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Aims Higher mortality rates after coronary artery bypass grafting (CABG) have been reported in women than in men. We ex
amined whether adherence to secondary prevention medications could explain these sex differences.

Methods 
and results

We used data from 9857 participants (18% women) who underwent CABG between 1998 and 2021. Medication adherence 
for statins, beta-blockers, and renin-angiotensin-aldosterone system (RAAS) inhibitors was assessed using nationwide drug 
purchase registers. Multivariable-adjusted Cox regression models with a sex interaction term were used to analyze the as
sociation between adherence and all-cause mortality. Use of statins (90%), RAAS inhibitors (62%), and beta-blockers (93%) 
was similar in men and women immediately after CABG (P ≥ 0.57 for all). After 10 years, adherence remained high for sta
tins (84%), beta-blockers (85%), and RAAS inhibitors (66%), with a non-significant trend towards greater adherence in wo
men. Use of medications was associated with lower mortality in men and women, and particularly for statins [HR, 0.49; 95% 
confidence interval (CI), 0.41–0.59 for women; HR, 0.54; 95% CI: 0.50–0.59 for men; P for interaction 0.08]. Beta-blocker 
adherence was associated with a greater mortality benefit in women compared with men (HR, 0.66; 95% CI: 0.55–0.78 vs. 
HR, 0.82; 95% CI: 0.75–0.90; P for interaction 0.04).

Conclusion No major sex differences in medication adherence were observed during 10 years of follow-up. Use of beta-blockers was 
associated with lower risk of mortality in women compared with men. Future interventional trials should focus on the po
tential sex differences in efficacy of secondary prevention medication in CABG patients.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Lay summary Women have a higher risk of complications and death after coronary artery bypass grafting (CABG) compared with men, 

and one possible factor could be poorer adherence to protective medications. This study investigated sex differences in 
secondary prevention drug adherence after CABG to explore whether these differences could explain the previously ob
served disparities in mortality.

• No sex differences in drug adherence were observed in this study.

• Statins, RAAS inhibitors, and beta-blockers adherence after CABG was associated with lower mortality risk in men and in 
women. However, women derived a significantly greater mortality benefit from beta-blocker use compared with men.
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© The Author(s) 2025. Published by Oxford University Press on behalf of the European Society of Cardiology. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, 
distribution, and reproduction in any medium, provided the original work is properly cited.
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Graphical Abstract

The study sample consisted of 8,052 men and
1,805 women who underwent CABG in Finland.

In addition to total mortality, adherence to statins,
beta blockers and RAAS-inhibitors post-CABG
were recorded using nationwide register data.

Sex differences in medication adherence and its
association with all-cause mortality were evaluated
using Cox models.

No sex differences were observed in medication
adherence after CABG.

Adherence to statins, beta blockers and RAAS-
inhibitors was associated with decreased risk of
mortality both in men and women. This reduction
was greater in women than in men for beta blockers.

Keywords Revascularization • Secondary Prevention • Sex Differences • Medication Adherence • CABG • Mortality

Introduction
Coronary artery bypass grafting (CABG) is used to alleviate ischaemic 
symptoms and improve outcomes in patients with coronary artery 
disease.1,2 CABG is particularly beneficial for specific groups, including 
those with multivessel or complex disease, left main disease, or diffuse 
coronary artery disease combined with diabetes.1,2 However, several 
sex-based differences in perioperative outcomes, long-term survival, 
and complications have been observed in patients undergoing 
CABG.3–5 Namely, women seem to face a significantly higher risk of 
cardiac death after CABG when compared with men.6 These sex differ
ences have been partly attributed to a greater number of complex co
morbidities at the time of surgery, older age, gender-based selection 
bias, in addition to differences in anatomy, physiology, and urgency of 
surgery.3,4

Improved survival and reduced morbidity have been demonstrated 
with the use of secondary prevention medications after CABG.1,2

Moreover, reduced adherence to these medications can negatively im
pact long-term survival after CABG.7–9 The recommended secondary 
prevention regimen following revascularisation includes statins, antipla
telet therapy, renin-angiotensin-aldosterone system (RAAS) inhibitors 
(for patients with reduced left ventricular ejection fraction, hyperten
sion, or diabetes), and beta-adrenergic blockers (for those with re
duced left ventricular ejection fraction or a history of myocardial 
infarction).10 However, adherence to these medications has been 
shown to decline during long-term post-operative follow-up, 

particularly in elderly patients.8 In addition, women have been reported 
exhibit a slight but statistically significant decrease in the use of statins 
and beta-blockers compared with men.8 This sex difference in adher
ence to secondary prevention medications could potentially contribute 
to the observed mortality differences after CABG.

