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Abstract
Background—Although there is evidence linking smoking and heart failure (HF), the
association between lifetime smoking exposure and HF in older adults and the strength of this
association among current and past smokers is not well known.

Methods—We examined the association between smoking status, pack-years of exposure and
incident HF risk in 2, 125 participants of the Health, Aging, and Body Composition Study (age 73.
6±2. 9 years; 69. 7% females; 54. 2% whites)using proportional hazard models.

Results—At inception, 54. 8% of participants were non-smokers, 34. 8% were past smokers, and
10. 4% were current smokers. During follow-up (median, 9. 4 years), HF incidence was 11. 4 per
1000 person-years in non-smokers, 15. 2 in past smokers (hazard ratio [HR] vs. non-smokers 1.
33; 95% confidence interval [CI] 1. 01, 1. 76; p=0. 045), and 21. 9 in current smokers (HR 1. 93;
95% CI 1. 30, 2. 84; p=0. 001). After adjusting for HF risk factors, incident coronary events, and
competing risk for death, a dose-effect association between pack-years of exposure and HF risk
was observed (HR 1. 09; 95% CI 1. 05, 1. 14; p<0. 001 per 10 pack-years). HF risk was not
modulated by pack-years of exposure in current smokers. In past smokers, HR for HF was 1. 05
(95% CI, 0. 64, 1. 72) for 1–11 pack-years; 1. 23 (95% CI, 0. 82, 1. 83) for 12–35 pack-years; and
1. 64 (95% CI, 1. 11, 2. 42) for >35 pack-years of exposure in fully adjusted models (p<0. 001 for
trend) compared to non-smokers.
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Conclusions—In older adults, both current and past cigarette smoking increase HF risk. In
current smokers, this risk is high irrespective of pack-years of exposure, whereas in past smokers
there was a dose-effect association.

INTRODUCTION
Cigarette smoking is one of the most preventable causes of morbidity and mortality globally.
In North America, 650, 000 deaths are attributable to smoking annually and account for
nearly 25% of total adult mortality, with cardiovascular diseases contributing to 42. 1% of
these deaths. 1 Cigarette smoking leads to impaired endothelial function via decreased nitric
oxide production, pro-thrombotic state, increased oxidative stress, and activated
inflammatory pathways. 2–5 Not surprisingly, therefore, smoking is a major contributor to all
forms of cardiovascular disease. 6 In addition to vascular effects, smoking, via increased
oxidative stress and inflammation, 6, 7 directly effects on the myocardium leading to systolic
and diastolic dysfunction. 8, 9 It also promotes other heart failure (HF) risk factors including
blood pressure, increased heart rate, diabetes, and atherosclerosis. 10–12 We have recently
shown that smoking is independently associated with 5-year risk for HF in older adults. 13

An association between cumulative smoking exposure (in terms of pack-years) and
cardiovascular endpoints has been described. 14–17 However, it remains unclear whether this
association is true for HF also. Although the evidence linking smoking and HF is known, the
nature of this association with respect to cumulative lifetime smoking exposure in older
adults, and the strength of association among current versus past smokers, is not well
known. Also, whether this association is independent of incident coronary events is not
known either. Finally, in older adults, risk for cardiovascular events may be confounded by
the high mortality rate; most studies have not taken into account the competing risk of death.
In this study, we assessed the association between smoking status and HF risk among the
elderly participants of the Health, Aging, and Body Composition (Health ABC) Study;
exploring in particular the cumulative life-time exposure and the related differences in risk
between past versus the current smokers, adjusting for incident coronary events and
competing death risk.

