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Abstract

Background Beta-blockers are widely used, with continuously updated clinical recommendations. However, their
application faces challenges in personalized treatment and safety. The study aimed to investigate the frequency and
patterns of prescribing beta-blockers in China and to explore potential adverse event risk signals associated with
beta-blockers, providing reference for rational medication use in clinical settings.

Methods Prescription data for beta-blockers from January 2018 to June 2023 were extracted through the Hospital
Prescription Analysis Collaborative Project in China to analyze clinical usage trends. While adverse drug reaction
reports for beta-blockers were obtained from the FDA Adverse Event Reporting System (FAERS) database. The
classification and standardization of adverse drug event (ADE) reports were based on the preferred terms (PT) and
corresponding system organ classes (SOC) from the Medical Dictionary for Regulatory Activities (MedDRA). Signal
detection utilized a proportion imbalance method.

Results In clinical practice, metoprolol dominated beta-blocker prescriptions in China, accounting for 62.2%.
Beta-blockers were primarily prescribed to the elderly (65.7%) and male patients (57.0%). However, off-label use

of beta-blockers was relatively widespread. For instance, sotalol was prescribed for hypertension at 18.25%, while
esmolol was used for angina and heart failure at rates of 12.94% and 14.98%, respectively. In addition, we identified
newly discovered adverse reactions associated with beta-blockers, such as BRASH syndrome (metoprolol: n=186,
ROR=391.285; carvedilol: n=72, ROR=256.459), acute kidney injury (bisoprolol: n=247, ROR=5.641), premature baby
(labetalol: n=110, ROR=91.385), and sleep disorder (propranolol: n=254, ROR=10.98).
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Conclusions Metoprolol led the beta-blocker market in China. Attention was warranted regarding the newly
discovered adverse reactions, such as the risk of acute kidney injury with bisoprolol and the potential for BRASH

syndrome with metoprolol and carvedilol.

Keywords Beta-blockers, Real-world research, Safety, Metoprolol, Adverse drug event

Introduction

Since their introduction in the 1960s, beta-blockers have
become essential medications in clinical practice. Over the
years, a growing variety of beta-blockers have been devel-
oped, offering broader options and treatment possibilities in
the medical field. These drugs play a vital role in managing
cardiovascular conditions such as angina, hypertension, and
heart failure, and they have also demonstrated effectiveness
in treating migraines and essential tremors.

Beta-blockers exhibit significant heterogeneity, pri-
marily due to their cardiac selectivity, lipophilicity, and
intrinsic sympathomimetic activity. These characteristics
not only influence their mechanisms of action but also
determine their therapeutic indications. Consequently,
challenges in selecting the appropriate beta-blocker have
emerged as a significant issue, hindering clinicians from
effectively utilizing these medications.

Over the past decade, recommendations regarding the
use of beta-blockers have gradually evolved. For instance,
in the case of hypertension—the most common indica-
tion—some guidelines [1, 2] have no longer positioned
beta-blockers as the first-line initial treatment, instead
favoring calcium channel blockers (CCBs), angioten-
sin-converting enzyme inhibitors (ACEIs), angiotensin
receptor blockers (ARBs), and diuretics. Beta-blockers
were generally reserved for patients with specific com-
plications or conditions, such as heart failure, angina,
myocardial infarction, atrial fibrillation, or for young
women who were pregnant or planning to become preg-
nant. The 2023 ESH guidelines [3] once again included
beta-blockers among the five major classes of anti-hyper-
tensive drugs for initial treatment, a decision that might
have been somewhat controversial. On the one hand,
beta-blockers demonstrated clear efficacy in lowering
blood pressure, and concerns regarding their potential
to cause depression or erectile dysfunction seemed to
be overstated. In fact, for patients with chronic obstruc-
tive pulmonary disease (COPD) or peripheral artery
disease, whose treatment options were limited, the use
of beta-blockers might have provided significant thera-
peutic benefits [4]. However, some studies suggested that
beta-blockers were significantly less effective than other
anti-hypertensive medications in preventing stroke and
cardiovascular death, and upgrading the use of beta-
blockers could potentially have led to widespread harm
due to poorer protection against strokes [5]. Due to the
widespread application of beta-blockers across various
fields and the continuous updates in recommendations in

recent years, coupled with the diversity and heterogeneity
of beta-blockers themselves, clinical practice might have
faced challenges in selection and lack of standardization.

