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Background: Smoking has been associated with higher morbidity and mortality following myocardial infarction (MI), but reports of the impact on morbidity and mortality for females and elderly patients experiencing MI complicated with left ventricular dysfunction or overt heart failure are limited.

Methods:

In an individual patient data meta-analysis of high-risk MI patients, the association of smoking with hospitalizations and death were investigated. Weighted Cox proportional hazard modelling were used to study the risks of smoking on adjudicated endpoints among different sex and age categories.

Results: 28,735 patients from the CAPRICORN, EPHESUS, OPTIMAAL and VALIANT trials were assessed. After weighting, smokers (N=18,148) were unfrequently women (29.2%) and a minority were above ≥80 years (9.8%). Smoking was significantly more associated with all-cause hospitalizations in women (hazard ratio (HR) 1.24; 95% confidence interval (CI) 1.16 -1.32) than in men (HR=1.10; CI 1.05 -1.16) resulting in a significant interaction between smoking and sex (p=0.005). Smoking was predictive of all-cause mortality homogenously across age categories (p for interaction=0.25) and sex (p for interaction=0.58).

Conclusions:

The influence of smoking on morbidity differed according to sex following high-risk MI. The deleterious impact of smoking on hospitalization appeared particularly potent in women, which should further reinforce preventive strategies in females.

Introduction

Smoking is a major risk factor for coronary heart disease (CHD), cerebrovascular disease, and atherosclerotic cardiovascular disease. [START_REF] Jee | Smoking and atherosclerotic cardiovascular disease in men with low levels of serum cholesterol: the Korea Medical Insurance Corporation Study[END_REF] It increases allcause and cardiovascular mortality. [START_REF] Qiao | Mortality from all causes and from coronary heart disease related to smoking and changes in smoking during a 35-year follow-up of middle-aged Finnish men[END_REF] In patients with established CHD, persistent smoking increases the risk of reinfarction, sudden cardiac death and overall mortality. [START_REF] Tofler | Comparison of long-term outcome after acute myocardial infarction in patients never graduated from high school with that in more educated patients. Multicenter Investigation of the Limitation of Infarct Size (MILIS)[END_REF][START_REF] Goldenberg | Current smoking, smoking cessation, and the risk of sudden cardiac death in patients with coronary artery disease[END_REF] In contrast, smokers have been observed to have lower mortality rates following acute myocardial infarction (MI) in unadjusted analysis; a phenomenon that is often termed "smoker's paradox". [START_REF] Barbash | Evaluation of paradoxic beneficial effects of smoking in patients receiving thrombolytic therapy for acute myocardial infarction: mechanism of the "smoker's paradox" from the GUSTO-I trial, with angiographic insights. Global Utilization of Streptokinase and Tissue-Plasminogen Activator for Occluded Coronary Arteries[END_REF][START_REF] Jaatun | Comparison of mortality rates after acute myocardial infarction in smokers versus nonsmokers[END_REF] The reason for the "smoker's paradox" has been coined to be caused by different age and co-morbidity between smokers and non-smokers; smokers are generally younger and have a different incidence of relevant risk factors such as obstructive airway disease, diabetes, hypertension, previous MI, and severe CHD. [START_REF] Barbash | Evaluation of paradoxic beneficial effects of smoking in patients receiving thrombolytic therapy for acute myocardial infarction: mechanism of the "smoker's paradox" from the GUSTO-I trial, with angiographic insights. Global Utilization of Streptokinase and Tissue-Plasminogen Activator for Occluded Coronary Arteries[END_REF][START_REF] Burke | Coronary risk factors and plaque morphology in men with coronary disease who died suddenly[END_REF][START_REF] Gottlieb | Smoking and prognosis after acute myocardial infarction in the thrombolytic era (Israeli Thrombolytic National Survey)[END_REF] Furthermore, recent publications focusing on sex differences in MI indicate that demographics and clinical risk factors differ between sexes and that the proportion of smokers are lower in women. [START_REF] Millett | Sex differences in risk factors for myocardial infarction: cohort study of UK Biobank participants[END_REF][START_REF] Dreyer | Sex Differences in 1-Year All-Cause Rehospitalization in Patients After Acute Myocardial Infarction: A Prospective Observational Study[END_REF] Interestingly, it has also been shown that female smokers are more likely to develop CHD, [START_REF] Huxley | Cigarette smoking as a risk factor for coronary heart disease in women compared with men: a systematic review and meta-analysis of prospective cohort studies[END_REF][START_REF] Prescott | Smoking and risk of myocardial infarction in women and men: longitudinal population study[END_REF][START_REF] Bjorck | Smoking in relation to ST-segment elevation acute myocardial infarction: findings from the Register of Information and Knowledge about Swedish Heart Intensive Care Admissions[END_REF] that smoking may be a stronger risk factor in women and that they have increased risk of adverse events following MI compared with male smokers. 9, 14 However, reports on the impact of smoking on risk for long-term outcomes and potential differences among sex and age categories in patients that experience a high-risk MI and if the smoker´s paradox is present after weighed analyses in such patients are limited.

