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Abstract

Background—According to the 2004 Surgeon General’s Report on Health Consequences of 

Smoking, after >15 years of abstinence, the cardiovascular risk of former smokers becomes similar 

to that of never-smokers. Whether this health benefit of smoking cessation varies by amount and 

duration of prior smoking remains unclear.

Methods and Results—Of the 4482 adults ≥65 years without prevalent heart failure (HF) in 

the Cardiovascular Health Study (CHS), 2556 were never-smokers, 629 current smokers, and 1297 
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former smokers with >15 years of cessation, of whom 312 were heavy smokers (highest quartile; 

≥32 pack-years). Age-sex-race-adjusted hazard ratios (aHR) and 95% confidence intervals (CI) for 

centrally-adjudicated incident HF and mortality during 13 years of follow-up were estimated using 

Cox regression models. Compared to never-smokers, former smokers as a group had similar risk 

for incident HF (aHR, 0.99; 95% CI, 0.85–1.16) and all-cause mortality (aHR, 1.08; 95% CI, 

0.96–1.20), but former heavy smokers had higher risk for both HF (aHR, 1.45; 95% CI, 1.15–1.83) 

and mortality (aHR, 1.38; 95% CI, 1.17–1.64). However, when compared to current smokers, 

former heavy smokers had lower risk of death (aHR, 0.64; 95% CI, 0.53–0.77), but not of HF 

(aHR, 0.97; 95% CI, 0.74–1.28).

Conclusions—After >15 years of smoking cessation, older adults who smoked <32 pack-years 

appear to achieve the health profile of never-smokers. Although former heavy (≥32 pack-years) 

smokers may not achieve this health benefit of prolonged smoking cessation, their risk is clearly 

lower relative to current smokers.

Keywords

heart failure; mortality; smoking

Tobacco smoking is the most important modifiable risk factor for cardiovascular morbidity 

and mortality.1–5 The excess cardiovascular risk of smoking is reduced to half after one year 

of smoking abstinence and has been reported to decrease to the level of never-smokers after 

prolonged cessation.5–8 However, the duration of smoking cessation necessary for the risk of 

former smokers to become that of never-smokers varies widely between studies.9–11 The 

2004 Surgeon General’s Report on The Health Consequences of Smoking concluded that the 

excess risk of coronary heart disease caused by smoking is reduced to that of never-smokers 

after 15 years of abstinence.6 However, whether this benefit of prolonged smoking cessation 

extends to heart failure (HF), other cardiovascular events, and mortality in community-

dwelling older adults has not been well studied. Further, whether these benefits vary by the 

amount and duration of smoking prior to cessation remains unclear. In the current study, we 

examined whether the risk of incident HF and other outcomes among former older smokers 

who quit smoking >15 years ago varied by the amount and duration of prior smoking.

Methods

Study design and participants

The Cardiovascular Health Study (CHS) is an ongoing, prospective population-based study 

of cardiovascular risk factors among community-dwelling older adults. The methods and 

findings from the CHS have been previously described.12, 13 Briefly, random samples of 

Medicare-eligible male and female residents age ≥65 years were recruited from four U.S. 

counties. An original cohort of 5201 participants (1989–1990) was supplemented by a 

second cohort of 687 African Americans (1992–1993). For the current analysis, after 

obtaining appropriate permission from local institutional review board, de-identified copies 

of the CHS datasets were obtained from the National Heart, Lung, and Blood Institute, 

which also sponsored the CHS. Of the 5888 CHS participants, 5795 consented to be 

included in the public-use copy of the data.
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Baseline smoking status and other measurements

Baseline data on self-reported smoking included data on current smoking status, amount and 

duration of smoking, and duration of smoking abstinence.12, 14, 15 The amount and duration 

of smoking was measured using pack-years, which was estimated by multiplying the number 

of packs of cigarettes smoked per day by the number of years of smoking. Extensive data on 

baseline demographics, medical history including cardiovascular disease and risk factors, 

and clinical and laboratory findings were also collected. Of the 5795 participants in the 

public-use copy of the CHS data, baseline data on smoking were available for 5601 

individuals. We excluded 896 former smokers who quit smoking ≤15 years ago. Of the 

remaining 4705 participants, 223 had centrally-adjudicated prevalent HF at baseline and 

were also excluded. Of the remaining 4482 participants, 629 (14%) were current smokers, 

