Reviews in
Cardiovascular Medicine
Systematic Review
Beta-Blockers in Stable Coronary Artery Disease: A Systematic Review
and Meta-Analysis of Observational Studies

Rev. Cardiovasc. Med. 2025; 26(12): 44520
https://doi.org/10.31083/RCM44520

Jing-Xuan Liu'®, Shi-Yue Zheng!, Fei Guo!, Chun-Hui He!, Jing Lin', Hao Fu!, Xin Du!,
Jian-Zeng Dong!:*

I Department of Cardiology, Beijing Anzhen Hospital, Capital Medical University, 100029 Beijing, China
*Correspondence: jzdong@ccmu.edu.cn (Jian-Zeng Dong)

Academic Editor: Mohammad Reza Movahed

Submitted: 3 July 2025 Revised: 22 August 2025 Accepted: 15 September 2025  Published: 23 December 2025

Abstract

Background: The efficacy of beta-blockers in stable coronary artery disease (CAD) patients with preserved left ventricular function
remains controversial. We aimed to evaluate the cardiovascular associations of beta-blocker therapy in this population through a com-
prehensive meta-analysis. Methods: We conducted a systematic review and meta-analysis following Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines, searching PubMed, EMBASE, Web of Science, Scopus, Google Scholar,
and Cochrane databases from inception to May 2025, updating and extending the previous meta-analysis. We included observational
studies comparing beta-blocker therapy versus control in stable CAD patients, defined as those without acute coronary syndrome man-
ifestations for a sufficient period (typically >6 months) to ensure clinical stability, with preserved left ventricular ejection fraction (left
ventricular ejection fraction >50%). Primary outcome was cardiac death. Secondary outcomes included all-cause mortality, heart fail-
ure, myocardial infarction (MI), and stroke. Random-effects models were used for all analyses. Subgroup analyses were conducted
for cardiac and all-cause death stratified by propensity score matching status and prior beta-blocker use exclusion criteria. Publication
bias was assessed using funnel plots and Peter’s test. Results: Nine observational studies encompassing 903,870 patients (616,645
beta-blocker users vs. 287,225 controls) were included. Beta-blocker therapy showed no significant association with the primary end-
point: cardiac death (hazard ratio (HR) 0.98, 95% CI: 0.93—1.04, p = 0.54). Secondary outcomes similarly demonstrated no significant
associations: all-cause mortality (HR 0.98, 95% CI: 0.91-1.05, p = 0.49), MI (HR 1.02, 95% CI: 0.93-1.11, p = 0.72), stroke (HR
1.02, 95% CI: 0.97-1.08, p = 0.43), and heart failure (HR 1.10, 95% CI: 0.95-1.27, p = 0.20). Substantial heterogeneity was observed
for all-cause death (I> = 87%) and heart failure (I* = 95%). Subgroup analyses failed to identify populations with clear associations
between beta-blocker therapy and improved outcomes. Conclusion: Beta-blocker therapy was not significantly associated with car-
diovascular benefits in stable CAD patients with preserved left ventricular function. These findings provide additional contemporary
evidence supporting current guideline recommendations from both American Heart Association (AHA)/American College of Cardiology
(ACC) and European Society of Cardiology (ESC) regarding beta-blocker use in this population. Clinicians should conduct individual-
ized risk-benefit assessments rather than adopting routine prescribing patterns. The PROSPERO Registration: CRD420251141812,
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=1141812.
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1. Introduction

Coronary artery disease (CAD) remains the leading
cause of cardiovascular mortality worldwide, affecting mil-
lions of patients and significantly impacting their quality
of life and prognosis [1]. Stable CAD, characterized by
coronary artery stenosis resulting in myocardial ischemia
while maintaining relatively stable clinical presentation
without acute coronary syndrome manifestations, remains
a significant clinical challenge [1,2]. Despite remarkable
progress in revascularization strategies and pharmacologi-
cal interventions, patients with stable CAD continue to ex-
perience considerable risks of major adverse cardiovascu-
lar events (MACE), encompassing myocardial infarction
(MI), stroke, and cardiovascular mortality [3]. Therefore,
identifying effective pharmacological intervention strate-
gies to improve long-term outcomes in this patient popu-
lation holds substantial clinical significance.