On the background of these aforementioned observations, we examined the High-Risk MI Database Invitative dataset to explore and report additional information on smoking as a risk factor and focused our analyses on differences among sex and age categories in high-risk MI patients using weighed models. Our primary aim was to test the hypothesis that smoking is associated with an increased risk of morbidity and mortality in a large study sample of patients experiencing a high-risk MI complicated with LV (left ventricular) dysfunction or overt heart failure (HF), and to evaluate risks associated with smoking among different sex and age subgroups.

Methods

The High-Risk Myocardial Infarction Database Initiative

The High-Risk MI Database was constructed by merging the captured information on individual patients from four large randomized clinical trials evaluating pharmacological intervention in high-risk patients following an acute MI complicated with signs of HF or LV dysfunction: VALIANT, [START_REF] Pfeffer | Valsartan, captopril, or both in myocardial infarction complicated by heart failure, left ventricular dysfunction, or both[END_REF] OPTIMAAL, [START_REF] Dickstein | Effects of losartan and captopril on mortality and morbidity in high-risk patients after acute myocardial infarction: the OPTIMAAL randomised trial. Optimal Trial in Myocardial Infarction with Angiotensin II Antagonist Losartan[END_REF] EPHESUS, [START_REF] Pitt | Eplerenone, a selective aldosterone blocker, in patients with left ventricular dysfunction after myocardial infarction[END_REF] and CAPRICORN. [START_REF] Dargie | Effect of carvedilol on outcome after myocardial infarction in patients with left-ventricular dysfunction: the CAPRICORN randomised trial[END_REF] All four trials recruited patients in the subacute phase following MI complicated with clinical evidence of HF or objective evidence of LV dysfunction.

The trials evaluated randomised medication added to conventional management according to local routine practice in complicated acute MIs. VALIANT randomised patients to either an ACE inhibitor (captopril) or an angiotensin receptor blocker (ARB) (valsartan) or both. OPTIMAAL randomised patients to either an ACE inhibitor (captopril) or an ARB (losartan). EPHESUS randomised patients to either placebo or an aldosterone antagonist (eplerenone). CAPRICORN randomised patients to either placebo or a beta-blocker (carvedilol). The sponsors of the original trials agreed to permit creation of the database on the condition that the patient's individual randomization with regard to the intervention was not included. [START_REF] Dickstein | The high-risk myocardial infarction database initiative[END_REF] The database contains detailed information on 28,771 patients with 5,111 deaths and 33,868 allcause rehospitalizations representing 330,486 days spent following complicated MI.

Thus, an analysis of this large database permits assessment of the effects of smoking on outcomes in a patient cohort at a particularly high risk of mortality and morbid events. For the present study, we analysed 28735 of these patients (36 out of 28771 were excluded due to missing data for smoking status). The trials were conducted in accordance with the Declaration of Helsinki and were approved by ethics committees.

All patients signed informed consents.

Baseline data

Baseline patient information at the time of acute MI were registered, including demographics, clinical observations, past history, use of medications, and results of relevant blood tests. Baseline data medications were recorded at the time of inclusion for each of the respective studies (patients were allowed to be included between 12 hours and 21 days after experiencing their MI). Patients were at each site per protocol assessed for symptoms and signs of HF, and LV ejection fraction (LVEF) was determined by echocardiography, contrast ventriculography, or radionucleotide ventriculography. LVEF was obtained before inclusion and usually within the first days of admission.

Outcomes

Clinical events and deaths that occurred during follow-up were sampled and all were by design adjudicated by independent endpoint committees.

Statistical analysis

Continuous variables are described as mean ± standard deviation (SD), categorical variables as frequencies (percentages). Comparison of baseline characteristics according to smoking status was carried out using t-test for continuous variables and Fisher's exact test for categorical variables.

As recommended by the Joint Commission on Accreditation of Healthcare Organizations, smoking status was binary assessed as "smoker" (current/past smoker) and "never smoked". [START_REF]Specification manual for national implementation of hospital core measures[END_REF] Age was categorized into <60, 60-69, 70-79, and ≥80 years and sex to male or female.

