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Aims Beta blockers are associated with improved outcomes for selected patients with cardiovascular disease. We assessed
long-term utilization of beta blockers after coronary artery bypass grafting (CABG) and its association with outcome.
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Methods and
results

All 35 184 patients in Sweden who underwent first-time isolated CABG between 1 January 2006 and 31 December
2017 and were followed for at least 6 months were included in a nationwide observational study. Multivariable Cox
regression models using time-updated data on dispensed prescriptions were used to assess associations between differ-
ent types of beta blockers and outcomes. The primary outcome was major adverse cardiovascular events (MACEs), a
composite of all-cause mortality, stroke, and myocardial infarction (MI). Subgroup analyses were performed in patients
with and without previous MI, heart failure, and reduced left ventricular ejection fraction (LVEF). Median follow-up
was 5.2 years (range 0–11). At baseline, 33 159 (94.2%) patients were dispensed beta blockers, 30 563 (92.2%) of
which were cardioselective beta blockers. After 10 years, the dispensing of cardioselective beta blockers had declined
to 73.7% of all patients. Ongoing treatment with cardioselective beta blockers was associated with a slight reduction
in MACEs [hazard ratio (HR) 0.93, 95% confidence interval (CI) 0.89–0.98, P = 0.0063]. The reduction was largely
driven by a reduced risk of MI (HR 0.83, 95% CI 0.75–0.92, P = 0.0003), while there was no significant reduction in
all-cause mortality (HR 0.99, 95% CI 0.93–1.05) and stroke (HR 0.96, 95% CI 0.87–1.05). The reduced risk for MI was
consistent in all the investigated subgroups.
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Conclusion Ongoing treatment with cardioselective beta blockers after CABG is associated with a reduction in MACEs, mainly
because of reduced long-term risk for MI. The association between cardioselective beta blockers and MI was consistent
in patients with and patients without previous MI, heart failure, atrial fibrillation, or reduced LVEF.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Keywords CABG � Secondary prevention � Beta blockers

Introduction
Myocardial revascularization by coronary artery bypass grafting
(CABG) is still the most common open cardiac surgical proce-
dure performed worldwide.1 Long-term outcome after CABG is
dependent on prevention of progressive native artery disease and
maintained graft patency.2–5 Secondary prevention medication, with
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platelet inhibitors, beta blockers, renin–angiotensin system (RAS) in-
hibitors, and lipid-lowering drugs, is recommended in current guide-
lines to patients with previous myocardial infarction (MI) to reduce
the risk of adverse events.6–9

Beta blockers have been shown to improve outcomes for patients
with reduced left ventricular function and/or previous MI.10,11 Re-
cent data have questioned the benefit for patients with previous
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MI but without reduced left ventricular ejection fraction (LVEF).12

European and North American guidelines recommend lifelong med-
ication with beta blockers after CABG for patients with reduced
LVEF and a recent MI.13,14 However, the evidence for this treatment
is sparse and primarily based on studies of patients with reduced
LVEF and a recent MI who had not had CABG.14 Previous stud-
ies on beta-blocker therapy after CABG have consistently reported
a suboptimal prescription rate and insufficient adherence to guide-
lines.15,16 Only one randomized trial studying beta blockers after
CABG has been published and it failed to show a reduction in car-
diac events or mortality associated with treatment.17 Most of the
existing studies are limited by restricted study populations and/or
single-centre designs14; large contemporary observational studies
on beta-blocker therapy after CABG are still lacking.
Recently, our group reported on the use of secondary pre-

vention medication and its association with all-cause mortality af-
ter CABG.18 That study, partly based on the same study co-
hort as in the present study, showed that the use of secondary
prevention medication after CABG is suboptimal and that time-
updated treatment with statins, RAS inhibitors, and platelet in-
hibitors, but not beta blockers, is associated with lower all-cause
mortality. However, the study neither investigated subgroups of
beta blockers nor investigated endpoints other than all-cause
mortality.
The aim of the current study was therefore to investigate

the association between long-term beta-blocker therapy and ma-
jor adverse cardiovascular events (MACEs), defined as all-cause
mortality, MI, and/or stroke, and further to investigate whether
the association varied between cardioselective beta blockers and
any beta blockers and between different subgroups of CABG
patients.

