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Abstract

Evidence for the effectiveness and safety of the third-generation beta-blockers other than atenolol
in hypertension remains scarce. We assessed the effectiveness and safety of beta-blockers as first-
line treatment for hypertension using three databases in the United States: two administrative
claim databases and one electronic health record-based database from 2001 to 2018. In each
database, comparative effectiveness of beta-blockers for the risks of acute myocardial infarction,
stroke, and hospitalization for heart failure was assessed, using large-scale propensity adjustment
and empirical calibration. Estimates were combined across databases using random-effects meta-
analyses. Overall, 118,133 and 267,891 patients initiated third-generation beta-blockers (carvedilol
and nebivolol) or atenolol, respectively. The pooled hazard ratios of acute myocardial infarction,
stroke, hospitalization for heart failure, and most metabolic complications were not different
between the third-generation beta-blockers versus atenolol after propensity score matching and
empirical calibration (hazard ratio 1.07, 95% CI 0.74 to 1.55 for acute myocardial infarction;
hazard ratio 1.06, 95% CI 0.87 to 1.31 for stroke; hazard ratio 1.46, 95% CI 0.99 to 2.24 for
hospitalized heart failure). Third-generation beta-blockers were associated with significantly
higher risk of stroke than angiotensin-converting enzyme inhibitors (hazard ratio 1.29, 95% CI
1.03 to 1.72), and thiazide diuretics (hazard ratio 1.56, 95% CI 1.17 to 2.20). In conclusion, this
study found many patients with first-line beta-blocker monotherapy for hypertension and no
statistically significant differences in the effectiveness and safety comparing atenolol with third-
generation beta-blockers. Patients on third-generation beta-blockers had a higher risk of stroke
than those on angiotensin-converting enzyme inhibitors and thiazide diuretics.

Keywords
Hypertension; Blood pressure; Antihypertensive agents; Beta-adrenergic receptor blocker; Stroke

INTRODUCTION

Beta-blockers have been a mainstay for anti-hypertensive treatment over the past half a
century.! Historically, beta-blockers had been recommended as one of the first-line treatment
options for primary hypertension by the Joint National Committee on Detection, Evaluation
and Treatment of High Blood Pressure (JNC) from its first report in 1977 through its seventh
report in 2003.23 However, Messerli et al*® raised concerns about this preference due to
paucity of the evidence for beta-blockers to reduce morbidity or mortality in patients with
uncomplicated hypertension. Several meta-analyses have concluded that efficacy of beta-
blockers in hypertension is inferior compared with other classes of anti-hypertensive drugs:
angiotensin-converting enzyme inhibitors (ACEIs), angiotensin receptor blocker (ARBS),
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calcium-channel blockers (CCBs), and thiazide or thiazide-like diuretics (TDs).6-10 As such,
the American College of Cardiology/American Heart Association (ACC/AHA) and Japanese
Society of Hypertension (JSH) guidelines no longer recommend beta-blockers as first-line
therapy for hypertensive patients without compelling indications.11:12

One explanation for the inferior efficacy of beta blockers compared with other classes of
first line anti-hypertensive drugs has been that three-quarters of randomized clinical trials
employed by previous meta-analyses used second-generation beta blockers without
vasodilating effect, mostly atenolol.”10 Beta-blockers are not a homogeneous class, differing
both in their B1/B,-receptor selectivity and vasodilatory effect.13 Theoretically, third-
generation beta-blockers with vasodilating properties, such as nebivolol and carvedilol, may
have more favorable efficacy compared with second-generation beta-blockers in reducing
cardiovascular events.1#15 Nonetheless, evidence for the effectiveness and safety of third-
generation beta-blockers for treating hypertension in comparison with atenolol and with
other classes of anti-hypertensive medications is lacking, especially regarding clinical
outcomes.

We developed the previously reported methods for large-scale evidence generation and
evaluation across a network of databases for hypertension (LEGEND-HTN) study to provide
comprehensive evidence for comparative effectiveness and safety among first-line anti-
hypertensives.16-19 Here, we investigated the effectiveness and safety of third-generation
beta-blockers as first-line treatment for hypertension compared with atenolol and other anti-
hypertensive medications, including ACEls, ARBs, CCBs, and TDs.

