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Aims To evaluate the long-term use of secondary prevention medications [statins, b-blockers, renin–angiotensin–
aldosterone system (RAAS) inhibitors, and platelet inhibitors] after coronary artery bypass grafting (CABG) and
the association between medication use and mortality.

...................................................................................................................................................................................................
Methods
and results

All patients who underwent isolated CABG in Sweden from 2006 to 2015 and survived at least 6 months after dis-
charge were included (n = 28 812). Individual patient data from SWEDEHEART and other mandatory nationwide
registries were merged. Multivariable Cox regression models using time-updated data on dispensed prescriptions
were used to assess associations between medication use and long-term mortality. Statins were dispensed to
93.9% of the patients 6 months after discharge and to 77.3% 8 years later. Corresponding figures for b-blockers
were 91.0% and 76.4%, for RAAS inhibitors 72.9% and 65.9%, and for platelet inhibitors 93.0% and 79.8%. All medi-
cations were dispensed less often to patients >_75 years. Treatment with statins [hazard ratio (HR) 0.56, 95% confi-
dence interval (95% CI) 0.52–0.60], RAAS inhibitors (HR 0.78, 95% CI 0.73–0.84), and platelet inhibitors (HR 0.74,
95% CI 0.69–0.81) were individually associated with lower mortality risk after adjustment for age, gender, comor-
bidities, and use of other secondary preventive drugs (all P < 0.001). There was no association between b-blockers
and mortality risk (HR 0.97, 95% CI 0.90–1.06; P = 0.54).

...................................................................................................................................................................................................
Conclusion The use of secondary prevention medications after CABG was high early after surgery but decreased significantly over

time. The results of this observational study, with inherent risk of selection bias, suggest that treatment with statins, RAAS
inhibitors, and platelet inhibitors is essential after CABG whereas the routine use of b-blockers may be questioned.
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Introduction

Coronary artery bypass grafting (CABG) is the recommended
method for the majority of patients with complex multivessel coron-
ary artery disease who are in need of revascularization.1 Secondary
prevention medication after CABG is recommended to maintain the
long-term benefits of revascularization, both in terms of morbidity
and mortality. Current guidelines recommend that after CABG, sta-
tins and antiplatelet agents should be given to all patients with no
contraindications, renin–angiotensin–aldosterone system (RAAS)
inhibitors (angiotensin-converting enzyme inhibitors or angiotensin II
receptor blockers) should be given to patients with reduced left ven-
tricular ejection fraction (LVEF), hypertension, or previous myocar-
dial infarction, and b-blockers should be given to patients with
previous myocardial infarction and/or reduced LVEF.2–4

There is limited real-world data available on adherence to the rec-
ommendations, but the results of several smaller registry studies and
randomized trials have suggested that the use of secondary preven-
tion medications after CABG is surprisingly low5–10 and markedly
lower than in coronary artery disease patients treated with percutan-
eous coronary intervention.7–10 Furthermore, there are few data
available on associations between the use of secondary prevention
medication over time and mortality, particularly using time-updated
information about medications. The objectives of this study were (i)
to determine the use of secondary prevention medications over time
in CABG patients in relation to age and sex and (ii) to investigate
associations between the longitudinal use of secondary prevention
medications and long-term mortality in a large, contemporary nation-
wide cohort of CABG patients.

Methods

Study population
The study population was identified in the Swedish Cardiac Surgery
Registry, which is part of the SWEDEHEART registry.11 All patients over
18 years of age who underwent isolated first-time CABG from 1 January
2006 to 31 December 2015 were considered for inclusion. Data on dis-
pensed prescriptions of secondary prevention medications and mortality
status were registered until 31 December 2015. Since mortality early
after surgery is often related to the procedure itself and less likely to be
preventable by secondary prevention medication, patients who were not
alive 6 months after discharge or with <6 months of follow-up (i.e. dis-
charged after 30 June 2015 or emigrated <6 months after discharge)
were excluded (Supplementary material online, Figure S1).