Methods
Data sources
Data were collected from four Swedish nationwide registries: the
Swedish Cardiac Surgery Registry19 (part of the SWEDEHEART
Registry), the National Patient Registry, the Cause of Death Registry,
and the Swedish Prescribed Drug Registry. Individual patient data were
linked across the four registers using the Swedish personal identification
number, which is unique to each individual and given to all Swedish inhab-
itants at birth or immigration.20 The resulting database was anonymized
and used for analyses. The National Patient Registry21 contains infor-
mation on comorbid conditions from in- and outpatient visits. Financial
compensation to the departments is based on these reports and report-
ing is mandatory. Mortality status and cause of death were obtained from
the Cause of Death Registry. Records of dispensed prescriptions of beta
blockers, RAS inhibitors, statins, and platelet inhibitors were collected
from the Swedish Prescribed Drug Registry and updated every third
month as previously described.18 The registry includes all dispensed pre-
scriptions in Sweden and was established in July 2005. Medication data
were based on the Anatomical Therapeutic Chemical (ATC) classifica-
tion as presented in the Supplementary material online, Table S1. All
patients who undergo open heart surgery in Sweden are included in the
Swedish Cardiac Surgery Registry. The registry includes pre-operative
patient characteristics, such as LVEF, comorbid conditions, and compli-
cations, and has excellent coverage and validity.22
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Study cohort
Between 1 January 2006 and 31 December 2017, all patients in Sweden
who underwent first-time isolated CABG were screened for inclusion
(n = 37 520). Patients who had <6 months of follow-up (i.e. who were
discharged after 30 June 2017, emigrated within 6 months of discharge,
or did not survive until 6 months after discharge) were excluded. Pa-
tients with an MI or stroke during the first 6 months were also excluded.
The exclusion criteria were based on the assumption that early post-
operative mortality and morbidity are related to periprocedural events
and are unlikely to be preventable by secondary prevention medication.
The stepwise exclusion of patients is illustrated in the Supplementary
material online, Figure S1. Follow-up lasted until 31 December 2017, un-
til an event occurred, or until emigration.

Statistical analyses
Outcome variables
The primary outcome was a composite of all-cause mortality, MI, and
stroke (MACE). The individual constituents of MACE were considered
secondary outcome variables. Outcome data were based on a primary
or secondary diagnosis of codes I21.0–I21.4 (MI) or I61–I64 (stroke,
which includes both haemorrhagic and ischaemic stroke) of the 10th
revision of the International Classification of Diseases (ICD-10). Because
of the severity of these diagnoses, they have very high validity in the
National Patient Registry.21 A full list of comorbid conditions and their
associated ICD codes can be found in the Supplementary material online,
Table S1.

Treatment indication and subgroups
Beta blockers are a cornerstone in the medical treatment of chronic
heart failure. In addition, beta blockers are often dispensed after MI, al-
though this has recently been questioned for patients without reduced
LVEF.23 Since the treatment effect was presumed to differ between pa-
tient subgroups, selected subgroups were analysed separately. The sub-
groups included patients with known heart failure and/or previous MI,
patients with atrial fibrillation, and patients with reduced LVEF. For these
indications, cardioselective beta blockers are used, and therefore car-
dioselective beta blockers were used when evaluating the association
with treatment and outcome. Treatment with any beta blocker was ex-
plored as a secondary analysis.

Statistics
Calculation of crude incidence rates was performed by dividing the num-
ber of events by 100 person-years. Differences between groups were
analysed using Fisher’s exact test for dichotomous variables and χ2 or
Mantel–Haenszel χ2 for categorical variables. For continuous variables,
the Mann–Whitney U test was used. Medication data were updated at
3-month intervals during follow-up and patients were considered off
treatment if they had no dispensed prescription during two consecutive
3-month periods, as described previously.18 Adjusted Cox proportional
hazard regression models were used to obtain adjusted hazard ratios
(aHRs) and 95% confidence intervals (95% CIs). Beta blockers were anal-
ysed as cardioselective beta blockers or, separately, as any beta blocker.
These groups were decided a priori on the basis of their different phar-
macological effects.

Three levels of adjustments were used and, unless otherwise stated,
results reported are from the fully adjusted model. The minimally
adjusted model included age and sex. At the next level of adjust-
ment, comorbidities and patient characteristics were included. The fol-
lowing variables were adjusted for: year of CABG, acute coronary
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Table 1 Baseline characteristics of patients with no beta-blocker treatment and with cardioselective and
non-cardioselective beta-blocker treatment

No treatment
with beta blockers

(n = 2025)

Treatment with
cardioselective beta
blockers (n = 30563)

Treatment with
non-cardioselective beta

blockers (n = 2596) P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Men 1674 (82.7%) 24 468 (80.1%) 2106 (81.1%) 0.009
Women 351 (17.3%) 6095 (19.9%) 490 (18.9%)
Age (years) 69.3 (9.2) 67.9 (9.2) 69.4 (8.2) 0.39
Body mass index 27.0 (4.1) 27.5 (4.1) 27.4 (4.1) 0.007
Left ventricular ejection
fraction
Normal 1521 (75.1%) 20 776 (68.0%) 1877 (72.3%) <0.001
<50% 486 (24.0%) 9565 (31.3%) 686 (26.4%)
Unknown 18 (0.9%) 222 (0.7%) 33 (1.3%)