In this study, we analyzed data from 9857 individuals (1805 women, 
18%) who underwent a CABG. We investigated the sex-differences in 
the association between adherence to secondary prevention medica
tions and long-term mortality, as well as potential sex differences in 
medication adherence.

Methods
Study participants
The study cohort included 500 348 individuals (282 064 women) from the 
FinnGen cohort study Data Freeze 12. The FinnGen cohort consists of par
ticipants of randomly selected population cohorts and of hospital biobank 
patients.11

Of the whole cohort, 14 036 individuals (11 359 men, 2322 women, and 
355 with unknown sex) had undergone CABG. The first CABG procedure 
was selected as the index procedure for follow-up. The follow-up period 
spanned from 1 January 1998, to 30 June 2021, and the follow-up time 
was limited to a maximum of 10 years. This time frame was chosen because 
it ensured the existence and completeness of all relevant health and drug 
reimbursement registers in Finland and FinnGen. Due to this restriction, 
10 362 individuals were included in further analyses.
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From the remaining 10 362 individuals, patients who died within the first 
6 months after the index procedure (197 men and 41 women) were con
sidered to represent early perioperative mortality (rather than medication 
adherence) and were therefore excluded from the study. Sex was defined 
based on genotype data. Individuals whose genotype-based sex was either 
uncertain or was inconsistent with sex assigned at birth (n = 267) were ex
cluded. Furthermore, patients whose index procedure occurred ≤6 
months before the end of the study period were excluded. Thus, the final 
study sample consisted of 9857 revascularized patients (8052 men and 1805 
women).

Register data
Patient data was obtained from the nationwide Causes of Death Register, 
the Hospital Discharge Register, the Inpatient Operations Register, and 
the Kela Drug Purchase and Reimbursement Register. These data were 
merged using unique personal identification numbers assigned to everyone 
living in Finland. Diagnoses, medication use, and procedures are recorded in 
these registers using International Classification of Diseases codes, 
Anatomical Therapeutic Chemical codes, and Nordic Classification of 
Surgical Procedures codes, respectively. A more detailed description of 
the variables used in this study is reported in Supplementary material 
online, Table S1.

Medication adherence follow-up
The primary endpoint for this study was all-cause mortality. The exposure 
variable was medication use following CABG. The medications of interest in 
this study were: (ⅰ) statins, (ⅱ) RAAS inhibitors (angiotensin-converting 
enzyme inhibitors or angiotensin II receptor blockers), and (ⅲ) 
beta-adrenergic blockers.

The drug adherence of individual patients was monitored using the Drug 
Purchase and Reimbursement Register at 3-month intervals. Due to legisla
tive restrictions, pharmacies can dispense a maximum of 3 months’ worth 
of medication at a time, ensuring adherence could be tracked within this 
interval. Acetylsalicylic acid is an over-the-counter drug in Finland and, as 
a result was not evaluated in this study.

A patient was considered non-adherent if they missed drug purchases on 
two consecutive 3-month periods, at which point they were categorized as 
a non-user. However, the same individual could return to being categorized 
as an adherent drug user with any new drug purchase of the same class dur
ing the follow-up period. Each patient was censored at 3-month intervals 
based on drug purchases, at the time of death, or at the end of the study. 
Baseline and individual follow-up for medication adherence began 6 months 
post-operatively.

Ethics
All participants gave written informed consent for the FinnGen study, which 
was approved by the Ethics Committee of the Hospital District of Helsinki 
and Uusimaa (HUS/990/2017). The participants were recruited from 
Finnish hospital districts, national biobanks, and other Finnish cohort 
studies.

