Koivunen, MD, Faculty of Medicine and 
Health Technology, Tampere University, Kalevantie 4, 33100 Tampere, Finland 
Tel: +35 840 827 7723; e-mail: minna.koivunen@tuni.fi

Received 10 June 2024 Accepted 28 July 2024.

Introduction
Sudden cardiac death (SCD) is the cause of death in 
approximately every fourth to fifth patient with cor-
onary artery disease (CAD) [1–3], making it a public 
health problem [4]. Previous acute coronary syndrome 
(ACS) is known to multiply the risk of SCD when 
compared with the general population [3,4]. To this 
day, the most effective primary prevention therapy 
against SCD is implantable cardioverter defibrillator 
(ICD), which reduces the mortality of patients at the 
highest risk more than 20%, that is, the patients with 
moderately or severely reduced left ventricular ejection 
fraction (LVEF < 30–40%) [5]. However, even in this 
population, the benefit of ICDs for the prevention of 
SCD has been in decline, probably due to the shift in 
epidemiology and due to advances in medical manage-
ment [6]. As a result, there is a specific need to improve 

patient selection so that ICD devices could be targeted 
for patients who have lower overall mortality but still 
elevated risk for SCD [7].

Besides LVEF, there are other potential risk factors for 
SCD. History of cardiac diseases, male sex, race, famil-
ial history of SCD, previous myocardial infarction (MI), 
as well as ECG markers, signs of myocardial or elec-
trical ventricular dysfunction, and tobacco use [8–10]. 
Association between smoking and the incidence of SCD 
in the general population has been established in previ-
ous studies with a systematic review and meta-analysis 
[11]. However, the meta-analysis only includes general 
populations, and therefore is not applicable to the CAD 
patient population. The role of smoking as a risk factor 
for incident SCD has also been reported among patients 
treated two to three decades ago for chronic CAD or pre-
vious MI with disputable results and exclusive patient 
selection [12,13]. Smoking is an intriguing target in risk 
prediction because smokers have significantly, even a 
decade, lower mean age when CAD is first diagnosed. 
This means they have potentially more to gain if SCDs 
are successfully prevented. The purpose of this study was 
to elucidate the association between smoking and SCD 
in a contemporary setting and to study the demographics 
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between smokers and nonsmokers in high-risk patients 
treated for ACS patients (between 2007 and 2018).

Methods
Study design
This was a retrospective study with 10 314 consecutive 
ACS patients admitted to specialized cardiac care at 
Tampere University Hospital between January 2007 and 
December 2018. Follow-up was until 31 December 2021. 
Information on patients’ laboratory results, medical his-
tory, and on general information were obtained from Mass 
Data in Detection and Prevention of Serious Adverse 
Events in Cardiovascular Disease (MADDEC) data-
base [14]. ACS was defined as ST-elevation myocardial 
infarction (STEMI), non-STEMI (NSTEMI), or unsta-
ble angina pectoris according to the European Society of 
Cardiology (ESC) Guidelines definition [15]. Smoking 
status was obtained from MADDEC and was classified as 
active, ex-smoker, or nonsmoker. Patients without infor-
mation on smoking status were excluded from the study 
(N = 610, 5.9%). A total of 9704 patients were included 
in the analysis. The approval for the study was granted 
by the scientific monitoring committee of the Pirkanmaa 
Hospital district. Because of the retrospective nature of 
the study, no patient consent was required by Finnish 
legislation. This study complies with the Declaration of 
Helsinki on the ethical principles for medical research 
and the study.

Endpoint definition
Mortality data was received from Statistics Finland, a 
comprehensive national database. All death certificates 
with a written description of the manner of death were 
reviewed individually to identify SCD cases as described 
below. According to the Finnish legislature, in addition 
to death causes, death certificates must have a written 
description explaining the events that led to death. A 
medicolegal officer then further reviews and verifies the 
death certificate. SCD was defined according to ESC/
American Heart Association guidelines as presumable 
cardiac death within 1 h from the onset of the symp-
toms or if unwitnessed within 24 h of being asympto-
matic [9,16]. In Finland, a forensic examination (usually 
an autopsy) to determine the cause of death is ordered 
by police when the death is unexpected, and no illness 
is known to cause it, and the autopsy rate is highest in 
the Nordic Countries [17,18]. Uncertain SCD cases were 
discussed by the study group. However, vague event 
descriptions were not classified as SCD. Data collection 
regarding SCD is described in more depth in a previous 
study [3]. For this study we used an SCD equivalent end-
point, which included SCDs described previously, but 
also patients who would have presumably died accord-
ing to SCD criteria without successful cardiopulmonary 
resuscitation or adequate ICD device therapy. Cases with 
successful resuscitation were reviewed individually from 
written hospital records to identify those that would have 

most probably led to SCD, and ICD therapy readings 
were confirmed from the written patient records concern-
ing the therapy event and the data from the pacemaker.