Comorbidities
Previous MI 832 (41.1%) 16 808 (55.0%) 1255 (48.3%) <0.001
Heart failure 337 (16.6%) 6870 (22.5%) 537 (20.7%) <0.001
Atrial fibrillation 484 (23.9%) 8740 (28.6%) 1410 (54.3%) <0.001
Hypertension 1360 (67.2%) 21 802 (71.3%) 1836 (70.7%) <0.001
Diabetes 607 (30.0%) 9412 (30.8%) 771 (29.7%) 0.40
Previous stroke 194 (9.6%) 2691 (8.8%) 239 (9.2%) 0.41
Renal failure 103 (5.1%) 1632 (5.3%) 119 (4.6%) 0.24
Chronic obstructive
pulmonary disease

127 (6.3%) 1792 (5.9%) 93 (3.6%) <0.001

Medications
Statins 1814 (89.6%) 29 418 (96.3%) 2438 (93.9%) <0.001
RAS inhibitors 1323 (65.3%) 23 170 (75.8%) 1834 (70.6%) <0.001
Platelet inhibitors 1817 (89.7%) 28 907 (94.6%) 2426 (93.5%) <0.001

Categorical variables are presented as numbers (%) and continuous variables are presented as mean (standard deviation).
MI, myocardial infarction; RAS, renin–angiotensin system.

syndrome [ST-segment elevation MI (STEMI)/non-ST-segment elevation
MI (NSTEMI)/unstable angina] or stable angina as indication for CABG,
left ventricular function, body mass index (BMI), diabetes mellitus, hy-
pertension, hyperlipidaemia, previous stroke, atrial fibrillation, heart fail-
ure, previous MI, chronic obstructive pulmonary disease, history of can-
cer, peripheral arterial disease, pulmonary hypertension, chronic kidney
disease (CKD) and CKD stage, marital status, education, and income.
The Chronic Kidney Disease Epidemiology Collaboration formula24 was
used to estimate the glomerular filtration rate (eGFR) for CKD staging.
These comorbidities were selected a priori based on the assumption
that they would have an effect on outcomes and treatment status. In the
model with the most comprehensive adjustments, time-updated other
secondary prevention medications (RAS inhibitors, statins, and platelet
inhibitors) were added to the model, under the assumption that they
could be associated with outcome and treatment with other medica-
tions. The comorbidities, sex, age, and treatment status had no missing
data. However, 273 (0.8%) patients had missing data on LVEF and 2903
(8.3%) patients had missing data for BMI. Patients with missing LVEF
or BMI data were included in a separate category when adjusting for
these covariates. To evaluate the validity of the analysis and to investigate
whether the association between treatment and MACE varied over time,
a sensitivity analysis was performed in which follow-up was restricted to
1 year and medical dispensation at the start of the year was considered
as being under treatment for the full 1-year period. The fully adjusted
model was used for this sensitivity analysis. A P-value of <0.05 was con-

.....................................................................

sidered statistically significant and all tests were two-tailed. The analyses
were carried out using SAS version 9.4 (SAS Institute, Cary, NC, USA).

Ethics
The study was evaluated and approved, and the need for individual
patient consent waived, by the regional research ethics committee
in Gothenburg (registration number 139-16). Patients included in the
SWEDEHEART Registry are informed, before inclusion, about their par-
ticipation in the registry and the right to opt out. The study was per-
formed in accordance with the ethical principles of the Declaration of
Helsinki.

Results
Baseline characteristics
A total of 35 184 patients were included in the study; out of these
174 patients emigrated during follow-up and were censored at the
time of emigration. Among this group of patients, a total of 9320
MACEs occurred during a median follow-up of 5.2 years. Alto-
gether 6363 (18.1%) patients died, 2293 (6.5%) suffered an MI, and
3022 (8.6%) had a stroke. At baseline, 33 159 (94.2%) patients were
treated with beta blockers, the vast majority (n = 32 225, 91.6% of
all patients) with cardioselective beta blockers. Baseline character-
istics are presented in Table 1. A higher proportion of patients who
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Figure 1 Dispensation of cardioselective beta blockers over time
to patients with indication (heart failure, previous myocardial infarc-
tion, reduced left ventricular ejection fraction) and without explicit
indication for beta blockers. BB, beta blocker.

received cardioselective beta-blocker treatment were female; they
also had a lower age and higher BMI than patients without cardios-
elective beta-blocker treatment. They were also more likely to have
had a previous MI or heart failure, and to have a low LVEF, atrial fib-
rillation, and hypertension. Other medications also differed between
the groups; patients treated with cardioselective beta blockers were
also treated with antiplatelet therapy, statins, and RAS inhibitors to
a greater extent than patients without beta blockers or on non-
cardioselective beta blockers. In total, of all patients, 7744 (22.0%)
had a prior diagnosis of heart failure, 10 634 (30.2%) had a prior
diagnosis of atrial fibrillation, 18 895 (53.7%) had had a previous MI,
and 10 737 (30.5%) had reduced LVEF at the time of surgery.

