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Abstract: Smoking is a well-known risk factor for atherosclerotic cardiovascular disease. However,
there are insufficient data regarding the predictive influence of smoking status on the risk of incident
heart failure (HF). This study involved a systematic review and meta-analysis of prospective cohort
studies to identify the association of smoking status with incident risk of HF. Peer-reviewed articles
published in PubMed, Embase, Web of Science, Cochrane, and CINAHL up to May 2019 were
identified. Seven studies, based on 42,759 participants and 4826 HF cases, were included. Pooled
hazard ratios (HRs) and their 95% confidence intervals (CI) were estimated using the fixed effects
model. Subgroup analyses were conducted to define possible sources of heterogeneity. Current
smokers aged 18 years and over had a greater risk of HF incidence compared with non-smokers
(never or former smokers) (HR = 1.609, 95% CI, 1.470–1.761). Additionally, former smokers had
a greater risk of HF incidence compared with never smokers (HR = 1.209, 95% CI, 1.084–1.348).
The present study highlighted that never smokers have more obvious cardiovascular benefits than
current or former smokers. Therefore, health professionals should support cessation at the earliest
among current smokers and encourage young people and non-smokers not to start smoking.
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1. Introduction

The rapid worldwide growth of the aging population has led to an increasing incidence and
prevalence of heart failure (HF) [1]. HF is a chronic and progressive illness that is associated with high
morbidity and mortality and medical costs owing to frequent hospital readmissions [2]. Moreover,
despite advancements in medical and device therapy, HF continues to be associated with adverse
outcomes and poor prognosis. The prevention of HF in community-based populations, therefore, is
an important public health issue at the regional, national, and global levels [3]. To facilitate effective
prevention, early identification of the relevant risk factors is crucial. Accordingly, there is a need to
understand the factors influencing the risk of HF incidence.

To date, numerous studies have reported associations between HF and modifiable cardiovascular
risk factors including smoking, control of blood pressure and glucose, obesity, physical inactivity due
to sedentary lifestyle, and unhealthy diet [3–6]. Among these, smoking has been known as the variable
most strongly associated with HF risk [7,8] through cardiac dysfunction such as vessel constriction,
impaired endothelial function, and increased blood pressure [8,9].

Observational studies have indicated current smokers to be associated with an increased risk of
cardiovascular events and all-cause mortality compared with those who have never smoked [10,11].
According to Ahmed et al.’s study [12], former smokers had a similar risk of incident HF and mortality,
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as that of never smokers when compared to current smokers. Additionally, Kamimura et al. [8] found
that intensity and burden among current and former smokers were associated with higher rates of
hospitalization due to incident HF compared with never smokers. On the contrary, one study reported
that there was no significant association between smoking status and patients’ health status at the
time of enrollment [13]. These results are conflicting and inconsistent. Moreover, little is known about
the effect of smoking on the risk of HF incidence in the general population. Recently Aune et al. [14]
conducted a meta-analysis of prospective studies regarding the association between smoking and
HF risk. However, the review included different types of studies such as retrospective and nested
case-control studies, which resulted in clinical heterogeneity. In addition, the authors did not take into
account the methodological quality of the included studies.

Therefore, we performed a systematic review and meta-analysis of solely prospective cohort
studies to evaluate the causal relationships between smoking status and incident HF in the general
population, adjusting for traditional cardiovascular risk factors such as age, sex, body mass index,
hypertension, and diabetes.

2. Materials and Methods

To perform this systematic review and meta-analysis, we adopted the recommendation of the
Meta-analysis of Observational Studies in Epidemiology guidelines [15].

2.1. Search Strategies

Two investigators (Y.J. and H.J.) independently performed a search in five databases—PubMed,
Embase, Cochrane, Web of Science, and CINAHL—from their inception to May 2019 for prospective
cohort studies describing the link between smoking status and HF risk. We used the search terms,
“smoking,” “tobacco,” “nicotine,” “cigarette smoking” and “heart failure,” “cardiac failure,” “heart
decompensation,” “congestive heart failure,” “chronic heart failure” (MeSH) combined with “cohort
studies,” “follow-up studies,” “prospective studies,” “longitudinal studies.” The reference lists of
potential articles were thoroughly reviewed. Only articles published in English were considered.
Ethical approval was not required for this review because of the use of already published data.

2.2. Study Selection

For this review, EndNote (version X7, Thomson Reuters, New York, NY, USA) was utilized to
eliminate duplicate references, after which two reviewers conducted a manual cross-check of the titles
and abstracts of the remaining articles. The following were the inclusion criteria: (1) population-based
prospective cohort studies involving human subjects; (2) assessment of smoking status and HF as the
exposure and outcome of interest, respectively; (3) assessment of traditional cardiovascular risk factors
(hypertension, diabetes, hypercholesterolemia, obesity, and physical inactivity); (4) participants free of
HF at the beginning of the studies; and (6) reporting a summary estimate (hazard ratio (HR) or relative
risk (RR)) with confidence intervals (CI). The following study types were excluded: (1) cross-sectional,
retrospective, case-control studies, clinical trials, reviews, commentaries, editorials, and letters to the
editor and (2) review articles and meta-analyses.