For patient outcome we evaluated all-cause hospitalization and all-cause death. To adjust for imbalance in baseline characteristics between smokers and never smoked patients, propensity score (PS)-based analyses were performed for assessment of risk for endpoints; the PS representing the likelihood of being a smoker was calculated for each patient using a logistic regression model. The variables included in the PS model were age, sex, interaction term between age and sex, body mass index, renal insufficiency, chronic obstructive airway disease, peripheral artery disease, [START_REF] Killip 3rd | Treatment of myocardial infarction in a coronary care unit. A two year experience with 250 patients[END_REF] , systolic blood pressure, diastolic blood pressure, diuretics and estimated glomerular filtration rate. Some variables had missing data and, in order to preserve maximum data completeness, 25 imputed datasets were generated using multiple imputation chained equations. [START_REF] Buuren | MICE: Multivariate imputation by chained equations in R[END_REF] We used the "across" method, which consists of generating PSs within each imputed dataset, and then to average the PS across datasets for each individual and use the averaged propensity scores in the analyses. [START_REF] Austin | Moving towards best practice when using inverse probability of treatment weighting (IPTW) using the propensity score to estimate causal treatment effects in observational studies[END_REF] Among PS-based techniques, an inverse probability treatment weighting was performed herein using stabilized weights. [START_REF] Mitra | A comparison of two methods of estimating propensity scores after multiple imputation[END_REF] These probabilities correspond to the inverse of the PS. Stabilized weights were obtained by multiplying inverse probability treatment weighting by the marginal probability. Weights were then trimmed at 99th percentile to ameliorate efficiency and reduce the influence of extreme weights.

Balance of covariates between smokers and never smoked patients was assessed by calculating absolute standardized mean differences before and after weighting. For each variable, the absolute standardized mean difference represents the absolute difference between the mean values in the two groups divided by the common standard deviation. An absolute standardized mean difference less than 0.10 indicates a balance between the two groups. [START_REF] Harder | Propensity score techniques and the assessment of measured covariate balance to test causal associations in psychological research[END_REF] Cox regression models using stabilized weights were then executed and different models were tested: model 1 included sociodemographic characteristics (age and sex), model 2 included variables of model 1 and clinical characteristics (Killip class III-IV, systolic blood pressure), comorbidities (diabetes, hypertension, renal insufficiency, chronic obstructive airway disease and peripheral artery disease), and medication (diuretics), model 3 included variables of model 2 and estimated glomerular filtration rate <60 mL/min/1.73 m².

Further, we also assessed interactions of smoking status with age and sex in these models; a multiplivative interaction term was inserted in the multivariable model testing the interaction of smoking with sex (smoking*sex) and age (smoking*age). Hazard Ratios (HR) for smoker vs. never smoked (reference) are presented with their 95% confidence intervals (CI) as HR (CI 95%). Event occurence in different groups are illustrated following weighted Kaplan-Meier analyses and differences between the weighted survival curves were analyzed using the robust logrank test. An outline of patients that were assessed is depicted in Figure 1.

All analyses were performed using R software, version 4.0.2 (the R foundation for Statistical Computing). The two-tailed significance level was set at p-value <0.05.

Results

28,735 patients from the CAPRICORN, EPHESUS, OPTIMAAL and VALIANT

trials were included for study, of which there were 18,235 smokers and 10,500 never smoked patients.

Baseline data

Patient demographics, findings on admission and medical history according to smoking status for the overall study sample are displayed in Table 1. A lesser proportion of smokers were females (17.3% versus 51.6%) and they were also younger (mean age of 62.6 ±11.4 versus 69.1 ±10.3). More smokers had a diagnosis of chronic obstructive airway disease (10.7% versus 4.1%) but fewer had a history of diabetes (22.7% versus 30.8%) and hypertension (48.6% versus 63.7%). Furthermore, renal insufficiency were less common among smokers (2.9% versus 3.9%) and mean estimated glomerular infiltration rate was higher (72.3 ±20.6 versus 64.4 ±19.9).

Available baseline data for different age and sex categories are presented in Table 2 and3. Similar to above, the proportion of smoking females were lower for all age groups and the mean body mass index were lower across all categories. The same trend of less smokers having diabetes, hypertension and renal insufficiciency were also found (Table 2). Similar findings were observed if evaluated according to sex, except for the comparison of mean body mass index in smokers versus never smoked males (Table 3).

Evaluation of outcomes

After weighting, 18,148 were assessed as smokers, of which 5,304 (29.2%) were women and 1,774 (9.8%) were above ≥80 years (Table S1). The mean duration of follow-up was 23 ± 11 months (1.9 ± 0.9 years). Weighted number of events according to smoking status are shown in Table S2.

When assessing the risk for all-cause hospitalizations, smoking was a clearly significant factor in all models and was associated with a 14% increased risk in the most adjusted model 3 (Table 4). The effect among different age categories was also significant in all groups and appeared strongest for the youngest patients. However, no statistically significant interaction between smoking and age were found. In contrast, the risk associated with smoking was increased by 24% for females compared to 10% for males in model 3, with a statistically significant interaction between smoking and sex (p=0.005). Event curves and comparison of all-cause hospitalization for different groups are illustrated in Figure 2.

