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Cumulative data from observational and clinical trials 
demonstrate that β-blockers reduce overall mortality and 

decrease subsequent cardiovascular events in patients after 
acute myocardial infarction (MI).1,2 Clinical guidelines recom-
mend the use of β-blockers in the perioperative period to reduce 
the risk of atrial fibrillation and have identified preoperative 
β-blocker use as a quality performance measure for patients 
undergoing coronary artery bypass grafting (CABG).3–5
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Conflicting results from recent large observational studies 
among patients with stable coronary artery disease have raised 

questions concerning the benefit of β-blockers for patients with 
coronary artery disease and patients undergoing CABG.6–8 
Recent analyses of the Society of Thoracic Surgeons National 
Adult Cardiac database demonstrated no perioperative mortal-
ity advantage in patients receiving β-blockers before CABG, 
which challenged this traditional practice and its use as a 
quality metric.9–11 To date, however, very limited evidence has 
been available on whether long-term therapy with β-blockers 
is beneficial in CABG patients after hospital discharge.3,12,13 
Furthermore, much less attention has been paid to understand-
ing the combined influence of use at discharge and long-term 
adherence to β-blockers as a secondary preventive medication.

Background—Conflicting results from recent observational studies have raised questions concerning the benefit of 
β-blockers for patients undergoing coronary artery bypass grafting (CABG). Furthermore, the efficacy of long-term 
β-blocker therapy in CABG patients after hospital discharge is uncertain.

Methods and Results—The study included 5926 consecutive patients who underwent CABG and were discharged alive. 
The prevalence and consistency of β-blocker use were determined in patients with and without a history of myocardial 
infarction (MI). β-Blockers were always used in 1280 patients (50.9%) with and 1642 patients (48.1%) without previous 
MI after CABG. Compared with always users (n=2922, 49.3%), the risk of all-cause death was significantly higher 
among inconsistent β-blocker users (hazard ratio [HR], 1.96; 95% confidence interval [CI], 1.50–2.57), and never using 
β-blockers was associated with increased risk of both all-cause death (HR, 1.42; 95% CI, 1.01–2.00) and the composite 
of adverse cardiovascular events (HR, 1.29; 95% CI, 1.10–1.50). In the cohort without MI, the HR for all-cause death was 
1.70 (95% CI, 1.17–2.48) in inconsistent users and 1.23 (95% CI, 0.76–1.99) in never users. In the MI cohort, mortality 
was higher for inconsistent users (HR, 2.14; 95% CI, 1.43–3.20) and for never users (HR, 1.59; 95% CI, 1.07–2.63). 
Consistent results were obtained in equivalent sensitivity analyses.

Conclusions—In patients with or without previous MI undergoing CABG, the consistent use of β-blockers was associated 
with a lower risk of long-term mortality and adverse cardiovascular events. Strategies should be developed to understand 
and improve discharge prescription of β-blockers and long-term patient adherence.  (Circulation. 2015;131:2194-2201.  
DOI: 10.1161/CIRCULATIONAHA.114.014209.)
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We sought to explore the association between long-term 
β-blocker use patterns and all-cause mortality, together with 
adverse cardiovascular outcomes after the isolated CABG.

Methods
Study Population
All consecutive patients treated with isolated CABG between January 
2004 and December 2008 at Fuwai Hospital (Beijing, China) were 
included (Figure I in the online-only Data Supplement). Patients were 
excluded if they were <18 years of age, had physician-documented 
contraindications to β-blocker therapy,9 or underwent CABG com-
bined with valvular or other cardiac surgery. Considering the poten-
tial influence of MI history before CABG, this study assessed the 
use of β-blocker and clinical outcomes in 2 separate cohorts: patients 
without previous MI and patients with known previous MI. A history 
of MI was defined as last documented previous MI at any time (within 
or beyond 21 days) before this CABG surgery.9

All procedures were performed with standard bypass techniques 
(Methods in the online-only Data Supplement).14 Whenever possible, the 
internal thoracic artery was preferentially used for revascularization of 
the left anterior descending artery. Complete revascularization was per-
formed when possible with arterial conduits or saphenous vein grafts.