Use over time
The dispensation of cardioselective beta blockers declined consid-
erably during follow-up (Figure 1), falling from 91.6% at baseline to
77.9% and 73.7%, respectively, at 5 and 10 years after baseline. A
higher percentage of patients with a history of MI and/or heart fail-
ure were dispensed cardioselective beta blockers at baseline than
of those without clear indication (92.7% vs. 89.4%, P < 0.001). By
10 years, the difference had increased: 75.6% of patients with an
indication and 70.8% without indication at baseline were dispensed
cardioselective beta blockers. For any beta blocker, the dispensation
declined from 94.2% at baseline to 80.4% and 76.2%, respectively,
at 5 and 10 years after baseline.

Association between cardioselective
beta blockers and outcome
During follow-up, patients with ongoing treatment with cardiose-
lective beta blockers had a lower crude MACE rate, 4.8 (95% CI
4.7–4.9) vs. 5.8 (95% CI 5.5–6.0) per 100 patient-years. Treatment
with cardioselective beta blockers was associated with a reduction

........................................................................................................................................................................

in MACEs, both in the analysis adjusted for patient characteristics
and comorbidities (aHR 0.81, 95% CI 0.78–0.86, P < 0.001) and in
the fully adjusted analysis (aHR 0.93, 95% CI 0.89–0.98, P = 0.0063)
(Figure 2). The results from the age- and sex-adjusted models and
the model with adjustments for comorbid conditions can be found
in the Supplementary material online, Table S2. In the fully adjusted
analyses, there was a significant association between treatment and
risk for MI (aHR 0.83, 95% CI 0.75–0.92, P < 0.001) but not for all-
cause mortality (aHR 0.99, 95% CI 0.93–1.05, P = 0.63) or stroke
(aHR 0.96, 95% CI 0.87–1.05, P = 0.33).
The results of the subgroup analyses are presented in Figure 2.

There was a significant interaction for patients with compared with
patients without previous MI (aHR 0.96, 95% CI 0.90–1.03 vs. aHR
0.90, 95% CI 0.83–0.97, interaction P-value 0.042) when looking at
MACE as outcome. For all-cause mortality, MI, and stroke, there
were no interactions for any of the subgroups (all interaction P-
values>0.05, Figure 3A–C). The association between treatment with
cardioselective beta blockers and MI therefore remained robust in
all subgroups, including patients without heart failure, atrial fibrilla-
tion, or previous MI and in patients with normal LVEF. In a sensitivity
analysis with each year of follow-up analysed separately, similar find-
ings as in the main analysis were observed (Supplementary material
online, Figure S2).

Association between any beta blocker
and outcome
In the model adjusted for patient characteristics and comorbidities,
treatment with any beta blocker was associated with a decreased
risk of MACEs (HR 0.81, 95% CI 0.77–0.85, P < 0.001), while in
the analysis additionally adjusted for time-updated use of other sec-
ondary prevention medications (platelet inhibitors, RAS inhibitors,
and statins) treatment with any beta blocker was not significantly
associated with a reduced MACE rate (aHR 0.95, 95% CI 0.90–1.00,
P = 0.055) (Supplementary material online, Figure S3). There was a
significant association between any beta-blocker treatment and MI
(aHR 0.85, 95% CI 0.76–0.94, P = 0.003). No associations between
any beta-blocker treatment and all-cause mortality (aHR 1.01,
95% CI 0.95–1.08, P = 0.69) or stroke (aHR 0.97, 95% CI 0.87–
1.07, P = 0.49) were observed. The associations did not differ for
patients with previous MI, heart failure, and atrial fibrillation in the
fully adjusted models (Supplementary material online, Figure S2).

Non-cardioselective beta blockers
Treatment with sotalol was neither associated with a reduction in
MACEs (aHR 1.13, 95% CI 0.95–1.35, P = 0.17) in any of the ad-
justed models nor associated with all-cause mortality, MI, or stroke
(Supplementary material online, Table S3). Treatment with other
non-cardioselective beta blockers had similar results, i.e. no asso-
ciation in the fully adjusted analysis between MACE rate (aHR 1.12,
95% CI 0.99–1.28, P = 0.078), all-cause mortality, MI, and stroke.