2556 (57%) were never-smokers, and 1297 (29%) were former smokers who quit smoking 

>15 years ago (Figure 1). The 1297 former smokers were categorized by their pre-cessation 

pack-year quartiles into light (<8 pack-years; n=383), moderate (8–15 pack-years; n=250 

and 16–31 pack-years; n=352), and heavy (≥32 pack-years; n=312) smokers.

Outcomes

The primary outcomes of interest for the current analysis included incident HF and all-cause 

mortality during 13 years of follow-up. Secondary outcomes included acute myocardial 

infarction, stroke, peripheral arterial disease, and cardiovascular and non-cardiovascular 

mortalities. All outcomes were centrally adjudicated by the CHS Events Committee, the 

process of which has been extensively documented in the literature.12, 16–18 Specifically, the 

CHS adjudication of HF has been reported to be comparable to that of the Framingham 

criteria, and HF patients diagnosed with both criteria have also been reported to be 

prognostically similar.19 Data on death were obtained and confirmed using death certificates, 

autopsy reports, medical records, and physician questionnaires.

Statistical analysis

Baseline characteristics of never-smokers, former smokers stratified by quartiles of pack-

years of smoking, and current smokers were compared using Pearson’s Chi-square, analysis 

of variance, and Kruskal-Wallis tests as appropriate. We constructed Cox regression 

multivariable-adjusted models adjusting for 27 potential confounders to estimate 

associations of quartiles of former smokers and current smokers with incident HF and 

mortality using never-smokers as a reference. Because former smokers in our study quit 

smoking more than 15 years ago, many baseline characteristics of former smokers may have 

been affected by prior smoking. Further, because of the small number of subjects and hence 

events, data over-fitting is a concern in large multivariable-adjusted models. Therefore, we 

restricted our primary analyses to models adjusted for age, sex, and race only. Because 

former heavy smokers would be expected to have a shorter duration of smoking cessation 

and former light smokers would have a longer duration of smoking cessation, some of the 

risks of former heavy smokers would likely be mediated by their shorter duration of 

cessation and vice versa. To understand how the duration of smoking cessation may have 

modified the former smoking effect, we ran an additional model including duration of 

smoking cessation. We repeated the above process for other incident cardiovascular events; 
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however, for each we excluded patients with those respective conditions at baseline. We then 

repeated all of the above analyses to estimate associations of quartiles of former smokers 

with incident HF and mortality, this time, using current smokers as reference. Log minus log 

plots were visually examined to verify the proportional hazards assumption and found no 

obvious indications of non-proportionality for the effect of smoking status. We also used the 

martingale residuals to test and found no evidence of any proportional hazards assumption 

violation (p = 0.26 for effect of current smoker, p = 0.79 for former smoker). Data over-

fitting was checked by applying a backward elimination stepwise procedure to models, and 

changes in standard errors for all variables were less than 5%. All statistical tests were two-

tailed with 95% confidence levels and p-values <0.05 were considered significant. SPSS 19 

for Windows (2010; Armonk, NY: IBM Corp.) was used for all data analyses.

Results

Baseline characteristics

Overall, current smokers were younger than both never-smokers and former smokers with 

>15 years of smoking cessation (Table 1). Compared to both never-smokers and current 

smokers, these former smokers were more likely to be married white men who had a higher 

education and income as well as a higher prevalence of coronary artery disease and left 

ventricular systolic dysfunction (Table 1). However, former heavy smokers were more likely 

to have higher median values for markers of inflammation, including interleukin-6 and C-

reactive protein when compared to never-smokers, but not compared to current smokers 

(Table 1). Former heavy smokers smoked a mean of 53 pack-years and had a mean 

abstinence of 23 years (Table 1), while former light and moderate smokers smoked a mean 

of 4 and 19 pack-years and quit a mean of 36 and 28 years ago, respectively. Finally, at 

baseline, current smokers had a mean of 44 pack-years of smoking history.