Data Source and Medication Use
The institutional review board at Fuwai Hospital approved the use 
of clinical data for this study. The CABG registry database and 
the efforts made to ensure the accuracy and completeness of these 
data have been described previously.15,16 All data relating to hospi-
tal admissions, procedures, and outcomes were collected according 
to definitions of the Society of Thoracic Surgeons National Adult 
Cardiac Database (http://www.sts.org/).

Data on discharge medication were collected by review of the 
hospital discharge summaries and were considered to be the first 
expected record of β-blocker administration. We determined adher-
ence for a uniform period of 1 year after CABG surgery for all patients 
to ensure equal and accurate long-term adherence behavior profiles. 
Patients were encouraged to return for a routine outpatient visit at 3 
months, 6 months, and 1 year after hospital discharge. At each visit, 
patients were asked to collect and read all of their current medications 
to the interviewer, including drug name, dose, and schedule.17 We cat-
egorized each cohort (patients with and without previous MI) into 3 
comparison groups based on the patients’ patterns of β-blocker use at 
hospital discharge and during the first year after CABG: (1) always 
users, patients discharged with β-blockers and reporting use at each 
interval; (2) never users, patients discharged without β-blockers and 
never reporting use during the interval; and (3) inconsistent users, 
patients who met criteria for neither of the previous 2 patterns. For 
purposes of defining use patterns, patients had to have information 
on discharge medication and at least 2 consecutive records during the 
first year of the study period.

Follow-Up Process and Outcomes
The clinical outcomes were ascertained after the 1-year observational 
interval that was used for determining β-blocker adherence. As part of the 
standard institutional procedures, research nurses followed up patients 
who did not have a visit by telephone or mail contacts. Coronary angi-
ography was recommended only if ischemic symptoms or signs were 
present during follow-up. In the event that patients reported any adverse 
events after hospital discharge, their medical records from outpatient clin-
ics were reviewed for further confirmation. All adverse events of interest 
were carefully verified and adjudicated by independent clinicians.

The primary outcome was all-cause death. The secondary outcome 
was a composite of major adverse cardiac and cerebrovascular events 
(MACCEs), including all-cause death, nonfatal MI, nonfatal stroke, or 
repeat revascularization. Definitions of all outcome components are 
given in the Methods section in the online-only Data Supplement.18

Statistical Analysis
Continuous and categorical variables were reported as mean±SD and 
percentages, respectively. We used the Kaplan–Meier method to create 
survival curves and the log-rank test to examine differences in survival. 
Differences in risk-adjusted, long-term rates of study outcomes among 
patients with different patterns of β-blockers use were assessed by 
use of multivariable Cox proportional hazards regression with adjust-
ment for all patient-level variables in Table I in the online-only Data 
Supplement. We tested for differences in the association of β-blockers 
with outcomes in patients with and without previous MI, and we calcu-
lated the hazard ratios (HRs) associated with pattern of β-blocker use.

Treatment-related differences in long-term outcomes among 
β-blocker users were also analyzed in high-risk clinical subsets 
(patients >65 years of age and those with congestive heart failure, left 
ventricular ejection fraction <50%, chronic obstructive pulmonary dis-
ease, and unstable angina). The differential association of β-blocker 
use across all subgroups was tested by use of a test for interaction.

To further assess the robustness of our findings, additional sensitivity 
analyses were conducted. First, to reduce the impact of treatment selection 
bias and potential confounding in an observational study, we also per-
formed rigorous adjustment for baseline differences by use of propensity 
score matching.19 To estimate the propensity score, a logistic regression 
model predicting the use of β-blockers was developed with the use of 
the same covariates listed above for the regression-based analyses. For 
each comparison (inconsistent users versus always users, never users 
versus always users), a separate propensity score for β-blocker use was 
derived. Model discrimination was assessed with C statistics, and model 
calibration was assessed with Hosmer-Lemeshow statistics. In the pro-
pensity score–matched cohort, the risks of each outcome were compared 
by use of Cox regression models. Second, to ensure that our findings were 
applicable to longer-term adherence (beyond 1 year), we changed the 
observation interval from hospital discharge to the end of follow-up with 
β-blocker use as a time-dependent covariate that incorporates changes 
in β-blocker use over time.6 Third, to help further disentangle biologi-
cal drug effects from contraindication effects, we evaluated the impact of 
β-blocker use in selected patients without any potential contraindications 
to β-blocker therapy (Methods in the online-only Data Supplement).2,20–22

All reported P values are 2 sided, and values of P<0.05 were 
considered to indicate statistical significance. All statistical analyses 
were performed with SAS software version 9.2 (SAS Institute).