Beta-blockers, commonly used to manage cardiovas-
cular conditions such as hypertension, heart failure, and
arrhythmias, play a crucial role in addressing the grow-
ing burden of cardiovascular diseases (CVDs) in China,
which is the leading cause of death in the country [6]. By
analyzing real-world usage trends, this study offers valu-
able insights into prescription patterns, patient popula-
tion characteristics, and regional disparities in access
to beta-blockers. These findings could assist healthcare
policymakers in optimizing cardiovascular treatment
strategies, thereby improving patient outcomes and
reducing the economic burden of CVDs, which pose sig-
nificant challenges to both individual households and the
national healthcare system [7]. Moreover, the utilization
of the FDA adverse event reporting system (FAERS) data-
base for safety exploration allows for a comprehensive
assessment of adverse drug events (ADEs), a key factor
in ensuring patient safety and informing regulatory deci-
sions. Identifying potential safety risks can help prevent
harmful side effects, reduce healthcare costs associated
with ADEs, and bolster public confidence in medical
treatments [8]. Ultimately, this study has the potential
to enhance the quality of care, promote cost-effective
healthcare, and improve overall population well-being
in China. The study aimed to explore the clinical usage
of beta-blockers in China based on real-world data from
the Hospital Prescription Analysis Collaborative Project
and to conduct a preliminary assessment of the rational-
ity of beta-blocker prescriptions. Additionally, we sought
to leverage the FAERS database to uncover potential
adverse event risk signals associated with beta-block-
ers, providing evidence for rational drug use in clinical
practice.

Methods

Data analysis of the hospital prescription analysis
collaborative project

Study sample

This section extracted prescription data for beta-blockers
from the “Hospital Prescription Analysis Collaborative
Project” conducted by the Pharmacy Professional Com-
mittee of the Chinese Pharmaceutical Association, cover-
ing the period from January 2018 to June 2023. The data
included samples from hospitals in nine regions: Beijing,
Shanghai, Guangzhou, Hangzhou, Chengdu, Tianjin,
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Zhengzhou, Shenyang, and Harbin. Every quarter, pre-
scriptions from 10 randomly selected working days were
collected from both outpatient and inpatient depart-
ments. We defined the prescription selection criteria
based on the target drug class of beta-blockers, ensuring
that only those prescriptions explicitly containing beta-
blockers were included. These drugs comprise metopro-
lol, bisoprolol, esmolol, arotinolol, carvedilol, carteolol,
labetalol, sotalol, propranolol, timolol, atenolol, betaxo-
lol, and bevantolol. Inclusion criteria: ©®The prescription
includes the target beta-blocker drugs. @The prescrip-
tion date falls within the study’s time frame. ®The pre-
scription originates from both outpatient and inpatient
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departments. Exclusion criteria: @Duplicate prescrip-
tions. @Prescriptions that lack age information or diag-
nostic information (Fig. 1).

Study design

In this study, we performed a descriptive analysis of beta-
blocker prescriptions, including a statistical evaluation of
the prescription numbers for various beta-blockers. We
also organized relevant patient information, such as gen-
der, age, department, region, and hospitalization status,
to enhance our sample data. The prescription included
the original diagnosis, which was coded and classified
according to the International Classification of Diseases,

Inclusion criteria: Hospital Prescription
@The prescription explicitly includes beta- Analysis Collaborative
blockers (including metoprolol, bisoprolol, esmolol, ar Project

FAERS database

otinolol, carvedilol, carteolol, labetalol, sotalol, propra
nolol, timolol, atenolol, betaxolol, and bevantolol).
@The prescription date falls within the study’s time

The time frame set from the establish
ment of the database to March 2024

frame.
@The prescription originates from both outpatient
and inpatient departments. l
Exclusion criteria:
@Duplicate prescriptions. metoprolol
@Prescriptions that lack age information or have bisoprolol
incomplete information regarding drug combinations. assaatol
arotinolol
carvedilol
carteolol
labetalol
sotalol
propranolol
timolol
atenolol
betaxolol
bevantolol

|

Exclusion of drugs not approved in the United States:

l

arotinolol, bevantolol
Exclusion of drugs used primarily for ophthalmic treatment:
betaxolol, timolol, carteolol

l—>

Prescriptions
n=5928173

$—I—¢

Distribution of common

Basic characteristics

metoprolol
bisoprolol
esmolol
carvedilol
labetalol
sotalol
propranolol
atenolol

indications of different

of prescriptions e

T Categorized and standardized based on preferred terms (PT)
l and the corresponding system organ classes (SOC) from the

‘ Medical Dictionary for Regulatory Activities (MedDRA).

Basic characteristics of ADE reporting
for metoprolol (n=66658)

Number of PT reports:
metoprolol (n=3380)

bisoprolol (n=2171)
esmolol (n=157)
carvedilol (n=2030)

A and bisoprolol (n=44224)
Age
Gender
Year
Region Age, Sex, Reporting time, Country

labetalol (n=655)
sotalol (n=874)

Any hospitalization
Department visited

propranolol (n=2034)
atenolol (n=2093)

According to the calculation formulas for the ROR
and MHRA comprehensive criteria method,
the determination thresholds were set at report
y count (n=3), PRR22, ROR 95% confidence
intervals (Cls) lower limit>1, and x224.