Association with incident HF

As a group, former smokers appeared to have similar risk for incident HF when compared to 

never-smokers (age-sex-race-adjusted hazard ratios {aHR}, 0.99; 95% confidence interval 

{CI}, 0.85–1.16), which was driven by former light and moderate smokers who had a 

similar risk to that of never-smokers (Table 2 and Figure 2). Former heavy smokers, on the 

other hand, had higher risk relative to that of never-smokers (aHR), 1.45; 95% CI, 1.15–

1.83; Table 2 and Figure 2), but were similar to current smokers (aHR, 0.97; 95% CI, 0.74–

1.28; Figure 3). The risk for former light and moderate smokers was lower than that of 

current smokers (Figure 3). These associations for former smokers when compared to never-

smokers remained essentially unchanged after multivariable-adjustment (Table 2). When 

adjusted for duration of smoking cessation, compared to never-smokers, multivariable-

adjusted HRs (95% CI) for incident HF associated with the four smoking categories from 

the lightest (<8 pack-years) to the heaviest (≥32 pack-years) were 1.97 (1.09–3.54), 1.45 

(0.83–2.52), 1.56 (0.98–2.49) and 1.88 (1.27–2.79), respectively.

Association with mortality

Former smokers as a group appeared to have similar risk for all-cause mortality when 

compared to never-smokers (aHR, 1.08; 95% CI, 0.96–1.20; Table 3), which was mainly 
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driven by former light and moderate smokers (Figure 4). The risk for former heavy smokers 

was higher than that of never-smokers (aHR, 1.38; 95% CI, 1.17–1.64; Table 3 and Figure 

4), but lower than that of current smokers (aHR, 0.64; 95% CI, 0.53–0.77; Figure 5). These 

associations remained essentially unchanged after multivariable-adjustment (Table 3). When 

adjusted for duration of smoking cessation, compared to never-smokers, multivariable-

adjusted HRs (95% CI) for all-cause mortality associated with the four smoking categories 

from the lightest (<8 pack-years) to the heaviest (≥32 pack-years) were 1.40 (0.95–2.06), 

1.37 (0.95–1.98), 1.40 (1.02–1.92) and 1.50 (1.15–1.97), respectively.

Overall, similar patterns were observed for cardiovascular and non-cardiovascular mortality. 

Former smokers as a group had similar risk for cardiovascular mortality when compared to 

never-smokers (aHR, 1.00; 95% CI, 0.84–1.18). Although former heavy smokers were an 

exception (aHR, 1.37; 95% CI, 1.06–1.77; p=0.016), they had a trend toward lower risk 

relative to current smokers (aHR, 0.76; 95% CI, 0.56–1.03). In contrast, former smokers as a 

group had a trend toward higher risk of non-cardiovascular mortality relative to never-

smokers (aHR, 1.14; 95% CI, 0.99–1.31), which was driven by former heavy smokers, who 

were the only group to have significantly higher risk (aHR, 1.40; 95% CI, 1.12–1.75). 

However, former heavy smokers too had lower risk for non-cardiovascular mortality when 

compared to current smokers (aHR, 0.61; 95% CI, 0.47–0.79).

Association with other outcomes

Among the 4154 participants without baseline acute myocardial infarction history, former 

smokers as a group had a similar risk for incident acute myocardial infarction as that of 

never-smokers (aHR, 1.08; 95% CI, 0.88–1.33). Former heavy smokers had higher risk 

compared to never-smokers (aHR, 1.65; 95% CI, 1.22–2.22), and remained high relative to 

current smokers (aHR, 1.35; 95% CI, 0.92–1.97).

Among the 3959 participants without baseline history of peripheral arterial disease, the 

incidence of peripheral arterial disease was low (2% among never-smokers) and there were 

no significant associations. Although the incidence of stroke was not low (15% among 

never-smokers), no significant associations emerged among the 4324 participants without 

baseline stroke.