METHODS

Data Source and Overall Study Design

LEGEND-HTN is a distributed network study across the Observational Health Data Science
and Informatics (OHDSI) network.2%:21 Details were described in previous papers.16-18 All
materials have been made publicly available at the (https://github.com/ohdsi/Legend/). All
LEGEND-HTN study outcomes are available at a dedicated website (https://data.ohdsi.org/
LegendBasicViewer/).

We included three databases that had at least 2500 patients with exposures to atenolol,
nebivolol, and carvedilol who met the eligibility criteria described below (Methods in the
Data Supplement). The included databases were the MarketScan Commercial Claims and
Encounters database (CCAE, US employer-based private payer; 2001 to 2018), the
deidentified Optum Clinformatics Data Mart Database (Optum, US private payer; 2001 to
2017), and Optum De-Identified Electronic Health Record Dataset (PanTher; US
deidentified electronic health record dataset; 2007 to 2017).18 All of these databases have
been converted into the Observational Medical Outcomes Partnership common data model
version 5 with standardized data schema and semantics.2 This research was approved by the
Institutional Review Board of Ajou University Hospital (IRB number: AJIRB-MED-
EXP-17-054). Because the databases were de-identified, informed consent was not required.
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Within each database, we performed a retrospective comparative new-user cohort study to
generate propensity-score-adjusted and systematic-error-calibrated hazard ratios (HRs) for
all pairwise comparison between the first-line use of anti-hypertensive drugs, including beta-
blockers, against a panel of 55 health outcomes.23:24

Exposure and Outcomes

We identified patients who initiated monotherapy for hypertension with any medication
within the five drug classes: ACEI, ARB, dihydropyridine CCB (dCCB), TD, and beta-
blocker. The index date was defined as the first observed prescription for one of these
medications in an individual with a prior or concurrent diagnosis of hypertension. We
excluded patients who initiated an anti-hypertensive drug other than the originally prescribed
drug within 7 days of the index date. If a patient initiated a different anti-hypertensive drug
after 7 days, then the patient remained in the cohort. To address left censoring, we required
patients to have at least 1-year of continuous observation in the database before the index
date. We compared atenolol versus the third-generation beta-blockers, carvedilol and
nebivolol, and we compared atenolol and third-generation beta-blockers versus drugs in
other recommended classes of antihypertensives (ACEls, ARBs, dCCBs, and TDs). Because
most comparisons including carvedilol failed to pass the diagnostics described below, we
additionally present results from the comparison of nebivolol versus atenolol or other classes
of anti-hypertensives. Furthermore, the effectiveness of metoprolol was investigated
compared with atenolol, carvedilol, and nebivolol.

The prespecified primary outcomes were acute myocardial infarction, stroke, and
hospitalization for heart failure based on the 2017 ACC/AHA Guidelines systematic review.
25 Six secondary effectiveness outcomes include ischemic stroke, hemorrhagic stroke, heart
failure, sudden cardiac death, sudden cardiac death, and cardiovascular event (a composite
endpoint of three primary outcomes and sudden cardiac death). The other 46 outcomes are
safety outcomes, including angioedema, cardiac arrhythmia, syncope, fall, impotence, and
all-cause mortality. All of these outcomes were constructed based on previously published
phenotypes.16

For each outcome, we excluded patients with a history of the outcome before the date of
treatment initiation from the cohort. The on-treatment outcome risk window started on the
first day after treatment initiation and ended at the first cessation of continuous exposure of
the initiating drug allowing a 30-day gap. Additionally, we performed an intention-to-treat
(ITT) analysis, in which outcome risk windows extended to the end of the medical records
or observation. We reported on-treatment results in this article unless otherwise specified,
consistent with a priori specification of primary analysis and previous reports.