METHODS
Study population and baseline data collection

The Health Aging and Body Composition (Health ABC) Study is a cohort of 3, 075 well-
functioning, community-dwelling men and women aged 70–79 years at inception. Potential
participants were recruited from a random sample of white and all black Medicare
beneficiaries residing in designated zip code areas in Pittsburgh, PA, and Memphis, TN,
with a mailed invitation followed by a telephone-screening interview to determine
eligibility. Recruitment period was from March 1997 to July 1998. Exclusion criteria
included difficulty performing basic activities of daily living or walking ¼ of a mile or
climbing 10 steps without resting, use of a cane, walker, crutches, or other equipment for
movement, treatment for cancer in the previous three years, intention to move out of the area
in the next three years, or participation in a trial involving lifestyle intervention. Eligible
participants were scheduled for a home interview during which eligibility was confirmed,
written informed consent was obtained, and a comprehensive interview was conducted
followed by a clinic examination that included assessment of mobility. The Institutional
Review Boards at both sites approved the protocol. Physiologic measurements, blood
samples, performance measurements, and questionnaires were obtained during a baseline
clinic visit in the two field centers. Subsequently, follow-up data collection and surveillance
was conducted by in-person examination alternating with a telephone interview every 6
months.

Gopal et al. Page 2

Am Heart J. Author manuscript; available in PMC 2013 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Participants with prevalent HF, possible HF, or missing data on HF were excluded (n=140)
from this analysis. Of the 2935 participants without prevalent HF, 2890 had smoking data at
baseline. Overall 765 participants indicated cigar use; there was a considerable overlap
among current, past, and non-cigarette smokers with respect to cigar habit. Due to this
overlap and no credible method to equate a specific unit of cigar consumption with
equivalent cigarette smoking pack-year exposure, all cigar users (n=765) were excluded
from the primary analysis, which was restricted to 2, 125 participants. Cigar smoking was
controlled for in an a priori planned secondary analysis.

Study definitions
Cardiovascular disease status at baseline, including prevalent heart failure, was based on
self-reported history, use of selected drugs, and International Classification of Diseases,
Ninth Revision, Clinical Modification codes as reported by Medicare and Medicaid Services
from 1995 through 1998. Smoking status was classified as current, past (≥100 lifetime
cigarettes), or non-smoker. Smoking exposure, expressed as pack-years, was calculated as
the average number of packs of cigarettes smoked per day (defining pack as 20 cigarettes)
times the number of years of smoking. All smoking data were obtained through participant
self-report at the baseline visit; secondhand smoking exposure data were not available in this
study. Race was self-defined by the participant. Diabetes mellitus was defined as a self-
reported history of diabetes mellitus or use of anti-diabetic medication. Left ventricular
hypertrophy was ascertained by the electrocardiogram using the following voltage criteria: R
amplitude > 26 mm in either V5 or V6, or R amplitude >20 mm in any of leads I, II, III, a
VF, or R amplitude >12 mm in lead aVL or R amplitude in V5 or V6 plus S amplitude in
V1>35 mm. Coronary heart disease was defined as: (1) history of surgical or percutaneous
revascularization; or (2) electrocardiographic evidence of myocardial infarction; or (3) self-
reported history of myocardial infarction or angina accompanied by use of anti-anginal
medications. Hypertension was defined as self-reported history of physician diagnosis
accompanied by use of antihypertensive medications. Incident coronary events were defined
as hospitalization for myocardial infarction or angina pectoris, or elective surgical or
coronary revascularization.

Follow-up and outcomes
Participants were asked to report any hospitalizations and were also asked direct questions
regarding incident cardiovascular events during the planned telephone interviews and in-
person examinations. Medical records for overnight hospitalizations were reviewed at each
site by local adjudicators. All first admissions with an overnight stay that was confirmed as
related to HF, based on symptoms, signs, chest radiograph results, and echocardiographic
findings, using criteria similar to those used in the Cardiovascular Health Study, were
designated as incident HF event. 18 The criteria required HF diagnosis by a physician and
treatment for HF. 19 Briefly, an HF event was confirmed if, in addition to a physician
diagnosis, there was documentation in the medical record of (1) symptoms (e. g. , shortness
of breath, fatigue, orthopnea) and physical signs (e. g. edema, rales); (2) supporting clinical
findings (e. g. pulmonary edema on chest x-ray examination) and (3) HF treatment,
including diuretics, digitalis, ACE inhibitors or beta-blockers. Information from
echocardiography was not required, but was taken into account whenever available. Incident
coronary events were identified and adjudicated using the standard Health ABC Study
surveillance and adjudication process described above. All deaths were reviewed by the
Health ABC Diagnosis and Disease Ascertainment Committee. Left ventricular ejection
fraction post-HF development was abstracted from echocardiography or left
ventriculography reports during the index hospitalization; these procedures were performed
at the discretion of the treating physician and were therefore available in a subset of patients.
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We used a cut-off point of 45% to define HF with reduced (≤45%) vs. preserved (>45%)
ejection fraction. 20