Data sources
Data on the CABG procedure, including preoperative status and postop-
erative complications, were retrieved from the Swedish Cardiac Surgery
Registry, which contains detailed information on all cardiac surgery
procedures in Sweden since 1992 with a coverage of 98–99%.12

Comorbidities, additional to those registered in the Swedish Cardiac
Surgery Registry, were collected from the National Patient Register,
which has full coverage of diagnoses from all hospital admissions in
Sweden, with a validity of 85–95%.13 Hospitalizations are reported
according to the International Classification of Disease (ICD) 9 and 10.
All comorbidities registered until start of follow-up (i.e. 6 months after
hospital discharge after CABG) were registered as baseline data
(Supplementary material online, Table S1). The Chronic Kidney Disease

Epidemiology Collaboration (CKD-EPI) formula was used to calculate
estimated glomerular filtration rate (eGFR).14 Mortality data were col-
lected from the national Cause of Death Register, which has information
on the date and cause of death of all deceased Swedish citizens (according
to ICD).

The Swedish Prescribed Drug Register, which has information on all
prescriptions dispensed from Swedish pharmacies from July 2005
(according to the Anatomical Therapeutic Chemicals [ATC] classifica-
tion), was used to obtain data on dispensed prescriptions for statins,
b-blockers, RAAS inhibitors, and platelet inhibitors (Supplementary ma-
terial online, Table S2). Exposure status was recorded at baseline and
updated every third month during the follow-up, based on the typical
package size in Sweden, which covers 90–100 daily doses. To allow for
minor faults in compliance, a patient was considered to be off treatment if
he/she had no prescription dispensed over two consecutive 3-month
periods. Patients were allowed to change their exposure status during
the follow-up period according to their dispensed prescriptions.

The Swedish Population Register was used for basic demographic in-
formation, including the date of emigration (if applicable). Patients were
followed up until death, emigration, or until 31 December 2015. The
merging of registries was based on the personal identification number
that all Swedish residents are given at birth or shortly after immigration.

The manuscript has been composed according to recommendations in
the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement.15 The study was performed in ac-
cordance with the 1975 Declaration of Helsinki and was approved by the
Regional Research Ethical Committee in Gothenburg (Registration num-
ber 139-16). The need for individual patient consent was waived.

Statistical analysis
Continuous variables are presented as mean with standard deviation
(SD), median with range, or median with interquartile range (IQR) as ap-
propriate. Categorical variables are presented as frequency with percent-
age. For comparison between two groups, Fisher’s exact test was used
for dichotomous variables, Mantel–Haenszel v2 test for ordered categor-
ical variables, v2 test for unordered categorical variables, and Mann–
Whitney U test for continuous variables. The dispense of medications
over time is reported as crude data with age (<75 or >_75 years) and sex
as subgrouping variables. Differences in drug dispense at baseline and
8 years after baseline were analysed using Fisher’s exact test. The piece-
wise linear trend for medication reduction (break point at 1 year) was
investigated using generalized estimating equations, for repeated meas-
ures for a patient, applying binomial distribution and log-link function. The
results are expressed as relative risk (RR) per 1-year increase, with 95%
confidence interval (95% CI).

Crude event rates per 100 person-years were calculated as the num-
ber of events divided by the number of years of follow-up, with 95% CI
estimated using exact Poisson limits. The time-updated impact of second-
ary prevention therapy status on all-cause mortality was investigated with
Cox proportional hazard models and described using hazard ratio (HR)
and 95% CI. Model 1 was adjusted for age and sex. In addition, model 2
included patient characteristics and comorbidities at baseline that have
previously been shown to influence long-term mortality in CABG
patients (Supplementary material online, Table S3).16 Model 3, considered
as the main effect model, also included the use of other time-updated sec-
ondary prevention medications.

In a sensitivity analysis, and to further investigate the effect of second-
ary prevention therapy in relation to time, the adjusted Cox proportional
hazard model described above was applied to consecutive 1-year time
periods. Only patients who were at risk at the start of a 1-year period
were included and medication status at the same start point was used
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.for evaluation of the effect during the 1-year follow-up. Moreover, the
time-updated cumulative effect of total exposure time, as a continuous
variable, of each medication was analysed in separate models.

