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Highlights

•	 Over half of male acute coronary syndrome patients were smokers in China.
•	 Smoking was associated with higher risk of critical cardiac symptoms at admission.
•	 Only 35.3% of smoking patients received smoking cessation interventions in China.

Background:	Smoking	cessation	is	recognized	as	an	effective	and	cost-effective	strategy	for	
improving the prognosis of patients with coronary heart disease. Despite this, few studies 
have evaluated the smoking prevalence and provision of smoking cessation interventions among 
patients with acute coronary syndrome (ACS) in China.
Objectives: To evaluate the smoking prevalence, clinical conditions and in-hospital outcomes 
associated with smoking, and the provision of smoking cessation interventions among ACS 
patients in China.
Methods: This registry study was conducted using data from the Improving Care for 
Cardiovascular Disease in China project, a collaborative nationwide registry of the American 
Heart Association and the Chinese Society of Cardiology. Our study sample comprised 92,509 
ACS inpatients admitted between November 2014 and December 2018. A web-based data 
collection platform was used to report required data.
Results: Smoking prevalence among male and female ACS patients was 52.4% and 8.0%, respec-
tively. Patients younger than 45 years had the highest smoking rate (men: 68.0%; women: 
14.9%). Compared with non-smokers, smokers had an earlier onset age of ACS and a greater 
proportion of severe clinical manifestations at admission, including ST-elevation myocardial 
infarction (67.8% versus 54.8%; p < 0.001) and substantially elevated myocardial injury mark-
ers (86.1% versus 83.0%; p < 0.001). After multivariable adjustment, smoking was associated 
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with higher risk of critical cardiac symptoms at admission (OR = 1.14, 95% CI: 1.08–1.20; 
p < 0.001) and had no direct association with in-hospital outcomes (OR = 0.93, 95% CI: 0.84–
1.02; p = 0.107) of ACS patients. Of 37,336 smokers with ACS, only 35.3% received smoking 
cessation interventions before discharge. There was wide variation in provision of smoking 
cessation interventions across hospitals (0%–100%).
Conclusions: Smoking is highly prevalent among ACS patients in China. However, smoking ces-
sation interventions are not widely adopted in clinical practice in China as part of formal treat-
ment strategies for ACS patients, indicating an important target for quality improvement.
Clinical Trial Registration: URL: http://www.clinicaltrials.gov.	Unique	identifier:	NCT02306616.

Keywords: acute coronary syndrome; smoke; prevalence; smoke cessation intervention; in-hos-
pital outcome

Introduction
Coronary heart disease (CHD) is a leading cause of both death and premature death in China [1]. Patients with 
acute coronary syndrome (ACS), a severe form of CHD, are at very high risk of CHD mortality and represent an 
important target population for secondary prevention strategies. Of these, smoking cessation is recognized as 
an effective and cost-effective strategy for CHD patients with the potential to reduce an individual’s mortality 
risk by around 36%, compared with a 29% reduction for statins, a 23% reduction for either beta-blockers 
or angiotensin-converting enzyme inhibitors (ACEIs), and a 15% reduction for aspirin [2]. All guidelines on 
the management of ACS strongly recommend smoking cessation interventions for smokers before discharge 
[3–8]. The time of hospitalization should represent a ‘teachable moment’ for ACS patients who are smokers. 
One systematic review found that intensive smoking cessation interventions initiated during hospitalization 
were effective at increasing cessation rates following discharge [9]. However, few studies systematically evalu-
ated the magnitude of smoking problems and the provision of smoking cessation interventions among ACS 
inpatients in China. The latest study based on the China Acute Myocardial Infarction registry only reported an 
overall current smoking rate (43.7%) of acute myocardial infarction (AMI) patients in 2013, without further 
subgroup analysis [10]. The China Patient-centered Evaluative Assessment of Cardiac Events Retrospective 
Study of Acute Myocardial Infarction (China PEACE-Retrospective AMI Study) showed that only 8.8% of AMI 
patients received smoking cessation interventions before discharge in 2011 [11]. With the implementation of 
strategies for smoking cessation among the general population in China in recent years, it is unclear whether 
the smoking rate and the provision of smoking cessation interventions have changed among ACS patients. 
Therefore, national studies are still needed to systematically assess the smoking rate and the provision of 
smoking cessation interventions before discharge among inpatients with ACS.

Smoking is a well-recognized risk factor for the development of ACS, however, the results of some previous 
studies on the relationship between smoking and in-hospital outcomes of ACS patients are still controversial 
[12–15]. The differences of results in previous studies on the relationship between smoking and in-hospital 
outcomes of ACS patients may result from the differences in the length of in-hospital stay (mean 3.5–8.6 
days) of patients, inconsistent definition of in-hospital outcomes, and differences in confounding factors 
adjusted in multivariable analysis model [12–15]. It is important to clarify this issue by further observational 
study among ACS patients.

This study therefore aimed to evaluate the smoking prevalence among ACS patients, clinical conditions 
and in-hospital outcomes associated with smoking, and the proportion of smokers receiving smoking ces-
sation interventions before discharge, using data from the Improving Care for Cardiovascular Disease in 
China-ACS Project (CCC-ACS Project).

Methods
Study design
The CCC-ACS project, launched in 2014, is a large nationwide registry and quality-improvement study with an 
ongoing database focusing on quality of ACS care. It is a collaborative initiative of the American Heart Asso-
ciation and the Chinese Society of Cardiology. Details of the design and methodology of the CCC project have 
been published [16]. In brief, the study included 158 tertiary hospitals and 82 secondary hospitals from 30 
provinces, autonomous regions, or municipalities of different geographic-economic levels in China. Trained 
data abstractors at participating hospitals reported the required data from medical records via a web-based 
data-collection platform (Oracle Clinical Remote Data Capture; Oracle Corp, Redwood City, CA, USA). Third-
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party clinical research associates performed quality audits to ensure that cases were reported consecutively 
rather than selectively. Around 5% of reported cases were randomly selected, and their data were compared 
with the original medical records to ensure accuracy and completeness (Supplementary Methods).