Statistical analysis

The detailed process generating systematic-error calibrated and PS-adjusted HRs was
described previously.16:17:19 We built large-scale PS models to adjust for differences in
baseline characteristics between each treatment pair through regularized regression based on
a data-driven process.26 The HRs were estimated using Cox proportional hazard models
after PS matching or stratification for each pair of anti-hypertensive monotherapies in each
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database. The results after PS matching rather than PS stratification are reported in the main
article unless otherwise specified. We judged sufficient balance when every absolute
standardized mean of difference was less than 0.1 after PS matching or stratification. We
defined empirical equipoise as when the majority of patients in each comparison pair had
preference scores (a transformation of PS adjusted for prevalence differences between
populations) from 0.25 to 0.75.17:27

HRs were combined through a random-effect meta-analysis to produce a composite effect
estimate of comparison.28 For example, the HRs of carvedilol versus atenolol and nebivolol
versus atenolol from each database were aggregated for the third-generation beta-blockers
versus atenolol comparison. We included only results from comparisons that passed the
diagnostics, including sufficient balance and empirical equipoise in the meta-analysis. To
measure residual bias due to systematic sources or unmeasured confounders, we employed
76 negative control outcomes, such as ingrowing nail and nicotine dependence, using a data-
rich algorithm;2° these outcomes are not considered to be caused by anti-hypertensive
treatments (i.e. outcomes where the true HR is assumed 1). Then, HRs were empirically
calibrated based on the results from negative control and synthetic positive control
outcomes, without correcting for multiplicity.3% A Pvalue of less than 0.05 was considered
statistically significant for all two-sided tests. Since this study did not conduct a correction
for multiplicity other than empirical calibration, results for secondary outcomes should be
interpreted as exploratory owing to the potential for type | error.

Post hoc analyses

RESULTS

Because of the potential confounding effect of baseline cardiovascular comorbidities and
blood pressure, we performed two post hoc sensitivity analyses for comparison between
third-generation beta-blockers and atenolol. First, we estimated the hazard ratios after
excluding patients with previous heart failure, ischemic heart disease, or atrial fibrillation on
three databases. Second, we repeated the analysis on the PanTher, the only database
containing blood pressure information, to include last systolic and diastolic blood pressure
within 1 year from the index date in the propensity score model using cubic splines.

The effectiveness of third-generation beta-blockers compared to atenolol

From CCAE, 45,262 and 92,155 individuals received the third-generation beta-blockers and
atenolol as first-line therapy for hypertension, respectively; from Optum 31,618 and 82,127,
received third-generation beta-blockers and atenolol, respectively; from PanTher 41,253 and
93,609 received third-generation beta-blockers and atenolol, respectively. The baseline
characteristics of carvedilol and nebivolol versus atenolol are provided in Table S1-2. The
maximum standardized mean difference of over 20,000 covariates was less than 0.1 from all
three databases after PS matching (Figure S1-2). The preference score distribution is shown
in Figure S3—4. The result from Optum comparing atenolol and carvedilol was excluded in
the meta-analysis because empirical equipoise was not achieved. Before and after
calibration, nominal 95% Cls covered in 71 of 74 (95.9%) negative control estimates across
comparisons between third-generation beta-blockers and atenolol (Figure S5).
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Table 1 describes the number of patients in each group with their follow-up durations,
incidence rates of the events, and absolute risk differences for the three primary outcomes
after PS matching. The Kaplan—Meier plots for three primary outcomes from the three
databases are depicted in Figure S6-8. When comparing third-generation beta-blockers to
atenolol, the aggregated risk of acute myocardial infarction (uncalibrated HR [uHR] 1.07
[95% CI 0.73-1.57]; calibrated HR [cHR] 1.07, 95% CI 0.74-1.55), stroke (UHR 1.06 [95%
Cl1 0.86-1.31]; cHR 1.06 [95% CI 0.87-1.31]), and hospitalization for heart failure (UHR
1.50 [95% CI1 0.99-2.27]; cHR 1.46 [95% CI 0.99-2.24]) were not statistically significantly
different after PS matching (Figure 1). The findings from meta-analyses in other analytic
setting (PS stratification or ITT) and the meta-analyses, including results without sufficient
balance or empirical equipoise, were consistent, which did not favor third-generation beta-
blockers over atenolol (Figures S9-10 in the Data Supplement).

A post hoc analysis also revealed that there were no statistically significant differences in
primary outcomes risks between the third-generation beta-blockers and atenolol in patients
without previous history of heart failure, ischemic heart disease, or atrial fibrillation (Table
S3). Furthermore, another post hoc analysis including baseline blood pressure in the
propensity model showed consistent results, of which confidence intervals completely
overlap the confidence intervals estimated by the original analysis in the PanTher database
(Table S4).