Discussion
The main findings of this large nationwide study, comprising all pa-
tients undergoing CABG in Sweden from 2006 to 2017 and surviving
6 months or more, were that treatment with cardioselective beta
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Figure 2 Forest plot in different subgroups of patients with major adverse cardiovascular events receiving cardioselective beta blockers, showing
results from the fully adjusted Cox regression model. AF, atrial fibrillation; HF, heart failure; LVEF, left ventricular ejection fraction; MACE, major
adverse cardiovascular event; and MI, myocardial infarction.

blockers was associated with a slightly lower risk of MACEs and that
this association was driven by reduced risk of MI.
The proportion of patients prescribed beta blockers at the time

of discharge after CABGwas high regardless of whether the patients
did or did not have an explicit indication for beta-blocker treatment,
i.e. heart failure, previous MI, or reduced LVEF (95% vs. 92%). No-
tably, the degree of continued use of beta-blocker therapy gradually
decreased over time and was 76% at 10 years of follow-up. Part of
this decline could be explained by a reduced need for symptomatic
treatment for angina pectoris after revascularization. However, as-
suming the treatment reduces the risk for adverse events, the decline
in secondary prevention therapy over time is alarming. This under-
lines the importance of persistent follow-up of secondary preven-
tion treatment measures among post-CABG patients. An interesting
finding of the current study is that there were no significant interac-
tions between cardioselective beta blockers and MACEs, with the
exception of previous MI. This implies that the association with a
reduction in MACEs was similar across a wide spectrum of cardiac
diseases, which is interesting as the benefit of beta blockers after
MI has recently been questioned.23 The finding that patients with-
out previous MI had a larger associated benefit from beta-blocker
treatment is interesting, but the present study design cannot explain
these results.
Our group has previously reported on the associations between

secondary prevention medication after CABG and all-cause mor-
tality.18 In that study, which was partly based on the same study
cohort as in the present study, no association was found between
any beta-blocker therapy and all-cause mortality. These results were
confirmed in the present study. However, ongoing cardioselective
beta-blocker therapy after CABG was in the present study associ-
ated with reduced risk of MACEs and reduced risk of new or recur-
rent MI during follow-up. The dissimilarity in the clinical profile of
different beta blockers motivates the stratification used in the cur-

..................................................................................................

rent study, as treatment effect would be expected to differ between
cardioselective and non-cardioselective beta blockers. As expected,
baseline characteristics and outcomes were statistically different for
patients treated with non-cardioselective beta blockers, highlighting
the difference in use. Treatment with non-cardioselective beta block-
ers was not associated with any benefit; in fact, the HRs suggest an
increase in MACEs, albeit without statistical significance.
In a single-centre study, Zhang et al. found that, during a me-

dian follow-up of 3 years, adherence to beta-blocker therapy after
CABG was associated with significantly lower risk of a composite
MACE outcome, as well as lower all-cause mortality.25 Subgroup
analysis showed that the association was independent of the pres-
ence of preceding MI but was not observed in patients with a heart
failure diagnosis. These results agree with the observed outcomes in
the present study, in the patients treated with cardioselective beta
blockers, although the present study found no association between
beta blockers and reduced mortality. There are methodological dif-
ferences between the studies, which are worth mentioning, includ-
ing adherence to medication (68.8% at baseline in the study by Zhang
et al.25 vs. 94.2% in the present study) and the length of follow-up,
which was longer in the current study (median 5.2 years).
In Booij et al.’s study of 2553 low-risk coronary artery disease pa-

tients undergoing CABG, continued beta-blocker therapy was not
associated with reduced risk of the primary outcome, a compos-
ite of cardiovascular events, or its individual components, at a me-
dian follow-up of 33 months.26 The authors conclude that, while
insufficient power due to low event rates may have affected the re-
sults, the benefit of prolonged beta-blocker treatment may be lim-
ited in low-risk patients. Post-operative beta blockers for patients
with heart failure or reduced LVEF have previously been found to
increase short-term survival in non-CABG patients, with the ex-
ception of patients with severely reduced LVEF, among whom beta-
blocker treatment has been associated with increased mortality.27 A
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Figure 3 (A) Forest plot in different subgroups of patients with all-cause mortality receiving cardioselective beta blockers. The graph shows
results from the fully adjusted Cox regression model. (B) Forest plot in different subgroups with myocardial infarction receiving cardioselective
beta blockers. The graph shows results from the fully adjusted Cox regression model. (C) Forest plot of different subgroups with stroke receiving
cardioselective beta blockers. Results from the fully adjusted Cox regression model are shown. AF, atrial fibrillation; BB, beta blocker; HF, heart
failure; LVEF, left ventricular ejection fraction; and MI, myocardial infarction.