Number of positive PT reports:
metoprolol (n=517)
bisoprolol (n=591)

esmolol (n=18)
carvedilol (n=318)
labetalol (n=99)
sotalol (n=158)
propranolol (n=367)
atenolol (n=421)

The classification was based on the following criteria:
1<ROR<5&n>50,ROR>5&n>50, ROR>5
& 3 < n < 50, and not applicable (NA)

y

Further analysis to uncover new risk signals for adverse
events of concern in conjunction with the specification

Fig. 1 The flowchart depicts the study design, including the selection process for data extraction and analysis. It outlines the key steps taken in the study,
such as the identification of eligible prescriptions and the criteria for inclusion and exclusion. Additionally, it describes the overall methodology used for
data collection and analysis from the Hospital Prescription Analysis Collaborative Project and the FAERS database
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10th Edition (ICD-10). Based on the original diagnoses
in the prescriptions, we calculated the usage proportions
of various beta-blockers for common indications (such
as hypertension, heart failure, and angina pectoris). We
compared these proportions to the approved indications
outlined in the drug labeling and the recommendations
in clinical guidelines, which enabled us to assess the
rationality of medication use across different types of
beta-blockers. The basic characteristics of different beta-
blocker prescriptions were described using the number
of prescriptions and percentages, while the usage of dif-
ferent beta-blockers and the original diagnoses for their
prescription were described using proportions.

Data analysis of the FAERS database

Data source

The FAERS database provides a wealth of medical infor-
mation, including drug usage, patient information
regarding ADEs, and reporter details, which helps bet-
ter understand drug safety and inform timely policies
and regulatory measures [9]. This study collected adverse
event information related to beta-blockers from the
FAERS database and conducted data analysis to perform
signal detection for ADEs of beta-blockers, further ana-
lyzing their safety to provide a reference for the clinically
safe use of these drugs.

Using the OpenVigil 2.1 website (http://openvigil.sour
ceforge.net), we conducted searches for the target drugs
metoprolol, bisoprolol, esmolol, carvedilol, labetalol,
sotalol, propranolol, and atenolol, designating them as
primary suspects in relation to reported adverse events.
The time frame for our searches was set from the estab-
lishment of the database to March 2024. We excluded
the drugs arotinolol and bevantolol, which were not
approved for marketing in the United States, as well as
betaxolol, timolol, and carteolol, which were primarily
used for ophthalmic treatments (Fig. 1).

Data processing

We extracted data on the most frequently used metopro-
lol and bisoprolol from ADE reports, including patient
age, gender, clinical outcomes, reporting country, and
reporting date, and conducted statistical analysis to
summarize the basic information of ADE reports. ADE
reports were categorized and standardized based on pre-
ferred terms (PT) and the corresponding system organ
classes (SOC) from the Medical Dictionary for Regula-
tory Activities (MedDRA), which was a standardized
medical vocabulary that helped streamline the recording
and reporting of ADE data on a global scale [10].

This study utilized the proportional imbalance method
for signal detection, employing the reporting odds ratio
(ROR) method and the comprehensive criteria method
from the Medicines and Healthcare Products Regulatory
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Table 1 The fourfold table of disproportionality measurement

Drug Target Adverse  Other Adverse Total
Event Report Event Reports

Target Drug a b a+b

Other Drugs C d c+d

Total a+c b+d a+b+c+d

Note a, number of reports containing both the target drug and the target
adverse drug event; b, number of reports containing other adverse drug events
of the target drug; ¢, number of reports containing the target adverse drug
event of other drugs; d, number of reports containing other drugs and other
adverse drug events

Table 2 Formulas and criteria of ROR and MHRA methods

Methods Formula Signal deci-
sion threshold
ROR ROR=ad/bc 95% Cl lower
9504C| = eIN(RORIE1.96(1/a+1/b+1/c+1/d)A0S limit>1,n>3
MHRA PRR=(a/(a+b))/(c/(c+d)) PRR>2,x*=4,

x’=(@d-bc)? (@a+b+c+dy/[@@+b)c+d) n=3
(a+9(b+d)]
Note n, the number of reports

Agency (MHRA) to analyze ADE report data. The four-
fold table of disproportionality measurement is provided
in Table 1. The ROR method, developed by the Lareb
laboratory at the Dutch Pharmacovigilance Centre, is
recognized for its reduced bias and enhanced sensitivity.
The MHRA method, which builds upon the PRR method
by integrating PRR values, absolute report counts, and
chi-square statistics while ensuring a minimum case
combination, is noted for its high sensitivity and consis-
tent results [11]. According to the calculation formulas
for the ROR and MHRA comprehensive criteria method
(Table 2), the determination thresholds were set at report
count (n>3), PRR>2, ROR 95% confidence intervals
(CIs) lower limit>1, and x*>4. The stronger the signal
value, the greater the statistical association between the
target drug and the corresponding ADE. To categorize
the eight beta-blockers based on their ROR and the num-
ber of reports into the top 10 PTs, they were classified
into three categories: non-selective beta-blockers, selec-
tive betal-blockers, and alpha-beta blockers. The same
PTs from different drugs within the same category were
merged. The classification was based on the following
criteria: 1 <ROR<5 & n2>50, ROR25 & n>50, ROR>5 &
3<mn<50, and not applicable (NA).