Results
Patient Characteristics
Between January 2004 and December 2008, a total of 7390 
patients were hospitalized for undergoing CABG during the 
study period, whereas 1309 met the criteria for exclusion 
and 155 died during the interval or were lost to follow-up 
(Figure I in the online-only Data Supplement). Of this total, 
5926 patients were included in the present analyses, and 2514 
(42.4%) had a documented history of MI before surgery. 
Patients with previous MI had a higher-risk clinical profile 
than those without previous MI (Table 1).

The baseline and procedural characteristics of study 
patients according to pattern of β-blockers use are illustrated 
in Table II in the online-only Data Supplement. Consistent 
β-blocker use after hospital discharge was noted in 2922 
patients (49.3%), whereas 1323 patients (22.3%) never used 
β-blockers. Compared with always users, patients who never 
used β-blockers were less likely to demonstrate preoperative 
comorbidities, including diabetes mellitus (29% versus 33%; 
P=0.01), dyslipidemia (42% versus 66%; P<0.001), and pre-
vious percutaneous coronary intervention (8% versus 11%; 
P=0.01), congestive heart failure (2% versus 6%; P<0.001), and 
unstable angina (8% versus 15%; P<0.001). Trends in the use of 

http://www.sts.org/
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specific β-blockers in different patient groups and over time are 
shown in Figures II and III in the online-only Data Supplement.

Follow-Up and Outcomes
The median follow-up was 3.0 years (interquartile range, 
1.6–5.5 years) with a completion rate of 98.2% in the overall 
cohort. Concomitant medication use for secondary prevention 
at hospital discharge and at 1 year after CABG is listed in Table 
III in the online-only Data Supplement. During overall follow-
up, 315 patients (5.3%) died, of whom 170 (54.0%) died of a 
cardiac cause. The rates of all-cause death and MACCEs were 
not significantly different between the non-MI cohort and the 
MI cohort (for all-cause death: 5.6% versus 6.7%; HR, 0.89; 
95% confidence interval [CI], 0.65–1.21; P=0.45; and for 
MACCEs: 19.7% versus 20.5%; HR, 0.94; 95% CI, 0.80–1.12; 
P=0.49; Table IV in the online-only Data Supplement).

The observed long-term rates of death and the compos-
ite of MACCE were significantly higher in the inconsistent 
users and never users than in the always users. (Figure 1 and 

Table V in the online-only Data Supplement). Compared 
with always users, the observed frequencies of MI and stroke 
were similar for both the inconsistent users and never users 
(log-rank P=0.54 and 0.77 for MI; log-rank P=0.21 and 0.08 
for stroke; Figure IV in the online-only Data Supplement). 
After adjustment for baseline differences with multivariable 
regression analysis, the risks of all-cause death and cardiac 
death remained consistently higher in the inconsistent users 
(Table 2). Never using β-blockers was associated with a 
higher risk of death and MACCEs, with HRs of 1.42 (95% CI, 
1.01–2.00) and 1.29 (95% CI, 1.10–1.50), respectively.

In the cohort without previous MI, the adjusted HRs for 
death (1.70; 95% CI, 1.17–2.48) and cardiac death (1.79; 95% 
CI, 1.06–3.01) were significantly higher among inconsistent 
users. Patients with previous MI had higher HRs for all-cause 
mortality associated with inconsistent use of β-blockers (2.14; 
95% CI, 1.43–3.20) but not for MACCEs (1.16; 95% CI, 0.87–
1.53). In the previous MI cohort, compared with always using 
β-blockers, never using β-blockers was associated with a higher 
risk of death (HR, 1.59; 95% CI, 1.07–2.63) and MACCEs (HR, 
1.33; 95% CI, 1.05–1.68). The HR associated with inconsistent 
use of β-blockers for all-cause mortality was higher for patients 
with MI (2.14; 95% CI, 1.43–3.20) than for patients without MI 
(1.70; 1.17–2.48; P=0.005 for interaction). Although the asso-
ciation of never using β-blockers with all-cause mortality was 
similar for patients with or without previous MI (P=0.95 for 
interaction), a greater association with respect to cardiac death 
was observed (P=0.001 for interaction).