The criteria for identification of incident HF as the outcome of interest in this review were one or
more of the following: (1) medical diagnosis from physician records; (2) evidence of medical therapy for
HF including pharmacologic treatment such as diuretics, digitalis, and vasodilators; and (3) a diagnosis
with an International Classification of Diseases-Ninth Revision discharge code. The entire description
of our screening process is presented in the PRISMA flowchart (Figure 1).
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prospective cohort studies. The NOS, a representative tool for the meta-analysis of observational 
studies [16], has been widely used owing to the recommendation of the Cochrane Collaboration [17]. 

The NOS assesses three quality parameters (selection, comparability, and outcome) divided 
across eight specific items. There is a series of response options for each item. A star system is used 
to allow a semi-quantitative assessment of study quality, such that the highest-quality studies are 
awarded a maximum of one star for each item with the exception of the item related to comparability, 
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are considered high quality. Any disagreements in quality assessment were resolved by discussion 
until a consensus was reached. Ratings regarding the validity of included studies are reported in 
Table 1. 

Figure 1. Flowchart of systematic review of literature selection process for the present study.

2.3. Data Extraction

The data extracted from each study were cross-checked by two independent reviewers.
We extracted the following information from each retrieved study: name of the first author, publication
year, study location, participants’ ages at baseline, number of cases, size of cohort, duration of follow-up,
assessment of smoking status and HF, and covariates that were adjusted for in the multivariable
analysis. Any disagreement was resolved by consensus among all reviewers.

2.4. Quality Assessment

We used the Newcastle-Ottawa Scale (NOS) [16] to determine the quality of included prospective
cohort studies. The NOS, a representative tool for the meta-analysis of observational studies [16], has
been widely used owing to the recommendation of the Cochrane Collaboration [17].

The NOS assesses three quality parameters (selection, comparability, and outcome) divided across
eight specific items. There is a series of response options for each item. A star system is used to allow
a semi-quantitative assessment of study quality, such that the highest-quality studies are awarded
a maximum of one star for each item with the exception of the item related to comparability, which
allows the assignment of two stars. Scores range from 0 to 9 and studies with scores of 7 to 9 are
considered high quality. Any disagreements in quality assessment were resolved by discussion until
a consensus was reached. Ratings regarding the validity of included studies are reported in Table 1.
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Table 1. Characteristics of studies included.

Authors,
(Publication

Year)/Location

Age (yrs) at
Baseline

Cases/Cohort
Size

Follow-up
Period (yrs)

Exposure
Assessment

Smoking Status
Identified

Outcome
Assessment Adjustments for Covariates

Quality
Assessment

Score

He et al. (2001)/USA
[18] 25–74 1382/13,643 19

(average) Interview Non-smokers/current
smokers

Medical
records

Age, race, education, alcohol
consumption, physical activity,
HTN, SBP, DM, BMI, serum
cholesterol, VHD, CAD

9

Ingelsson et al.
(2006)/Sweden [19] 50 100/2314 20.1

(median) Interview Non-smokers/current
smokers

Medical
records HTN, DM, BMI, LVH, MI 8

Gopal et al.
(2012)/USA [9] 70–79 231/2125 9.4

(median) Self-reported Never/former/current
smokers

Medical
records

Age, SBP, HR, CAD, LVH,
albumin, fasting glucose,
creatinine

8

Ahmed et al.
(2015)/USA [12] ≥65 931/4482 13 Self-reported Never/former/current

smokers
Medical
records

Age, sex, race, education,
income, alcohol consumption,
ADL, HTN, DM, BMI, CAD,
LVH, stroke, AF, PAD, COPD,
cancer, left ventricular systolic
dysfunction, CRP, ACEIs,
serum creatinine, beta-blockers,
diuretics

8

Nadruz et al.
(2016)/USA [20] 45–64 1496/9649 15 Interview Never/passive/former/current

smokers
Medical
records

Age, sex, race, alcohol
consumption, HTN, SBP, HR,
DM, BMI, SBP, HR, COPD,
estimated GFR