Study population
A total of 92,509 ACS inpatients, identified using their principal discharge diagnosis, were enrolled across 
China from November 2014 to December 2018. ACS was defined according to guidelines issued by the 
Chinese Society of Cardiology for the diagnosis and management of patients with ST-elevation myocardial 
infarction (STEMI) and non-ST-elevation acute coronary syndrome (NSTE-ACS) (including non-STEMI and 
unstable angina) [7, 8].

Study variables
Smoking and smoking cessation interventions
Information on smoking status was obtained from patients’ medical records. Current smoking was defined 
as smoking within one year preceding the current hospitalization episode [17]. Provision of a smoking ces-
sation intervention before discharge was defined when one of the following conditions was met based 
on patients’ clinical notes: (a) the patient was given a brochure on smoking cessation; (b) a personalized 
plan for smoking cessation was made with smokers or their family members; or (c) pharmacotherapy for 
smoking cessation was prescribed. We did not account for informal oral provision of smoking cessation 
advice without medical record documentation.

Patients’ clinical conditions
Patients’ age of onset of ACS and severe clinical manifestations at admission were recorded. Severe 
clinical manifestations included STEMI, substantially elevated myocardial injury markers, and critical  cardiac 
symptoms at admission. Critical cardiac symptoms reported at admission included acute heart failure, 
cardiogenic shock, and cardiac arrest. Acute heart failure, cardiogenic shock, and cardiac arrest at admis-
sion were defined based on documentation of patients’ clinical conditions at admission in medical records 
(Supplementary Methods).

In-hospital outcomes
The in-hospital outcomes investigated in this study referred to severe outcomes that occurred during 
hospitalization, including all-cause mortality, recurrent myocardial infarction, cardiogenic shock, and 
 cardiac arrest.

Statistical analysis
We first assessed smoking prevalence among male and female ACS patients and further in different sub-
groups. Categorical variables were presented as percentages and numbers of patients by group and com-
pared using chi-square test or Cochran-Armitage trend test. Smoking prevalence of ACS patients was stand-
ardized by age according to the 2010 national census when compared with that in the Chinese general 
population [18]. We used logistic regression analyses to evaluate the association between smoking status 
and critical cardiac symptoms at admission and in-hospital outcomes among all ACS patients and in STEMI 
and NSTE-ACS patients, respectively. All model covariates are presented in Supplementary Table 1, and 
their definitions are presented in Supplementary Methods. We then compared the proportions of smoking 
patients receiving cessation interventions and other medications prescribed at discharge.

For variables with a missing rate <15%, multiple imputation with chained equations was used to impute 
missing values by IVEware software version 0.2 (Survey Research Center, University of Michigan, Ann 
Arbor, MI, USA). Missing rates of variables and strategies for management of missing data are presented in 
Supplementary Table 2.

Statistical analyses were performed using SAS 9.4 (SAS Institute, Cary, NC, USA). Two-tailed P values of 
<0.05 were considered statistically significant.

Results
Smoking prevalence
Of our sample of 92,509 ACS patients, 68,371 (73.9%) were men and 24,138 (26.1%) were women. Smoking 
prevalence was 52.4% in male patients and 8.0% in female patients. Smoking was most common among 
patients younger than 45 years (men: 68.0%; women: 14.9%) (Figure 1). Among patients with recurrent 
ACS, 40.2% of male patients and 5.9% of female patients were smokers (Supplementary Table 3). Smoking 
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prevalence was over 50% in 21 of the 30 Chinese provinces among male patients and varied widely between 
provinces among female patients, from 1.2% in Zhejiang to 26.4% in Tianjin.

The age-standardized smoking prevalence was five times higher in female ACS patients than in Chinese 
women in general (12.6% versus 2.7%) and 1.3 times higher in male ACS patients than in Chinese men in 
general (63.0% versus 47.2%) (Supplementary Figure 1).

There was a decline in smoking prevalence among ACS patients from 2014 to 2018, decreasing from 
54.6% to 47.3% in male patients and from 9.1% to 6.4% in female patients (Supplementary Figure 2). 
However, smoking was still the most prevalent risk factor among younger male patients with initial ACS, and 
smoking prevalence among female patients younger than 45 years increased from 11.8% to 16.0% during 
the study period.

Association between smoking and patients’ clinical conditions
Onset ages in ACS patients with and without smoking
Among male patients with initial ACS, average onset age in smokers was 58.4 ± 11.7 years, which was 5.9 
years younger than that in non-smokers (64.2 ± 12.5 years). In female patients with initial ACS, smokers were 
2.1 years younger than non-smokers (67.2 ± 11.4 years versus 69.2 ± 10.6 years). Among male patients with 
recurrent ACS, average onset age in smokers was 5.7 years younger than in non-smokers (61.7 ± 11.2 years 
versus 67.4 ± 11.6 years). But there was little difference in average onset age between smokers and non-
smokers (72.0 ± 9.9 years versus 71.5 ± 9.9 years) among female patients with recurrent ACS.