Prespecified Subgroup Analysis
We also assessed the relative treatment effects in subsets of 
patients with major high-risk clinical factors. The greater ben-
efit of always using β-blockers was consistent across all pre-
specified subgroups (Figure 2 and Table VI in the online-only 
Data Supplement). A significantly different effect of inconsis-
tent use of β-blockers for mortality was found between patients 
with and those without abnormal left ventricular ejection frac-
tion (<50%), with HRs of 1.95 (95% CI, 0.96–3.97) and 2.06 
(95% CI, 1.53–2.78), respectively (P<0.001 for interaction). 
The association of never use of β-blockers and increased risk 
of MACCEs was greater among patients ≥65 years of age (HR, 
1.58; 95% CI, 1.25–2.00) than among patients <65 years of age 
(HR, 1.15; 95% CI, 0.88–1.51; P<0.001 for interaction).

Sensitivity Analyses
There was no significant difference among propensity-matched 
groups with regard to baseline characteristics (Table VII in 
the online-only Data Supplement). Clinical outcomes for the 
matched cohorts (1636 matched pairs of inconsistent users and 
always user control subjects, and 1096 matched pairs of never 
users and always user control subjects) are summarized in 
Table 3. All-cause death and MACCEs were significantly more 
common in the inconsistent users (6.5% for death and 17.1% 
for MACCEs) compared with the always users (4.0% for death 
and 14.9% for MACCEs; Figure V in the online-only Data 
Supplement). Moreover, patients never using β-blockers had a 
higher rate of all-cause death compared with always users (6.9% 
versus 3.4%), with an HR of 1.50 (95% CI, 1.01–2.24). Trends 
in other outcomes similar to the main analyses were observed, 

Table 1. Baseline Demographic and Clinical Characteristics 
in the Overall Cohort

Variable
All Patients
(n=5926)

Previous MI

No
(n=3412)

Yes
(n=2514)

Demographics
  Age, mean (SD), y 60.8 (9.1) 61.1 (9.0) 60.4 (9.2)
  Male sex, n (%) 4831 (82) 2658 (78) 2173 (86)
  BMI, mean (SD), kg/m2 24.8 (2.8) 24.9 (2.8) 24.8 (2.8)
Medical history
  Smoker, n (%) 3152 (53) 1661 (49) 1491 (59)
  Diabetes mellitus, n (%) 1832 (31) 1058 (31) 774 (31)
  Insulin-treated diabetes mellitus, 

n (%)
399 (7) 217 (6) 182 (7)

  Hypertension, n (%) 3822 (65) 2279 (67) 1543 (61)
  Dyslipidemia, n (%) 3487 (59) 2007 (59) 1480 (59)
  Peripheral vascular disease, n (%) 298 (5) 172 (5) 126 (5)
  Previous CVA, n (%) 461 (8) 249 (7) 212 (8)
  COPD, n (%) 244 (4) 148 (4) 96 (4)
  Chronic renal failure, n (%) 53 (1) 27 (1) 26 (1)
  Previous PCI, n (%) 587 (10) 250 (7) 337 (13)
  Congestive heart failure, n (%) 296 (5) 135 (4) 161 (6)
  Recent atrial fibrillation, n (%) 136 (2) 69 (2) 67 (3)
  Unstable angina, n (%) 707 (12) 394 (12) 313 (13)
  NYHA class IV, n (%) 143 (2) 75 (2) 68 (3)
  LVEF, mean (SD), % 60 (9) 62 (8) 56 (9)
  No. of diseased vessels, n (%)
   2 639 (11) 380 (11) 259 (10)
   3 5137 (87) 2941 (86) 2196 (87)
  Left main CAD, n (%) 1972 (33) 1233 (36) 739 (29)
Status, n (%)
  Elective 5839 (98) 3365 (99) 2474 (98)
  Urgent 87 (2) 47 (1) 40 (2)
  EuroSCORE, mean (SD) 2.9 (2.1) 2.0 (1.8) 4.1 (1.8)