Results

Basic prescription information

This study included a total of 5,928,173 prescriptions,
with the basic information summarized in Table 3. Out-
patient prescriptions accounted for 53.7%, while inpatient
prescriptions accounted for 46.3%. Patients were grouped
by age, and the proportion of those using beta-blockers
increased with age. Among patients over 60 years old, the
usage of beta-blockers was the highest, reaching 65.7%,
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Table 3 Demographic characteristics of prescriptions
Prescriptions(N=5,928,173) Proportion(%)

Characteristic

Age

0-17 40,784 0.7
18-44 626,509 10.6
45-59 1,361,917 230
>60 3,898,963 65.7
Gender

Male 3,380,247 57.0
Female 2,547,926 430
Year

2018 1,148,920 194
2019 1,195,253 20.2
2020 954,006 16.1
2021 1,064,001 17.9
2022 1,014,192 171
First half of 2023 551,801 9.3
Region

Beijing 1,110,187 18.7
Shanghai 958,171 16.2
Guangzhou 1,400,266 236
Hangzhou 693,290 1.7
Chengdu 338,935 57
Tianjin 364,484 6.2
Zhengzhou 345,553 58
Shenyang 563,371 9.5
Harbin 153916 26
Any hospitalization

Inpatient 2,743,931 46.3
Outpatient 3,184,242 53.7
Department visited

Cardiology 2,417,501 40.8
Geriatrics 410,590 6.9
Neurology 274,813 4.6
Endocrinology 235,001 4.0
Others 2,590,268 43.7

while the usage among patients aged 0—-17 was the low-
est, at only 0.7%. Males represented 57.0% of the patients,
while females accounted for 43.0%. From 2018 to the
first half of 2023, the number of prescriptions for beta-
blockers showed no significant fluctuations each year.
There were notable differences in the number of beta-
blocker prescriptions across different regions. Areas with
rich medical resources, such as Guangzhou, Beijing, and
Shanghai, had higher patient visits, accounting for 23.6%,
18.7%, and 16.2%, respectively. The largest number of
prescriptions came from cardiology, accounting for as
much as 40.8%.

Usage of different beta-blockers

In Fig. 2, it could be observed that metoprolol dominated
among the commonly used beta-blockers, accounting for
as much as 62.2%, with its prescription numbers signifi-
cantly higher than those of other medications. Bisoprolol
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Metoprolol
Bisoprolol
Arotinolol
Carvedilol
Esmolol
Propranolol
Carteolol
Sotalol
Labetalol
Atenolol
Timolol
Betaxolol

e

Fig. 2 This figure illustrates the percentage distribution of various beta-
blockers among all prescriptions extracted in this study. The data shows
that metoprolol is the most commonly used beta-blocker, followed by
bisoprolol, atenolol, and carvedilol. Each color represents a different
beta-blocker

ranked second with a share of 24.8%, while other drugs
showed a significant disparity, each accounting for less
than 5%. Bevantolol was not shown in the figure due to
its prescription count of only 3.

Diagnostic distribution of different beta-blockers

As shown in Table 4, metoprolol, bisoprolol, arotinolol,
carvedilol, labetalol, esmolol, atenolol, and bevanto-
lol were primarily used for the treatment of hyperten-
sion. Additionally, carteolol, timolol, and betaxolol were
commonly used as ophthalmic medications for ocular
hypertension, collectively accounting for more than 90%
of prescriptions in this category. Sotalol was most fre-
quently prescribed for arrhythmias, which aligned with
its approved indications in the labels, primarily target-
ing ventricular arrhythmia, atrial flutter, and supraven-
tricular tachycardia. However, it was important to note
that sotalol had not been approved for the treatment
of hypertension. Nonetheless, 18.25% of prescriptions
still indicated hypertension as a diagnosis, which raised
concerns about appropriateness. Esmolol showed a sig-
nificant proportion of prescriptions for hypertension,
heart failure, and angina pectoris, with ratios exceeding
10%. However, indications for angina and heart failure
had not been approved domestically or internation-
ally, and the label explicitly stated that esmolol should
not be used in cases of decompensated heart failure. It
was noteworthy that the proportion of propranolol pre-
scriptions that included a diagnosis of hyperthyroid-
ism was 63.72%, significantly higher than that of other
beta-blockers.

Basic characteristics of ADE reporting
Table 5 showed that most of the ADE reports were
incomplete. For both metoprolol and bisoprolol, the
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Table 4 Distribution of common indications of different beta-blockers
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Generic name Diagnostic proportion (%)
(ICD-10) Metoprolol | Bisoprolol | Arotinolol | Carvedilol | Labetalol | Esmolol | Carteolol | Propranolol | Sotalol | Timolol | Atenolol | Betaxolol | Bevantolol
Essential (primary)
i 28.50 3845 63.44 52.08 84.84 16.42 3.31 11.57 18.25 4.80 29.67 1.76 100.00
hypertension (I10)
Cardiac arrhythmia,
unspecified 7.92 7.05 3.11 5.66 2.71 9.98 0.28 11.52 44.55 0.40 18.49 0.38 0.00
(149.9)

Angina pectoris (120) 7.55 5.09 2.49 1.28 1.41 12.94 0.13 ce.47 237 0.24 11.59 0.00 0.00
Heart failure (I50) 6.24 4.86 3.09 7.38 1.95 14.98 0.14 1.94 2.69 0.22 4.40 0.00 0.00
Acute myocardial