Secondary outcomes and safety of third-generation beta-blockers compared to atenolol

Figure 2 shows the differences in risks for the six secondary outcomes and safety profiles
between third-generation beta-blockers versus atenolol. In the primary analysis (PS
matching, on-treatment), there were significantly higher risks for the third-generation beta-
blocker group compared with atenolol for heart failure (cHR 1.65 [95% CI 1.09-2.65]),
cardiovascular-related mortality (cHR 1.45 [95% CI 1.03-2.14]), end-stage renal disease
(cHR 1.91 [95% CI 1.28-3.09]), and measured renal dysfunction (cHR 2.58 [95% CI 1.02—
7.25]).

Other safety profiles including all-cause mortality (cHR 1.20 [95% CI 0.98-1.51]), cardiac
arrhythmia (cHR 0.96 [95% CI 0.74-1.25]), bradycardia (cHR 0.92 [95% CI 0.73-1.13]),
syncope (cHR 1.03 [95% CI 0.86-1.26]), depression (cHR 0.97 [95% CI 0.82-1.14]),
impotence (cHR 1.17 [95% CI 0.95-1.17]), and type 2 diabetes mellitus (cHR 1.21 [95% ClI
0.97-1.54]), were not significantly different between third-generation beta-blockers and
atenolol after PS matching. There were no consistent differences in risks of secondary
outcomes or safety outcomes between third-generation beta-blockers and atenolol across
different statistical adjustment and time-at-risk settings.

Comparison between beta-blockers and other recommended drug classes

The comprehensive comparative effectiveness of beta-blockers and other anti-hypertensive
drugs is shown in Figure 3. After PS matching and empirical calibration, there were no
significant differences in risks for primary outcomes of atenolol versus ACEls or ARBs (all
calibrated Cls include 1). Compared with dCCBs, atenolol was associated with higher risk
of acute myocardial infarction (CHR 1.24 [95% CI 1.07-1.47]), stroke (cHR 1.24 [95% CI
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1.08-1.45]), and hospitalization for heart failure (cHR 1.19 [95% CI 1.05-1.37]). Compared
with TDs, atenolol was associated with significantly higher risks of acute myocardial
infarction (cHR 1.26 [95% CI 1.07-1.49]), stroke (cHR 1.19 [95% CI 1.03-1.39]), and
hospitalization for heart failure (cHR 1.27 [95% CI 1.07-1.54]).

Third-generation beta-blockers were associated with a significantly higher risk of stroke
than ACEIs (cHR 1.29 [95% CI 1.03-1.72]) and thiazide-diuretics (cHR 1.56 [95% CI 1.17-
2.20]). Most risk estimates were higher in third-generation beta-blockers compared with
other classes without statistical significance. The detailed meta-analyses are depicted in
Figure S11-12 in the Data Supplement.

Comparative effectiveness of metoprolol versus atenolol, carvedilol, and nebivolol

The risk of hospitalization for heart failure was higher in patients initiating metoprolol than
patients initiating atenolol (cHR 1.30 [95% CI 1.15-1.50]), while the risks of acute
myocardial infarction (cHR 1.01 [95% CI 0.86-1.20]) and stroke (cHR 1.06 [95% CI 0.92—
1.23]) were not significantly different between metoprolol and atenolol (Figure S13a).
Compared with carvedilol, metoprolol use was associated with lower risk of hospitalization
for heart failure (cHR 0.80 [95% CI 0.71-0.89]; Figure S13b). The risks for primary
outcomes were not significantly different between metoprolol and nebivolol (all calibrated
Cls include 1; Figure S13c).

Comparison between nebivolol and atenolol or other recommended drug classes

The risks for primary outcomes were not significantly different between nebivolol and
atenolol (all calibrated Cls include 1; Table S5). Nebivolol was associated with a higher risk
for stroke compared to ACEIs (cHR 1.39 [95% CI 1.04-1.98]), dCCBs (cHR 1.40 [95% ClI
1.05-1.97]), and TDs (cHR 1.56 [95% CI 1.17-2.20]). The risks for acute myocardial
infarction and hospitalization for heart failure were not significantly different between
nebivolol and other classes.