BMI indicates body mass index; CAD, coronary artery disease; COPD, chronic 
obstructive pulmonary disease; CVA, cerebrovascular accident; EuroSCORE, 
European System for Cardiac Operative Risk Evaluation; LVEF, left ventricular 
ejection fraction; MI, myocardial infarction; NYHA, New York Heart Association; 
and PCI, percutaneous coronary intervention.
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with a tendency for increased risks associated with never use 
of β-blockers. Similar results were seen for the primary and the 
secondary outcomes with β-blocker use as a time-dependent 
covariate for multivariable regression analysis (Table VIII in 
the online-only Data Supplement). The sensitivity analysis that 
was performed in the cohort of patients without contraindica-
tions to β-blocker therapy (n=5638), excluding patients with 
left ventricular ejection fraction <35%, hypotension or cardio-
genic shock, second- and third-degree heart block, and chronic 
obstructive pulmonary disease, yielded largely similar results 
(Table IX in the online-only Data Supplement).

Discussion
In this long-term observational study of 5926 consecu-
tive patients undergoing isolated CABG, consistent use of 
β-blockers as a long-term therapy after hospital discharge was 
associated with a lower risk of all-cause death and composite 
cardiovascular events among patients with or without previous 
MI. The positive relationship between adherence to β-blockers 
and survival after CABG was influenced by the compliance at 
hospital discharge and long-term patient adherence. The pres-
ent study supports the National Quality Forum standards of 
β-blocker use at hospital discharge as a quality indicator.

Preoperative and continued postoperative administration 
of β-blockers is recommended for all patients without contra-
indications because β-blockers have been shown to reduce the 

incidence of postoperative atrial fibrillation and to provide a 
survival benefit in CABG patients who receive them preopera-
tively.3,13,23,24 However, results from recent observational studies 
in ischemic heart disease have aroused widespread controversy 
about the efficacy of β-blocker use for decreasing mortality and 
preventing major cardiac complications.6–11 Furthermore, the 
evidence supporting the use of β-blockers in CABG patients 
after hospital discharge is less clear.3,12,13

Early randomized trials evaluating treatment with meto-
prolol for 2 years after CABG did not find significant changes 
in mortality or exercise capacity.25,26 In the Project of Ex-vivo 
Vein Graft Engineering via Transfection (PREVENT) IV trial, 
greater use of indicated secondary preventive medications after 
CABG was associated with a lower 2-year rate of death or MI, 
whereas individual β-blocker use was not associated with 
clinical outcomes.22 However, a beneficial effect of β-blockers 
has been reported in high-risk subgroups. In a group of elderly 
patients undergoing coronary revascularization, β-blocker 
therapy at hospital discharge was effective in reducing 1-year 
mortality.2 In patients with chronic obstructive pulmonary dis-
ease undergoing CABG, β-blocker administration significantly 
improved survival at the midterm follow-up.27

In the present study, we evaluated the effect of the pattern 
of β-blocker use in patients treated with CABG. Our analysis 
showed that either inconsistent use or never use of β-blockers 
was associated with increased incidence of all-cause death 
and subsequent cardiovascular events. In a previous study 

Figure 1. Kaplan–Meier curves of outcomes associated with β-blocker use after coronary artery bypass graft surgery. Shown are rates of 
all-cause death and major adverse cardiac and cerebrovascular events (MACCEs) in the overall population (A), patients without pervious 
myocardial infarction (MI; B), and patients with pervious MI (C). The P values were calculated with the log-rank test on the basis of all 
available follow-up data with always users as reference. 
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assessing long-term adherence to evidence-based secondary 
prevention therapies in coronary artery disease,28 consistent 
use of β-blockers was associated with improved clinical out-
comes, as further evidenced by our observation. Furthermore, 
the relationship between adherence to evidence-based pharma-
cotherapy and long-term mortality was reported by Rasmussen 
and colleagues,29 who found that the survival advantages asso-
ciated with adherence to β-blockers after acute MI were class 
specific, which might be mediated by drug effects.