For prediction of death, smoking was also highly predicitive of risk in the overall study sample with a 14% increase in the most adjusted model (Table 5). When stratified by age, the risk estimations were highest among younger patients with a 24% increase in <60 and 60-69 years categories while an association in patients ≥80 years was not present. Nonetheless, no interaction was found between smoking and age (p=0.25). Furthermore, males were observed to have a risk estimate of a 15% increase compared to 11% for females for mortality in model 3. In contrast to prediction of hospitalizations, no interaction between smoking and sex was found (p=0.58). Event curves and comparison for all-cause death for different groups are illustrated in Figure 3.

Discussion

This analysis presents several novel findings concerning the relationship between smoking and outcomes following MI, supplementing previous reports by presenting results of advanced weighted models on smoking for risk prediction among different age and sex groups from a study sample that included a substantial number of aged and female patients experiencing a high-risk MI. The impact of smoking on the risk of hospitalizations was particularly robust in females with a statistically significant interaction present. Furthermore, our results support an increased risk of adverse outcomes for smokers in the majority of the investigated age and sex groups.

However, while the risk estimates differed among categories and appeared more strong for younger than elderly patients, no significant interactions with age were observed.

The "smoker's paradox" is a classic example of Simpson's paradox. The "smoker's paradox" is attributed to the observation that smokers present with lower unadjusted mortality rates following acute MI. [START_REF] Barbash | Evaluation of paradoxic beneficial effects of smoking in patients receiving thrombolytic therapy for acute myocardial infarction: mechanism of the "smoker's paradox" from the GUSTO-I trial, with angiographic insights. Global Utilization of Streptokinase and Tissue-Plasminogen Activator for Occluded Coronary Arteries[END_REF][START_REF] Jaatun | Comparison of mortality rates after acute myocardial infarction in smokers versus nonsmokers[END_REF] The major reason for this phenomenon is generally attributed to smokers being younger with a lower burden of important comorbidities. [START_REF] Barbash | Evaluation of paradoxic beneficial effects of smoking in patients receiving thrombolytic therapy for acute myocardial infarction: mechanism of the "smoker's paradox" from the GUSTO-I trial, with angiographic insights. Global Utilization of Streptokinase and Tissue-Plasminogen Activator for Occluded Coronary Arteries[END_REF][START_REF] Gottlieb | Smoking and prognosis after acute myocardial infarction in the thrombolytic era (Israeli Thrombolytic National Survey)[END_REF][START_REF] Blyth | On Simpson's paradox and the sure-thing principle[END_REF] Interestingly, in our weighted models, smoking was associated with an increased risk of hospitalization and mortality in unadjusted analyses and this support that smoking is an important and significant risk factor for outcomes. Moreover, the smoking-associated risk of CHD appears to be related to sex. A large-scale meta-analysis demonstrated a 25% increased risk of CHD in female smokers as compared with male smokers, [START_REF] Huxley | Cigarette smoking as a risk factor for coronary heart disease in women compared with men: a systematic review and meta-analysis of prospective cohort studies[END_REF] and others have found an increased risk of CHD for female smokers. [START_REF] Prescott | Smoking and risk of myocardial infarction in women and men: longitudinal population study[END_REF][START_REF] Bjorck | Smoking in relation to ST-segment elevation acute myocardial infarction: findings from the Register of Information and Knowledge about Swedish Heart Intensive Care Admissions[END_REF] In addition to a smoking-associated increase in risk for CHD, sex appears to be an important predictor of outcome following MI. [START_REF] Janghorbani | Gender differential in all-cause and cardiovascular disease mortality[END_REF] The present analyses confirms and extends on these prior observations by presenting risk estimates and evaluation of potential interactions associated with smoking among sex and age categories in weighted adjusted models for morbidity and mortality in patients experiencing a high-risk MI complicated by LV dysfunction or overt HF.

Smoking was a strong risk factor for hospitalization in our dataset, being associated with an increased risk among all age and sex groups and overall.

Interestingly, female smokers experiencing a high-risk MI inherited a particularly strong risk for hospitalizations and there was an interaction present between smoking status and sex for hospitalizations. Although the youngest smoking patients seemed to have the highest risk, no significant interaction was found between smoking and age for hospitalization.

The observation of smoking impacting particularly strong on the risk for hospitalizations in women experiencing a high-risk MI has, to the best of our knowledge, rarely been described before. In general, women with a MI have a higher hospitalization rate following their event than men. [START_REF] Wang | The prevalence of 30-day readmission after acute myocardial infarction: A systematic review and meta-analysis[END_REF] Furthermore, female survivors of an acute MI complicated by cardiogenic shock have an increased risk of admissions in the early post-discharge period. [START_REF] Mahmoud | Prevalence, Causes, and Predictors of 30-Day Readmissions Following Hospitalization With Acute Myocardial Infarction Complicated By Cardiogenic Shock: Findings From the 2013-2014 National Readmissions Database[END_REF] Also, cardiac rehabilitation may decrease readmissions and participation in cardiac rehabilitation are significantly lower in women compared with men. [START_REF] Samayoa | Sex differences in cardiac rehabilitation enrollment: a meta-analysis[END_REF] It is possible that the interaction that were found may be explained by unmeasured confounders. Nonetheless, reports explaining how smoking impacts on the observed excessive risk of hospitalizations among women that were smokers in our study appear unclear and warrants further investigation.