Interaction analyses were performed for the following subgroups: age
<75 or >_75 years, sex, previous myocardial infarction, hypertension,

heart failure, atrial fibrillation, LVEF <50% or >_50%, eGFR >_60 or
<60 mL/min/1.73 m2, and diabetes. The subgroups were chosen based on
recommendations in guidelines for specific treatment with RAAS inhibi-
tors and b-blockers. Moreover, interactions between medication and
follow-up time were examined as post hoc analyses. There were missing

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

Table 1 Patient characteristics at baseline by sex and age category

All patients Men Women P-value <75 years �75 years P-value

(n 5 28 812) (n 5 23 156) (n 5 5656) (n 5 21 753) (n 5 7059)

Men 23 156 (80.4%) 23 156 (100.0%) 0 (0.0%) 18 035 (82.9%) 5121 (72.5%)

Women 5656 (19.6%) 0 (0.0%) 5656 (100.0%) <0.001 3718 (17.1%) 1938 (27.5%) <0.001

Age (years) 67.4 (9.2) 67.0 (9.1) 69.4 (9.3) <0.001 63.8 (7.5) 78.5 (2.9) <0.001

68.0 (23.0; 94.0) 68.0 (23.0; 93.0) 71.0 (32.0; 94.0) 65.0 (23.0; 74.0) 78.0 (75.0; 94.0)

Age category

18–74 years 21 753 (75.5%) 18 035 (77.9%) 5656 (65.7%) 21 753 (100.0%) 0 (0.0%)

>_75 years 7059 (24.5%) 5121 (22.1%) 1938 (34.3%) <0.001 0 (0.0%) 7059 (100.0%) <0.001

Body mass index (kg/m2) 27.4 (4.1) 27.4 (3.9) 27.6 (4.8) 0.44 27.8 (4.1) 26.4 (3.7) <0.001

n = 26 426 n = 21 238 n = 5188 n = 19 979 n = 6447

Left ventricular ejection fraction

Normal 19 930 (69.2%) 15 900 (68.7%) 4030 (71.3%) <0.001 15 364 (70.6%) 4566 (64.7%) <0.001

<50% 8637 (30.0%) 7056 (30.5%) 1581 (28.0%) 6190 (28.5%) 2447 (34.7%)

Unknown 245 (0.9%) 200 (0.9%) 45 (0.8%) 199 (0.9%) 46 (0.7%)

eGFR category (mL/min/1.73 m2)

>_90 7634 (26.5%) 6554 (28.3%) 1080 (19.1%) <0.001 7444 (34.2%) 190 (2.7%) <0.001

60–<90 15 619 (54.2%) 12 664 (54.7%) 2955 (52.2%) 11 286 (51.9%) 4333 (61.4%)

30–<60 4610 (16.0%) 3226 (13.9%) 1384 (24.5%) 2334 (10.7%) 2276 (32.2%)

15–<30 281 (1.0%) 185 (0.8%) 96 (1.7%) 156 (0.7%) 125 (1.8%)

<15 198 (0.7%) 150 (0.6%) 48 (0.8%) 173 (0.8%) 25 (0.4%)

Unknown 470 (1.6%) 377 (1.6%) 93 (1.6%) 360 (1.7%) 110 (1.6%)

Indication for surgery

Stable coronary disease 11 663 (40.5%) 9630 (41.6%) 2033 (35.9%) <0.001 9167 (42.1%) 2496 (35.4%) <0.001

Unstable angina 7939 (27.6%) 6324 (27.3%) 1615 (28.6%) 0.063 6009 (27.6%) 1930 (27.3%) 0.66

Non-STEMI 7324 (25.4%) 5666 (24.5%) 1658 (29.3%) <0.001 5158 (23.7%) 2166 (30.7%) <0.001

STEMI 1886 (6.5%) 1536 (6.6%) 350 (6.2%) 0.24 1419 (6.5%) 467 (6.6%) 0.80

Comorbidities at baseline

Myocardial infarction 15 674 (54.4%) 12 420 (53.6%) 3254 (57.5%) <0.001 11 433 (52.6%) 4241 (60.1%) <0.001