Beta-blockers, as one of the cornerstones of cardio-
vascular pharmacotherapy, exert cardioprotective effects
through blockade of 3-adrenergic receptors [4]. Their pri-
mary mechanisms include reducing heart rate, decreas-
ing myocardial contractility, and lowering blood pressure,
thereby reducing myocardial oxygen consumption, increas-
ing ischemic threshold, and potentially improving perfusion
of ischemic areas through prolongation of diastole and re-
distribution of myocardial blood flow [5]. However, the
universal benefit of beta-blockers in post-MI patients has
been challenged by recent evidence. The REDUCE-AMI
trial—a large randomized controlled study of 5020 patients
with acute MI and preserved ejection fraction—found no
reduction in the composite endpoint of death or recurrent
MI with beta-blocker therapy over 3.5 years of follow-up
[6]. Furthermore, a recent comprehensive meta-analysis by
Chi et al. (PMID: 39298680) [7] demonstrated that in the
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contemporary reperfusion era, beta-blocker use post-MI in
patients with preserved ejection fraction may not only fail to
confer mortality benefits beyond a 1-year event-free period,
but could also be associated with detrimental outcomes, in-
cluding a significant increase in major adverse cardiac and
cerebrovascular events (hazard ratio (HR) 1.24; 95% CI:
1.01-1.52). Notably, the evidence for beta-blockers in sta-
ble CAD without prior MI or left ventricular dysfunction
is even more limited and contentious. While their theoreti-
cal benefits (e.g., reduced myocardial oxygen demand) are
well-established, clinical evidence supporting routine use in
this population remains largely extrapolated from post-MI
studies, lacking direct validation from rigorous trials.

The most comprehensive evaluation to date was a
2021 meta-analysis by Arero et al. [8], which pooled six
observational studies (n = 774,089) and found no signif-
icant reduction in MACE MI, or cardiovascular mortality
with beta-blocker therapy. These results questioned the
widespread use of beta-blockers in stable CAD and under-
scored a critical gap between clinical practice and evidence-
based recommendations. However, in 2023, Godoy et al.
[9] published a large population-based cohort study in the
Journal of the American College of Cardiology that chal-
lenged these findings. Using a rigorous new-user design
in 28,039 patients with angiographically confirmed stable
CAD, they demonstrated an 8% relative risk reduction in
the composite of all-cause death and hospitalization for
heart failure (HF) or MI (HR 0.92, 95% CI: 0.86-0.98,
p = 0.006). This contradiction in recent evidence high-
lighted the ongoing uncertainty regarding beta-blocker ef-
ficacy in this population. Therefore, this systematic review
and meta-analysis aims to update and expand upon the ex-
isting evidence by integrating all available studies to clarify
the role of beta-blockers in stable CAD and guide contem-
porary therapeutic decision-making.

2. Methods
2.1 Protocol and Literature Search Strategy

This systematic review and meta-analysis was
conducted in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement and the Meta-analysis of Obser-
vational Studies in Epidemiology (MOOSE) guidelines.
https://www.crd.york.ac.uk/PROSPERO/display record
.php?RecordID=1141812 (or equivalent view link for
CRD420251141812).

We conducted a systematic literature search of
PubMed, EMBASE, Web of Science, Scopus, Google
Scholar, and Cochrane Controlled Trials Register from
database inception to May 24, 2025, to identify studies
evaluating the effects of beta-blockers on cardiovascu-
lar outcomes in patients with stable CAD. Search terms
included “beta-blockers”, “beta blockers”, “beta antag-
onists”, “adrenergic beta-antagonists”, “stable coronary
artery disease”, “stable CAD”, “ischemic heart disease”,

“major adverse cardiovascular events”, “MACE”, “cardio-
vascular death”, “myocardial infarction”, and “stroke”.