Figure 4 summarizes the comparison between nebivolol and atenolol or other classes of anti-
hypertensives. First-line nebivolol use was associated with a higher risk for transient
ischemic attack than first-line atenolol use in hypertensive patients (cHR 1.59 [95% CI 1.15-
2.23]). Except for increased vasculitis risk for atenolol (cHR 3.05 [95% CI 1.24-7.77]), no
significant differences in the safety profile of nebivolol versus atenolol were observed. First-
line use of nebivolol increased the risk for ischemic stroke compared to ACEIs (cHR 1.50
[95% CI 1.12-2.16]), ARBs (cHR 1.43 [95% CI 1.03-2.11]), dCCBs (cHR 1.49 [95% ClI
1.11-2.14]), and TDs (cHR 1.50 [95% CI 1.12-2.12]), which is consistent with the results
from other analytic settings (Figure S14 in the Data Supplement). Nebivolol was also
associated with a higher risk for bradycardia compared with ACEIs (cHR 1.34 [95% CI
1.10-1.75]), ARBs (cHR 1.49 [95% CI 1.11-2.14]), and TDs (cHR 1.43 [95% CI 1.13-
1.90]). Compared to ACEIs, nebivolol was associated with decreased risk of gastro-intestinal
(GI) bleeding (cHR 0.64 [95% CI 0.42-0.89]), vomiting (cHR 0.81 [95% CI 0.62-0.98],
hyperkalemia (cHR 0.73 [95% CI 0.54-0.91]), angioedema (cHR 0.45 [95% CI 0.23-0.80]),
and cough (cHR 0.72 [95% CI 0.54-0.89]). Risks for hemorrhagic stroke (cHR 2.16 [95%
Cl 1.21-4.13], heart failure (cHR 1.38 [95% CI 1.00-2.00]), cardiovascular events (cHR
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1.28 [95% CI 1.02-1.70]), and transient ischemic attack (cHR 1.57 [95% CI 1.15-2.27])
were significantly higher in nebivolol compared with TDs, while risks for hypokalemia
(cHR 0.18 [95% C1 0.08-0.35]) and hyponatremia (cHR 0.48 [95% CI 0.24-0.89]) were
lower in nebivolol compared with TDs.

DISCUSSION

We found 118,133 and 267,891 patients initiating third-generation beta-blockers or atenolol,
respectively, while 741,340 patients initiated TDs for hypertension across the three
databases.18 Many patients were being initiated with third-generation beta-blockers, but we
found no comparative effectiveness or safety advantage for third-generation beta-blockers,
specifically carvedilol and nebivolol, as first-line treatment for hypertension compared with
atenolol. Third-generation beta-blockers was not superior to metoprolol in terms of
prevention of future cardiovascular events in hypertensive patients. First-line third-
generation beta-blockers were associated with a higher risk of cardiovascular events,
especially stroke, than other classes of anti-hypertension medication.

A Cochrane review revealed the inferiority of first-line beta-blockers in prevention of death
compared with CCBs and stroke compared with CCBs or renin-angiotensin system
inhibitors for hypertension.10 In another meta-analysis of 147 randomized trials by Law et
al., beta-blockers were associated with an 18% higher risk for stroke compared with other
anti-hypertensive drugs.3! In a meta-analysis of 123 studies that included 613,815 people,
beta-blockers, mostly atenolol, were inferior to other anti-hypertensive drugs in reducing
major cardiovascular events, stroke, and renal failure.32 The latest meta-analysis revealed
that beta-blockers were less protective for stroke and all-cause death in 24 trials including
103,764 patients, compared with other agents.33 This study also confirmed the inferiority of
atenolol in cardiovascular disease prevention, especially compared to dCCB and TDs in
routine clinical practice. However, there are no randomized trials or large-scale
observational studies to demonstrate the effectiveness of third-generational beta-blockers in
hypertension compared with atenolol or other anti-hypertensives. The 2017 ACC/AHA

guidelines went as far as recommending not using atenolol for the treatment of hypertension.
1

This study identified signals for most well-known adverse events of anti-hypertensives, such
as increased risk for bradycardia in beta-blockers, angioedema or cough in ACEls, and
electrolyte disturbance in TDs. Of note, nebivolol was associated with decreased risk for Gl
bleeding compared with ACEIs or ARBs. This might be attributable to the effect of beta-
blockers on the prevention of bleeding from esophageal varices or their pleiotropic effects on
gastric mucosal blood flow and gastrin production.34 Nonetheless, the results for secondary
outcomes or safety outcomes should be considered as exploratory, since this study did not
adjust for multiple testing.