9

Sahle et al.
(2016)/Australia [21] 84 ± 5 373/6083 10.8

(median) Medical records Never/former/current
smokers

Medical
records BP, BMI, CVD, estimated GFR 7

Feoforoff et al.
(2018)/Finland [22] 27.4–51.3 313/4463 13.8

(median) Self-reported Never/former/current
smokers

Medical
records

Age, sex, HTN, DM, BMI,
HDL-cholesterol, TG, HbA1c

9

Note. HTN = hypertension; SBP = systolic blood pressure; DM = diabetes mellitus; BMI = body mass index; VHD = valvular heart disease; CAD = coronary artery disease; LVH = left
ventricular hypertrophy; MI = myocardial infarction; HR = heart rate; ADL = activities of daily living; AF = atrial fibrillation; PAD = peripheral artery disease; COPD = chronic obstructive
pulmonary disease; CRP = C-reactive protein; ACEIs = angiotensin-converting enzyme inhibitors; GFR = glomerular filtration rate; HDL = high-density lipoprotein; TG = triacylglycero.
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2.5. Statistical Methodology

We utilized HRs as the risk of HF incidence across studies, and considered RRs as equivalents.
We used the fixed effects model owing to low heterogeneity among included studies. We identified
Hedges’ Q statistic (statistical significance was set at p < 0.05) and the I2 statistic with its 95% CI to
describe heterogeneity. I2 values of 25–50% were considered to indicate low heterogeneity, 50–75%
moderate heterogeneity, and > 75% high heterogeneity [23].

We conducted subgroup analyses to investigate the sources of the heterogeneity expected in the
meta-analysis of cohort studies. Publication bias was assessed using Begg’s rank correlation tests [24]
and Egger’s linear regression tests [25]. If publication bias was identified, we adjusted the overall HR
with the “trim and fill” method. We assumed that the overall HR was within 10% it was judged that
there was no publication bias [26].

A sensitivity analysis was also conducted to assess the influence of a single study on the overall
HR by omitting one study each time. All statistical analyses were performed using the Comprehensive
Meta-Analysis software (version 3.0; Biostat, Englewood, NJ, USA), and all p values were two-sided
with a significance level of 0.05.

3. Results

3.1. Literature Search

A total of 616 citations were initially identified from PubMed, Embase, CINAHL, Web of Science,
and Cochrane up to May 2019. After the removal of duplicates, 512 citations remained for further
assessment. Of these articles, 448 were removed after reviewing the title and abstract, leaving 64
articles for full-text review. Finally, seven articles [9,12,18–22] were included in the meta-analysis.

3.2. Description of Included Studies

The characteristics of the included articles are depicted in Table 1. The cohort size of studies
ranged from 2125 to 13,643, with a total of 42,759, and the number of HF cases ranged from 100 to 1382,
with a total of 4826. The ages of the study participants ranged from 25 to 84 years, and the range of the
follow-up period was 9.4 to 20.1 years. By smoking status, participants were classified as current and
non-smokers (which included former or never smokers) using self-reports, interviews, and medical
records. The quality score evaluated by the NOS was between 7 and 9.

3.3. Smoking Status and Incident Risk of HF

Figure 2 presents the association between smoking status and incident risk of HF. A total of seven
prospective cohort studies were included in the analysis to identify the association between risk of HF
incidence and current smokers compared with non-smokers (never or former smokers). Compared
with non-smokers, current smokers had a greater risk of HF incidence (HR 1.609, 95% CI, 1.470–1.761)
(Figure 2). No evidence of heterogeneity was observed (Q = 4.688, p = 0.584; I2 = 0.0%). Through Begg’s
(p = 0.764) and Egger’s tests (p = 0.992), we confirmed that there was no publication bias regarding
current smoking being associated with increased risk of HF incidence.

As shown in Figure 3, four prospective cohort studies were used to identify the association
between risk of HF incidence and former smokers compared with never smokers. Compared with
never smokers, former smokers had a greater HF incidence risk (HR 1.209, 95% CI, 1.084–1.348). No
evidence of heterogeneity was observed (Q = 4.309, p = 0.230; I2 = 30.4%). As Begg’s (p = 0.734) and
Egger’s (p = 0.028) tests identified publication bias, we used the trim and fill method to adjust for it.
Accordingly, two studies were added, reducing 7.2% compared to before calibration, and the HR of
former smoking and risk of HF incidence was revised to 1.123 (95% CI, 1.029–1.234).
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3.4. Subgroup and Sensitivity Analyses

Subgroup analyses by publication year, study location, cohort size, number of cases, follow-up
period, and quality assessment score were conducted. Studies with cohort sizes of more than 5000,
which included more than 500 HF cases, had conducted follow-ups longer than 15 years, had been
published since 2011, and had been conducted in the USA, identified higher HF incidence risk.

In sensitivity analyses, we recalculated the pooled HRs by excluding one study at a time. The
pooled HRs ranged from 1.563 (95% CI, 1.417–1.724) to 1.627 (95% CI, 1.483–1.785). The trend was
generally similar to the overall analysis.