2.96 1.47 0.32 0.59 0.07 4.71 0.02 0.16 0.40 0.02 0.79 0.00 0.00
infarction (121)
Hyperthyroidism
0.66 0.60 0.12 0.07 1.11 0.32 0.25 63.72 0.88 0.43 0.43 0.25 0.00
(E05)
Dissection of aorta
0.71 0.22 0.27 0.23 0.39 11.21 0.00 0.12 0.10 0.00 1.34 0.00 0.00
171.0)
Hypertrophic
cardiomyopathy 0.30 0.14 0.05 0.07 0.10 0.54 0.01 0.07 0.16 0.02 0.14 0.00 0.00
(142.1,142.2)
Ocular hypertension
0.04 0.04 0.04 0.05 0.15 0.04 93.35 0.06 0.01 90.63 0.05 96.23 0.00
(H40.0)
Cardiac neurosis
0.03 0.03 0.01 0.01 0.02 0.00 0.00 0.04 0.00 0.04 0.01 0.00 0.00
(F45.3)
Migraine (G43) 0.02 0.02 0.02 0.01 0.03 0.00 0.00 1.21 0.01 0.02 0.04 0.00 0.00

Note: The pink highlighted section refers to the approved indications in the National Medical Products Administration (NMPA) or the Food and Drug Administration (FDA) labels.

Table 5 Basic characteristics of ADE reporting for metoprolol
and bisoprolol
Characteristics

Number of reports, no. (%)

metoprolol bisoprolol
Age
0-17 877(1.3) 295(0.7)
18-44 4272(6.4) 1404(3.2)
45-59 7860(11.8) 2804(6.3)
>60 19,803(29.7) 16,094(36.4)
Unknown or missing 33,846(50.8) 23,627(53.4)
Sex
Female 24,271(36.4) 11,953(27.0)
Male 18,998(28.5) 10,136(22.9)
Unknown or missing 23,389(35.1) 22,135(50.1)
Reporting time
2004.1-2014.12 18,215(27.3) 3086(7.0)
2015.1-2018.12 20,169(30.3) 11,130(25.2)
2019.1-2024.3 28,274(42.4) 30,008(67.9)
Country 31,259(55.7) 629(2.6)
The United States
Canada 2177(3.9) 2135(8.9)
Germany 3415(6.1) 2187(9.1)
The United Kingdom 173(0.3) 317(1.3)
Sweden 980(1.7) 141(0.6)
Unknown or missing 18,129(32.3) 18,715(77.6)

highest number of ADE reports came from patients
aged over 60, accounting for 29.7% and 36.4%, respec-
tively. There was a higher representation of females in the
reports. The number of ADE reports was highest during

the period from January 2019 to March 2024. For meto-
prolol, the majority of ADE reports came from the United
States, accounting for 55.7%. In contrast, bisoprolol had
a significant amount of missing data; however, Germany
had the highest reported cases among the countries with
available data, accounting for only 9.1%.

ADE signal analysis

According to Fig. 3, bradycardia, hypotension, and diz-
ziness were the three most reported adverse reactions
among the eight beta-blockers, with a total of 3778, 3264,
and 2802 cases, respectively. The corresponding SOC
were cardiac arrhythmias, vascular disorders, and ner-
vous system disorders. The top 10 PT corresponded to
the following SOC: Cardiac Disorders (4), General Dis-
orders and Administration Site Conditions (2), Cardiac
Arrhythmias (1), Vascular Disorders (1), Nervous System
Disorders (1), and Psychiatric Disorders (1). Metoprolol
had the highest proportion of reported cases for all three
adverse reactions, with rates of 29.9%, 31.4%, and 43.6%,
respectively. Additionally, bisoprolol ranked second in
the proportion of bradycardia reports at 23.9%, while
carvedilol ranked second for hypotension and dizziness
at 18.6% and 26.3%, respectively.

Figure 4 revealed distinct patterns in the ADRs asso-
ciated with three categories of beta-blockers. The color
intensity, reflecting the ROR and the number of reports,
suggested that while all beta-blockers carried some risk
of adverse events, the frequency and severity differed sig-
nificantly across the different agents. Additionally, during
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Fig. 3 Distribution of the top ten reported adverse events associated with
different beta-blockers. The stacked bar chart shows the number of cases
(y-axis) for the top ten Preferred Terms (PT) related to adverse events (x-
axis). Each color within the bars represents a different beta-blocker. The
total number of cases for each PT is labeled at the top of each bar

the analysis of adverse signals for the eight different beta-
blockers, some adverse reactions were identified that
simultaneously met the criteria of ROR>5 and #2>50, but
were not mentioned in the product labeling. For instance,
both metoprolol and carvedilol were found to be associ-
ated with BRASH syndrome, with metoprolol reporting
186 cases (ROR=391.285) and carvedilol reporting 72
cases (ROR=256.459). Although labetalol could be used
for hypertension in pregnancy, it was associated with
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110 reported ADEs involving premature birth, yielding
an ROR of 91.385. Bisoprolol had 247 reported cases of
acute kidney injury, with an ROR of 5.641. Moreover,
propranolol was linked to 254 reported cases of sleep dis-
order, which corresponded to an ROR value of 10.98.