Statistical methods
A T-test was used to test differences between continu-
ous variables, and Pearson’s chi-square test was used to 
test differences between categorical variables. Fine-gray 
competing risk regression was used to estimate the asso-
ciation between smoking and SCD. Hazard ratios (HR) 
with 95% confidence intervals (CIs) were reported. First, 
unadjusted associations between smoking status (non-
smoker, ex-smoker, or active smoker) and SCD were 
tested. Second, age and sex-adjusted, and further age, 
sex, diabetes, previous MI, hypertension, and estimated 
glomerular filtration rate (eGFR) adjusted risk regres-
sion models were performed. The proportional hazards 
assumption was satisfied for each variable. Death for 
other reasons was used as a competing event for SCD 
to calibrate for possible overestimation [19]. Cumulative 
incidence function with other deaths as competing events 
was calculated. For the analysis, we used R (version 
4.3.1) through RStudio (version 2023.09.1) with packages 
(haven, survival, cmprsk, ggplot2, survminer, and ggpubr) 
and IBM SPSS Statistics 27. All percentages are valid 
percentages. Missing eGFR values (N = 60, 0.62%) were 
imputed with mean eGFR values. P values under 0.05 
were considered statistically significant.

Results
The mean age at the baseline was 67.8 years (±11.7 years). 
Median follow-up time was 6.8 years (IQR, 4.1–10.2). 
During the follow-up, 3281 (33.8%) patients died, of 
which 51.0% (N = 1672) to a cardiac cause. In total 454 
patients (4.7%) had SCD or equivalent event (17.6% 
were accurate ICD therapies). Most patients (64.9%, 
N = 6301) had percutaneous coronary intervention (PCI) 
as primary ACS therapy at the baseline, whereas 11.0% 
(N = 1068) had coronary artery bypass graft (CABG) and 
24.1% (N = 2335) had neither. The mean LVEF% at the 
baseline was 51.6 (±11.8), and 68% (N = 6598) were men. 
Almost half (49.6%, N = 5114) of the patients were non-
smokers, 20.8% (N = 2146) were ex-smokers, and 23.7% 
(N = 2444) were active smokers. Active smokers had 
5.6% (N = 138) cases of SCD compared to that of 4.4% 
(N = 316) of non/ex-smokers (P < 0.001 for comparison), 
and 22.3% (N = 544) vs. 32.2% (N = 2338) of other deaths 
(P < 0.001), respectively. This calculates to an 88% higher 
SCD/other death ratio to active smokers compared to non-
smokers and ex-smokers. General demographics, medi-
cal history, and treatment modality stratified by smoking 
status are presented in Table 1. Active smokers were 
younger compared to other groups. Active smokers had 
a higher risk for chronic obstructive pulmonary disease, 
previous MI, and peripheral arterial disease adjusted for 
age and sex, but still, other prevalent comorbidities were 
infrequent among smokers even adjusted for age and sex. 
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However, almost all comorbidities were observed more 
among ex-smokers compared to nonsmokers (Table 1).
Smokers had more STEMI [odds ratio (OR, 1.45; 95% 
CI, 1.30–1.62; P < 0.001, adjusted for age and sex] and 
treatment modality was more often PCI (OR, 1.33; 
95% CI, 1.18–1.49; P < 0.001, adjusted for age and sex) 
(Table 1). When deaths to other causes were consid-
ered as competing events, the cumulative incidence of 
SCD was 9.10% at 15 years among smokers compared 
to 6.26% among ex-smokers. The lowest cumulative 
incidence was among nonsmokers (6.00% at 15 years) 
(Fig. 1). Active smoking was significantly associated 
with a higher risk of SCD (HR, 1.29; 95% CI, 1.04–1.60; 
P = 0.021) if not adjusted for other baseline factors, but 
with decreased risk of other deaths (HR, 0.66; 95% CI, 