Statistical analysis
In a post hoc power analysis, we calculated that with an alpha level of 0.05, 
70% of individuals in the exposed (medicated group), and 3189 deaths, we 
had 80% power to detect a relative hazard of 0.90.12

Statistical differences in baseline characteristics were evaluated using 
Student’s t-test for continuous variables and the Chi-square test for cat
egorical variables. Differences in prescriptions at baseline were evaluated 
by assessing the sex differences in prescribed medication strengths in milli
grams for the most commonly used (ⅰ) RAAS inhibitor (ramipril); (ⅱ) sta
tin (atorvastatin); and (ⅲ) beta-blocker (bisoprolol). Differences in 
medication strengths were compared using a two-sample t-test. 
Temporal trends in adherence to three study medications after CABG 
were evaluated with local polynomial regression models. A Cox 

proportional hazards model was applied to examine the associations be
tween drug adherence and all-cause mortality. Drug adherence was in
cluded as a time-dependent variable (3-month periods) in the Cox 
models. In these models, follow-up time was limited to a maximum of 10 
years.

Two Cox models were constructed for each drug with different sets of 
covariates. Model 1 included age, operation year, and a sex interaction term. 
Model 2 expanded on Model 1 by including two additional study medica
tions, hypercholesterolaemia, heart failure, hypertension, obesity, Type 1 
and Type 2 diabetes, chronic kidney disease, stroke, atrial fibrillation, and 
chronic obstructive pulmonary disease (COPD). Age, as a covariate, was 
defined as the difference between the patient’s age at the time of the oper
ation and the mean age of the cohort. Similarly, the covariate for operation 
year was defined as the difference between the year of the patient’s oper
ation and the mean operation year. Both models were used to assess long- 
term survival, with analyses conducted separately for each study 
medication.

In all statistical analyses, a two-tailed P-value of <0.05 was considered 
statistically significant. All analyses were conducted using R software (ver
sion 4.2.1).

Results
Of the 9857 individuals who underwent CABG, 1805 (18%) were wo
men. The mean age was 65.9 ± 9.2 for men and 67.7 ± 9.8 for women 
(P < 0.001 for difference). In the study sample, men were more likely to 
have atrial fibrillation (22.9% vs. 19.6%, P = 0.009) and COPD (5.3% vs. 
2.9%, P < 0.001), whereas women were more likely to have diabetes 
(37.1% vs. 32.4%, P < 0.001), heart failure (30.1% vs. 22.9%, P <  
0.001), and hypertension (65.9% vs. 56.8%, P < 0.001) at baseline. 
More detailed characteristics of the study sample are presented in 
Table 1.

There were no statistically significant sex differences in medication 
adherence at 6 months after CABG. The adherence rate for beta- 
blockers was 92.6% in men and 93.3% in women. The corresponding 
adherence rates for RAAS inhibitors were 62.0% in men and 62.4% 
in women, and for statins 89.8% in men and 90.3% in women 
(Table 1). At baseline, the prescription strengths of atorvastatin (34.9 
vs. 32.1 mg, P = 0.001) and ramipril (3.83 vs. 3.68 mg, P = 0.043) 
were slightly, but significantly higher in men, whereas no sex differences 
were observed for bisoprolol (4.52 vs. 4.43 mg, P = 0.269) (see 
Supplementary material online, Table S2).

Long-term drug adherence was mainly similar between men and wo
men, with no major significant sex differences observed across the 
three drug classes (Figure 1; Supplementary material online, Table S3). 
RAAS inhibitor use at 2 years and beta-blocker use at 6 years was slight
ly greater in women than in men. After 10 years of follow-up, 84.4% of 
men and 84.9% of women who were still alive remained statin users. 
Similarly, 83.3% of men and 86.7% of women continued using beta- 
blockers, while 65.5% of men and 68.4% of women purchased RAAS 
inhibitors (P ≥ 0.054 for all; Supplementary material online, Table S3). 
During the follow-up period, drug use increased, particularly for 
RAAS inhibitors, at baseline (i.e. 6 months after surgery) across all 
drug categories (Figure 2).