2.2 Study Selection, Eligibility Criteria, and Outcome
Measures

For the purpose of this meta-analysis, stable CAD
was defined as coronary artery stenosis without acute coro-
nary syndrome manifestations for a sufficient period to
ensure clinical stability. This included patients with sig-
nificant coronary stenosis without prior MI, patients sta-
bilized after elective Percutaneous Coronary Intervention
(PCI) or CABG (generally >6 months post-procedure), and
patients with remote MI without recurrent events (typically
>6 months since the last event). Left ventricular dysfunc-
tion was defined as left ventricular ejection fraction (left
ventricular ejection fraction [LVEF]) <50%.

The inclusion criteria were as follows: (1) studies in-
volving patients with stable CAD or stable ischemic heart
disease as defined above; (2) comparison of beta-blocker
therapy versus control (placebo or no beta-blocker treat-
ment); (3) reporting of at least one cardiovascular out-
come of interest (all-cause death, cardiac death, HF, MI,
or stroke); (4) Follow-up duration of at least 12 months.
The exclusion criteria were as follows: (1) studies focus-
ing on patients with AMI or left ventricular dysfunction;
(2) animal studies; (3) case reports, editorials, comments,
reviews, and meta-analyses; (4) studies published in lan-
guages other than English; (5) conference abstracts without
full-text availability; (6) studies with insufficient data for
analysis. The primary outcome was cardiac death. Sec-
ondary outcomes included all-cause death, HF, MI, and
stroke.

Two investigators independently screened all re-
trieved records by title and abstract, followed by full-text
review of potentially eligible studies. Disagreements were
resolved through discussion with a third reviewer.

2.3 Data Extraction and Quality Assessment

Data extraction was performed independently by two
reviewers using a standardized data extraction form. The
following information was extracted: study characteris-
tics (first author, publication year, study design, location,
sample size, follow-up duration), patient demographics
(age, sex, body mass index, diabetes, hypertension, hy-
percholesterolemia, stroke history, smoking status), proce-
dural characteristics (percutaneous coronary intervention,
coronary artery bypass grafting), concomitant medications
(statins, aspirin, angiotensin converting enzyme (ACE)
inhibitors/angiotensin receptor blockers, calcium channel
blockers), confounding control methods (propensity score
matching or multivariate adjustment), and outcome data
(risk ratios or hazard ratios with 95% confidence intervals
for each cardiovascular outcome).

The methodological quality and risk of bias of in-
cluded studies were assessed using the Risk Of Bias In Non-
randomized Studies - of Interventions (ROBINS-I) tool.
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Fig. 1. Flow diagram of meta-analysis.

2.4 Statistical Analysis

All analyses were performed using R statistical soft-
ware (version 4.3.0, R Foundation for Statistical Comput-
ing, Vienna, Austria) with the meta package and RevMan
(version 5.4). HR with 95% confidence intervals (CI)
were calculated for all outcomes. Statistical heterogene-
ity between studies was assessed using the I? statistic and
Cochran’s Q test. According to Higgins et al. [10], I? val-
ues of <25%, 25-49%, 50—75%, and >75% represent no,
low, moderate, and high levels of heterogeneity, respec-
tively.

Random-effects models (using the DerSimonian-
Laird method with REML tau? estimation) were applied for
all analyses. Additionally, due to the relatively small num-
ber of included studies (<10), the Hartung-Knapp adjust-
ment was applied to provide more conservative estimates.
Publication bias was assessed using visual inspection of
funnel plots and Peter’s regression test. Subgroup analy-
ses were conducted for cardiac and all-cause death stratified
by propensity score matching status and prior beta-blocker
use history. All subgroup analyses were performed using
random-effects models.

&% IMR Press

3. Results
3.1 Study Selection and Publication Bias Assessment

We used the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses flow chart to describe the
screening and selection of articles (Fig. 1). After a compre-
hensive search, we identified 11,496 potentially relevant ar-
ticles from database searching. After removing 2104 dupli-
cates, 9392 records were screened by title and abstract, and
372 studies were selected for full-text review. After apply-
ing the inclusion and exclusion criteria, 9 studies published
between 2005 and 2025 were finally analyzed [9—17].