Discussion

The study conducted an analysis of the usage and safety
of beta-blockers in the real world based on two large
databases: the Hospital Prescription Analysis Collabora-
tive Project in China and the FAERS database. The sam-
ple was diverse and the time span was extensive, ensuring
the representativeness of the results and the statistical
reliability.

Analysis of prescription proportions of different beta-
blockers

The study indicated that metoprolol was the most com-
monly used beta-blocker, with excellent efficacy in
treating CVDs and relatively few side effects. Meto-
prolol’s high bioavailability and wide volume of distri-
bution enable effective absorption and greater tissue
reach, enhancing its overall therapeutic efficacy. The
metabolism of metoprolol is significantly influenced by
the CYP2D6 enzyme [12]. By understanding a patient’s
CYP2D6 genotype, clinicians can consider potential
adjustments to metoprolol dosing. While adjustments
may not always be necessary, knowing the metabolic
capacity can aid in making informed decisions, particu-
larly for patients with extreme phenotypes. Furthermore,
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Fig. 4 This heatmap illustrates the ADRs associated with three categories of beta-blockers. Each row represents a different adverse event term (PT), while
each column corresponds to a specific beta-blocker agent. The color intensity reflects both the ROR and the number of reports for each ADR, providing

a visual comparison of the safety profiles of these beta-blockers
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metoprolol is available in multiple formulations, offer-
ing flexibility in administration that can accommodate
diverse patient preferences and treatment regimens
[13]. These pharmacokinetic advantages contributed to
its dominant position in the treatment of CVDs. Previ-
ous studies discovered that metoprolol had the ability
to weaken neutrophil function and decrease neutrophil
capillary plugging [14]. The researchers suggested that
this effect could potentially play a causative role in reduc-
ing infarct size by minimizing coronary microvascu-
lar obstruction. Additionally, prior research evaluated
the impact of three different beta-blockers (metoprolol,
atenolol, and propranolol) using an anesthetized mouse
model with 45 min of coronary occlusion/24-hour reper-
fusion. Only metoprolol demonstrated a reduction in
both infarct size and inflammatory response [15]. Pro-
pranolol, because of its non-selective beta-adrenergic
receptor-blocking action, was associated with a higher
incidence of adverse effects, such as sedation and respira-
tory symptoms. As a result, its clinical use was relatively
infrequent. In addition, the relatively low usage rate of
labetalol was primarily due to its approved indications
being restricted to hypertension, particularly in cases of
pregnancy-related hypertension. Additionally, studies
showed that the use of labetalol was limited to hyperten-
sive emergencies and urgencies because of its complex
pharmacology and short half-life [16].

Analysis of basic characteristics of prescriptions

Aging is closely related to the increasing burden of dis-
eases, particularly CVDs. The major risk factors for
CVDs, such as ischemic heart disease, arrhythmias, and
cardiomyopathy, have significant prevalence among the
elderly [17]. The widespread use of beta-blockers in the
cardiovascular field may have contributed to their signifi-
cant prevalence among elderly patients. However, hyper-
tension guidelines did not recommend beta-blockers for
elderly patients unless there were other indications [18].
Clinicians had to balance factors such as comorbidities,
patient preferences, and life expectancy. Therefore, the
use of beta-blockers in elderly patients remained contro-
versial. Although the prescription rate of beta-blockers for
patients aged 0—17 years was relatively low, many doctors
still used beta-blockers in pediatric patients. However,
none of the various types of beta-blockers were recom-
mended for use in children and adolescents according to
their labels, which should be taken into consideration in
clinical practice. In fact, the use of beta-blockers in pedi-
atric and adolescent patients was quite common. A cross-
sectional observational study focused on patients with
hyperthyroidism included 54 subjects with an average
age of 11.9 years, of whom 79.6% received treatment with
beta-blockers [19]. A single-center retrospective study
investigated the dosage, safety, and efficacy of sotalol
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in neonatal arrhythmias. The median dose required for
rhythm control of supraventricular tachycardia (SVT) was
8.5 mg/kg/day or 120.7 mg/m?/day, with a low incidence
of adverse reactions [20]. While there was insufficient evi-
dence to propose a dosing regimen for beta-blockers in
children with congestive heart failure, the scant available
data indicated that these children might have gained ben-
efits from beta-blocker treatment [21].

The cardiology department was the specialty that pre-
scribed beta-blockers the most, which aligned with the
broad range of approved indications for CVDs. Beta-
blockers had robust evidence supporting their use in
the treatment of various CVDs. A large real-world study
demonstrated that beta-blockers were associated with a
reduced risk of hospitalization for heart failure and mor-
tality in patients with heart failure with mildly reduced
ejection fraction (HFmrEF) [22]. In patients with stable
coronary artery disease who did not have heart failure or
a recent myocardial infarction, beta-blockers could have
reduced the incidence of cardiovascular events over five
years [23]. Additionally, any dosage of beta-blockers was
significantly associated with a lower mortality rate follow-
ing acute myocardial infarction. Doses exceeding 25-50%
of the recommended target dose were correlated with a
greater reduction in the maximum mortality rate within
one year after acute myocardial infarction [24]. However,
recent studies have shown that in patients experiencing
acute myocardial infarction who undergo early coronary
angiography and have preserved left ventricular ejection
fraction (=50%), long-term treatment with beta-blockers
does not lead to a reduction in the risk of composite pri-
mary endpoints of all-cause mortality or new myocardial
infarction [25].