Association between smoking and severe clinical manifestations
Compared with non-smokers, a higher proportion of patients who smoked had STEMI (67.8% versus 54.8%, 
p < 0.001) and substantially elevated myocardial injury markers (86.1% versus 83.0%, p < 0.001) (Table 1). 
Smoking was associated with increased odds of critical cardiac symptoms at admission after multivariable 
adjustment (odds ratio (OR) = 1.14, 95% confidence interval (CI): 1.08–1.20; p < 0.001), especially among 
NSTE-ACS patients (OR = 1.35, 95% CI: 1.22–1.49; p < 0.001) (Figure 2). The similar findings were identified 
in both male and female patients. Compared with non-smokers, both male and female patients who smoked 
had a higher proportion of STEMI (68.0% versus 58.0%, p < 0.001 in men; 63.6% versus 50.0%, p < 0.001 
in women) and a higher proportion of the patients with substantially elevated myocardial injury markers 
(86.1% versus 83.6%, p < 0.001 in men; 87.3% versus 82.2%, p < 0.001 in women). In separated analyses for 
male and female patients, the association of smoking with higher risk of critical cardiac symptoms at admis-
sion remained significant in both male (OR = 1.15, 95% CI: 1.08–1.21; p = 0.004) and female (OR = 1.16, 95% 
CI: 1.00–1.35; p = 0.048) patients.

Association between smoking and in-hospital outcomes
Smokers had lower frequency of in-hospital outcomes than non-smokers (2.4% versus 3.9%, p < 0.001), 
particularly among STEMI patients (2.7% versus 5.1%, p < 0.001) (Supplementary Figure 3). And smokers 
had lower proportion of in-hospital outcomes than non-smokers in both male (2.3% versus 3.5%, p < 0.001) 

Figure 1: Smoking prevalence among ACS patients by sex and age. Smoking prevalence over the entire study 
period among different age groups among male ACS patients (blue) and female ACS patients (red). ACS: 
acute coronary syndrome.
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Table 1: Characteristics and pre-hospital and in-hospital treatments of smokers and non-smokers with ACS.

Smokers
(N = 37,750)

Non-smokers 
(N = 54,759)

P value

Age, mean (SD), years 59.1 (11.8) 66.6 (11.9) <0.001

Women, % (n/N) 5.1 (1,937/37,750) 40.5 (22,201/54,759) <0.001

Vital signs

SBP levels, mean (SD), mmHg 128.5 (23.0) 132.2 (23.7) <0.001

DBP levels, mean (SD), mmHg 78.6 (14.6) 78.1 (14.2) <0.001

Heart rates, mean (SD), bpm 76.8 (15.8) 78.0 (16.6) <0.001

Risk factors

Hypertension, % (n/N) 60.1 (22,703/37,750) 70.1 (38,375/54,759) <0.001

Diabetes mellitus, % (n/N) 40.0 (15,097/37,750) 47.9 (26,208/54,759) <0.001

Elevated LDL-C, % (n/N) 54.2 (20,473/37,750) 51.2 (28,029/54,759) <0.001

Low HDL-C, % (n/N) 49.3 (18,608/37,750) 40.3 (22,086/54,759) <0.001

Elevated TG, % (n/N) 23.6 (8,902/37,750) 20.0 (1,0957/54,759) <0.001

History of diseases

ACS, % (n/N) 9.1 (3,427/37,750) 13.3 (7,299/54,759) <0.001

Heart failure, % (n/N) 1.1 (398/37,750) 3.1 (1,672/54,759) <0.001

Atrial fibrillation, % (n/N) 1.3 (501/37,750) 3.2 (1,728/54,759) <0.001

Cerebrovascular disease, % (n/N) 7.1 (2,685/37,750) 10.4 (5,702/54,759) <0.001

Family history of CHD, % (n/N) 3.6 (1,341/37,750) 2.1 (1,140/54,759) <0.001

Critical cardiac symptoms at admission, % (n/N) 8.3 (3,144/37,750) 10.2 (5,576/54,759) <0.001

Killip class, % (n/N) <0.001

II–III 20.4 (7,710/37,750) 24.7 (13,509/54,759)

IV 4.2 (1,600/37,750) 5.0 (2,760/54,759)

Substantially elevated myocardial injury markers, % (n/N) 86.1 (32,510/37,750) 83.0 (45,468/54,759) <0.001

ACS type <0.001

STEMI, % (n/N) 67.8 (25,589/37,750) 54.8 (29,986/54,759)

NSTE-ACS, % (n/N) 32.2 (12,161/37,750) 45.2 (24,773/54,759)

Renal insufficiency, % (n/N) 44.6 (16,844/37,750) 61.4 (33,610/54,759) <0.001

Triple-vessel disease, % (n/N)‖ 19.3 (5,534/28,682) 21.1 (7,568/35,875) <0.001

Pre-hospital statin, % (n/N) 15.2 (5,734/37,750) 19.3 (10,570/54,759) <0.001

Pre-hospital ACEI/ARB, % (n/N) 8.4 (3,163/37,750) 11.9 (6,533/54,759) <0.001

Pre-hospital beta-blockers, % (n/N) 7.7 (2,917/37,750) 10.9 (5,956/54,759) <0.001

Patients with referral, % (n/N) 46.6 (17,581/37,750) 38.0 (20,779/54,759) <0.001

Medical therapy

DAPT, % (n/N) 95.2 (35,782/37,588) 89.9 (48,723/54,223) <0.001

Statins, % (n/N) 94.8 (35,740/37,700) 92.8 (50,709/54,670) <0.001

ACEI/ARB, % (n/N) 49.8 (17,794/35,726) 50.0 (25,890/51,775) 0.565

Beta-blockers, % (n/N) 58.7 (21,343/36,341) 57.8 (30,508/52,832) 0.003

PCI, % (n/N) 77.9 (29,391/37,750) 64.8 (35,508/54,759) <0.001

ACEI: angiotensin-converting enzyme inhibitor; ACS: acute coronary syndrome; ARB: angiotensin-receptor blocker; 
CHD: coronary heart disease; DAPT: dual antiplatelet therapy; DBP: diastolic blood pressure; HDL-C: high-density 
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; NSTE-ACS: non-ST-elevation acute coronary 
 syndrome; PCI: percutaneous coronary intervention; SBP: systolic blood pressure; STEMI: ST-elevation myocardial 
infarction; TG: triglyceride.