Third-generation beta-blockers are known to have favorable effects on endothelial function
and metabolic profiles compared with atenolol.14:15 The CAFE study demonstrated that
atenolol was less effective in reducing central blood pressure compared to other classes
despite similar brachial blood pressure effects.3> Another randomized study reported
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nebivolol decreased central blood pressure significantly while metoprolol did not.36
Therefore, in theory, third-generation beta-blockers with vasodilating properties could be
superior to the second-generation beta-blockers in reducing cardiovascular outcomes for
hypertensive patients due to their pleiotropic effects and better efficacy in reducing central
blood pressure. Ironically, only these theoretical benefits, together with lack of clinical
evidence, supplied the basis for the argument that the third-line beta-blockers may have
better efficacy than conventional beta-blockers such as atenolol for treatment of
hypertension. However, in a recent meta-analysis comparing atenolol and the third-
generation beta-blockers, there were no significant differences in central blood pressure
changes after accounting for differences in heart rate changes.3’

Beta-blockers remain as an option for first-line anti-hypertensive treatment in several
guidelines.38:39 Nationwide researches revealed that the use of beta-blockers monotherapy
for hypertensive patients is still prevalent in US and Korea.4%41 Qur study extends the prior
literature substantially as it is the largest and most comprehensive evidence for the
comparative effectiveness and safety of initial beta-blocker monotherapy in hypertensive
patients under routine medical practice and identifies key opportunities to improve current
practice.

Still, this study has several limitations. First, potential residual confounding due to
observational nature of the study may bias our findings. Nonetheless, the rigorous features of
this study, including new-user cohort design with active comparators and empirical
equipoise, all helped to reduce the potential for confounding by indication and unmeasured
characteristics.274243 We applied large-scale PS models to adjust more than 20,000
covariates in each site. We successfully matched and balanced all these covariates including
index years to cover different epochs of treatment choice. We confirmed that this approach is
insensitive to the hidden confounders such as baseline BPs through post hoc analysis, which
has also been demonstrated in previous reports.16:17 A large set of negative and positive
controls were employed to quantify and mitigate residual bias by empirical calibration of
confidence intervals. The cHRs were close to the uHRs, which revealed that the possibility
of severe systematic errors was likely small. Since all the study protocols were prespecified
before execution and all the study results were made public, there is little chance of
publication bias or p-hacking.

Second, the results across drugs and databases were considerably heterogeneous. The
random-effects meta-analysis of this study averaged over observed differences and might fail
to detect true effects of the third-generation beta-blockers.** However, we argue for more
caution concerning type | error rather than type Il error when investigating the effectiveness
of anti-hypertensive medications using large real-world data because there is an established
initial pharmacologic treatment in hypertension. Third, since we did not exclude those who
added second-line antihypertensives after 7 days of index date, it is possible that selective
secondary drug choices could have influenced the different effectiveness between beta-
blockers. Fourth, due to the relatively short duration of maintenance of the allocated
medication in on-treatment design, we could not determine whether long-term treatment
with this drug might result in differences in cardiovascular events. However, we found that
the results from the ITT design, which followed the patients during much longer period,
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were consistent with the results from the on-treatment design. Sixth, since this study
identified most of the clinical outcomes through the reported diagnosis, outcomes including
sudden cardiac death might be over- or under-detected due to diagnostic or coding errors.
Seventh, we did not stratify the study population into young and old patients. Since majority
of included patients were younger than 60, caution is needed in extrapolating these results to
old hypertensive patients. Eighth, since this study focused on treatment-naive hypertensive
patients without stratification according to the patient’s concomitant diseases, the
effectiveness of beta-blockers in patients with certain diseases should be investigated in the
future research. Nineth, certain drugs might have disproportionately large impact on the drug
class comparison, such as the majority of patients used lisinopril in the ACEI group.
Nevertheless, this reflects the actual percentage of drug use in routine clinical practice,
which, in turn, can reflect the real-world comparativeness effectiveness at class level.
Finally, the results related with metoprolol should be interpreted in caution, this study did
not distinguish metoprolol succinate and metoprolol tartrate.