In addition to cardiology, the number of prescriptions
for beta-blockers was also high in departments such as
geriatrics and neurology. This was largely due to the fact
that elderly patients often had multiple chronic conditions,
including hypertension, coronary artery disease, and heart
failure [17], all of which were indications for beta-blocker
therapy. In neurology, beta-blockers were commonly used
to treat migraines and anxiety disorders. Migraines were a
type of primary headache within the nervous system, and
patients with migraines had higher rates of hypertension
and myocardial infarction [26], making beta-blockers suit-
able for preventive treatment [27]. Although some cohort
studies have shown no consistent relationship between
beta-blockers and mental health outcomes [28], most
research still recommends their use in alleviating anxiety
[29]. Therefore, the application of beta-blockers across
various departments reflected their significance and prac-
ticality in treating a range of conditions. However, pre-
scription practices in other departments required further
analysis to determine whether there was a risk of misuse.
The prescriptions issued outside of cardiology needed to
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be evaluated to ensure there was sufficient clinical evi-
dence supporting their use and that they complied with
the latest treatment guidelines.

Diagnostic rationality analysis

The diagnostic usage proportions of various beta-blockers
generally aligned with the indications approved in their
prescribing information in China. For example, the new
drug bevantolol was approved for the indication of pri-
mary hypertension, and although the total number of pre-
scriptions was low, all were associated with a diagnosis of
hypertension. The guidelines recommended only three
beta-blockers—metoprolol, bisoprolol, and carvedilol—
for the treatment of heart failure [30]. However, this study
included various medications, such as arotinolol and sotalol,
in prescriptions that contained the diagnosis of heart fail-
ure. Furthermore, the label explicitly stated that severe or
acute heart failure was a contraindication for propranolol.
Although animal studies had shown that low-dose propran-
olol could exert cardioprotective effects by downregulat-
ing FGF-23 and improving hemodynamic parameters in a
super-acute catecholamine-induced heart failure model in
mice, attention needed to be paid to the appropriate selec-
tion of beta-blockers to avoid safety concerns [31]. Addi-
tionally, although propranolol has not yet been approved for
the indication of infantile hemangioma, its efficacy has been
widely demonstrated. Randomized controlled trials showed
that oral atenolol had similar efficacy to propranolol in the
treatment of infantile hemangioma, with fewer adverse
events, and could have been considered as an alternative
treatment option [32]. Meanwhile, the guidelines recom-
mended that when systemic treatment was necessary, pro-
pranolol should be the medication of choice, administered
at a dosage of 2 to 3 mg/kg per day. For specific small, thin,
and superficial infantile hemangiomas, the use of topical
timolol might have been appropriate [33]. Although the use
of beta-blockers for treating infantile hemangiomas was
considered off-label, it was still deemed reasonable.

Adverse reaction analysis

The majority of beta-blocker prescriptions were given
to male patients, but the ADEs predominantly involved
female patients. Besides potential bias from missing
data, another possible reason for the gender difference
was that prescription data mainly came from Chinese
sources, while adverse reaction reports were primarily
from foreign data. This variation may reflect population
differences. The top 10 PTs identified in this study were
all adverse reactions mentioned in the drug labels. The
pharmacological mechanism of beta-blockers led to their
blood pressure-lowering and heart rate-reducing effects;
however, caution should be exercised regarding dos-
age, as excessive use could have led to hypotension and
bradycardia. Although the adverse effect of hypotension
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was common among eight different beta-blockers, stud-
ies revealed that only carvedilol and labetalol could
cause postural hypotension at higher doses because their
alpha-blocking activity promoted vasodilation [16]. Fur-
thermore, lipophilic beta-blockers (such as metoprolol
and propranolol) could have penetrated the blood-brain
barrier, affecting the central nervous system. This might
have resulted in a range of central nervous system-related
symptoms, including but not limited to hallucinations,
delirium, fatigue, and sleep disorders [34].

It is noteworthy that 929 cases of adverse reactions
reported completed suicide, which might have been
related to the depressive adverse reactions associated
with beta-blockers. A case-control study found that
short-term use of beta-blockers was associated with an
increased risk of developing depression, particularly
with propranolol, which showed a significant correla-
tion with an increased risk of depression. However, stud-
ies have shown that long-term use is not associated with
an increased risk of depression [35], therefore, caution
should be exercised when prescribing beta-blockers to
patients with depression. However, some meta-analyses
have indicated that, despite clinicians’ concerns about
the risk of depression, the incidence of depression in
patients receiving beta-blocker treatment is not higher
than in those receiving placebo [36]. Thus, it was clear
that whether beta-blockers caused depression remained
a topic of debate, and some studies suggested that beta-
blockers might have been misinterpreted as causing
depression, whereas the depressive symptoms might
have actually arisen from other health issues or treatment
indications of the patients [37].