The 9 studies comprised 903,870 patients with stable
CAD, of whom 616,645 patients received beta-blocker ther-
apy and 287,225 patients served as controls. The baseline
characteristics of the included studies are presented in Ta-
ble 1 (Ref. [9,11-18]), and the baseline characteristics of
the patients are shown in Table 2 (Ref. [9,11-17]). The
studies were conducted across various locations including
the United States, international multi-center settings, Tai-
wan, Japan, South Korea, and Canada. Six studies were ret-
rospective in design, while 3 were prospective. The median
follow-up duration ranged from 3 to 5.4 years. Propensity
score matching was employed in 6 studies, while 3 studies
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Table 1. Characteristics of included studies.

Studies Location Study periods  Control for Timing of the  Follow-up Without Total BB noBB  Primary outcomes Secondary outcomes
confounding study periods, prior BB cohort
median use
(year)
Bunch et al., Single center, 1993-2002 Multivariate Prospective 3 No 4304 1024 3280 All-cause death All-cause death, MI
2005 [12] USA
Bangalore e  Multi centers, 2003-2009 PS matched Prospective 3.6 No 7198 3599 3599 Cardiac death, nonfatal Cardiac death, nonfatal MI,
al.,2012[11]  International M1, or nonfatal stroke nonfatal stroke, hospitaliza-
tion for atherothrombotic
events, and revascularization
Lietal,2013 Single center, 1997-2003 Multivariate Prospective 5.4 No 607 243 364 All-cause death, cardiac -
[13] Taiwan death, non-cardiac death
Ozasa et al., Multi centers, 2005-2007 PS matched Prospective 3 No 5288 1117 4171 Cardiac death, MI All-cause death, cardiac
2013 [15] Japan death, MI, revascularization
Motivala et Multi centers, 2005-2013 Multivariate Retrospective 3 No 755,215 539,521 215,694  All-cause death Revascularization, hospital-
al., 2016 [14] USA ization for MI, HF, or stroke
Tsujimoto e  Multi centers, 2001-2005 PS matched Retrospective 5 No 1477 1019 458 All-cause death All-cause death, MI or stroke
al.,2017[16]  International
Lee et al, Multi centers, 2005-2015 PS matched Retrospective 5 No 78,380 45,746 32,634 MACE: composite of  All-cause death and the indi-
2022 [17] South Korea cardiac death, MI, HF, vidual MACE components
and hospitalization for
5 years after PCI with 6
months quarantine
Godoy et al., Single center, 2009-2019 PS matched Retrospective 52 Yes 28,039 12,695 15,344  All-cause death and hos-  All-cause death and hospital-
2023 [9] Canada pitalization for HF or MI  ization for HF or MI, cardiac
death, revascularization, hos-
pitalization for stroke or un-
stable angina
Khan et al, Multi centers, 2009-2024 PS matched Retrospective 5 Yes 23,362 11,681 11,681 All-cause death Hospitalization  for  MI,
2025 [18] USA stroke, HF, and AF

Abbreviation: BB, Beta-blocker; PS, production sequence; MI, myocardial infarction; HF, heart failure; MACE, major adverse cardiovascular events; AF, atrial fibrillation; PCI, Percutaneous Coronary Intervention.
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Table 2. Baseline patient characteristics.

Studies Total Age  Men, (%) BMI  Diabetes, Hypertension, Hypercholesterolaemia, Stroke, Smoking, PCIL, (%) CABG  Statins, Aspirin, ACEi/ARB, CCB, (%)

cohort  (years), (kg/m?), (%) (%) (%) (%) (%) (%) (%) (%) (%)

mean mean

Bunch et al, 4304 65 75 - 16 60 55 - 23 30 20 18 - 43 -
2005 [12]
Bangalore et al., 7198 69 66 28 39 81 73 12 9 - - 71 74 44 42
2012 [11]
Li et al, 2013 607 67 70 26 34 75 - 8 27 56 23 19 - 38 54
[13]
Ozasa et al, 5288 68 72 24 37 83 - 10 25 - - 52 99 46 56
2013 [15]
Motivala et al., 755215 65 64 30 35 82 - - 19 30 - - - - -
2016 [14]
Tsujimoto et al., 1477 62 69 - 100 83 81 - 11 - - 72 87 - -
2017 [16]
Lee et al., 2022 78,380 64 65 - 34 78 - - - - - - 57 58 -
[17]
Godoy et al, 28,039 73 66 - 35 77 - - 10 - - 87 - 74 -
2023 [9]
Abbreviation: BB, Beta-blocker; BMI, Body Mass Index; PCI, Percutancous Coronary Intervention; CABG, Coronary Artery Bypass Grafting; ACEi/ARB, Angiotensin-Converting Enzyme in-