‖ Triple-vessel disease was not available for 27,952 (30.2%) patients.
The usage rate of drugs was calculated in patients without drug contraindications.
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and female (4.1% versus 4.4%, p = 0.518) patients. However, after adjusting for patients’ demographic char-
acteristics, medical history, clinical manifestations, in-hospital treatment, and other confounding factors, 
the odds of experiencing the in-hospital outcomes investigated was close to 1 for ACS patients in general 
(OR = 0.93, 95% CI: 0.84–1.02; p = 0.107), as well as for those with STEMI (OR = 0.91, 95% CI: 0.82–1.02; 
p = 0.103) or NSTE-ACS (OR = 0.99, 95% CI: 0.82–1.20; p = 0.934) (Figure 2). The association between 
smoking and in-hospital outcomes remained unchanged in both male (OR = 0.95, 95% CI: 0.85–1.05; 
p = 0.286) and female (OR = 0.93, 95% CI: 0.72–1.20; p = 0.585) patients.

Smoking cessation interventions before discharge
Provision of smoking cessation interventions was evaluated in 37,336 smokers with ACS who survived dis-
charge during the study period. Of these patients, 35.3% received smoking cessation interventions before 
discharge. The proportions of patients receiving smoking cessation interventions varied greatly between 
hospitals (from 0% to 100%). The rate of provision was <10% in around 40% of hospitals, and overall 
was inadequate for both male (35.6%) and female (28.7%) smokers. Only 36.0% of smokers younger than 
45 years received smoking cessation interventions. Even among smokers with recurrent ACS, only 31.8% 
received interventions (Supplementary Table 4).

Providing smoking cessation brochures to smokers was the most common intervention (30.8%), followed 
by making personalized cessation plans (9.1%) and prescription of pharmacotherapy (0.6%) (Figure 3).

We found a promising improvement in provision of smoking cessation interventions, with the yearly 
rate increasing from 29.4% to 41.9% during the study period (Supplementary Figure 4). However, these 

Figure 2: Multivariable analysis of association between smoking and critical cardiac symptoms at admission 
and in-hospital outcomes among ACS patients. This forest plot shows patients’ critical cardiac symptoms 
at admission and in-hospital outcomes according to smoking status among all ACS patients, and among 
patients by subtypes of ACS, using data from the CCC-ACS project. Critical cardiac symptoms at admission 
included acute heart failure, cardiogenic shock, and cardiac arrest. ACS: acute coronary syndrome; CI: con-
fidence interval; NSTE-ACS: non-ST-elevation acute coronary syndrome; OR: odds ratio; STEMI: ST-elevation 
myocardial infarction.

Figure 3: Rates of provision of different types of smoking cessation interventions. Rates of provision of dif-
ferent smoking cessation interventions before discharge for the entire study period among all smokers 
with ACS who survived to discharge.‡ Provided any two or more above smoking cessation interventions.
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proportions were still significantly lower than other quality-of-care indexes, including discharge on aspi-
rin (92.6%), statins (92.8%), beta-blockers (67.4%), and ACEI or angiotensin-receptor blocker (56.4%) 
(Figure 4).

Discussion
This study is the largest contemporary registry study to comprehensively evaluate the smoking problem and 
provision of smoking cessation interventions among ACS patients in China. Our findings are of importance 
in informing future priorities for improving secondary prevention of ACS in China.

High smoking prevalence among ACS patients in China
This study demonstrated that smoking was highly prevalent in ACS patients across China. More than half of 
male patients and around 70% of younger male patients were smokers. Age-standardized smoking preva-
lence in female patients was five times higher than in Chinese women in general.

Smoking prevalence among ACS patients in China was notably higher than that found in many other 
countries. The recent European Action on Secondary and Primary Prevention by Intervention to Reduce 
Events (EUROASPIRE) V survey reported that the mean smoking prevalence among CHD patients was 19.0% 
in 27 countries [19]. Even as early as 1995, the EUROASPIRE I survey reported a mean smoking prevalence 
of 19.4% among CHD patients in nine countries [20]. In the United States, the National Cardiovascular Data 
Registry reported that smoking prevalence among AMI patients was 32.4% in 2017 [21].

Various factors could account for the high smoking prevalence among ACS patients in China. First, 
smoking among the general Chinese population represents a major public health issue, particularly among 
men, with overall smoking prevalence significantly exceeding the global average (47.2% versus 25.0%) [22, 
23]. Second, smoking is a major risk factor for ACS. Previous studies have reported that smokers have a 75% 
higher risk of ACS than non-smokers [24]. The highly epidemic smoking problem among ACS patients sug-
gests an urgent need to strengthen smoking-related public health interventions in China. Recent popula-
tion-level tobacco interventions include adopting tobacco clauses (e.g., Advertising Law of 2015) and local 
smoke-free regulations [22]. While these have been met with declines in smoking prevalence, further efforts 
are needed to achieve the goal of reducing the nationwide smoking prevalence to 20% by 2030 [25].

Serious clinical conditions associated with smoking in ACS patients
This study showed that smoking was associated with serious clinical conditions in ACS patients. First, among 
male patients with initial ACS, smokers experienced ACS approximately six years earlier than non-smokers. 
Patients in whom ACS occurs in young or middle age have a higher risk of premature mortality and sudden 
cardiac death outside of hospital. Previous study showed that among younger patients who died of AMI, 
90% died outside of hospital [26]. Those patients who survived ACS are more likely to experience a lower 
quality of life and a limited ability to work [27].