Discussion

Findings from the current study demonstrate that community-dwelling older former smokers 

who quit >15 years ago had similar risk of incident HF and mortality as that of never-

smokers. However, when stratified by pack-years of prior smoking, this benefit was only 

observed among former light and moderate (<32 pack-years) smokers, as former heavy (≥32 

pack-years) smokers had a 45% higher risk for incident HF, a 65% higher risk for acute 

myocardial infarction, and a 38% higher risk for all-cause death, despite >15 years of 

cessation. Although HF risk for former heavy smokers was similar to that of current 

smokers, they had significantly lower risks for all-cause and non-cardiovascular deaths, and 

a trend toward lower cardiovascular death. These data support the overall conclusions of the 

U.S. Surgeon General about the health benefits of prolonged smoking cessation and provide 

additional insights about how this benefit may be modified by the amount and duration of 
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prior smoking. While older former smokers who quit smoking >15 years ago may gain clear 

health benefits compared to current smokers, to achieve the health profile of never-smokers, 

it is important to smoke less and quit early.

The acute pro-thrombotic, pro-adrenergic, and pro-inflammatory properties of smoking are 

believed to underlie smoking-associated atherosclerosis and cardiovascular disease.4, 20 

However, cessation has been shown to reverse smoking-associated endothelial 

dysfunction,21, 22 which reduces the cardiovascular risk of smoking soon after cessation.6 

We observed that the risk of death for even former heavy smokers was lower than that of 

current smokers, suggesting a clear health benefit of cessation despite prolonged and/or 

heavy smoking. The higher risk among former heavy smokers relative to never-smokers is 

unlikely to be explained by the acute harmful effects of current smoking. Former heavy 

smokers who smoked an average of 53 pack-years had a mean of 23 years of smoking 

cessation at baseline and had a median time of 9 years from baseline to both incident HF and 

acute myocardial infarction. This long gap of over 30 years from smoking cessation to 

incident cardiovascular events suggests that atherosclerosis associated with prolonged 

smoking may cross a biological threshold for reversibility, which may in part explain the 

high risk of HF and acute myocardial infarction among former heavy smokers, which was 

similar to that of current smokers. This may in part be explained by the shorter duration of 

smoking cessation among heavy smokers because when adjusted for duration of smoking 

cessation, the health benefits of lighter smokers who had a longer duration of cessation were 

attenuated and became similar to that of heavy smokers with a shorter duration of cessation. 

Yet, we observed that former heavy smokers had lower risk of death compared to current 

smokers, suggesting a clear benefit of smoking cessation even with a relatively shorter 

duration of cessation. This may also in part be a survivor cohort effect as death of former 

heavy smokers at younger age, may have led to healthier, stronger older former smokers. A 

similar survivor cohort effect is also observed among very old African Americans, who have 

lower mortality than their white counterparts.23 Of note, all former smokers in our study had 

at least over 15 years of smoking cessation, the duration of smoking cessation that is 

currently believed to reduce the cardiovascular risk of smoking for all former smokers to that 

of never-smokers.

Prior studies of the benefits of smoking cessation may have failed to identify the high-risk 

profile of former heavy smokers due to lack of data on both the amount and duration of 

smoking by former smokers.11, 24, 25 Among women in the Nurses’ Health Study, the 

cardiovascular risk of former smokers (n=661) was similar to that of never-smokers 

(n=1115) after 10 to 14 years of cessation.11 In that study, former smokers were categorized 

into five groups based on their duration of smoking cessation, but data on their prior 

smoking (both amount and duration) were not collected. A large prospective study from 

Japan reported that the risk of cardiovascular disease for former (vs. current) smokers aged 

65 to 79 years did not significantly decline until after 10 years of smoking cessation.24 