Statistical analysis
Descriptive statistics are presented as mean (standard deviation) for continuous and number
(percentage) for categorical variables. Baseline characteristics between participants were
compared with nonparametric methods; utilizing the Kruskal-Wallis test for continuous and
χ2 test for categorical variables. Correlation between HF risk factors and smoking variables
was examined by Spearman rank correlation. The association between smoking status,
cigarette exposure (pack-years)and HF risk was examined with Cox models. Smoking
exposure (pack-years) was examined as a continuous variable and as acategorized variable
using tertiles of pack-years. We examined for non-linear association between pack-years and
HF risk using fractional polynomials and restricted cubic splines. The proportional hazards
assumption was evaluated by examining log-log survival plots and interaction terms with
time in Cox models.

In multivariable models, we adjusted for other previously identified clinical predictors of HF
in the Health ABC Study (age, coronary artery disease, left ventricular hypertrophy, systolic
blood pressure, heart rate, albumin, fasting glucose, and creatinine)13 and incident coronary
events (defined as incident myocardial infarction, angina, or coronary revascularization,
either percutaneous or surgical). We repeated the analyses using the Fine and Grey
extension of the Cox model 21 as a sensitivity analysis to account for death as a competing
risk in this older adults cohort. Standard Cox models tend to overestimate the risk of the
event of interest (in this study, HF) because participants who died prior to development of
HF are censored. Competing risk analysis estimates disease incidence in the presence of the
competing risk by assessing probability of disease conditional on disease-free survival and
competing risk-free survival. 22

In secondary analyses, the association between pack-years of exposure and HF risk was
assessed among, (a) past versus current smokers; (b) in race-based sub-groups, and (c) for
those who developed HF with preserved versus reduced ejection fraction. Analyses were
also repeated in a cohort including participants who reported cigar smoking by controlling
for cigar habit. A two-sided p<0. 05 was considered significant. Analyses were performed
with SAS 9. 2 (SAS Institute Inc. , Cary, NC).

RESULTS
Baseline participant characteristics

Of the 2, 125 eligible persons, 1, 165 (54. 8%) were non-smokers, 221 (10. 4%) were
current smokers and 739 (34. 8%) were past smokers. Among participants with smoking
history, tertiles of pack-year smoking exposure was categorized as lowest (1–11),
intermediate (12–35), and highest (>35) tertile. Table 1 shows the baseline participant
characteristics by smoking exposure. Mean age of participants was 73. 6±2. 9 years; 69. 7%
were females and 54. 2% were white.

Smoking status and heart failure risk
Over a median follow-up of 9. 4 years (interquartile range, 7. 0 to 9. 4 years), 231 (10. 9%)
participants developed HF (13. 6 events per 1000 person-years). Incidence of HF was 11. 4
events per 1000 person-years in non-smokers, 15. 2 events per 1000 person-years in former
smokers (hazard ratio [HR] vs. non-smokers 1. 33; 95% confidence interval [CI] 1. 01, 1.
76; p=0. 045), and 21. 9 events per 1000 person-years in current smokers (HR vs. non-
smokers 1. 93; 95% CI 1. 30, 2. 84; p=0. 001), Figure 1. The increased risk associated with
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smoking persisted in models adjusting for previously identified HF risk factors in the Health
ABC Study (age, coronary artery disease, left ventricular hypertrophy, systolic blood
pressure, heart rate, albumin, fasting glucose, and creatinine), incident coronary events, and
competing risk for death. The increased risk associated with smoking persisted in models
adjusting for previously identified HF risk factors in the Health ABC Study (age, coronary
artery disease, left ventricular hypertrophy, systolic blood pressure, heart rate, albumin,
fasting glucose, and creatinine), incident coronary events, and competing risk for death. The
adjusted HR was 1. 73 (95% CI 1. 15, 2. 59, p=0. 008) for current smokers and 1. 31 (95%
CI 0. 98, 1. 75; p=0. 06) for past smokers, versus non-smokers.