A total of 3189 (32.3%) individuals died during the 10-year follow-up. 
Adherence to all three secondary prevention medications was asso
ciated with lower risk of death in men and in women (Table 2, 
Figure 3). This risk reduction was the greatest for statins, but no sex dif
ferences were observed (P for interaction 0.26). Beta-blocker use was 
associated with a greater decrease for all-cause mortality in women 
(HR, 0.66; 95% CI: 0.54–0.80) as compared to men (HR, 0.82; 95% 
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CI: 0.75–0.90; P for interaction 0.043; Figure 3). No significant differ
ences between women and men were observed for the other risk fac
tors (Figure 3).

Discussion
In this study, we investigated the sex differences in medication adher
ence and adherence-associated long-term mortality in 9857 CABG pa
tients (18% women). In general, we observed no major sex differences 
in adherence to statins, RAAS inhibitors, or beta-blockers during a max
imum 10-year follow-up period and thus, the previously observed sex 
differences in mortality after CABG cannot be attributed to differences 
in drug adherence based on the results of this study. Both men and wo
men benefited from the use of secondary prevention medication, and 
particularly from the use of statins. However, the use of beta-blockers 
was associated with a lower risk of death in women than in men.

Our results demonstrate that secondary prevention medications in all 
three categories were initiated similarly for both sexes at baseline. 
Adherence at 6 months to statins and beta-blockers exceeded 90% in 
both men and women, while RAAS inhibitor adherence was 62% in 
both sexes combined. At baseline, the mean strength of atorvastatin 
and ramipril prescriptions was slightly, but significantly, greater in men 
than in women, whereas no differences were observed for bisoprolol. 
In general, women are prescribed high-dose statins less often than men, 
which can reduce the possible mortality benefits they could derive from 
statin use.13,14 Also, women receive less often guideline-directed medical 
therapy for CAD and HF compared with men, which could potentially 
mask possible sex differences concerning statin and RAAS-inhibitor 
use.15,16 However, as the sex interaction was observed only for beta- 
blockers in our study and the differences in drug dosage were clinically in
significant, it is unlikely that our findings are a result of these factors.

These adherence rates align with findings from a registry study con
ducted in Sweden, where initial adherence rates for statins, beta- 
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Table 1 Baseline characteristics of the study sample 6 months after CABG

Total (n = 9857) Men (n = 8052) Women (n = 1805) P-value

Characteristics at baseline
Age (years) 65.9 67.7 <0.001
Atrial fibrillation 2201 (22.3%) 1847 (22.9%) 354 (19.6%) 0.009

CKD 256 (2.6%) 202 (2.5%) 54 (3.0%) 0.51

COPD 479 (4.9%) 427 (5.3%) 52 (2.9%) <0.001
Diabetes 3278 (33.3%) 2608 (32.4%) 670 (37.1%) <0.001

Heart failure 2386 (24.2%) 1842 (22.9%) 544 (30.1%) <0.001

Hypercholesterolaemia 1932 (19.6%) 1588 (19.7%) 344 (19.1%) 0.81
Hypertension 5764 (58.5%) 4575 (56.8%) 1189 (65.9%) <0.001

Stroke 832 (8.4%) 694 (8.6%) 138 (7.6%) 0.41

Secondary medication use at baseline
Beta-blockers 9138 (92.7%) 7454 (92.6%) 1684 (93.3%) 0.57

RAAS inhibitors 6122 (62.1%) 4995 (62.0%) 1127 (62.4%) 0.95

Statins 8863 (89.9%) 7233 (89.8%) 1630 (90.3%) 0.83

CABG, coronary artery bypass grafting; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; RAAS, renin-angiotensin-aldosterone system.