However, data on health benefits of smoking cessation compared to never-smokers were not 

presented. Importantly, that study also lacked data on amount and duration of smoking prior 

to cessation. Similarly, we also observed that as a group former smokers had a similar health 

profile as that of never-smokers. However, when we stratified by pack-years of prior 

smoking, the cardiovascular risk for former heavy smokers was higher than that of never-
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smokers. Former heavy smokers also had a higher prevalence of diabetes, left ventricular 

systolic dysfunction, coronary artery disease and peripheral arterial disease as well higher 

median values for serum C-reactive protein and interleukin-6 levels relative to never-

smokers. Since the higher prevalence of baseline risk factors may be explained by prior 

heavy smoking, adjustment for these mediators may in part explain the attenuation of the 

associations in the multivariable model. Nonetheless, despite this high cardiovascular risk 

relative to never-smokers, former heavy smokers clearly had lower risk of mortality relative 

to current smokers. To the best of our knowledge, the current study is the first to clarify the 

role of amount and duration of prior smoking on the health benefits of prolonged cessation 

for former smokers.

Findings from the current study have potential public health implications. They support the 

overall conclusion of the U.S. Surgeon General’s report that >15 years of smoking cessation 

allows most formers smokers to achieve the health profile of never-smokers. Although 

former heavy smokers may not achieve that benefit, they clearly had better survival odds 

than current smokers. These findings suggest that clinicians could target former heavy 

smokers for screening and interventions for other cardiovascular risk factors. All current 

smokers, including heavy smokers, should be counseled for smoking cessation as the excess 

cardiovascular risk starts decreasing soon after abstinence.5, 6, 26–28 Smokers who cannot 

quit should be encouraged to reduce their amount and/or duration of smoking as it has been 

shown to be associated with future smoking cessation.29

Several limitations of this study must be acknowledged. Self-reports of smoking were not 

validated by biochemical tests. However, most major smoking studies are based on self-

reports, which have been shown to have high validity.30 Moreover, active smoking occurred 

>15 years before baseline (1989–1993). The amount and duration of prior smoking was 

estimated using pack-years. However, it is possible that the amount and duration of smoking 

have differential effects so that smoking three packs a day for fifteen years (45 pack-years) 

may be different from smoking one pack per day for 45 years (also 45 pack-years). Older 

former heavy smokers may be at risk of resuming smoking and self-misclassifying. 

However, longer duration of abstinence and older age have been shown to be associated with 

a lower risk of relapse.31 Heavy smokers in our study had a mean age of 74 years and mean 

cessation of 23 years. Residual confounding, specifically differences in unmeasured risk 

factors for HF between former heavy smokers versus other former smokers may help explain 

part of the differential risk of HF among former heavy smokers.

Conclusions

After >15 years of cessation, older former light and moderate (<32 pack-years) smokers 

appear to achieve the health profile of never-smokers. Although former heavy (≥32 pack-

years) smokers may not achieve this, their risk is clearly lower relative to current smokers. 

These findings confirm the health benefit of smoking cessation compared to continued 

smoking, and suggest that avoidance of heavy or prolonged smoking may be necessary to 

achieve the full complement of health benefits of never-smokers.
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Figure 1. 
Flow chart displaying assembly of study cohort based on the public-use copy of the 

Cardiovascular Health Study (CHS) data
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Figure 2. 
Age-sex-race-adjusted survival plots for incident heart failure for never-smokers, former 

smokers who quit smoking over 15 years ago, stratified by quartiles of pack-years (PY) of 

prior smoking, and current smokers
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Figure 3. 
Age-sex-race-adjusted hazard ratios (aHR) and 95% confidence intervals (CI) for incident 

heart failure for never-smokers and former smokers who quit smoking over 15 years ago, 

stratified by quartiles of pack-years (PY) of prior smoking, relative to current smokers. The 

red dotted line is the line of reference, and the green dotted line intersects the aHR for never-

smokers
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Figure 4. 
Age-sex-race-adjusted survival plots for all-cause mortality for never-smokers, former 

smokers who quit smoking over 15 years ago, stratified by quartiles of pack-years (PY) of 

prior smoking, and current smokers
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Figure 5. 
Age-sex-race-adjusted hazard ratios (aHR) and 95% confidence intervals (CI) for all-cause 

mortality for never-smokers and former smokers who quit smoking over 15 years ago, 

stratified by quartiles of pack-years (PY) of prior smoking, relative to current smokers. The 

red dotted line is the line of reference, and the green dotted line intersects the aHR for never-

smokers
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