The use of β-blockers after MI in the United States 
increased from 41.8% to 71.6% between 1995 and 2004, in 
association with a 3% reduction in mortality each year.30 
Whereas the effect of β-blockers for reducing mortality among 
patients with heart failure or a recent MI is well established, this 
effect in patients with stable ischemic heart disease has been 
questioned lately.6–8 In the Reduction of Atherothrombosis for 
Continued Health (REACH) registry, the effect of β-blockers 
was not associated with history of MI or the presence of coro-
nary artery disease.6 On the basis of these findings, β-blockers 
are no longer recommended in stable patients after MI or acute 
coronary syndrome as long-term medical therapy by the lat-
est guidelines from the European Society of Cardiology.31 
However, there was a differential association of β-blockers 
with previous MI for all-cause death or cardiac death in our 
analysis. Similarly, the association of β-blocker use with 

cardiovascular events was modified significantly by a recent 
MI among patients with ischemic heart disease undergoing 
noncardiac surgery and patients with new-onset coronary heart 
disease.7,8 Another recently published analysis of the Society of 
Thoracic Surgeons National Adult Cardiac database assessing 
the impact of preoperative β-blockers on outcomes in patients 
undergoing CABG excluded patients with previous MI within 
21 days with a consideration that the use of β-blockers is well 
established after acute MI.9 Besides, our findings showed that 
patients with a history of MI shared similar risk of cardiac 
death (HR, 0.88; 95% CI, 0.59–1.31) and new-onset MI (HR, 
1.41; 95% CI, 0.91–2.18) after CABG compared with those 
without previous MI, indicating the protective impact associ-
ated with CABG as a highly sophisticated method of restoring 
blood flow to the myocardium.

The effect of β-blockers on outcomes has been reported to be 
influenced by both the initial prescription at the time of hospital 
discharge, known as physician performance,2,32,33 and long-term 
patient adherence after the surgery.17,29,34 However, little evidence 
evaluating the combined effect of these 2 individual components 
is available. In our present study, inconsistent users and never 
users accounted for 28.4% and 22.3% of the overall patients, 
respectively. A total of 68.8% of patients received a β-blocker 
prescription at discharge, which is lower than the proportion 
(90.8%) from the Get With The Guidelines database,35 supporting 

Table 2. Long-Term Outcomes According to Use Pattern Classification in the Overall Population and Patients With and Without 
Previous MI

Inconsistent Users Never Users

Always Users, n (%) Patients, n (%)
Adjusted HR*

(95% CI) P Value Patients, n (%)
Adjusted HR*

(95% CI) P Value

All patients 2922 1681 1323

  All-cause death 114 (3.9) 111 (6.6) 1.96 (1.50–2.57) <0.001 90 (6.8) 1.42 (1.01–2.00) 0.04

   Cardiac death 59 (2.0) 64 (3.8) 2.29 (1.59–3.30) <0.001 47 (3.6) 1.37 (0.86–2.20) 0.19

  MI 37 (1.3) 16 (1.0) 0.83 (0.45–1.53) 0.54 23 (1.7) 1.10 (0.55–2.23) 0.78

  Stroke 235 (8.0) 141 (8.4) 1.19 (0.96–1.48) 0.11 157 (11.9) 1.24 (0.96–1.61) 0.11

  Repeat revascularization 100 (3.4) 41 (2.4) 0.66 (0.45–0.97) 0.03 58 (4.4) 0.85 (0.54–1.33) 0.47

  MACCEs 436 (14.9) 288 (17.1) 1.20 (0.99–1.45) 0.06 292 (22.1) 1.29 (1.10–1.50) 0.001

Patients without previous MI 1642 991 779

  All-cause death 63 (3.8) 60 (6.1) 1.70 (1.17–2.48) 0.006 50 (6.4) 1.23 (0.76–1.99) 0.40

   Cardiac death 33 (2.0) 31 (3.1) 1.79 (1.06–3.01) 0.03 20 (2.6) 0.84 (0.40–1.76) 0.64