hibitor/Angiotensin Receptor Blocker; CCB, Calcium Channel Blocker.
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used multivariate adjustment to control for confounding
factors. Only 2 studies explicitly excluded patients with
prior beta-blocker use, while the remaining 7 studies did
not specify or exclude patients with previous beta-blocker
exposure.

Publication bias was assessed using funnel plots and
Egger’s regression test (Fig. 2). The funnel plot, which in-
cluded 37 data points representing all cardiovascular out-
comes across the included studies, appeared relatively sym-
metric around the overall pooled effect estimate (HR =
1.022; 95% CI: 0.982-1.062). Egger’s test showed no evi-
dence of significant publication bias (p = 0.975). The over-
all heterogeneity across all outcomes was minimal (12 =
0.8%, p < 0.001), indicating high consistency among the
included studies. Additionally, Peter’s test showed no sig-
nificant publication bias for cardiac death (p = 0.947), MI
(p = 0.445), stroke (p = 0.659), and HF (p = 0.778), while
possible publication bias was detected for all-cause death
(p = 0.018) (Supplementary Table 1). Risk of bias assess-
ment is presented in Supplementary Table 2.

3.2 Effects of Beta-blockers on Cardiovascular Outcomes

The cardiovascular effects of beta-blocker therapy
across five outcomes are presented in Fig. 3. Beta-blocker
treatment demonstrated no significant benefit for the pri-
mary endpoint of cardiac death (HR 0.98; 95% CI: 0.93—
1.04; p = 0.54). Secondary outcomes similarly demon-
strated no significant effects: all-cause death (HR 0.98;
95% CI: 0.91-1.05; p = 0.49), MI (HR 1.02; 95% CI: 0.93—
1.11; p = 0.72), stroke (HR 1.02; 95% CI: 0.97-1.08; p =
0.43), and HF (HR 1.10; 95% CI: 0.95-1.27; p = 0.20).
All confidence intervals crossed unity, indicating no statis-
tically significant effects. Heterogeneity analysis revealed
substantial variation across outcomes. High heterogeneity
was observed for all-cause death (I = 87%) and HF (12 =
95%), while moderate heterogeneity was present for MI (12
=57%). Conversely, cardiac death and stroke demonstrated
no heterogeneity (I = 0% for both).

3.3 Subgroup Analyses

To explore potential sources of heterogeneity and
identify patient populations who might derive differential
benefits from beta-blocker therapy, we conducted subgroup
analyses according to two predefined variables: propen-
sity score matching status and explicit exclusion of patients
with prior beta-blocker use (Fig. 4). For cardiac death,
when stratified by propensity score matching status, no
significant differences were observed between subgroups
(p = 0.77). Studies employing propensity score matching
showed neutral effects (HR = 0.98, 95% CI: 0.92-1.04),
while studies using multivariate adjustment demonstrated
similar neutral effects (HR = 0.91, 95% CI: 0.56-1.47).
When stratified by prior beta-blocker use exclusion criteria,
a statistically significant subgroup difference was detected
(p = 0.03). Studies that did not explicitly exclude patients

with prior beta-blocker use showed neutral effects (HR =
1.00, 95% CI: 0.94-1.06), whereas the single study that ex-
plicitly excluded prior users demonstrated a trend toward
benefit, although not statistically significant (HR = 0.90,
95% CI: 0.77-1.05). For all-cause death, when stratified by
propensity score matching status, no significant differences
were observed between subgroups (p = 0.23). Studies with-
out propensity score matching demonstrated a slight protec-
tive trend (HR = 0.85, 95% CI: 0.71-1.02), while studies
with propensity score matching showed neutral effects (HR
=1.00, 95% CI: 0.94-1.07). When stratified by prior beta-
blocker use exclusion criteria, no significant subgroup dif-
ference was found (p =0.61). Studies that did not explicitly
exclude patients with prior beta-blocker use showed neutral
effects (HR = 0.99, 95% CI: 0.94—1.04), while studies that
explicitly excluded prior users showed similar neutral ef-
fects (HR = 0.98, 95% CI: 0.91-1.05). Overall, subgroup
analyses failed to identify specific patient populations that
would clearly benefit from beta-blocker therapy.