systematic review and meta-analysis did not show any clear benefit
from pre-operative beta blockers.28 In the current study of CABG
patients mainly treated with cardioselective beta blockers, we did
not find an association between long-term beta-blocker therapy and
reduced mortality in patients with heart failure. Even so, prolonged
therapy was firmly associated with decreased risk of MACEs and MI
among patients treated with beta blockers, giving support to current
guideline recommendations.
The only randomized controlled trial on beta-blocker therapy af-

ter CABG we have found, the MACB trial, included 967 patients and
did not show any significant reduction in cardiovascular events or
death over a total follow-up of two years between patients treated
with metoprolol and patients receiving placebo.17 The discrepan-
cies between previous studies and the current study highlight the
need for careful patient evaluation and selection before starting beta
blockers in patients after CABG, but it is worth noting that the
MACB trial17 was conducted prior to contemporary medical ther-
apy. The current results suggest that there is an association between
beta-blocker treatment and a reduced risk for MACEs and MI, but
in the light of the previously mentioned studies, this may not be
applicable to all patients after CABG.
It is notable that the addition of other secondary preventive medi-

cations to our statistical models attenuated the association between
MACE and treatment with beta blockers. This suggests that the ben-
eficial effect of beta blockers may be less pronounced if other, po-
tentially more effective, medications can be initiated. The optimal
secondary prevention medication strategy after CABG is still un-

...............................................................................

known. It is possible, and even likely, that different combinations of
therapies could have different synergistic effects depending on the
specific combination and patient characteristics.

Strengths and limitations
The study’s strengths include the use of a large, nationwide cohort
with complete registry coverage. Use of national health registries
allows for complete follow-up over an extended period. Access to
time-updated data on dispensed prescriptions limits the risk of rec-
ollection bias associated with self-reported data. Regarding limita-
tions, we did not have information pertaining to the reasons for
non-adherence or non-subscriptions of secondary prevention med-
ications; this may have been a source of confounding. Furthermore,
it should be noted that the cut-off for low LVEF is 50% in the Swedish
Cardiac Surgery Registry, which is higher than the most commonly
used LVEF cut-off (40%). Treatment strategies and adherence to
treatment may differ between countries; hence, the results of the
present study may not be directly transferable to all countries. Fi-
nally, as with all observational studies, selection bias and residual
confounding may have been present, affecting our results.

Conclusions
Ongoing use of cardioselective beta blockers after CABG was as-
sociated with reduced risk of MACEs, driven by a reduced risk of
MI. The association with a reduced risk of MACEs was found in all
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subgroups except for patients with previous MI. Non-cardioselective
beta blockers were not associated with a reduced risk of
MACEs.
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Supplementary material is available at European Heart Journal—
Cardiovascular Pharmacotherapy online.

Funding
Swedish Heart Lung Foundation (grant 20170459 to A.J.); the
Swedish state under the ALF agreement between the Swedish gov-
ernment and the county councils concerning economic support of
research and education of doctors (grant 20150587 to A.J.); Västra
Götaland Region (grant 847811 to A.J.); Winberg Foundation.

Conflict of interest: A.J. reports personal fees from Boehringer
Ingelheim, Portola, Baxter, and LFB Biomedicaments outside the
submitted work. E.C.H. reports personal fees from Boehringer In-
gelheim and AstraZeneca outside the submitted work.

Data availability
The data underlying this article were provided by SWEDEHEART
and national healthcare registries in Sweden. Data will be shared on
reasonable request to the corresponding author with permission of
SWEDEHEART and the National Board of Health and Welfare.

References
1. Melly L, Torregrossa G, Lee T, Jansens JL, Puskas JD. Fifty years of coronary artery

bypass grafting. J Thorac Dis 2018;10:1960–1967.
2. Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto U, Byrne

RA, Collet JP, Falk V, Head SJ, Juni P, Kastrati A, Koller A, Kristensen SD, Niebauer
J, Richter DJ, Seferovic PM, Sibbing D, Stefanini GG, Windecker S, Yadav R, Zembala
MO, ESC Scientific Document Group. 2018 ESC/EACTS Guidelines on myocardial
revascularization. Eur Heart J 2019;40:87–165.

3. Windecker S, Stortecky S, Stefanini GG, da Costa BR, Rutjes AW, Di Nisio M,
Silletta MG, Maione A, Alfonso F, Clemmensen PM, Collet JP, Cremer J, Falk V,
Filippatos G, Hamm C, Head S, Kappetein AP, Kastrati A, Knuuti J, Landmesser U,
Laufer G, Neumann FJ, Richter D, Schauerte P, Uva Sousa M, Taggart DP, Torracca
L, Valgimigli M, Wijns W, Witkowski A, Kolh P, Juni P. Revascularisation versus
medical treatment in patients with stable coronary artery disease: network meta-
analysis. BMJ 2014;345:g3859.

4. Serruys PW, Morice MC, Kappetein AP, Colombo A, Holmes DR, Mack MJ,
Ståhle E, Feldman TE, van den Brand M, Bass EJ, Van Dyck N, Leadly K, Dawkins
KD, Mohr FW,SYNTAX Investigators. Percutaneous coronary intervention versus
coronary-artery bypass grafting for severe coronary artery disease. N Engl J Med
2009;360:961–972.