Diabetes 8725 (30.3%) 6741 (29.1%) 1984 (35.1%) <0.001 6837 (31.4%) 1888 (26.7%) <0.001

Hypertension 20 203 (70.1%) 15 802 (68.2%) 4401 (77.8%) <0.001 14 951 (68.7%) 5252 (74.4%) <0.001

Heart failure 6036 (20.9%) 4713 (20.4%) 1323 (23.4%) <0.001 4045 (18.6%) 1991 (28.2%) <0.001

Atrial fibrillation 8073 (28.0%) 6585 (28.4%) 1488 (26.3%) 0.001 5180 (23.8%) 2893 (41.0%) <0.001

Stroke 2546 (8.8%) 1988 (8.6%) 558 (9.9%) 0.003 1664 (7.6%) 882 (12.5%) <0.001

Chronic respiratory disease 2786 (9.7%) 2040 (8.8%) 746 (13.2%) <0.001 2024 (9.3%) 762 (10.8%) <0.001

Peripheral vascular disease 2729 (9.5%) 2049 (8.8%) 680 (12.0%) <0.001 1843 (8.5%) 886 (12.6%) <0.001

History of cancer 3758 (13.0%) 3043 (13.1%) 715 (12.6%) 0.33 2223 (10.2%) 1535 (21.7%) <0.001

Hyperlipidaemia 14 563 (50.5%) 11 523 (49.8%) 3040 (53.7%) <0.001 11 442 (52.6%) 3121 (44.2%) <0.001

Secondary prevention at baseline

Statins 27 048 (93.9%) 21 763 (94.0%) 5285 (93.4%) 0.14 20 541 (94.4%) 6507 (92.2%) <0.001

b-Blockers 26 210 (91.0%) 21 007 (90.7%) 5203 (92.0%) 0.003 19 916 (91.6%) 6294 (89.2%) <0.001

RAAS inhibitors 20 993 (72.9%) 16 797 (72.5%) 4196 (74.2%) 0.013 15 826 (72.8%) 5167 (73.2%) 0.48

Platelet inhibitors 26 802 (93.0%) 21 538 (93.0%) 5264 (93.1%) 0.91 20 517 (94.3%) 6285 (89.0%) <0.001

For categorical variables, n (%) is presented. For continuous variables, mean (SD)/median (Min; Max)/n = is presented.
For comparison between groups, Fisher’s Exact test (lowest one-sided P-value multiplied by 2) was used for dichotomous variables; the Mantel–Haenszel v2 test was used for
ordered categorical variables; v2 test was used for non-ordered categorical variables; and the Mann–Whitney U test was used for continuous variables.
eGFR, estimated glomerular filtration rate; RAAS, renin–angiotensin–aldosterone system; STEMI, ST-segment elevation myocardial infarction.
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data for body mass index (8.3%), LVEF (0.9%), and renal function (1.6%),
and these were handled as a separate category, Unknown, in the adjust-
ments. All tests were two-tailed and were interpreted at the 0.05 signifi-
cance level, and they were performed using SASVR Software version 9.4
(SAS Institute Inc., Cary, NC, USA).

Results

Study population
Altogether, 30 952 patients underwent isolated first-time CABG sur-
gery in Sweden in the period 2006–15. Of these, 507 (1.6%) were
excluded due to not surviving until hospital discharge, 299 (1.0%) not
surviving 6 months after hospital discharge, 10 (0.0%) emigrated with-
in 6 months after hospital discharge, and 1324 (4.3%) having follow-
up time shorter than 6 months, leaving 28 812 (93.1%) patients
included in the analysis (Supplementary material online, Figure S1).
Median follow-up time was 4.9 years (IQR 2.5–7.2 years) and the
total follow-up time was 139 127 years. During follow-up, 3787
patients (13.1%) died and 118 patients (0.4%) emigrated (censored at
the date of emigration). No patients except these were lost to
follow-up. The final cohort consisted of 80.4% men and 19.6%
women, and 24.5% of the patients were >_75 years old. At baseline,
women had a significantly higher mean age. A higher proportion of
women had diabetes, hypertension, heart failure, chronic respiratory
disease, renal failure, hyperlipidaemia, stroke, myocardial infarction,
and peripheral vascular disease, and a lower proportion had atrial fib-
rillation (Table 1). A higher proportion of patients aged >_75 years had
comorbidities, with the exception of diabetes and hyperlipidaemia
(Table 1).