4. Discussion

This systematic review and meta-analysis demon-
strates that beta-blocker therapy was not significantly asso-
ciated with cardiovascular endpoints in patients with stable
CAD and preserved left ventricular function. These find-
ings contribute to an evolving and contradictory body of
evidence regarding beta-blocker efficacy in this population.

Current clinical practice guidelines have increas-
ingly questioned the routine use of beta-blockers
in stable CAD patients without prior MI or left
ventricular dysfunction. The most recent 2023
AHA/ACC/ACCP/ASPC/NLA/PCNA  Guideline  for
the Management of Patients with Chronic Coronary
Disease made significant changes to beta-blocker recom-
mendations, stating that “long-term beta-blocker therapy
is not recommended to improve outcomes in patients
with chronic coronary disease in the absence of MI in
the past year, left ventricular ejection fraction <50%,
or another primary indication for beta-blocker therapy”
(Class 3: No Benefit) [19]. Similarly, the 2019 European
Society of Cardiology Guidelines for the management of
chronic coronary syndromes provide no specific Class
I recommendation for beta-blockers in patients without
HF or recent MI [20]. This uncertainty was reinforced
by the 2021 meta-analysis by Arero et al. [8], which
pooled six observational studies (n = 774,089) and found
no significant reduction in MI or cardiovascular death
with beta-blocker therapy. However, this consensus was
challenged in 2023 when Godoy et al. [9] published a
rigorously designed population-based cohort study in the
Journal of the American College of Cardiology. Their
study of 28,039 patients with angiographically confirmed
stable CAD demonstrated a significant 8% relative risk
reduction in major cardiovascular events (HR 0.92, 95%
CI: 0.86-0.98, p = 0.006), primarily driven by reduced
MI hospitalizations [9]. This positive finding reignited
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Fig. 2. Funnel plot. Abbreviation: HF, heart failure; MI, myocardial infarction.

the debate about beta-blocker efficacy and highlighted the
need for updated evidence synthesis.

Our comprehensive meta-analysis, incorporating all
available evidence including the Godoy study, found no
significant benefit for cardiac death (HR 0.98, 95% CI:
0.93-1.04, p = 0.539), suggesting that the overall evidence
remains insufficient to support routine beta-blocker use
in stable CAD patients. Although our subgroup analyses
did not identify specific patient populations that consis-
tently benefit from beta-blocker therapy, examining poten-
tial explanatory factors for the divergent results between
studies may generate important hypotheses for future re-
search. The divergent results from the Godoy study may
stem from several key factors: First, their new-user de-
sign with a 1-year washout period specifically included
only beta-blocker-naive patients, designed to eliminate con-
founding from prior exposure and capture the true effects
of beta-blocker initiation. However, our subgroup analy-
sis of studies that explicitly excluded patients with prior
beta-blocker use still failed to demonstrate significant ben-
efits for cardiac death (p = 0.2330), suggesting that even in
treatment-naive populations, beta-blocker efficacy remains
uncertain. Second, strict patient selection criteria created a
unique study population—patients >66 years old with an-
giographically confirmed significant stenosis (>50% left
main or >70% major vessels), ensuring anatomically high-