Figure 1 Medication adherence by sex after coronary artery bypass grafting. The hashtag indicates statistically significant difference in medication use 
between men and women at that time point. RAAS, renin-angiotensin-aldosterone system.
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blockers, and RAAS inhibitors were 94%, 91%, and 73%, respectively, 
for both sexes.8 However, the Swedish study observed a small but sig
nificant decline in adherence across all drug classes, particularly among 
elderly women.8 Also, the adherence rate for statins observed in our 
study at baseline and after 2 years was considerably higher than what 
was reported by an Italian study of patients who underwent a percutan
eous coronary intervention procedure in the setting of ST-elevation 
myocardial infarction.17 In that study, statin adherence after 1 year of 
follow-up was only 69%.17 In a Swedish register study, adherence to 
statins 8 years after CABG was 77%,8 and in another smaller Greek 
study, long-term adherence to statins after CABG was 81%.18 Also, a 
study using Bayesian regression model demonstrated that drug adher
ence at 90 days after myocardial infarction could accurately predict ad
herence behaviour at 1 year indicating that behavioural changes and 
patterns established early after the primary intervention are crucial 
for the formation of long-term adherence.19,20 Furthermore, the 
1-year adherence to statins in that study was 80%, which is in line 
with the 84% adherence observed in our study.19,20 Thus, it is possible 
that cultural differences may explain some of the differences in long- 
term statin adherence.

In contrast, drug adherence in our study remained relatively stable 
during the 10-year follow-up period for all three drug categories, 
with no significant differences between sexes. However, these differ
ences could be explained also by between-study differences in years 
of data collection. Our findings contradict the previous notion that wo
men tend to be less adherent to primary and secondary prevention 
medications.21 Therefore, the differences in long-term mortality be
tween men and women after CABG, as reported in earlier studies,3,6

cannot be attributed to differences in drug adherence based on the re
sults of our study.

The greatest reduction in long-term mortality was observed with ad
herence to statins, which was associated with an approximate halving of 
mortality. However, this risk reduction was similar in men and women. 
However, we observed a non-significant trend towards statin use being 
associated with lower risk of death in women than in men (P for inter
action 0.08). This trend has not been observed in previous drug trials in 
this domain, which have demonstrated an equal benefit for men and 
women in both primary and secondary prevention of cardiovascular 

disease.22,23 Furthermore, in a Swedish cohort study of >35 000 
CABG patients, statin use was associated with similar reduction in ma
jor adverse cardiovascular events and dementia in both sexes.24

Similarly to statins, the use of RAAS inhibitors after CABG was asso
ciated with a significant all-cause mortality benefit for both sexes. These 
observed effect size for statins and RAAS inhibitors are consistent with 
findings from previous studies, with hazard ratios ranging from 0.24 to 
0.46 for statins and 0.66 to 0.78 for RAAS inhibitors.8,9 These findings 
therefore underline the importance of adherence to RAAS inhibitors 
and particularly to statin therapy after CABG in both women and men.

The use of beta-blockers was also associated with a reduction in 
long-term mortality in both sexes, even after adjusting for covariates 
such as atrial fibrillation and heart failure. In contrast to statins and 
RAAS inhibitors, beta-blocker use after CABG was associated with a 
greater mortality benefit in women compared with men. Previous ran
domized controlled trials and observational studies support the post- 
operative use of beta-blockers in patients with reduced left ventricular 
function or previous myocardial infarction to reduce recurrent coron
ary events, atrial fibrillation, other arrhythmias, and stroke, thereby de
creasing post-CABG mortality.1 However, evidence on the long-term 
benefit of beta-blockers in patients without left ventricular dysfunction 
or previous MI has been challenged in more recent observational stud
ies, as they have failed to demonstrate mortality benefit from beta- 
blocker use.1 Conversely, a recent register study from Sweden demon
strated reduction in major adverse coronary events, but not in mortal
ity, with selective beta-blocker use in patients after CABG irrespective 
of their previous MI or LV-function status.25 However, sex-specific ana
lyses were not performed.25

The possible mechanisms underlying the lower mortality risk in wo
men could be potentially explained by the sex differences in 
beta-adrenergic pathways, hormonal modulation of β-receptor activity 
or sensitivity, ischaemic heart disease phenotypes, pharmacodynamics, 
pharmacokinetics, and responses to beta-blocking agents.26 Namely, 
the β1-, β2-, and β3-receptors mediate cardiac and vascular function 
in response to sympathetic nervous system (SNS) stimulation, but 
these effects differ between sexes.26 First, women and men both 

Figure 2 Temporal trends in secondary prevention medication ini
tiation 6 months after coronary artery bypass grafting.