Similar to smokers more often experiencing hospitalizations after a high-risk MI, we observed that smoking significantly increased risk of death when assessing risk of mortality in the overall study sample. However, in contrast to hospitalizations, we found no interaction for sex when assessing the risk for mortality. Furthermore, even though the risk appeared strongest in younger patients and notably did not reach statistical significance for patients ≥80 years and were borderline for patients 70-79 years, no significant interaction between smoking status and age were found.

Nonetheless, one may still argue that our findings do not confidently exclude that there may be subtle differences on the impact of smoking on outcomes among different age groups. For example, there may be an increased risk of unrelated deaths that may reduce the effects of smoking in the higher age-groups due to competing risk, with the consequence that the contribution of smoking on risk factor were diluted. As well, patients who are likely to suffer a smoking-related death may die earlier, and old smokers in our dataset could represent a selected sample of individuals more likely to resist negative effects of smoking; this may also explain the surprisingly low proportion of female smokers, especially in the oldest age categories, and the observed weaker association to mortality for female smokers. Also, old smokers may be considered "high risk" and more aggressively treated for risk factors. Nevertheless, our findings support that potential differences on the impact of smoking among age groups are limited in patients experiencing a high-risk MI.

Strengths and limitations

Our individual patient data meta-analysis design allowed for an adequate number of observations in assessing aged and female subgroups including adjustment for numerous confounders. Another major strength of the dataset is the adjudication of outcomes by independent committees, which reduce noise from potential differences between hospitals and investigators. In the analysis, patients were categorized as "present/past smokers" or "never-smokers", which can be seen as a strength but also a limitation. The categorization of patients as "present/past smokers" or "neversmokers" was done to reduce the effects of patient and investigator related difficulties in acquiring the correct smoking-status at the time of inclusion into a trial and is in accordance with the recommendations by the Joint Commission on Accreditation of Healthcare Organizations. [START_REF]Specification manual for national implementation of hospital core measures[END_REF] However, many patients may feel guilt for smoking or have an initial ambition of becoming a non-smoker at the time they are asked; thus, in response to the question on smoking status they may incorrectly categorize themselves as past smokers. Moreover, the current database contains no consistent quantification of smoking exposure (cigarettes per day/pack-years), and there was no information on smoking status during follow-up. Therefore, we included current and ex-smokers into the same category as "present/past smokers". A weakness of this categorization is an underestimation of the effects of current smoking on mortality, and it does not estimate the effects of smoking cessation. [START_REF] Berger | Smoking, clopidogrel, and mortality in patients with established cardiovascular disease[END_REF] Our results may consequently be considered a more conservative estimate than if a more detailed smoking status had been available; number of cigarettes consumed, number of years of exposure prior to inclusion, and smoking status and number of cigarettes consumed during follow-up. Furthermore, information on type of revascularization and type of myocardial infarction could have further mitigated residual bias. Finally, this study assessed data obtained through rigorous follow-up and repeated study-related outpatient visits. The intensive monitoring may influence the rate of hospitalizations compared with patients who are not participating in a clinical trial as they may experience an increased rate of hospitalizations due to the improved diagnostic sensitivity; alternatively, an increased study related follow-up may have reduced the number of hospitalizations following better compliance to therapy.

Conclusions

Smoking status provides important information for risk prediction of patients experiencing a high-risk MI complicated with LV dysfunction or overt HF. The impact of smoking on hospitalization appear particularly potent in women, which may further reinforce preventive strategies in females. 

  diabetes, hypertension, Killip class (I -no HF [no clinical signs of cardiac decompenansation], II -HF [diagnostic criteria include rales, S3 gallop and venous hypertension], III -severe HF [frank pulmonary edema] and IVcardiogenic shock [signs included hypotension of systolic pressure of 90 mmHg or less and evidence of peripheral vasoconstriction such as oliguria, cyanosis and diaphoresis])
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Table 1 :

 1 Baseline characteristics according to smoking status overall from t-test for continuous variables or Fisher's exact test for categorical variables.