&% IMR Press

risk features while excluding younger low-risk populations.
This “triple-screening” strategy may have identified a spe-
cific population most likely to benefit from beta-blockers.
Third, bisoprolol used by 66% of patients has higher g1
selectivity and longer half-life, potentially providing more
stable cardioprotective effects [21]. Fourth, the optimized
modern secondary prevention treatment background may
be crucial, with statin use reaching 8§7% in the Godoy study,
significantly higher than 52-72% in earlier studies. This
suggests that beta-blocker benefits may only manifest in
the context of comprehensive optimized therapy, explain-
ing why beta-blockers alone show no benefit in suboptimal
treatment settings but demonstrate benefit in modern op-
timized care. In contrast, the 2025 US study by Khan et
al. [18], despite similarly employing a new-user design,
found an 11% increase in all-cause mortality. Key differ-
ences include Khan’s study covering all age groups, higher
chronic obstructive pulmonary disease proportion (34.3%
vs 22.7%), and being based on electronic medical record
data from a diversified healthcare system. These contrast-
ing findings underscore the complexity of the relationship
between beta-blockers and cardiovascular outcomes in sta-
ble CAD, highlighting the need for rigorous prospective
studies to confirm which specific patient subgroups, if any,
might benefit from this therapy.
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Outcome: Cardiac death
Hazard Ratio

Hazard Ratio
1V, % Cl

_Study or Subgroup __log[Hazard Ratio] __SE_Weight IV, Random, 95% Cl

Bangalore 2012 -0.1054 0.1139 6.1% 0.90[0.72, 1.13]
Godoy 2023 -0.1054 0.0796 12.4% 0.90[0.77, 1.05]
Lee 2022 0 0.0316 78.7% 1.00 [0.94, 1.06]
1i 2013 -0.0943 0.2477 1.3% 0.91[0.56, 1.48]
Ozasa 2013 0.3988 0.3302 0.7% 1.49[0.78, 2.85]
Tsujimoto 2017 0.077 0.3085 0.8% 1.08 [0.59, 1.98]
Total (95% ClI) 100.0% 0.98 [0.93, 1.04]

Heterogeneity: Tau? = 0.00; Chi2 = 3.90, df = 5 (P = 0.56); 12 = 0%
Test for overall effect: Z=0.61 (P = 0.54)

Outcome: All-cause death
Hazard Ratio

15 2
Favours [Control]

+ + ?.
0.5 0.7 1

Favours [Beta-blocker]

Hazard Ratio
1IV. Random. 95% CI

Study or Subgrou log[Hazard Ratio, SE Weight IV, Random. 95% CI
Bangalore 2012 -0.0943 0.0852 9.5% 0.91[0.77, 1.08]
Bunch 2005 -0.4155 0.1732 3.6% 0.66 [0.47, 0.93]
Godoy 2023 -0.0513 0.0391 15.9% 0.95[0.88, 1.03]
Khan 2025 0.1044 0.0093 19.1% 1.11[1.09, 1.13]
Lee 2022 -0.0101 0.0264 17.6% 0.99[0.94, 1.04]
1i 2013 -0.2107 0.1793 3.4% 0.81[0.57, 1.15]
Motivala 2016 0 0.0208 18.2% 1.00 [0.96, 1.04]
Ozasa 2013 0.1222 0.1699 3.8% 1.13[0.81, 1.58]
Tsujimoto 2017 -0.0943 0.0899 8.9% 0.91[0.76, 1.09]
Total (95% Cl) 100.0% 0.98 [0.91, 1.05]

Heterogeneity: Tau? = 0.01; Chi? = 61.26, df = 8 (P < 0.00001); I> = 87%
Test for overall effect: Z = 0.68 (P = 0.49)

R

-

,|4 {

.-

15 2
Favours [Control]

0.5 0.7 1
Favours [Beta-blocker]

Hazard Ratio
IV, Random, 95% CI

Outcome: M|
Hazard Ratio

r I log[Hazard Rati E Weight [V, Ran % Cl
Bangalore 2012 0.2151 0.1579 6.5% 1.24[0.91, 1.69]
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Fig. 3. Forest plots of the effects of beta-blockers on cardiovascular outcomes in patients with stable ischemic heart disease.