5. Makikallio T, Holm NR, Lindsay M, Spence MS, Erglis A, Menown IB, Trovik T, Es-
kola M, Romppanen H, Kellerth T, Ravkilde J, Hensen LO, Kalinauskas G, Linder
RBA, Pentikainen M, Hervold A, Banning A, Zaman A, Cotton J, Eriksen E, Margus
S, Sorensen HT, Nielsen PH, Niemelä M, Kervinen K, Lassen JF, Maeng M, Oldroyd
K, Berg G, Walsh SJ, Hanratty CG, Kumsars I, Stradins P, Steigen TK, Fröbert O,
Graham ANJ, Endresen PC, Corbascio M, Kajander O, Trivedi U, Hartikainen J,
Anttila V, Hildick-Smith D, Thuesen L, Christiansen EH, NOBLE Study Inverstiga-
tors. Percutaneous coronary angioplasty versus coronary artery bypass grafting in
treatment of unprotected left main stenosis (NOBLE): a prospective, randomized,
open-label, non-inferiority trial. Lancet 2016;388:2743–2752.

6. Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Bäck M, Benetos A,
Biffi A, Boavida JM, Capodanno D, Cosyns B, Crawford C, Davos CH, Desormais
I, Di Angelantonio E, Jankowska EA, Michal M, Sacco S, Sattar N, Tokgozoglu L,
Tonstad S, Tsioufis KP, van Dis I, van Gelder IC,Wanner C,Williams B, ESC Scientific
Document Group. 2021 ESC Guidelines on cardiovascular disease prevention in
clinical practice. Eur Heart J 2021;42:3227–3337.

.........................................................................................................................................................................................................................

7. Knuuti J, WijnsW, Saraste A, Capodanno D, Barbato E, Funck-Brentano C, Prescott
E, Storey RF, Deaton C, Cuisset T, Agewall S, Dickstein K, Edvardsen T, Escaned
J, Gersh BJ, Svitil P, Gilard M, Hasdai D, Hatala R, Mahfoud F, Masip J, Muneretto
C, Valgimigli M, Achenbach S, Bax JJ, ESC Scientific Document Group. 2019 ESC
Guidelines for the diagnosis and management of chronic coronary syndromes. Eur
Heart J 2020;41:407–477.

8. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H, Caforio
ALP, Crea F, Goudevenos JA, Halvorsen S, Hindrick G, Kastrati A, Lenzen MJ,
Prescott E, Roffi M, Valgimigli M, Varenhorst C, Vranchkx P, Widimsky P, ESC Sci-
entific Document Group. 2017 ESC Guidelines for the management of acute my-
ocardial 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. Eur Heart J 2018;39:119–
77.

9. Collet JP, Thiele H, Barbato E, Barthelemy O, Bauersachs J, Bhatt DL, Dendale P,
Dorobantu M, Edvardsen T, Folliguet T, Gale CP, Gilard M, Jobs A, Juni P, Lambrinou
E, Lewis BS, Mehilli J, Meliga E, Merkely B, Mueller C, Roffi M, Rutten FH, Sibbing
D, Siontis GCM, ESC Scientific Document Group. 2020 ESC Guidelines for the
management of acute coronary syndromes in patients presenting without persisting
ST-segment elevation. Eur Heart J 2021;42:1289–1367.

10. Packer M, Bristow MR, Cohn JN, Colucci WS, Fowler MB, Gilbert EM, Shuster-
man NH. The effect of carvedilol on morbidity and mortality in patients with
chronic heart failure. U.S. Carvedilol Heart Failure Study Group. N Engl J Med
1996;334:1349–1355.

11. Andersson C, Shilane D, Go AS, Chang TI, Kazi D, Solomon MD, Boothroyd DB,
Hlatky MA. β-Blocker therapy and cardiac events among patients with newly diag-
nosed coronary heart disease. J Am Coll Cardiol. 2014;64:247–252.

12. Aarvik MD, Sandven I, Dondo TB, Gale CP, Ruddox V, Munkhaugen J, Atar D,
Otterstad JE. Effect of oral β-blocker treatment on mortality in contemporary
post-myocardial infarction patients: a systematic review and meta-analysis. Eur
Heart J Cardiovasc Pharmacother 2019;5:12–20.

13. Sousa-Uva M, Head SJ, Milojevic M, Collet JP, Landoni G, Castella M, Dunning J,
Gudbjartsson T, Linker NJ, Sandoval E, Thielmann M, Jeppsson A, Landmesser U.
2017 EACTS Guidelines on perioperative medication in adult cardiac surgery. Eur
J Cardiothorac Surg 2018;53:5–33.

14. Kulik A, Ruel M, Jneid H, Ferguson TB, Hiratzka LF, Ikonomidis JS, Lopez-Jimenez
F, McNallan SM, Patel M, Roger VL, Sellke FW, Sica DA, Zimmerman L. Secondary
prevention after coronary artery bypass graft surgery: a scientific statement from
the American Heart Association. Circulation 2015;131:927–964.