	Variables	Smoker (n=18235)	Never smoked (n=10500)	p-value *
	Age (years)	62.6 ± 11.4	69.1 ± 10.3	<0.0001
	Female	3153 (17.3 %)	5418 (51.6 %)	<0.0001
	Weight (kg)	80.5 ± 15.6	76.6 ± 15.1	<0.0001
	BMI (kg/m²)	27.4 ± 4.5	27.7 ± 4.6	<0.0001
	Renal insufficiency	528 (2.9 %)	408 (3.9 %)	<0.0001
	COPD	1954 (10.7 %)	435 (4.1 %)	<0.0001
	Peripheral artery disease	1697 (9.3 %)	658 (6.3 %)	<0.0001
	Diabetes	4145 (22.7 %)	3229 (30.8 %)	<0.0001
	Hypertension	8869 (48.6 %)	6688 (63.7 %)	<0.0001
	Obesity (BMI > 30 kg/m²)	4161 (23.4 %)	2672 (26.0 %)	<0.0001
	Killip class III-IV	3232 (17.8 %)	2188 (20.9 %)	<0.0001
	Systolic BP (mmHg)	120.2 ± 16.3	124.5 ± 17.6	<0.0001
	Diastolic BP (mmHg)	71.5 ± 10.8	73.3 ± 11.3	<0.0001
	LVEF (%)	34.0 ± 8.4	34.3 ± 8.1	0.016
	ACEI/ARB	8154 (56.1 %)	5041 (57.8 %)	0.012
	Beta-blockers	11351 (66.5 %)	6451 (66.5 %)	0.90
	Diuretics	7823 (42.9 %)	5164 (49.2 %)	<0.0001
	eGFR (mL/min/1.73m²)	72.3 ± 20.6	64.4 ± 19.9	<0.0001
	Hemoglobin (g/dL)	13.5 ± 1.6	13.1 ± 1.6	<0.0001
	Sodium (mmol/L)	139.2 ± 3.5	139.5 ± 3.9	<0.0001

* p-value

Table 2 : Baseline characteristics according to smoking status in different age categories

 2 p-value from t-test for continuous variables or Fisher's exact test for categorical variables.