4. Discussion

This meta-analysis of seven prospective cohort studies demonstrated that compared with never
smokers, current and former smokers were at a greater risk of HF incidence. Most importantly, current
smokers had a higher rate of HF incidence than former and never smokers. Our finding was in line
with previous studies [8,27] reporting that smoking has negative effects on cardiac function. Namely,
tobacco smoking can cause endothelial dysfunction by reducing nitrogen monoxide production,
pro-thrombotic conditions, and activating inflammatory routes [28–31]. These factors, along with
the increased amounts of coronary atherosclerosis, may be responsible for the increase in the risk of
hypertension [32], coronary heart disease [31] and atrial fibrillation [33,34], potentially contributing
to the association of current smokers with higher HF incidence risk noted in the present study [30].
We also observed that past smoking increased the risk of HF incidence compared with never having
smoked. A similar study by Anue et al. [14] showed that past smoking (RRs: 1.16) was associated with
a lower risk of incident HF compared to current smoking (RRs: 1.75).

Earlier or long-term smoking cessation may benefit all smokers, regardless of age or amount
smoked. Some studies reported that quitting smoking can reduce the risk of death from cardiovascular
disease as well as new incidence of cardiovascular disease [35–37], and that stopping smoking before
age 37 is similar to never having smoked [38]. Accordingly, health professionals should help current
smokers attempt smoking cessation as soon as possible. Furthermore, the protection of non-smokers
and never smokers through smoke-free environments should be a priority.

This review showed that there is a lack of empirical evidence on the association between smoking
intensity, smoking duration, and HF incidence in population-based cohort studies. In particular,
accurate investigations of former smokers, with smoking history accounting for factors such as smoking
duration (years), last smoking day, past smoking amount in cigarettes per day, and cumulative exposure
(pack-years), are needed to determine whether the risk of HF incidence in this population is relatively
lower than among current smokers. Importantly, in most studies included in our review, smokers
were not accurately categorized as current, former, and never smokers. In particular, the classification
of non-smokers was unclear. Also, the majority of the studies did not investigate former smokers.
Moreover, smoking status was mostly measured by self-report or interviews, which can allow smokers
to misrepresent their cigarette consumption or even deny it altogether [39]. Thus, biomedical tests are
useful in determining the exact relationship between smoking and the risk of a heart attack, and we
suggest their usage in further studies.

All seven studies included in the present study were conducted in developed countries and
initiated between 1970 and 1997. Studies conducted in developed countries have predicted that quitting
smoking is one of the factors that can prevent disease and death around the world [12]. However,
there has neither been much research nor adequate smoking cessation services in developing countries,
which are expected to have large smoking populations. Studies on the risk of HF incidence are needed
for health promotion and disease prevention of the populations in developing countries.

The function of heart increases the size of the left atrium with the progression of aging and
promotes left ventricular hypertrophy, which increases the risk of HF incidence [40]. As the participants
of the studies included in our review were aged between 25 and 84 years, although we adjusted for
age, there is the possibility that the risk of HF incidence could have been influenced by the mean age.
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This meta-analysis has several strengths. We analyzed all prior large prospective cohort studies
with sufficiently long-term follow-up data for identifying the causal relationship between smoking
status and HF incidence risk. All included studies had a quality score of 7 or higher. We considered
the studies that included cardiovascular risk factors as confounding factors (hypertension, diabetes,
hypercholesterolemia, obesity, and physical inactivity). Lastly, our findings revealed that there was no
evidence of publication bias and heterogeneity across included studies.

However, some limitations of the current study must also be acknowledged. This study represents
data derived from observational studies, not clinical trials. Therefore, it cannot directly control for
residual or unmeasured confounders although the included studies adjusted for several potential
confounders. Only articles written in English were considered in the analysis. If the search had been
extended to include studies published in other languages, it is possible that additional relevant trials
may have been identified. Next, we did not provide information regarding the risk of HF incidence
through comparisons between current and past smoking because we did not have information regarding
the age at which former smokers quit smoking, the duration and amount of smoking, and so on.
Finally, the results of our review are based on studies from Europe or the United States. Therefore,
caution must be exercised in attempting to generalize the results to non-Western populations.

5. Conclusions

Our meta-analysis of prospective cohort studies found that current smoking significantly increases
the risk of HF incidence among the general adult population. This review highlights that early or
long-term smoking cessation may be helpful in preventing the incident HF risk in current smokers.
Health professionals should design effective smoking cessation programs based on the tobacco use
history of people who want to quit smoking or maintain abstinence from smoking. Policymakers
should try to achieve a smoke-free environment so as to shield never smokers from harm. Our findings
require confirmation by large-scale prospective cohort studies on the contribution of smoking to HF
considering the importance of assessing comprehensive individual smoking or quitting history.
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