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

Table 2 Effect of secondary prevention medication use 
on survival after CABG

Women 
HR (95% CI)

Men 
HR (95% CI)

Interaction 
P-value

Model 1
Statins 0.46 (0.39–0.55) 0.53 (0.48–0.58) 0.083
Beta-blockers 0.69 (0.56–0.84) 0.88 (0.80–0.96) 0.009

RAAS inhibitors 0.74 (0.63–0.88) 0.86 (0.79–0.93) 0.055

Model 2
Statins 0.49 (0.41–0.59) 0.54 (0.50–0.59) 0.262

Beta-blockers 0.66 (0.54–0.80) 0.82 (0.75–0.90) 0.043

RAAS inhibitors 0.66 (0.55–0.78) 0.72 (0.66–0.78) 0.240

The survival models were based on the Cox proportional hazards model, where the 
independent variable was medication use, and the dependent variable was all-cause 
mortality. Model 1 was adjusted for age at the time of operation, operating year, and 
a sex-interaction term. Model 2 included all adjustments from Model 1 and was 
further adjusted for the following comorbidities: two other study medications, atrial 
fibrillation, stroke, chronic obstructive pulmonary disease (COPD), hypertension, 
diabetes, hypercholesterolaemia, heart failure, and chronic kidney disease. CI, 
confidence interval; CABG, coronary artery bypass grafting; RAAS, renin-angiotensin- 
aldosterone system.
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express all β-receptors in the cardiomyocytes (mostly β1) and vascula
ture or endothelium (mostly β2 and β3). However, young women ex
press more vasodilatory β1 and β3 receptors in the endothelial cells 
compared with men, making their vessels more resistant to vasocon
striction and more prone to vasodilatation.27 Furthermore, this 
β-receptor expression and responsiveness is modulated and main
tained by oestrogen through stimulation via oestrogen receptors and 
this protective benefit is lost after menopause leading to down- 
regulation and desensitising of β1-receptors.27,28 In addition, oestrogen 
receptors exist in all types of cardiovascular cells and are shown to 
modulate gene expression and interact with β-adrenergic pathways of
fering a mechanistic background for these observed sex differences.29

Second, oestrogen production in women down-regulates the activity 
of the SNS, reducing the release of epinephrin and norepinephrine and 
thus reducing β-stimulation.26 After menopause, loss of oestrogen results 
in a hyperactivated SNS and β-stimulation, reduced β-responsiveness, 
down-regulation of β-receptors, increased heart rate, systemic vascular 
resistance, and hypertension in women.30 Third, women are shown to 
respond to beta-blocker medication with greater reduction in heart 

rate and blood pressure compared with men.26,31 Also, due to enhanced 
absorption, smaller drug distribution volume and reduced CYP enzyme 
activity for beta-blockers, women are more prone to increased drug con
centrations and are thus potentially at increased risk for adverse drug ef
fects such as bradycardia and fatigue which again may require dose 
reduction in women.32 However, beta-blocker therapy is shown to re
sensitize and up-regulate β-receptors and prevent direct catecholamine 
toxicity, thus ameliorating the increased SNS-stimulation in menopausal 
women.26

Clinically, both sexes are shown to derive equal mortality benefit 
from beta blockade in heart failure with reduced ejection fraction.33

Conversely, in one study, women with previous hypertension and beta- 
blocker medication had more frequent episodes of heart failure in the 
setting of acute coronary syndrome.34 Also, women present less often 
with obstructive epicardial coronary artery disease and are more often 
observed with coronary microvascular disease (CMD) characterized by 
endothelial dysfunction, reduced coronary blood flow (CBF), and con
current ischaemia.35,36 In CMD, beta blocking agents reduce myocardial 
ischaemia and angina by lowering heart rate, reducing contractibility, 