			<60 years			60-69 years			70-79 years			≥80 years	
	Variables	Smoker (n=7306)	Never smoked (n=1844)	p-value *	Smoker (n=5398)	Never smoked (n=3120)	p-value *	Smoker (n=4424)	Never smoked (n=3981)	p-value *	Smoker (n=1107)	Never (n=1555) smoked	p-value *
	Age (years)	51.2 ± 6.0	52.6 ± 5.6	<0.0001	64.5 ± 2.9	64.9 ± 2.8	<0.0001	74.1 ± 2.8	74.3 ± 2.8	<0.0001	83.0 ± 2.8	83.6 ± 3.1	<0.0001
	Female	975 (13.3 %)	531 (28.8 %)	<0.0001	964 (17.9 %)	1429 (45.8 %)	<0.0001	935 (21.1 %)	2401 (60.3 %)	<0.0001	279 (25.2 %)	1057 (68.0 %)	<0.0001
	Weight (kg)	84.1 ± 16.5	84.2 ± 17.1	0.87	80.2 ± 14.8	79.3 ± 14.1	0.004	77.1 ± 13.7	74.1 ± 13.3	<0.0001	72.0 ± 13.0	68.5 ± 12.9	<0.0001
	BMI (kg/m²)	28.0 ± 4.8	28.9 ± 5.2	<0.0001	27.4 ± 4.4	28.3 ± 4.5	<0.0001	26.7 ± 4.1	27.3 ± 4.3	<0.0001	25.3 ± 3.7	25.8 ± 4.2	0.003
	Renal insufficiency	75 (1.0 %)	26 (1.4 %)	0.17	154 (2.9 %)	108 (3.5 %)	0.12	232 (5.2 %)	181 (4.5 %)	0.14	67 (6.1 %)	93 (6.0 %)	0.93
	COPD	453 (6.2 %)	38 (2.1 %)	<0.0001	658 (12.2 %)	116 (3.7 %)	<0.0001	678 (15.3 %)	203 (5.1 %)	<0.0001	165 (14.9 %)	78 (5.0 %)	<0.0001
	Peripheral artery disease	421 (5.8 %)	61 (3.3 %)	<0.0001	544 (10.1 %)	168 (5.4 %)	<0.0001	585 (13.2 %)	315 (7.9 %)	<0.0001	147 (13.3 %)	114 (7.3 %)	<0.0001
	Diabetes	1391 (19.0 %)	536 (29.1 %)	<0.0001	1372 (25.4 %)	988 (31.7 %)	<0.0001	1133 (25.6 %)	1304 (32.8 %)	<0.0001	249 (22.5 %)	401 (25.8 %)	0.055
	Hypertension	3220 (44.1 %)	989 (53.6 %)	<0.0001	2711 (50.2 %)	2065 (66.2 %)	<0.0001	2381 (53.8 %)	2691 (67.6 %)	<0.0001	557 (50.3 %)	943 (60.6 %)	<0.0001
	Obesity (BMI > 30 kg/m²)	2016 (28.0 %)	618 (34.1 %)	<0.0001	1258 (23.9 %)	900 (29.3 %)	<0.0001	776 (18.1 %)	928 (23.8 %)	<0.0001	111 (10.5 %)	226 (15.2 %)	0.0006
	Killip class III-IV	986 (13.5 %)	245 (13.3 %)	0.85	989 (18.4 %)	572 (18.4 %)	1.00	988 (22.4 %)	990 (25.0 %)	0.005	269 (24.4 %)	381 (24.6 %)	0.89
	Systolic BP (mmHg)	117.0 ± 15.0	120.5 ± 16.5	<0.0001	120.9 ± 16.1	124.1 ± 17.3	<0.0001	123.5 ± 17.2	125.9 ± 17.8	<0.0001	124.6 ± 17.6	126.1 ± 18.5	0.036
	Diastolic BP (mmHg)	72.4 ± 10.7	74.6 ± 11.3	<0.0001	71.8 ± 10.7	74.5 ± 11.0	<0.0001	70.5 ± 11.0	73.1 ± 11.1	<0.0001	68.7 ± 11.2	70.0 ± 11.9	0.002
	LVEF (%)	34.4 ± 8.0	34.3 ± 7.8	0.44	33.8 ± 8.4	34.5 ± 7.9	0.0008	33.5 ± 8.9	34.2 ± 8.1	0.004	33.2 ± 9.2	34.0 ± 8.8	0.073
	ACEI/ARB	3464 (56.0 %)	995 (61.9 %)	<0.0001	2361 (56.5 %)	1477 (57.1 %)	0.60	1879 (56.4 %)	1918 (57.7 %)	0.27	450 (53.8 %)	651 (54.0 %)	0.96
	Beta-blockers	4995 (73.9 %)	1250 (75.1 %)	0.30	3258 (64.7 %)	1990 (69.5 %)	<0.0001	2496 (59.3 %)	2321 (63.0 %)	0.0007	602 (56.3 %)	890 (60.0 %)	0.061
	Diuretics	2468 (33.8 %)	715 (38.8 %)	<0.0001	2403 (44.5 %)	1370 (43.9 %)	0.59	2288 (51.7 %)	2174 (54.7 %)	0.008	664 (60.0 %)	905 (58.2 %)	0.36
	eGFR (mL/min/1.73m²)	81.6 ± 19.5	76.2 ± 20.5	<0.0001	71.0 ± 18.7	67.1 ± 18.6	<0.0001	62.9 ± 17.9	60.8 ± 18.7	<0.0001	56.4 ± 17.4	54.5 ± 16.7	0.004
	Hemoglobin (g/dL)	13.8 ± 1.5	13.5 ± 1.7	<0.0001	13.5 ± 1.5	13.3 ± 1.6	<0.0001	13.2 ± 1.6	12.9 ± 1.6	<0.0001	13.0 ± 1.5	12.6 ± 1.6	<0.0001
	Sodium (mmol/L)	139.2 ± 3.6	139.5 ± 3.6	0.030	139.3 ± 3.6	139.8 ± 4.0	<0.0001	139.3 ± 3.4	139.5 ± 3.9	0.035	139.0 ± 3.7	139.2 ± 3.8	0.43
	BMI: body mass index; COPD: chronic obstructive pulmonary disease; BP: blood pressure; LVEF: left ventricular ejection fraction; ACEI: angiotensin-converting enzyme inhibitor; ARB:	
	angiotensin receptor blockers; eGFR: estimated glomerular filtration rate.								

* 

Table 3 :

 3 Baseline characteristics according to smoking status and gender

	Male
	Variables

Table 5 :

 5 Univariable and multivariable weighted Cox models for smoking status with all-cause death.Model 1 is adjusted on age and gender (n = 28735 obs.). Model 2 is adjusted on age, gender, Killip class (III-IV vs. I-II), systolic BP, comorbidities (diabetes, hypertension, renal insufficiency, COPD, peripheral artery disease) and medication use (diuretics) (n = 28557 obs.). Model 3 includes variables of model 2a and eGFR <60 mL/min/1.73 m² (n = 27473 obs.).