Cigarette smoking exposure and heart failure risk
We did not detect any high-order (nonlinear association between pack-years and HF risk.
When pack-years were evaluated as a continuous variable in unadjusted models, a
significant association with HF risk was observed (HR 1. 09;95% CI 1. 05, 1. 14; p<0. 001
per 10 pack-years). This dose-effect association was only evident among past smokers (HR
1. 11;95% CI 1. 05, 1. 18; p<0. 001 per 10 pack-years). There was no dose-effect association
in current smokers (HR 0. 94;95% CI 0. 82, 1. 08). When pack-years exposure was assessed
as tertiles in past smokers, there was an increase in risk with increasing exposure(1–11 pack-
years: 9. 1 events; 12–35 pack-years: 16. 8 events; and greater than 35 pack-years: 20. 6
events per 1000 person-years), Figure 2. In multivariate models adjusting for previously
identified HF risk factors in Health ABC, incident coronary events, and competing risk for
death, the dose-effect in past smokers across tertiles was 1. 05 (95% CI 0. 64, 1. 72; lowest),
1. 23 (95% CI 0. 82, 1. 83; intermediate), and 1. 64 (95% CI 1. 11, 2. 42; highest tertile),
Table 2. Secondary analysis including participants who reported cigar use revealed
persistent dose-effect association of pack-years with HF (HR 1. 06, 95% CI 1. 02, 1. 09; p =
0. 003 per 10 pack-years, controlling for HF risk factors, incident coronary events,
competing risk for death, and cigar use).

Subgroup analyses
In the combined subgroups of current and past smokers, the relationship between cigarette
exposure and HF risk in unadjusted models was comparable in whites(HR 1. 12; 95% CI 1.
07, 1. 18 per 10 pack-years exposure vs. nonsmokers; p < 0. 001)and blacks(HR 1. 06;
95%CI 0. 99, 1. 14 per 10 pack-years vs. nonsmokers; p=0. 11); p=0. 26 for interaction.
Similarly, the association of cigarette smoking and incident HF risk in females and males
were comparable (HR 1. 06; 95% CI 1. 00, 1. 13; p=0. 058 and HR 1. 12; 95% CI 1. 06, 1.
19; p < 0. 001 per 10 pack-years for females and males respectively; interaction p = 0. 19).
Finally, quit time had no effect on the association between pack-years and HF risk among
past smokers.

Information on left ventricular ejection fraction post-HF was available in 179 of 231 (77.
5%) cases. There were 80 cases (44. 7%) with preserved ejection fraction. HF risk in fully
adjusted models stratified by those with preserved or depressed ejection fraction was not
different (HR 1. 05; 95% CI 0. 969, 1. 14 vs. HR 1. 11; 95% CI 1. 04, 1. 18 per 10 pack-
years respectively, p value for z test=0. 34).

DISCUSSION
In this study, current smokers exhibited a significantly increased risk of incident HF
compared to non-smokers after controlling for other clinical HF risk factors and incident
coronary events. Interestingly, there was no dose-effect association between cigarette
exposure and risk for HF in current smokers on this risk. In contrast, pack-years of exposure
in past cigarette smokers modulated HF risk. These associations persisted in models
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accounting for the competing risk of death in this older adult cohort. These results highlight
not only the importance of current and past smoking in terms of risk for HF in older adults,
but also underscore the fact that there is no ‘safe’ level of active smoking for HF risk.