0.60–0.73; P < 0.001). However, after adjustment for 
age and sex, the risk of both SCD and other deaths was 
clearly elevated among active smokers (HR, 1.64; 95% 
CI, 1.29–2.08; P < 0.001 for SCD, HR, 1.83; 95% CI, 
1.64–2.04; P < 0.001 for other deaths). The risk of SCD 
was not significantly increased in ex-smokers (HR, 1.12; 
95% CI, 0.88–1.43; P = 0.352), but the risk of other death 
was (HR, 1.30; 95% CI, 1.19–1.143; P < 0.001). After 
adjustment for age, sex, diabetes, hypertension, eGFR, 
and previous MI, the HR for SCD was 1.79 (95% CI, 
1.41–2.27; P < 0.001) for active smokers. When a com-
peting event (death to other causes) was considered, the 
risk for SCD in active smokers was slightly lower (HR, 
1.51; 95% CI, 1.20–1.91; P < 0.001). The risk of SCD 
among ex-smokers remained nonsignificant (HR, 1.01; 

Table 1   General demographics, medical history, and treatment modality in the patient population, stratified by smoking status.

Baseline characteristics
Nonsmokers 
(N = 5114)

Ex-smoker
(N = 2146)

Active 
smokers

(N = 2444)
P 

valuea

P 
valueb

Ex-smoker vs nonsmoker 
adjusted for age and sexc

Active smoker vs nosmoker 
adjusted for age and sexc

Age (years), mean ± SD 71.1 ± 11.2 68.9 ± 10.0 59.7 ± 10.4 <0.001 <0.001
Sex (men), % (N) 56.5 (2887) 82.5 (1770) 79.4 (1941) <0.001 <0.001
COPD, % (N) 0.5 (27) 12.3 (264) 13.7 (335) <0.001 <0.001 29.34 (19.51–44.10, 

<0.001)
48.35 (32.09–72.87, 

P < 0.001)
Diabetes (any), % (N) 25.8 (1312) 30.9 (660) 18.7 (455) <0.001 <0.001 1.34 (1.19–1.50, 

P < 0.001)
0.78 (0.69–0.89, 

P < 0.001)
PAD, % (N) 5.7 (290) 12.3 (263) 7.8 (191) <0.001 <0.001 2.41 (2.00–2.90, 

P < 0.001)
2.61 (2.11–3.23, 

P < 0.001)
Previous MI, % (N) 16.0 (816) 21.2 (455) 14.3 (349) <0.001 0.060 1.40 (1.23–1.60, 

P < 0.001)
1.25 (1.07–1.45, 

P = 0.005)
Cancer (active or treated), % (N) 9.3 (453) 10.0 (201) 4.7 (110) 0.391 <0.001 1.07 (0.89–1.28, 

P = 0.490)
0.81 (0.64–1.02, 

P = 0.077)
Valvular heart disease, N (N) 8.4 (432) 7.5 (162) 3.7 (90) 0.202 <0.001 0.95 (0.78–1.15, 

P = 0.575)
0.73 (0.56–0.94, 

P = 0.014)
Hypertension, % (N) 64.2 (3264) 66.4 (1414) 48.7 (1183) 0.074 <0.001 1.24 (1.11–1.39, 

P < 0.001)
0.79 (0.71–0.89, 

P < 0.001)
Atrial flutter or fibrillation, % (N) 22.5 (1152) 23.3 (500) 10.8 (264) 0.474 <0.001 1.13 (0.99–1.28, 

P = 0.066)
0.79 (0.68–0.93, 

P = 0.005)
LVEF (%), mean ± SD 52.1 ± 11.9 51.7 ± 11.9 50.3 ± 11.5 0.168 <0.001 -0.22 (-0.86–0.41, 

P = 0.488)
-1.52 (-1.85–1.20, 

P < 0.001)
eGFR (ml/min/1,73 m2), mean ± SDd 75.3 ± 20.4 77.2 ± 21.6 89.8 ± 19.0) <0.001 <0.001 -0.34 (-1.28–0.60, 

P = 0.481)
1.91 (1.45–2.37, 

P < 0.001)
Type of ACS, % (N) <0.001 <0.001

 �STEMI 32.7 (1671) 27.6 (593) 44.8 (1094) 0.73 (0.66-0.82, 
P < 0.001)

1.45 (1.30-1.62, 
P < 0.001)