Dispense of secondary prevention
medications
Baseline

From 2006 to 2015, the proportion of patients with dispensed pre-
scriptions of statins at baseline increased from 91.5% to 96.0%
(P < 0.001). The corresponding proportion for b-blockers increased
from 89.0% to 92.4% (P < 0.001) and that for RAAS inhibitors
increased from 64.4% to 78.4% (P < 0.001), whereas that for platelet
inhibitors decreased from 93.2% to 92.2% (P = 0.004), Supplementary
material online, Figure S2.

Dispensed prescriptions over time

The proportions of patients with dispensed prescriptions of medica-
tions belonging to each group of secondary prevention drugs over
time are presented in Figure 1. The dispensing of all medications grad-
ually decreased over time after surgery. Statins were dispensed to
93.9% of the patients at baseline and to 77.3% 8 years after surgery.
The corresponding figures for b-blockers were 91.0% and 76.4%, for
RAAS inhibitors 72.9% and 65.9%, and for platelet inhibitors 93.0%
and 79.8%. During the first year, the use of b-blockers decreased
most, by 7% (RR 0.93, 95% CI 0.92–0.93; P < 0.001), and RAAS inhibi-
tors least, by 3% (RR 0.97, 95% CI 0.96–0.97; P < 0.001)
(Supplementary material online, Table S4).

A higher proportion of women were dispensed b-blockers and
RAAS inhibitors at baseline (Figure 2A and Supplementary material
online, Table S5). After 8 years, a higher proportion of women was

dispensed b-blockers and a lower proportion was dispensed statins.
There was no significant difference between men and women in dis-
pensed prescriptions of platelet inhibitors, either at baseline or after
8 years.

Statins, b-blockers, and platelet inhibitors were dispensed less
often to patients who were >_75 years of age at baseline. After 8
years, all four classes of medications were less often dispensed to
patients aged >_75 years (Figure 2B and Supplementary material on-
line, Table S6).

Mortality
Crude mortality rates and associations between secondary preven-
tion medications and mortality are presented in Table 2. All classes of
medication were individually associated with reduced mortality risk
in model 1, adjusted for age and sex, and in model 2, with adjustment
also for patient characteristics and comorbidities at baseline. In model
3, with additional adjustment for time-updated use of the other sec-
ondary prevention drugs, statins (HR 0.56, 95% CI 0.52–0.60;
P < 0.001), RAAS inhibitors (HR 0.78, 95% CI 0.73–0.84; P < 0.001),
and platelet inhibitors (HR 0.74, 95% CI 0.69–0.81; P < 0.001) were
significantly associated with a lower mortality risk, whereas there was
no significant association between the use of b-blockers and mortal-
ity risk (HR 0.97, 95% CI 0.90–1.06; P = 0.54).

The accumulated medication exposure time was associated with
lower mortality risk for statins (adjusted HR 0.90, 95% CI 0.88–0.92;
P < 0.001), platelet inhibitors (adjusted HR 0.93, 95% CI 0.91–0.95;
P < 0.001), and RAAS inhibitors (adjusted HR 0.98, 95% CI 0.96–1.00;
P = 0.015) for each additional year using the medication. There was
no association between total exposure time and mortality risk for b-
blockers in model 3 (adjusted HR 0.99, 95% CI 0.96–1.01; P = 0.21).

A sensitivity analysis investigating the association between dis-
pensed prescriptions and adjusted mortality risk separately for every
year after the start of follow-up is presented in Supplementary mater-
ial online, Figure S3. No significant interaction with the follow-up time
could be shown for statins, b-blockers, and platelet inhibitors.