Perspectives

We found that the use of beta-blockers as an initial pharmacological therapy for
hypertension is prevalent in routine clinical practice. This study found no significant
differences in effectiveness between atenolol and third-generation beta-blockers, specifically
carvedilol and nebivolol. We also found that these third-generation beta-blockers were less
effective in preventing stroke than ACEIs and TDs. Our findings support the current
ACC/AHA and the JSH guidelines, which recommend not using beta-blockers as first-line
treatment in hypertensive patients without compelling indications. Nonetheless, further
study is warranted given the potential for residual confounding and the short duration of
medication.
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Novelty and Significance
What is new?

. We found no statistically significant differences in the effectiveness and safety
comparing atenolol with third-generation beta-blockers, specifically
carvedilol and nebivolol.

. Patients on third-generation beta-blockers had a higher risk of stroke than
those on angiotensin-converting enzyme inhibitors and or thiazide or thiazide-
like diuretics.

What is Relevant?

. Evidence for the effectiveness and safety of the third-generation beta-blockers
other than atenolol in hypertension remains scarce.

. Prescription of beta-blockers for hypertension is still prevalent in routine
clinical practice.
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Summary

Despite their widespread use in hypertension, both atenolol and third-
generation beta-blockers showed inferior effectiveness when compared to
other recommended medications for first-line pharmacological treatment of
hypertension in routine clinical practice.
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The meta-analytic HR estimates and their 95% Cls comparing the relative risk of acute
myocardial infarction, stroke, and hospitalization for heart failure between third-generation
beta-blockers (carvedilol and nebivolol) versus atenolol (PS matching, on-treatment)
Abbreviations: HR, hazard ratio; CI, confidence interval; 3rd BB, third-generation beta-
blocker; PS, propensity score; CCAE, Truven MarketScan Commercial Claims and
Encounters; Optum, Optum ClinFormatics; Panther, Optum de-identified Electronic Health
Record Dataset
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Figure 2.
Meta-analytic safety profiles comparing third-generation beta-blockers (carvedilol and

nebivolol) to atenolol across six secondary outcomes (all-cause mortality, ischemic stroke,
hemorrhagic stroke, heart failure, sudden cardiac death, unstable angina, and cardiovascular
event) and 46 safety outcomes listed on product labels.

Points and lines identify calibrated HR estimates with their 95% Cls, respectively. Outcomes
in grey signify that the CI covers an HR of 1 (null hypothesis of no differential risk). The
cardiovascular event outcome includes acute myocardial infarction, stroke, hospitalization
for heart failure, and sudden cardiac death.

Abbreviations: HR, hazard ratio; CI, confidence interval; PS, propensity score; 3rd-gen BBs,
third-generation beta-blockers
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Primary Outcomes

-+- Acute myocardial infarction

-¢- Stroke

.¢. Hospitalization for heart failure

Significance

A P<05
(1) Not significant

The meta-analytic calibrated HR estimates and their 95% Cls comparing the relative risk of

cardiovascular diseases in new users of anti-hypertensive drugs.

Abbreviations: HR, hazard ratio; CI, confidence interval; BBs, beta-blockers; ACEIs,
angiotensin-converting enzyme inhibitors; ARBSs, angiotensin receptor blocker; dCCBs,
dihydropyridine calcium-channel blocker; TDs, thiazide, or thiazide-like diuretics
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Figure 4.
Meta-analytic safety profiles comparing nebivolol to atenolol and other classes (ACEI, ARB,

dCCB, and TD) across six secondary outcomes (all-cause mortality, ischemic stroke,
hemorrhagic stroke, heart failure, sudden cardiac death, unstable angina, and cardiovascular
event) and 46 safety outcomes listed on product labels (PS-matching, on-treatment). Points
and lines identify calibrated HR estimates with their 95% Cls, respectively. Outcomes in
gray signify that the CI covers HR of 1 (null hypothesis of no differential risk). The
cardiovascular event outcome includes acute myocardial infarction, stroke, hospitalization
for heart failure, and sudden cardiac death.

Abbreviations: HR, hazard ratio; CI, confidence interval; PS, propensity score; ACEls,
angiotensin-converting enzyme inhibitors; ARBSs, angiotensin receptor blocker; dCCBs,
dihydropyridine calcium-channel blocker; TDs, thiazide, or thiazide-like diuretics
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