 �NSTEMI 47.5 (2429) 49.2 (1056) 41.6 (1017) 1.34 (1.02-1.26, 
P = 0.018)

0.96 (0.86-1.07, 
P = 0.447)

 �UAP 19.8 (1014) 23.2 (497) 13.6 (333) 1.23 (1.08-1.39, 
P = 0.002)

0.57 (0.50-0.67, 
P < 0.001)

Treatment modality <0.001 <0.001
 �PCI % (N) 62.7 (3208) 62.2 (1335) 71.9 (1758) 0.86 (0.77-0.96, 

P = 0.006)
1.33 (1.18-1.49, 

P < 0.001)
 �CABG, % (N) 10.3 (525) 13.8 (297) 10.1 (2,46) 1.28 (1.09-1.50, 

P = 0.002)
1.05 (0.88-1.26, 

P = 0.583)
 �Conservative, % (N) 27.0 (1381) 24.0 (514) 18.0 (440) 1.05 (0.93-1.18, 

P = 0.474)
0.68 (0.59-0.77, 

P < 0.001)
Outcome
SCD equivalent, % (N) 4.1 (211) 4.9 (105) 5.6 (138) 0.059 <0.001 1.09 (0.85-1.40, 

P = 0.492)
1.46 (1.14-188, 

P = 0.003)

Percentages are valid percentages. Continuous variables are mean ± SD. Categorical values are frequencies.
Missing data: 5% for cancer, < 1% for diabetes, PAD, LVEF, hypertension, and previous MI.
ACS, acute coronary syndrome; CABG, coronary artery bypass graft surgery; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; 
LVEF, left ventricular ejection fraction; MI, myocardial infarction; NSTEMI non-ST-elevation myocardial infarction; PAD, peripheral arterial disease; PCI, percutaneous 
coronary intervention; STEMI, ST-elevation myocardial infarction; UAP, unstable angina pectoris.
aComparison between nonsmokers and ex-smokers.
bComparison between nonsmokers and active smokers. Logistic regression was adjusted for age and sex.
cLogit model OR (95% CI, P value) or Linear model beta (se, P value).
dCalculated with Chronic Kidney Disease Epidemiology Collaboration (CKD‐EPI) equation.
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95% CI, 0.79–1.29; P = 0.930), whereas the association 
between other deaths and ex-smoking stayed almost 
the same (HR, 1.23; 95% CI, 1.12–1.35; P < 0.001) in the 
Fine-Gray analysis. The association between smoking 
status and SCD or other deaths are presented in Table 2.

Discussion
In this study, we demonstrated the association between 
smoking and SCD in a consecutive ACS patient popula-
tion. Active smokers had a 79% elevated risk of having SCD 
compared to nonsmokers, and if deaths to other causes were 
considered the risk was slightly lower. A similar association 
between ex-smoking and SCD was not detected.

Also, smokers had a higher prevalence of chronic obstruc-
tive pulmonary disease, previous MI, or peripheral 

arterial disease and lower that of diabetes, valvular heart 
disease, hypertension, or atrial arrhythmias when com-
pared to nonsmokers. It is possible that having a smoking- 
related disease increases the motivation to stop 
smoking, which leads to a higher prevalence of these 
diseases in ex-smokers as compared to active smok-
ers. Unfortunately, this is something we cannot further 
address in this study.

Interestingly, atrial arrhythmias, previous MI, and 
diabetes are also considered factors in a Multicenter 
Automatic Defibrillator Implantation Trial-ICD-benefit 
score developed by Younis et al. [7]. This benefit score 
balances between risk of nonarrhythmic mortality risk or 
ventricular fibrillation/ventricular tachycardia risk. Our 
study demonstrated that active smokers had 88% higher 
SCDs to other deaths—ratio compared to non- and ex- 
smokers, which might indicate a better ICD-benefit 
profile. Smoking habits (never/ex/current) is an easily 
achievable and valuable addition to consider in further 
development of such risk scores.

A meta-analysis by Aune et al. [11] conducted between 
1967 and 2010 found a threefold risk of SCD among 
active smokers and a relative risk of 38% among ex- 
smokers compared to nonsmokers. However, this 
meta-analysis included only studies of the general popu-
lation, and nine out of the 11 publications had either men 
or women included and excluded subjects under 30 or 
over 65 years old [11]. This meta-analysis is therefore not 
applicable to patients with established CAD.