Our meta-analysis revealed substantial heterogeneity,
particularly for all-cause death (I> = 87%) and HF (I? =
95%). Beyond the factors discussed in our subgroup anal-
yses and exploration of the Godoy study, several addi-
tional elements likely contributed to this variability. Ge-
ographic diversity across studies (spanning North Amer-

ica, East Asia, and international settings) introduced dif-
ferences in healthcare systems and practice patterns. The
specific beta-blockers used varied from predominantly car-
dioselective agents in some studies to more diverse phar-
macological profiles in others. Background therapy lev-
els also differed markedly, with variations in contempo-
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Fig. 4. Subgroup analyses of beta-blockers effects on all-cause death and MACE stratified by PSM status and prior beta-blocker

use. Abbreviation: BB, Beta-blocker; MACE, major adverse cardiovascular events; PSM, propensity score matching.

rary evidence-based therapies potentially creating different
contexts for beta-blocker efficacy. Methodological differ-
ences in follow-up durations and approaches to confound-
ing control further contributed to the observed heterogene-
ity. These multiple sources of clinical and methodological
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variability may help explain the absence of significant as-
sociations between beta-blocker therapy and cardiovascular
outcomes in our analysis.

Despite our overall null findings, it would be prema-
ture to conclude that beta-blockers provide no benefit in
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stable CAD patients. The divergent results between stud-
ies, particularly the positive findings in Godoy’s carefully
selected elderly population with high-risk anatomical fea-
tures, suggest that patient heterogeneity may be the key fac-
tor determining treatment response. Rather than reflecting
true inefficacy, our results may highlight the limitations of
current research methodologies in identifying the optimal
candidates for beta-blocker therapy. The challenge lies in
developing robust clinical criteria to identify patients who
would truly benefit from therapy. Future research should
focus on establishing individualized treatment algorithms
rather than pursuing blanket recommendations, with care-
ful consideration of individual patient characteristics, co-
morbidities, and risk profiles.

This study has several important limitations to con-
sider. First, all included studies were observational, and
despite employing advanced confounding control meth-
ods, residual and unmeasured confounding cannot be com-
pletely excluded. Second, significant methodological het-
erogeneity existed between studies, including differences in
exposure definitions, follow-up times, endpoint definitions,
and statistical methods, potentially affecting result compa-
rability. Third, we could not obtain individual patient data
for more refined subgroup analyses, limiting precise iden-
tification of benefiting populations. Fourth, the relatively
small number of included studies (n = 9) limits the robust-
ness of publication bias assessment using funnel plots, al-
though we supplemented this with Peter’s test to strengthen
our evaluation. Fifth, most studies came from developed
countries’ healthcare systems, potentially limiting global
applicability to developing countries or different healthcare
resource settings. Finally, rapid evolution of medical prac-
tice during observation periods, particularly introduction of
novel antiplatelet agents and proprotein convertase subtil-
isin/kexin type 9 (PCSK9) inhibitors, may have affected as-
sessment of beta-blockers’ relative therapeutic value.

In conclusion, we conducted a meta-analysis of 9 ob-
servational studies investigating the effects of beta-blocker
therapy on cardiovascular endpoints in stable CAD patients.
Our meta-analysis showed no significant association be-
tween beta-blockers and reduced cardiac death incidence
in stable CAD patients. These findings provide additional
contemporary evidence supporting current guideline rec-
ommendations from both AHA/ACC (Class III: No Bene-
fit) and ESC regarding beta-blocker use in this population.
Although Godoy et al.’s [9] study showed positive signals
in specific subgroups, overall evidence suggests that routine
use of beta-blockers in this population may require careful
reconsideration. Clinicians should conduct risk-benefit as-
sessments based on individual patient characteristics rather
than adopting “one-size-fits-all” prescribing patterns. To
clarify beta-blocker indications in this patient subset and
identify truly benefiting populations, rigorously designed
randomized controlled trials are needed to improve evi-
dence quality, particularly prospective studies targeting el-
derly patients with high-risk anatomical features.
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5. Conclusion

In this meta-analysis of contemporary studies, beta-
blocker therapy did not significantly reduce the incidence
of cardiovascular events in stable CAD patients with pre-
served left ventricular function without other indications for
beta-blockers. These findings provide additional contem-
porary evidence supporting current guideline recommenda-
tions from both AHA/ACC and ESC regarding beta-blocker
use in this population. Clinicians should conduct individu-
alized risk-benefit assessments rather than adopting routine
prescribing patterns.
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