  MI 15 (0.9) 10 (1.0) 1.19 (0.50–2.82) 0.70 15 (1.9) 1.51 (0.53–4.33) 0.45

  Stroke 132 (8.0) 84 (8.5) 1.19 (0.90–1.58) 0.24 88 (11.3) 1.18 (0.83–1.68) 0.36

  Repeat revascularization 53 (3.2) 26 (2.6) 0.72 (0.44–1.18) 0.19 43 (5.5) 1.12 (0.63–2.01) 0.70

  MACCEs 240 (14.6) 167 (16.9) 1.19 (0.92–1.54) 0.19 171 (22.0) 1.24 (1.01–1.52) 0.04

Patients with previous MI 1280 690 544

  All-cause death 51 (4.0) 51 (7.4) 2.14 (1.43–3.20) <0.001 40 (7.4) 1.59 (1.07–2.63) 0.03

   Cardiac death 26 (2.0) 33 (4.8) 2.07 (1.07–3.99) 0.03 27 (5.0) 2.90 (1.69–4.98) <0.001

  MI 22 (1.7) 6 (0.9) 0.68 (0.27–1.72) 0.41 8 (1.5) 0.91 (0.33–2.57) 0.86

  Stroke 103 (8.0) 57 (8.3) 1.16 (0.83–1.62) 0.38 69 (12.7) 1.28 (0.87–1.89) 0.20

  Repeat revascularization 47 (3.7) 15 (2.2) 0.61 (0.33–1.12) 0.11 15 (2.8) 0.51 (0.24–1.07) 0.07

  MACCEs 196 (15.3) 121 (17.5) 1.16 (0.87–1.53) 0.32 121 (22.2) 1.33 (1.05–1.68) 0.02

CI indicates confidence interval; HR, hazard ratio; MACCE, major adverse cardiac and cerebrovascular event; and MI, myocardial infarction.
*Multivariable Cox proportional-hazards regression was used with adjustment for all patient-level variables in Table I in the online-only Data Supplement. The HRs 

were reported for inconsistent users or never users with always users as reference.
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the need to improve discharge processes to increase prescription 
rates of β-blockers after CABG in the real-world setting. We 
observed that a further 28.6% of patients who were discharged 
with a β-blocker discontinued taking it. Another study reported 
a β-blocker discontinuation rate of 19.6% at 1 year after MI,17 
whereas 30.4% of patients with coronary artery disease never 
received β-blockers during a 7-year follow-up, as reported by 
Newby and colleagues,28 which was associated with increased 
mortality risk. Future research should examine the factors that 

predict poor adherence to β-blockers and should develop inter-
ventions to improve both the discharge prescription and long-
term adherence to proven secondary preventive medications.

Limitations
Our study was based on a single-center experience and there-
fore may not be representative of the entire Chinese population. 
However, with systematic and standardized clinical training for 
the cardiologists and surgeons at Fuwai Hospital, satisfactory 

Table 3. Association of β-Blocker Use at Discharge and During Follow-Up With Long-Term Outcomes in a Matched Cohort

Events by Group, n (%)* Events by Group, n (%)†

Always Users
(n=1636)

Inconsistent Users
(n=1636)

HR‡
(95% CI) P Value

Always Users
(n=1096)

Never Users
(n=1096)

HR‡
(95% CI) P Value

All-cause death 66 (4.0) 106 (6.5) 1.74 (1.28–2.37) <0.001 37 (3.4) 76 (6.9) 1.50 (1.01–2.24) 0.04

Cardiac death 33 (2.0) 61 (3.7) 2.01 (1.32–3.08) 0.001 19 (1.7) 39 (3.6) 1.44 (0.82–2.52) 0.20

MI 18 (1.1) 15 (0.9) 0.86 (0.44–1.72) 0.68 10 (0.9) 17 (1.6) 1.28 (0.58–2.81) 0.55

Stroke 141 (8.6) 138 (8.4) 1.05 (0.83–1.32) 0.70 77 (7.0) 126 (11.5) 1.32 (0.99–1.76) 0.06