Fig. 1

The cumulative incidence function of SCD or equivalent events by smoking status. Death to other causes were considered as competing events.
SCD, sudden cardiac deaths.

Table 2   The association between smoking status and sudden 
cardiac deaths and other deaths 

SCD
HR (95% CI, P value)

Other deaths
HR (95% CI, P value)

Nonsmoker ref Ref
 �Ex-smoker 1.18 (0.93–1.49, 0.160) 1.06 (0.97–1.16, 0.190)
 �Active smoker 1.38 (1.11–1.70, 0.003) 0.66 (0.60–0.73, <0.001)

Nonsmoker ref Ref
 �Ex-smoker 1.08 (0.85–1.37, 0.530) 1.29 (1.18–1.42, <0.001
 �Active smoker 1.45 (1.15–1.83, 0002) 1.77 (1.59–1.98, <0.001)

nonsmoker ref Ref
 �Ex-smoker 1.01 (0.79–1.29, 0.930) 1.23 (1.12–1.35, <0.001)
 �Active smoker 1.51(1.20–1.91, <0.001) 1.93 (1.73–2.16, <0.001)

Fine-Gray regression model was used, and HRs (95%CI) are presented with 
adjustment for age, sex, previous MI, diabetes, hypertension, and eGFR.
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There are few previous studies on smoking and SCD in 
the setting of established CAD, but they were conducted 
two decades ago. A study from 2003 found a 2.5-fold 
risk in patients with previous CAD and active smoking 
[12]. However, the study population was drawn from the 
Bezafibrate Infarction Prevention Trial, and the strict 
selection criteria reduce the applicability to all patients 
with CAD [12]. These selection criteria included age 
from 45 to 74, previous MI between 6 months and 5 years 
ago, and a certain, predefined cholesterol levels, while 
patients with current lipid-lowering medication, type 
1 diabetes, unstable angina pectoris, hepatic, renal, or 
severe heart failure were excluded [12]. Another study 
with a disputable result investigated risk factors in 
patients with established CAD in a cas1–control setting 
and found active smoking to increase the risk of sudden 
cardiac arrest by 70% [13]. However, after adjustment 
for coffee and alcohol consumption, the association 
was diminished to a nonsignificant level. This could 
be attributed to the reduced number of study subjects, 
thereby decreasing the analytical power of the study 
[13]. Nevertheless, the result of our research is mostly 
in line with these previous studies, confirming the prog-
nostic role of active smoking in SCD in a modern set-
ting. Similarly, the effect of ex-smoking has not been 
shown to significantly associated with increased risk of 
SCD in previous studies [12,13].

Strengths and limitations
This study was well covered, as all consecutive patients 
from the area with ACS, angiography, and information 
on smoking habits were included. Also, there was no 
lost to follow-up, as the information on deaths is gath-
ered nationally by Statistics Finland. Mortality data was 
collected from Statistics Finland, and SCD cases were 
identified critically using information on written descrip-
tions of the manner of the death in death certificates 
and written patient records. Finnish autopsies’ reliabil-
ity is considered high, and the autopsy rate is highest 
in the Nordic countries [17]. We used an endpoint with 
equivalent SCD events, which cannot fully represent 
SCDs. However, by including all events equivalent to 
SCD, we were able to simulate the extent of the phe-
nomenon and risk of SCD after ACS. The biggest limi-
tation of this study was the details on smoking, such as 
the number of cigarettes per day or the time from the 
smoking cessation. Obtaining these details would help 
to understand better the magnitude of the effects and 
mechanisms of tobacco use. After all, the smoking years 
and amount of smoking per day are known to be asso-
ciated with the risk of SCD [20]. Finally, verification of 
the results was not done in a separate study cohort.

Conclusion
Active smoking increases the risk of future SCD; more-
over, this association persists in the population with 

established in consecutive patients with previous ACS. 
Ex-smoking elevated the risk for other deaths but not 
the risk for SCD. In addition, active smokers die more 
often from SCD than from other causes as compared to 
non- and ex-smokers. Smoking cessation should be heav-
ily encouraged after ACS. Also, stratifying the complexity 
of a person’s smoking habits into three simple smoking 
categories (nonsmoker, ex-smoker, and active smokers) 
gives both clinicians and researchers an easily accessi-
ble datum with important information on patients’ risk 
profile. Therefore, a person’s smoking status should be 
considered in further studies developing SCD and ICD-
benefit risk scores.
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