Figure 1 Use of secondary prevention medications in relation to
time after surgery. The shaded area represents 95% confidence
intervals. RAAS, renin-angiotensin-aldosterone system.
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..However, for RAAS inhibitors the calculated effect increased over
time, adjusted HR at 1 year was 0.86 (95% CI 0.77–0.97), at 2 years
0.81 (95% CI 0.75–0.88) and at 5 years 0.75 (95% CI 0.70–0.81),
P-value for interaction 0.024.

Subgroup analyses
Forest plots showing associations between mortality and time-
updated use of secondary prevention medications in specified

subgroups are presented in Figure 3. The association between use of
statins and lower mortality risk was consistent among all the sub-
groups investigated. There were more pronounced reductions in
mortality in statin-treated patients without diabetes and in patients
without heart failure. The lack of association between the use of b-
blockers and mortality risk was consistent across all the subgroups.
For RAAS inhibitors, there were significant interactions with sex and
hypertension, with significantly reduced mortality risk only in patients

Figure 2 Graphs showing percentage of patients with dispensed prescriptions over time grouped by: (A) sex and (B) age category. Shaded area
represents 95% confidence intervals based on binomial distribution, P-values are obtained from the Fisher’s exact test for proportion of patients using
secondary prevention medications between men and women, and patients <75 and >_75 years old, respectively, at baseline and 8 years. RAAS, renin-
angiotensin-aldosterone system.
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.
with hypertension and in men. There was also a significant inter-
action for treatment with RAAS inhibitors and renal function,
showing more pronounced reductions in adjusted mortality risk in
patients with impaired renal function. Use of platelet inhibitors
was associated with lower adjusted mortality risk across all sub-
groups, but with significantly greater reductions in adjusted mor-
tality risk in patients with no heart failure, no atrial fibrillation and
in those with LVEF >_50%.

Discussion

The main findings of this study using real-world data were that: (i) the
use of secondary prevention medications after CABG in Sweden was
high early after surgery; (ii) the use of all secondary prevention drugs
investigated decreased over time after surgery and was lowest in eld-
erly patients, and (iii) the use of statins, platelet inhibitors, and RAAS
inhibitors was individually associated with significantly better long-
term survival whereas there was no association between the use of
b-blockers and survival.

In the present study, statins, b-blockers, and platelet inhibitors
were dispensed to over 90% of the patients at baseline, which is
higher than in most previous real-world registry studies,5–9 and even
higher than what has been achieved in many prospective clinical tri-
als.10,17,18 The high utilization of secondary prevention medication at
baseline most likely reflects an increased awareness of the import-
ance of optimizing secondary prevention medications after CABG, as
reported from several studies10,16,18–21 and as recommended in
guidelines. There was, however, a gradual and significant decline in
dispense over time for all the medications. This is alarming, since we
observed a strong and consistent association between mortality and
the use of statins, RAAS inhibitors, and platelet inhibitors, with

greater reductions in mortality risk with longer exposure time. The
lower utilization of secondary prevention medications in elderly
patients at baseline and the faster decline (Figure 2B) is worrying for
the same reasons. Our findings indicate that all secondary prevention
medications were underutilized in patients aged >_75 years, since a
larger proportion of older patients have comorbidities warranting
treatment with b-blockers and RAAS inhibitors (Table 1). There was
no interaction with age for any of the medications, and therefore no
support in the present study for treating elderly patients differently
(Figure 3). The small gender differences in the use of medication may
be related to differences in baseline characteristics, such as women
being older on average and more often having comorbidities war-
ranting treatment with b-blockers and RAAS inhibitors, but overall
no major and consistent differences in the use of secondary preven-
tion medication in relation to gender were observed.

The absence of any association between the use of RAAS inhibi-
tors and mortality in normotensive patients, and women in general, is
a finding at the subgroup level and should be interpreted with cau-
tion. However, in contrast to the strong and consistent associations
between reduced mortality and the use of statins and platelet inhibi-
tors, there was no significant association between b-blocker-use and
mortality in the fully adjusted models—neither overall, nor in any of
the subgroups reported in Figure 3. These findings are in accordance
with the results of a randomized trial,22 and call into question the
routine use of b-blockers after CABG.