Repeat 
revascularization

53 (3.2) 40 (2.4) 0.79 (0.52–1.19) 0.26 40 (3.6) 50 (4.6) 0.98 (0.65–1.50) 0.94

MACCEs 244 (14.9) 279 (17.1) 1.22 (1.03–1.45) 0.02 151 (13.8) 240 (21.9) 1.25 (1.02–1.54) 0.03

CI indicates confidence interval; HR, hazard ratio; MACCE, major adverse cardiac and cerebrovascular event; and MI, myocardial infarction.
*Inconsistent users were matched with always users on their propensity score using the same covariates for the regression-based analyses. C statistic of the models 

was 0.69 (goodness of fit, P=0.75).
†Never users were matched with always users. C statistic of the models was 0.74 (goodness of fit, P=0.68). 
‡The HRs were reported for inconsistent users or never users with always users as reference.

Figure 2. Hazard ratios (HRs) associated with β-blockers in prespecified subgroups of patients. Subgroup analyses were performed 
with the use of Cox proportional hazards regression with the always user group as reference and with adjustment for all patient-level 
variables in Table I in the online-only Data Supplement. The HRs were reported for inconsistent users or never users with always users 
as reference. CI indicates confidence interval; COPD, chronic obstructive pulmonary disease; LVEF, left ventricular ejection fraction; and 
MACCE, major adverse cardiac and cerebrovascular events.
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in-hospital outcomes could be achieved, which are consis-
tent with those of most outstanding cardiac centers worldwide. 
Second, the observational nature of our study and the presence 
of unmeasured confounders that may have contributed to the 
strength of the association requiring 2 records to determine the 
use pattern of β-blockers must be considered. Therefore, it is 
possible that the observed association between β-blocker use and 
improved clinical outcomes may rather reflect better concomitant 
medical care or higher socioeconomic or educational status in 
always users. Third, medication use was collected by patient self-
report, whereas self-report measures with confirmed congruence 
have been used commonly in previous studies.17,22,28 Fourth, some 
prespecified subgroup comparisons such as patients with chronic 
obstructive pulmonary disease were based on rather small num-
bers of individuals; therefore, a type II error cannot be excluded. 
Finally, the physiological response and reasons for refusal of 
β-blockers were not available in our present analysis.

Conclusions
In patients undergoing CABG, the consistent use of β-blockers 
was associated with a lower risk of long-term mortality and com-
posite cardiac and cerebrovascular events. The survival advan-
tages associated with adherence to β-blockers after CABG were 
class specific but were not significantly affected by the presence 
of a history of MI. Considerable attention must also be focused 
on understanding and improving β-blocker use at the time of 
hospital discharge and long-term patient adherence.
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CLINICAL PERSPECTIVE
This large, population-based cohort study assessed the effect of long-term β-blocker therapy for secondary prevention of 
long-term outcomes after isolated coronary artery bypass grafting (CABG). The prevalence and consistency of β-blocker 
use were determined in patients with and without a history of myocardial infarction. Each cohort (patients with and without 
previous myocardial infarction) was categorized into 3 comparison groups based on patients’ patterns of β-blocker use at 
hospital discharge and during the first year after CABG: always users, inconsistent users, and never users. We found that 
68.8% of patients received a β-blocker prescription at discharge, and a further 28.6% of patients who were discharged with 
a β-blocker discontinued taking it. During the first year after CABG, consistent β-blocker use was noted in 2922 patients 
(49.3%), whereas 1323 patients (22.3%) never used β-blockers. At a median follow-up of 3.0 years, the consistent use of 
β-blockers was associated with a lower risk of all-cause mortality and adverse cardiovascular events in the overall population 
and in patients with and without previous myocardial infarction. Moreover, the results demonstrated that the positive rela-
tionship between adherence to β-blockers and survival after CABG was influenced by compliance at hospital discharge and 
long-term patient adherence. Recognizing the beneficial effect associated with β-blocker use after CABG provides support 
for existing guidelines and the National Quality Forum standards of β-blocker use at hospital discharge as a performance 
measure and a quality indicator. Furthermore, strategies should be developed to understand and improve discharge prescrip-
tion of β-blockers and long-term patient adherence after CABG.