Second, although smokers were younger and had fewer other cardiovascular disease risk factors than 
non-smoking patients, a higher proportion had a diagnosis of STEMI (67.8% versus 54.8%) and substantially 

Figure 4: Comparison of patients receiving smoking cessation interventions and medications for secondary 
prevention before discharge. Proportion of patients receiving smoking cessation interventions and other ACS 
quality of care measures for the entire study period among all smoking ACS patients before discharge. ACEI: 
angiotensin-converting enzyme inhibitor; ACS: acute coronary syndrome; ARB: angiotensin-receptor blocker.
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elevated cardiac injury markers (86.1% versus 83.0%) indicating more severe myocardial damage to the 
heart. Smoking was also associated with an increased risk of critical cardiac symptoms, which are important 
predictors of poor outcomes at admission [3, 5].

No direct association between smoking and in-hospital outcomes in ACS patients
We did not find that smoking has a direct association with in-hospital outcomes among ACS patients. Previ-
ous studies have reported that smokers had lower crude rates of in-hospital outcomes than non-smokers 
[12, 13]. Similar to previous studies, we found that smokers in our study population were younger than 
non-smokers and less likely to have other cardiovascular risk profiles or experience the in-hospital outcomes 
investigated. The fact that our multivariable analysis found no difference in in-hospital outcomes between 
smokers and non-smokers suggests that observed differences of in-hospital outcomes between smokers and 
non-smokers could be attributable to confounding covariates.

Moreover, after reviewing the studies which reported smokers had lower risk of in-hospital outcomes 
after ACS than non-smokers [12, 13], we found some limitations in their analytical approaches; they did 
not comprehensively adjust for relevant confounders for the associations between smoking and in-hospital 
outcomes (e.g., clinical manifestations and in-hospital treatment).

In addition, some studies with longer follow-up periods have found strong associations between smoking 
and adverse long-term clinical outcomes among ACS patients [28–30]. These findings highlight the value of 
providing smoking cessation interventions for ACS patients.

Inadequate provision of smoking cessation interventions
We found a low rate of provision of smoking cessation interventions among ACS patients who smoked in 
this study, with two-thirds of patients not receiving formal intervention before discharge.

Although quitting smoking has been recognized as an effective and cost-effective secondary prevention 
strategy for CHD patients, the rate of provision of smoking cessation interventions was still much lower 
than that of other secondary prevention medications. This suggests that smoking cessation interventions 
remain an underutilized option for secondary ACS prevention in China. Gaps in care might result from 
inadequate awareness of providers, structural inadequacies of care systems, or physicians’ limited experi-
ence in successful provision of smoking cessation interventions. One systematic review found that inten-
sive smoking cessation interventions initiated during hospitalization could help smokers quit smoking, 
and that the period of hospitalization was a ‘teachable moment’ for patients [9]. Physicians should there-
fore capitalize on opportunities to provide smoking cessation interventions before discharge for patients 
who smoke.

High rates of provision of smoking cessation interventions have been achieved in other countries. The 
EUROASPIRE IV survey reported that around 90% of CHD patients across 24 countries received smoking 
cessation interventions [31]. Studies from the United States from 2007 to 2017 have reported consist-
ently high rates of provision of smoking cessation interventions for ACS patients (of nearly 100%) [21, 
32], whereas historically only 40% to 58% of AMI patients were offered smoking cessation interventions 
[33, 34]. This notable increase can be attributed to implementation of quality-improvement programs, 
which can bridge knowledge gaps or change physicians’ attitudes toward smoking cessation interven-
tions [32]. National tobacco control efforts, including mass media campaigns, tobacco taxes, smoking 
bans, and plain packaging with graphic warnings, are essential for the achievement of society-wide reduc-
tions in smoking prevalence. Although there may be some differences in medical record documenta-
tion among different countries, the lower rate of provision of smoking cessation interventions for ACS 
patients at discharge in China compared with other countries suggested that it remains a significant area 
for improvement.

Limitations
This study had some limitations. First, the data about smoking durations and daily numbers of cigarettes of 
smokers were unavailable and we were unable to study the dose-response association of total smoking expo-
sure with the onset age and in-hospital outcomes among ACS patients. Second, as all patients did not smoke 
during hospitalization, we were unable to evaluate the effect of smoking cessation during hospitalization on 
in-hospital outcomes of patients. It is possible that quitting smoking in short term have a potential effect on 
in-hospital outcomes of patients. Third, this study did not collect information on patients who died before 
admission. It is possible that smokers with ACS had a greater risk of sudden cardiac death before admission 
than non-smokers [35], with those who were hospitalized already representing ‘survivors.’
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Conclusions
Smoking is highly prevalent and associated with increased risk of critical cardiac symptoms at admission 
among ACS patients. However, provision of smoking cessation interventions is very low among ACS patients 
who smoke, suggesting that there is a substantial gap between guideline-recommended care and clinical 
practice in China. Implementing formal smoking treatment pathways for ACS patients should be considered 
a priority for clinical practice in China.

Data Accessibility Statement
The datasets analyzed during the current study are not publicly available because of intellectual property 
rights; but are available from the corresponding author on reasonable request.

Additional File
The additional file for this article can be found as follows:

•	 Supplementary Files. The additional information of methodology, online figures, and online tables. 
DOI: https://doi.org/10.5334/gh.784.s1

Ethics and Consent
Institutional Review Board approval was granted for this research by the Ethics Committee of Beijing 
Anzhen Hospital, Capital Medical University (reference number of approval: 2014018). No informed consent 
was required.

Acknowledgements
We acknowledge all participating hospitals for their contributions to the project (Supplementary Table 5).

Funding Information
The CCC-ACS project is a collaborative program of the American Heart Association and Chinese Society of 
Cardiology. The American Heart Association has been funded by Pfizer and AstraZeneca for quality improve-
ment initiative through an independent grant for learning and change.