This study had strengths, but it also had several limitations. The
strengths include the real-world setting, the large study cohort with
national coverage, the complete follow-up, and the time-updated
data on dispensed prescriptions included in the statistical models.
However, the adherence to secondary prevention medications in
Sweden may not be representative for other countries and we had
no information on the reason for patients not receiving a particular

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

Table 2 Crude mortality rates with 95% confidence interval based on time-updated exposure and adjusted effects of
time-updated use of secondary prevention therapy on mortality evaluated by Cox regression

Crude mortality rate

without treatment

Crude mortality rate

with treatment

Model 1 Model 2 Model 3

Per 100 person-years

(95% CI)

Per 100 person-years

(95% CI)

HR (95% CI) HR (95% CI) HR (95% CI)

P-value P-value P-value

Statins 5.84 (5.51–6.18) 2.21 (2.12–2.29) 0.48 (0.45–0.52) 0.51 (0.48–0.55) 0.56 (0.52–0.60)

<0.001 <0.001 <0.001

b-Blockers 3.33 (3.10–3.57) 2.60 (2.51–2.69) 0.90 (0.83–0.97) 0.82 (0.75–0.88) 0.97 (0.90–1.06)

0.007 <0.001 0.54

RAAS inhibitors 3.10 (2.94–3.28) 2.56 (2.46–2.66) 0.87 (0.81–0.93) 0.70 (0.65–0.75) 0.78 (0.73–0.84)

<0.001 <0.001 <0.001

Platelet inhibitors 5.57 (5.21–5.94) 2.33 (2.25–2.42) 0.55 (0.51–0.60) 0.67 (0.62–0.72) 0.74 (0.69–0.81)

<0.001 <0.001 <0.001

Model 1 is adjusted for age and sex.
Model 2 is Model 1 additionally adjusted for following variables at baseline: body mass index category, diabetes, hypertension, hyperlipidaemia, previous stroke, atrial fibrillation,
heart failure, previous myocardial infarction, chronic obstructive pulmonary disease, history of cancer, peripheral arterial disease, pulmonary hypertension, acute coronary syn-
drome or stable coronary artery disease as indication for CABG, left ventricular function, estimated glomerular filtration rate category (CKD-EPI formula), year of CABG.
Model 3 is Model 2 additionally adjusted for all other time-updated secondary prevention medications than the main effect variable.
CABG, coronary artery bypass grafting; CI, confidence interval; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration, HR, hazard ratio; RAAS, renin–angiotensin–
aldosterone system.
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secondary prevention drug, and could thus not differentiate legitim-
ate reasons for not taking the drug (i.e. contraindications) from doc-
tors’ non-prescription or patients’ non-adherence to prescription.
We had insufficient data on smoking and could therefore not include
this well-known risk factor in our statistical models. The lack of data
on tobacco use is important since it is known that smoking is a strong
predictor of poor outcome after CABG23 and smokers have lower
adherence to medications.24 Allowing two consecutive 3-month
periods without a dispensed prescription before a patient was con-
sidered not to be on treatment minimized the risk of reverse causal-
ity (i.e. that terminally ill patients stopped using prescriptions) but

may have led to underestimation of the effect of the medication.
Finally, like all retrospective studies, there was a risk of selection bias
and additional unmeasured confounders that were not adjusted for
in the models.

Conclusions

The use of secondary prevention medications after CABG was high
early after surgery but decreased significantly over time.
Furthermore, this study highlights the importance of continuous

Figure 3 Forest plots showing the results from the interaction analyses of the impact of secondary prevention medication on mortality overall and
for selected subgroups. (A) Statins and b-blockers; (B) RAAS inhibitors and platelet inhibitors. RAAS, renin-angiotensin-aldosterone system.

Secondary prevention medications 1659
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/41/17/1653/5602556 by U
ppsala U

niversitetsbibliotek user on 01 N
ovem

ber 2023



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
secondary prevention medication with statins, platelet inhibitors, and
RAAS inhibitors after CABG to improve long-term survival whereas
the routine use of b-blockers is questionable.

Supplementary material

Supplementary material is available at European Heart Journal online.
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