15. Hiratzka LF, Eagle KA, Liang L, Fonarow GC, LaBresh KA, Peterson ED, Get With
the Guidelines Steering Committee. Atherosclerosis secondary prevention perfor-
mance measures after coronary bypass graft surgery compared with percutaneous
catheter intervention and nonintervention patients in the Get With the Guidelines
database. Circulation 2007;116:I207–I212.

16. Goyal A, Alexander JH, Hafley GE, Graham SH, Mehta RH, Mack MJ,Wolf RK, Cohn
LH, Kouchoukos NT, Harrington RA, Gennevois D, Gibson CM, Califf RM, Fergu-
son TB, Jr, Peterson ED, PREVENT IV Investigators. Outcomes associated with the
use of secondary prevention medications after coronary artery graft surgery. Ann
Thorac Surg 2007;83:993–1001.

17. The MACB Study Group. Effect of metoprolol on death and cardiac events during
a 2-year period after coronary artery bypass grafting. Eur Heart J 1995;16:1825–
1832.

18. Björklund E, Nielsen SJ, Karlsson M,Wallinder A, Martinsson A, Tygesen H, Hansson
EC, Romlin BS, Malm CJ, Pivodic A, Jeppsson A. Secondary prevention medications
after coronary artery bypass grafting and long-term survival: a population-based
longitudinal study from the SWEDEHEART registry. Eur Heart J 2020;41:1653–
1661.

19. Jernberg T, Attebring MF, Hambraeus K, Ivert T, James S, Jeppsson A, Lagerqvist
B, Lindahl B, Stenestrand U, Wallentin L. The Swedish Web-based system for En-
hancement and Development of Evidence-based care in Heart disease Evaluated
According to Recommended Therapies (SWEDEHEART). Heart 2010;96:1617–
1621.

20. Ludvigsson JF, Almqvist C, Bonamy AK, Ljung R, Michaëlsson K, Neovius M
Stephansson O, Ye W. Registers of the Swedish total population and their use
in medical research. Eur J Epidemiol. 2016;31:125–136.

21. Ludvigsson JF, Andersson E, EkbomA, Feychting M, Kim J-L, Reuterwall C, Heurgren
M, Olausson PO. External review and validation of the Swedish national inpatient
register. BMC Public Health 2011;11:450.

22. Vikholm P, Ivert T, Nilsson J, Holmgren A, Freter W, Ternström L, Ghaidan
H, Sartipy U, Olsson C, Grandfeldt H, Ragnarsson S, Friberg Ö. Validity of
the Swedish Cardiac Surgery Registry. Interact Cardiovasc Thorac Surg 2018;27:
67–74.

23. Kristensen AMD, Bovin A, Zwisler AD, Cerquira C, Torp-Pedersen C, Botker HE,
Gustafsson I, Tange Veien K, Korsgaard Thomsen K, Hect Olsen M, Lytken Larsen
M, Wenelboe Nielsen O, Hildebrandt P, Foghmar S, Eggert Jensen S, Lange T,
Sehested T, Jernberg T, Atar D, Ibanez B, Prescott E. Design and rationale of the

https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvac006#supplementary-data


536 M. Lindgren et al.

Danish trial of beta-blocker treatment after myocardial infarction without reduced
ejection fraction: study protocol for a randomized controlled trial. Trials 2020;21:
415.

24. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, 3rd, Feldman HI, Kusek
JW, Eggers P, Van Lente F, Greene T, Coresh J, CKD-EPI (Chronic Kidney Disease
Epidemiology Collaboration). A new equation to estimate glomerulat filtration rate.
Ann Intern Med 2009;150:604–612.

25. Zhang H, Yuan X, Zhang H, Chen S, Zhao Y, Hua K, Rao C, Wang W, Sun H,
Hu S, Zheng Z. Efficacy of long-term ß-blocker therapy for secondary prevention
of long-term outcomes after coronary artery bypass grafting surgery. Circulation
2015;131:2194–2201.

..........................

26. Booij HG, Damman K, Warnica JW, Roleau JL, van Gilst WH, Westenbrink BD. ß-
blocker therapy is not associated with reduction in angina or cardiovascular events
after coronary artery bypass graft surgery: insights from the IMAGINE trial. Cardio-
vasc Drugs Ther 2015;29:277–285.

27. Ferguson TB, Coombs LP, Peterson ED, Peterson ED, Society of Thoracic Sur-
geons National Adult Cardiac Surgery Database. Preoperative beta-blocker use
and mortality and morbidity following CABG surgery in North America. JAMA
2002;287:2221–2227.

28. Wang L, Wang H, Hou X. Short-term effects of preoperative beta-blocker use
for isolated coronary artery bypass grafting: a systematic review and meta-analysis.
J Thorac Cardiovasc Surg 2018;155:620–629.