Competing Interests
The authors have no competing interests to declare.

Author Contributions
DZ, YLH, GLH and MGZ conceived the study idea. GLH, MGZ and DZ contributed to data analysis, manu-
script drafting and critical revision of the manuscript. Other authors made substantial contributions to the 
development of the study protocol and critical revision of the manuscript. All authors read and approved 
the final manuscript.

Guoliang Hu and Mengge Zhou contributed equally to this work.
Yaling Han and Dong Zhao jointly directed this work.

References
 1. Zhao D, Liu J, Wang M, et al. Epidemiology of cardiovascular disease in China: current features and 

implications. Nat Rev Cardiol. 2019; 16(4): 203–12. DOI: https://doi.org/10.1038/s41569-018-0119-4
 2. Critchley JA, Capewell S. Mortality risk reduction associated with smoking cessation in patients with 

coronary heart disease: a systematic review. JAMA. 2003; 290(1): 86–97. DOI: https://doi.org/10.1001/
jama.290.1.86

 3. Ibanez B, James S, Agewall S, et al. 2017 ESC Guidelines for the management of acute myocardial 
infarction in patients presenting with ST-segment elevation: The Task Force for the management of 
acute myocardial infarction in patients presenting with ST-segment elevation of the European Society of 
Cardiology (ESC). Eur Heart J. 2018; 39(2): 119–77. DOI: https://doi.org/10.1093/eurheartj/ehx393

 4. Roffi M, Patrono C, Collet JP, et al. 2015 ESC Guidelines for the management of acute coronary 
syndromes in patients presenting without persistent ST-segment elevation: Task Force for the 
Management of Acute Coronary Syndromes in Patients Presenting without Persistent ST-Segment 
Elevation of the European Society of Cardiology (ESC). Eur Heart J. 2016; 37(3): 267–315. DOI: https://
doi.org/10.1093/eurheartj/ehv320

https://doi.org/10.5334/gh.784.s1
https://doi.org/10.1038/s41569-018-0119-4
https://doi.org/10.1001/jama.290.1.86
https://doi.org/10.1001/jama.290.1.86
https://doi.org/10.1093/eurheartj/ehx393
https://doi.org/10.1093/eurheartj/ehv320
https://doi.org/10.1093/eurheartj/ehv320


Hu et al: Smoking and Provision of Smoking Cessation Interventions among Inpatients 
with Acute Coronary Syndrome in China

Art. 72,	page 10	of	11

 5. O’Gara PT, Kushner FG, Ascheim DD, et al. 2013 ACCF/AHA guideline for the management of ST-
elevation myocardial infarction: A report of the American College of Cardiology Foundation/American 
Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol. 2013; 61(4): e78–e140. DOI: 
https://doi.org/10.1016/j.jacc.2012.11.019

 6. Amsterdam EA, Wenger NK, Brindis RG, et al. 2014 AHA/ACC Guideline for the Management 
of Patients with Non-ST-Elevation Acute Coronary Syndromes: A report of the American College of 
Cardiology/American Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol. 2014; 
64(24): e139–e228. DOI: https://doi.org/10.1016/j.jacc.2014.09.017

 7. Chinese Society of Cardiology. CSC guidelines for the diagnosis and treatment of acute myocardial 
infarction in patients presenting with ST-segment elevation. Chin J Cardiol. 2015; 43(5): 380–393. 
DOI: https://doi.org/10.3760/cma.j.issn.0253-3758.2015.05.003

 8. Chinese Society of Cardiology. CSC guidelines for the diagnosis and treatment of acute coronary 
syndromes in patients presenting without persistent ST-segment elevation. Chin J Cardiol. 2017; 45(5): 
359–376. DOI: https://doi.org/10.3760/cma.j.issn.0253-3758.2017.05.003

 9. Rigotti NA, Clair C, Munafo MR, et al. Interventions for smoking cessation in hospitalised patients. 
Cochrane Database Syst Rev. 2012; (5): CD001837. DOI: https://doi.org/10.1002/14651858.CD001837.
pub3

 10. Gao XJ, Yang JG, Yang YJ, et al. Cardiovascular risk factor analysis for acute myocardial infarction 
patients in China. Chin Circul J. 2015; 30(3): 206–210. DOI: https://doi.org/10.3969/j.issn.1000-
3614.2015.03.003

 11. Li X, Guan WC, Zhang HZ, et al. 10-year trend of lifestyle changing instruction for acute 
myocardial infarction patients at discharge in China. Chin Circul J. 2018; 33(2): 123–128. DOI: https://
doi.org/10.3969/j.issn.1000-3614.2018.02.005

 12. Ali SF, Smith EE, Reeves MJ, et al. Smoking Paradox in Patients Hospitalized With Coronary Artery 
Disease or Acute Ischemic Stroke: Findings From Get With The Guidelines. Circ Cardiovasc Qual Out-
comes. 2015; 8(6 Suppl 3): S73–80. DOI: https://doi.org/10.1161/CIRCOUTCOMES.114.001244

 13. Gupta T, Kolte D, Khera S, et al. Smoker’s Paradox in Patients With ST-Segment Elevation Myocardial 
Infarction Undergoing Primary Percutaneous Coronary Intervention. J Am Heart Assoc. 2016; 5(4): 
e003370. DOI: https://doi.org/10.1161/JAHA.116.003370

 14. Kodaira M, Miyata H, Numasawa Y, et al. Effect of Smoking Status on Clinical Outcome and Efficacy 
of Clopidogrel in Acute Coronary Syndrome. Circ J. 2016; 80(7): 1590–9. DOI: https://doi.org/10.1253/
circj.CJ-16-0032

 15. Himbert D, Klutman M, Steg G, et al. Cigarette smoking and acute coronary syndromes: A mul-
tinational observational study. Int J Cardiol. 2005; 100(1): 109–17. DOI: https://doi.org/10.1016/j.
ijcard.2004.10.004

 16. Hao Y, Liu J, Liu J, et al. Rationale and design of the Improving Care for Cardiovascular Disease in 
China (CCC) project: A national effort to prompt quality enhancement for acute coronary syndrome. 
Am Heart J. 2016; 179: 107–15. DOI: https://doi.org/10.1016/j.ahj.2016.06.005

 17. The Joint Commission. Specifications Manual for Joint Commission National Quality Core Measures 
(2010A1). https://manual.jointcommission.org/releases/archive/TJC2010B/DataElem0008.html 
(accessed 11 August 2019).