Figure 3 Sex-stratified effect of secondary prevention medication use and patient characteristics on all-cause mortality after coronary artery bypass 
grafting. HR, Hazard Ratio. CABG, coronary artery bypass grafting; CI, confidence interval; CKD, chronic kidney disease; COPD, chronic obstructive 
pulmonary disease; RAAS, renin-angiotensin-aldosterone system.
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blood pressure and myocardial oxygen consumption and increase CBF 
by increasing diastolic filling time.35,36 Especially, third generation beta- 
blockers such as nebivolol and carvedilol are shown to reduce endothe
lial dysfunction and promote vasodilatation making beta-blockers first 
line of treatment in CMD.35,36 Thus, due to greater prevalence of 
CMD in women, beta-blocker use could potentially benefit women 
more than men. Therefore, women, or certain subpopulations of wo
men, may benefit from beta-blocker medication more than men due to 
sex differences in beta-adrenergic physiology. This hypothesis, how
ever, warrants further research and particularly sex-stratified clinical 
trials in CABG patients.

During the follow-up period from 1998 to 2021, the initiation and 
adherence to statins and RAAS inhibitors became more frequent, align
ing with evolving guidelines for secondary drug prevention in CAD. In 
contrast, the use of beta-blockers remained consistently high after 
CABG and even increased over the follow-up period. Interestingly, 
the year in which CABG was performed (between 1998 and 2021) 
was not associated with differences in survival for either sex in this 
study. This finding can be explained by the fact that, despite advance
ments in medical therapy and surgical techniques, more elderly and 
higher-risk patients are undergoing CABG now compared with one 
or two decades ago.1,2 As a result, the benefits of surgery in these 
more challenging patient groups may be offset by the increased risk 
of death from other comorbidities.

Although this study has several strengths, including up to 10 years of 
individual follow-up spanning over two decades, over 9000 CABG pa
tients with high-quality registry data,37 and comprehensive drug pur
chase records, its results must be considered in the light of several 
limitations. First, as seen in other CABG studies,38 only 18% of our 
study sample were women, which may limit statistical power for de
tecting sex-specific effects or interactions among CABG patients as 
well as lead to biased effect sizes. Women have always been underre
presented in cardiac clinical studies and especially in CABG studies.38

This underrepresentation of women in previous and current research 
may also limit the generalizability of these results. However, as women 
are referred to and undergo CABG surgery less often than men in many 
nationwide real life cohorts (24.5% of operated patients in an American 
cohort and 19.7% in a Swedish cohort), it can be argued that the pro
portion of women in our study represents the current clinical practice 
of CABG enrolment in Finland, Europe, and in the United States.24,38,39

Second, individuals with lower socioeconomic status are less likely to 
participate in studies and may also have lower adherence to medication 
after surgery. As a result, this study cohort may overestimate the true 
adherence rates. However, this potential bias is likely to affect both 
sexes equally. Third, information on potential confounders such as 
physical activity, diet, and body mass index was not available. Women 
are shown to obtain greater all-cause- and CV mortality benefits 
from physical activity compared with men, which could partially explain 
the sex differences and mortality benefits observed in this study.40 Also, 
women are shown to benefit differently from healthy diet in terms of 
CV disease risk41,42 whereas obesity may be a stronger risk factor for 
CV disease in men than in women.43–45 While we adjusted for several 
confounders, the study results may be subject to residual confounding. 
Fourth, this study cohort consisted of mainly Finns which may limit the 
generalizability of these results to other cultures and ancestries. 
Cultural differences, access to medications and surgical interventions 
and differences in genetic background could influence the results of 
our study.46,47 Finally, adherence to antiplatelet medication could not 
be evaluated in this study. Nevertheless, adherence to the three other 
classes of medications in this study remained stable over 10 years, 

suggesting that the observed adherence rates for statins, beta-blockers, 
and RAAS inhibitors could also reflect participants’ general medication 
adherence behaviour.

Our findings highlight the importance of long-term adherence to sec
ondary prevention medications for men and women who have under
gone CABG. Efforts should be made to encourage patients to remain 
committed to these medications. Future research should focus on 
strategies to improve drug adherence in both men and women after 
CABG. Additionally, trials and studies assessing the benefits of beta- 
blocker use in CABG patients should include subgroup analyses by 
sex, as our findings suggest that women may benefit more from the 
use of these drugs than men.
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