The propagation of atherosclerosis and myocardial infarction by cigarette smoking is well
delineated. The nature of the association between cigarette smoking and HF risk has not
been defined clearly in older adults. We demonstrated an increase in HF risk with cigarette
smoking, which was higher for current vs. past smokers. Interestingly, the association of
smoking with HF risk persisted despite adjustment for other presumptive causal pathways,
such as other clinical HF risk factors and incident coronary events. The mechanism by
which smoking promotes atherosclerosis appears to be mediated by inflammation. 5, 23

Heart failure risk with smoking persists after controlling for inflammatory markers,
suggesting that alternate mechanisms may also be important. 24, 25 Cigarette smoking
directly increases free radical production, 26 cardiac mitochondrial damage, 27 and nicotine-
induced free fatty acid release28; all well-described pathways of HF development. To what
extent these alternate mechanisms provide the link between cigarette smoking and HF risk
remains to be elucidated.

We observed a dose-effect relationship between pack-years of exposure and HF risk in past
smokers. Previous studies have demonstrated a continuous relationship between pack-years
of exposure and carotid artery intima-media thickness, implying a cumulative adverse effect
on vascular structure. 29 A dose-response relationship between cigarette smoking and left
ventricular systolic function in asymptomatic individuals has also been shown. 30 Our study
extends those results to describe a similar dose-response relationship between previous
cigarette exposure and risk of incident HF in older adults, even when adjusted for
incidentcoronary events. Although smoking cessation leads to a decrease risk of
cardiovascular events and mortality, there is evidence that inflammatory, hemostatic, and
atherosclerotic changes can take up to 20 years to revert back to non-smoker levels,
underscoring the importance of avoiding smoking. 31, 32 However, this risk in past smokers
is still reduced in magnitude in comparison to current smokers, thus underscoring the
benefits of smoking cessation.

Current smokers exhibited the greatest HF risk compared to past smokers and non-smokers.
Interestingly, no dose-effect association between pack-years of cigarette smoking and risk
was observed in this group. This lack of dose-effect is mechanistically conceivable since
acute cigarette smoking reduces myocardial flow reserve, 33 increases reactive oxygen
species and platelet hyperactivity, 34 augments catecholamine release, 10 and decreases nitric
oxide production and endothelium-dependent vasodilation. 35 These derangements may have
persistent deleterious effects on individuals irrespective of duration and amount of exposure,
underscoring the fact that there may be no safe level of smoking cigarettes. However, the
small sample size of the current smokers, compared to past smokers, must be recognized as
an alternative possibility for the lack of a dose-effect association in this group.

This study has several limitations. Smoking data, including pack-years of exposure, rely on
self-report by participantsat enrollment in the study. Therefore, the possibility of exposure
misclassification cannot be excluded. Echocardiography was not systematically evaluated at
index HF hospitalizations and therefore our conclusions about the association between
smoking and HF with preserved or reduced left ventricular ejection fraction are potentially
subject to bias. In addition, the small number of current smokers, and particularly of those in
the lowest tertile of pack years, does not allow for safe conclusions on the association
between cigarette exposure and HF risk in this group.
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In conclusion, this study demonstrates an independent association between smoking and the
development of incident HF in older adults, irrespective of other risk factors and incident
coronary events. There does not appear to be any safe level of smoking in terms of HF risk
in older adults. As smoking continues to be a leading cause of preventable morbidity and
mortality, continued attempts at the individual and population level to reduce smoking
appear warranted.
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Figure 1. Kaplan-Meier Curves by Smoking Status
Cumulative heart failure incidence by smoking status at inception in the Health ABC Study
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Figure 2. Kaplan-Meier Curve of Past Smokers
Cumulative heart failure incidence over time according to tertiles of pack-years of smoking
exposure among past smokers in the Health ABC Study. Incidence among non-smokers
(green line) is also shown for comparison.
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