 18. National Bureau of Statistics. Tabulation on the 2010 Population Census of the People’s Republic 
of China. http://www.stats.gov.cn/tjsj/pcsj/rkpc/6rp/indexch.htm (accessed 10 January 2020).

 19. Kotseva K, De Backer G, De Bacquer D, et al. Lifestyle and impact on cardiovascular risk fac-
tor control in coronary patients across 27 countries: Results from the European Society of 
Cardiology ESC-EORP EUROASPIRE V registry. Eur J Prev Cardiol. 2019; 26(8): 824–35. DOI: https://
doi.org/10.1177/2047487318825350

 20. EUROASPIRE. A European Society of Cardiology survey of secondary prevention of coronary 
heart disease: principal results. EUROASPIRE Study Group. European Action on Secondary Pre-
vention through Intervention to Reduce Events. Eur Heart J. 1997; 18(10): 1569–82. DOI: https://doi.
org/10.1093/oxfordjournals.eurheartj.a015136

 21. Desai NR, Udell JA, Wang Y, et al. Trends in Performance and Opportunities for Improvement on a 
Composite Measure of Acute Myocardial Infarction Care. Circ Cardiovasc Qual Outcomes. 2019; 12(3): 
e004983. DOI: https://doi.org/10.1161/CIRCOUTCOMES.118.004983

 22. Wang M, Luo X, Xu S, et al. Trends in smoking prevalence and implication for chronic diseases in 
China: serial national cross-sectional surveys from 2003 to 2013. Lancet Respir Med. 2019; 7(1): 35–45. 
DOI: https://doi.org/10.1016/S2213-2600(18)30432-6

https://doi.org/10.1016/j.jacc.2012.11.019
https://doi.org/10.1016/j.jacc.2014.09.017
https://doi.org/10.3760/cma.j.issn.0253-3758.2015.05.003
https://doi.org/10.3760/cma.j.issn.0253-3758.2017.05.003
https://doi.org/10.1002/14651858.CD001837.pub3
https://doi.org/10.1002/14651858.CD001837.pub3
https://doi.org/10.3969/j.issn.1000-3614.2015.03.003
https://doi.org/10.3969/j.issn.1000-3614.2015.03.003
https://doi.org/10.3969/j.issn.1000-3614.2018.02.005
https://doi.org/10.3969/j.issn.1000-3614.2018.02.005
https://doi.org/10.1161/CIRCOUTCOMES.114.001244
https://doi.org/10.1161/JAHA.116.003370
https://doi.org/10.1253/circj.CJ-16-0032
https://doi.org/10.1253/circj.CJ-16-0032
https://doi.org/10.1016/j.ijcard.2004.10.004
https://doi.org/10.1016/j.ijcard.2004.10.004
https://doi.org/10.1016/j.ahj.2016.06.005
https://manual.jointcommission.org/releases/archive/TJC2010B/DataElem0008.html
http://www.stats.gov.cn/tjsj/pcsj/rkpc/6rp/indexch.htm
https://doi.org/10.1177/2047487318825350
https://doi.org/10.1177/2047487318825350
https://doi.org/10.1093/oxfordjournals.eurheartj.a015136
https://doi.org/10.1093/oxfordjournals.eurheartj.a015136
https://doi.org/10.1161/CIRCOUTCOMES.118.004983
https://doi.org/10.1016/S2213-2600(18)30432-6


Hu et al: Smoking and Provision of Smoking Cessation Interventions among Inpatients 
with Acute Coronary Syndrome in China

Art. 72,	page 11	of	11

 23. Reitsma MB, Fullman N, Ng M, et al. Smoking prevalence and attributable disease burden in 195 
countries and territories, 1990–2015: A systematic analysis from the Global Burden of Disease Study 
2015. Lancet. 2017; 389(10082): 1885–906. DOI: https://doi.org/10.1016/S0140-6736(17)30819-X

 24. Wang W, Zhao D, Sun JY, et al. Risk factors comparison in Chinese patients developing acute coro-
nary syndrome, ischemic or hemorrhagic stroke: a multi-provincial cohort study. Chin J Cardiol. 2006; 
34(12): 1133–7. DOI: https://doi.org/10.3760/j:issn:0253-3758.2006.12.020

 25. The Central Committee of Communist Party of China and the State Council. The ‘Healthy 
China 2030’ blueprint. http://english.www.gov.cn/policies/latest_releases/2016/10/25/con-
tent_281475475062678.htm (accessed 10 January 2020).

 26. Wan H, Li Y, Liu J, et al. The epidemiology of out-of-hospital deaths due to acute coronary events in 
young Beijing adults. Chin J Intern Med. 2012; 51(4): 274–8.