	Effect of smoking	Univariable HR (CI 95%) p-value	Model 1 HR (CI 95%)	p-value	Model 2 HR (CI 95%)	p-value	Model 3 HR (CI 95%)	p-value
	Overall effect	1.15 (1.07 -1.23)	<0.0001	1.14 (1.07 -1.22)	0.0001	1.14 (1.06 -1.22)	0.0002	1.14 (1.06 -1.22)	0.0003
	Effect in subgroups								
	Age								
	<60 years	1.23 (1.00 -1.51)	0.045	1.23 (1.00 -1.51)	0.046	1.22 (0.99 -1.49)	0.059	1.24 (1.00 -1.53)	0.049
	60-69 years	1.27 (1.11 -1.46)	0.0006	1.27 (1.11 -1.46)	0.0007	1.23 (1.07 -1.41)	0.003	1.24 (1.08 -1.42)	0.003
	70-79 years	1.10 (0.99 -1.21)	0.082	1.10 (0.99 -1.21)	0.080	1.10 (1.00 -1.23)	0.061	1.10 (0.99 -1.22)	0.084
	≥80 years	1.04 (0.89 -1.21)	0.64	1.04 (0.89 -1.20)	0.65	1.05 (0.90 -1.22)	0.54	1.03 (0.88 -1.20)	0.73
		Interaction	0.17	Interaction	0.17	Interaction	0.37	Interaction	0.25
	Sex								
	Male	1.18 (1.08 -1.28)	0.0003	1.17 (1.07 -1.28)	0.0004	1.15 (1.06 -1.26)	0.002	1.15 (1.05 -1.26)	0.002
	Female	1.09 (0.98 -1.21)	0.12	1.09 (0.98 -1.22)	0.11	1.12 (1.00 -1.25)	0.048	1.11 (0.99 -1.24)	0.072
		Interaction	0.28	Interaction	0.32	Interaction	0.65	Interaction	0.58

Table S1 :

 S1 Balance of baseline characteristics according to smoking status before and after weighting COPD: chronic obstructive pulmonary disease; BP: blood pressure; LVEF: left ventricular ejection fraction; ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blockers; eGFR: estimated glomerular filtration rate.

	Variables	Smoker	Before weighting Never smoked	ASMD *	Smoker	After weighting Never smoked	ASMD *
	Sum of weights	18235	10500		18148.0	10587.0	
	Age (years)	62.6 ± 11.4	69.1 ± 10.3	0.593	65.0 ± 11.6	65.0 ± 11.6	0.003
	Female	3153 (17.3%)	5418 (51.6%)	0.774	5303.9 (29.2 %)	3072.8 (29.0 %)	0.004
	Weight (kg)	80.5 ± 15.6	76.6 ± 15.1	0.258	79.2 ± 15.8	79.0 ± 15.2	0.012
	BMI (kg/m²)	27.4 ± 4.5	27.7 ± 4.6	0.061	27.4 ± 4.7	27.4 ± 4.4	0.001
	Renal insufficiency	528 (2.9%)	408 (3.9%)	0.055	595.9 (3.3 %)	339.8 (3.2 %)	0.004
	COPD	1954 (10.7%)	435 (4.1%)	0.253	1519.3 (8.4 %)	880.9 (8.3 %)	0.002
	Peripheral artery disease	1697 (9.3%)	658 (6.3%)	0.114	1466.5 (8.1 %)	794.6 (7.5 %)	0.021
	Diabetes	4145 (22.7%)	3229 (30.8%)	0.182	4611.8 (25.4 %)	2657.2 (25.1 %)	0.007
	Hypertension	8869 (48.6%)	6688 (63.7%)	0.307	9652.7 (53.2 %)	5535.8 (52.3 %)	0.018
	Obesity (BMI > 30 kg/m²)	4161 (23.4%)	2672 (26.0%)	0.061	4326.7 (24.5 %)	2448.3 (23.6 %)	0.021
	Killip class III-IV	3232 (17.8%)	2188 (20.9%)	0.080	3414.5 (18.9 %)	1975.1 (18.7 %)	0.004
	Systolic BP (mmHg)	120.2 ± 16.3	124.5 ± 17.6	0.251	121.5 ± 16.9	121.4 ± 16.7	0.007
	Diastolic BP (mmHg)	71.5 ± 10.8	73.3 ± 11.3	0.164	72.0 ± 11.1	71.9 ± 11.0	0.010
	LVEF (%)	34.0 ± 8.4	34.3 ± 8.1	0.036	34.1 ± 8.5	34.1 ± 8.0	0.000
	ACEI/ARB	8154 (56.1%)	5041 (57.8%)	0.034	7944.5 (55.9 %)	5145.0 (58.6 %)	0.056
	Beta-blockers	11351 (66.5%)	6451 (66.5%)	0.002	11237.3 (65.8 %)	6651.0 (68.4 %)	0.056
	Diuretics	7823 (42.9%)	5164 (49.2%)	0.126	8169.6 (45.0 %)	4770.3 (45.1 %)	0.001
	eGFR (mL/min/1.73m²)	72.3 ± 20.6	64.4 ± 19.9	0.391	69.2 ± 20.8	69.2 ± 20.5	0.001
	Hemoglobin (g/dL)	13.5 ± 1.6	13.1 ± 1.6	0.290	13.4 ± 1.6	13.3 ± 1.6	0.045
	Sodium (mmol/L)	139.2 ± 3.5	139.5 ± 3.9	0.084	139.2 ± 3.5	139.5 ± 3.7	0.078
	BMI: body mass index;						

* ASMD: absolute standardized mean difference.
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