 27. Cauter JVd, Bacquer DD, Clays E, et al. Return to work and associations with psychosocial well-being 
and health-related quality of life in coronary heart disease patients: Results from EUROASPIRE IV. Eur 
J Prev Cardiol. 2019; 26(13): 1386–95. DOI: https://doi.org/10.1177/2047487319843079

 28. Gerber Y, Rosen LJ, Goldbourt U, et al. Smoking status and long-term survival after first acute myo-
cardial infarction a population-based cohort study. J Am Coll Cardiol. 2009; 54(25): 2382–7. DOI: 
https://doi.org/10.1016/j.jacc.2009.09.020

 29. Haig C, Carrick D, Carberry J, et al. Current Smoking and Prognosis After Acute ST-Segment Eleva-
tion Myocardial Infarction: New Pathophysiological Insights. JACC Cardiovasc Imaging. 2019; 12(6): 
993–1003. DOI: https://doi.org/10.1016/j.jcmg.2018.05.022

 30. Zhang YJ, Iqbal J, van Klaveren D, et al. Smoking is associated with adverse clinical outcomes in 
patients undergoing revascularization with PCI or CABG: The SYNTAX trial at 5-year follow-up. J Am 
Coll Cardiol. 2015; 65(11): 1107–15. DOI: https://doi.org/10.1016/j.jacc.2015.01.014

 31. De Smedt D, De Bacquer D, De Sutter J, et al. The gender gap in risk factor control: Effects of age 
and education on the control of cardiovascular risk factors in male and female coronary patients. The 
EUROASPIRE IV study by the European Society of Cardiology. Int J Cardiol. 2016; 209: 284–90. DOI: 
https://doi.org/10.1016/j.ijcard.2016.02.015

 32. Huang PH, Kim CX, Lerman A, et al. Trends in smoking cessation counseling: Experience from 
American Heart Association-get with the guidelines. Clin Cardiol. 2012; 35(7): 396–403. DOI: https://
doi.org/10.1002/clc.22023

 33. Jencks SF, Cuerdon T, Burwen DR, et al. Quality of medical care delivered to Medicare beneficiaries: 
A profile at state and national levels. JAMA. 2000; 284(13): 1670–6. DOI: https://doi.org/10.1001/
jama.284.13.1670

 34. Mehta RH, Montoye CK, Faul J, et al. Enhancing quality of care for acute myocardial infarction: Shift-
ing the focus of improvement from key indicators to process of care and tool use: The American Col-
lege of Cardiology Acute Myocardial Infarction Guidelines Applied in Practice Project in Michigan: Flint 
and Saginaw Expansion. J Am Coll Cardiol. 2004; 43(12): 2166–73. DOI: https://doi.org/10.1016/j.
jacc.2003.08.067

 35. Sonke GS, Stewart AW, Beaglehole R, et al. Comparison of case fatality in smokers and non-
smokers after acute cardiac event. BMJ. 1997; 315(7114): 992–3. DOI: https://doi.org/10.1136/
bmj.315.7114.992

How to cite this article: Hu G, Zhou M, Liu J, Smith SC, Jr, Ma C, Ge J, Huo Y, Fonarow GC, Hao Y, Liu J, Taubert 
KA, Morgan L, Yang N, Zeng Y, Han Y, Zhao D, on behalf of the CCC-ACS Investigators. Smoking and Provision of 
Smoking Cessation Interventions among Inpatients with Acute Coronary Syndrome in China: Findings from the 
Improving Care for Cardiovascular Disease in China-Acute Coronary Syndrome Project. Global Heart. 2020; 15(1): 72. 
DOI: https://doi.org/10.5334/gh.784

Submitted: 13 March 2020        Accepted: 28 September 2020        Published: 23 October 2020

Copyright: © 2020 The Author(s). This is an open-access article distributed under the terms of the Creative Commons 
Attribution 4.0 International License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original author and source are credited. See http://creativecommons.org/licenses/by/4.0/.

Global Heart is a peer-reviewed open access journal published by Ubiquity Press. OPEN ACCESS 

https://doi.org/10.1016/S0140-6736(17)30819-X
https://doi.org/10.3760/j:issn:0253-3758.2006.12.020
http://english.www.gov.cn/policies/latest_releases/2016/10/25/content_281475475062678.htm
http://english.www.gov.cn/policies/latest_releases/2016/10/25/content_281475475062678.htm
https://doi.org/10.1177/2047487319843079
https://doi.org/10.1016/j.jacc.2009.09.020
https://doi.org/10.1016/j.jcmg.2018.05.022
https://doi.org/10.1016/j.jacc.2015.01.014
https://doi.org/10.1016/j.ijcard.2016.02.015
https://doi.org/10.1002/clc.22023
https://doi.org/10.1002/clc.22023
https://doi.org/10.1001/jama.284.13.1670
https://doi.org/10.1001/jama.284.13.1670
https://doi.org/10.1016/j.jacc.2003.08.067
https://doi.org/10.1016/j.jacc.2003.08.067
https://doi.org/10.1136/bmj.315.7114.992
https://doi.org/10.1136/bmj.315.7114.992
https://doi.org/10.5334/gh.784
http://creativecommons.org/licenses/by/4.0/

	Introduction
	Methods
	Study design
	Study population
	Study variables
	Smoking and smoking cessation interventions
	Patients’ clinical conditions
	In-hospital outcomes

	Statistical analysis

	Results
	Smoking prevalence
	Association between smoking and patients’ clinical conditions
	Onset ages in ACS patients with and without smoking
	Association between smoking and severe clinical manifestations

	Association between smoking and in-hospital outcomes
	Smoking cessation interventions before discharge

	Discussion
	High smoking prevalence among ACS patients in China
	Serious clinical conditions associated with smoking in ACS patients
	No direct association between smoking and in-hospital outcomes in ACS patients
	Inadequate provision of smoking cessation interventions
	Limitations

	Conclusions
	Data Accessibility Statement
	Additional File
	Ethics and Consent
	Acknowledgements
	Funding Information
	Competing Interests
	Author Contributions
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1