The adverse reactions identified in this study that were
not mentioned in the product labeling raised concerns.
Regarding the ADE of acute kidney injury (AKI) men-
tioned in this study, although some research indicated that
preoperative use of non-selective beta-blockers (NSBBs)
was not associated with AKI after living donor liver
transplantation [38], animal studies also suggested that
landiolol might have protected renal cells and tissues by
inhibiting oxygen consumption and hypoxia-induced by
TNF-a in renal cells [39]. However, other studies pointed
out that the use of NSBBs was associated with stage 2 AKI
in children with class C liver cirrhosis, indicating that cau-
tion should be exercised when using NSBBs in this popu-
lation [40]. BRASH syndrome, defined by bradycardia,
renal failure, atrioventricular nodal blockade, shock, and
hyperkalemia, was identified as a clinical condition char-
acterized by the simultaneous occurrence of these symp-
toms. Newly defined as a syndrome in 2016, it warrants
additional attention due to its unique presentation. The
reduction of cardiac output due to bradycardia can impair
renal perfusion, potentially resulting in renal failure and
aggravating hyperkalemia. If left unmanaged, this cycle
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may escalate into multiorgan failure, characterized by
shock, bradycardia, and renal failure [41]. Metoprolol and
carvedilol were the most common beta-blockers that trig-
gered BRASH syndrome [42]. Instead of targeting individ-
ual aspects like electrolyte disturbances, treatment should
be guided by recognizing the full syndrome [43]. Clini-
cians should be especially cautious when prescribing beta-
blockers to patients with renal impairment. The ADEs of
propranolol commonly occurred during the treatment of
infantile hemangiomas, so special caution needed to be
exercised when it was used in children. Propranolol was
a lipophilic beta-blocker with high permeability across
the blood-brain barrier, which made it more likely to
cause sleep disorders. Additionally, the blood-brain bar-
rier in infants was not fully developed and had selective
permeability, which likely further enhanced drug penetra-
tion and led to a greater occurrence of sleep disorders in
infants treated with propranolol for vascular lesions [44].
Although labetalol was the preferred medication for ges-
tational hypertension and was considered to be relatively
safe [45], prolonged maternal exposure to labetalol was
linked to the occurrence of preterm infants. The identified
underlying mechanisms included labetalol’s effects on the
vascular system, the sympathetic nervous system, and tis-
sue oxygen extraction [46].

Limitations

The limitations of this study were mainly reflected in the
following aspects. The diagnostic information from the
Hospital Prescription Analysis Collaborative Project
might have issues with irregular or incomplete recording.
Additionally, the research was primarily based on pre-
scription data and lacked tracking and documentation of
patient treatment outcomes. Furthermore, the Hospital
Prescription Analysis Collaborative Project only included
data from certain provinces in China, which limited its
relevance to other countries and constrained a compre-
hensive understanding of the application value of beta-
blockers in clinical practice. Although the FAERS database
was a valuable resource that contained a large number
of adverse event reports, it relied on voluntary report-
ing, which might result in incompleteness and bias in the
reports. Moreover, both databases exhibited temporal lags.
Another important limitation of our study was that it did
not include a comprehensive analysis of related subpopula-
tions across different compounds concerning factors such
as comedication, physiology, age, and weight. Future stud-
ies may benefit from incorporating such subgroup analyses
to enhance understanding of the observed signals.

Conclusions

Metoprolol held an absolute dominant position in the
use of beta-blockers in China. The off-label use of medi-
cations such as sotalol for hypertension and esmolol for
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heart failure and angina should be guided by clear clini-
cal protocols to ensure appropriate usage in practice.
While elderly patients constitute the majority of users,
the appropriateness of this practice still warrants further
investigation. When using beta-blockers, it was impor-
tant to carefully monitor the newly discovered adverse
reactions, such as the risk of acute kidney injury associ-
ated with bisoprolol, as well as the likelihood of BRASH
syndrome with metoprolol and carvedilol.

Author contributions

Yilong Yan: Writing—original draft, Writing—review & editing, Methodology,
Conceptualization. Wenshuo An: Writing—original draft, Methodology, Data
curation, Visualization. Shenghui Mei: Writing—review & editing, Visualization.
Qiang Zhu: Writing—review & editing, Formal analysis. Cao Li: Writing—review
& editing, Visualization. Li Yang: Writing—review & editing, Supervision.
Zhigang Zhao: Writing—review & editing, Supervision. Jiping Huo: Writing—
review & editing, Supervision, Conceptualization. All authors have read and
agreed to the published version of the manuscript.

Funding

This study was supported by the National Key Research and Development
Program of China, “Establishment of an Intelligent Decision-Making System
for Individualized Medication in the Elderly Based on Hepatic Drug Enzyme
Genes and Drug Metabolism Models," 2020YFC2008305.

Data availability
No datasets were generated or analysed during the current study.

Code availability
Available from the corresponding author upon request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Pharmacy, Beijing Tiantan Hospital, Capital Medical
University, 119 Nansihuan West Road, Fengtai District, Beijing, P. R. China
2Departmem of Clinical Pharmacy, College of Pharmaceutical Sciences,
Capital Medical University, Beijing 100045, P. R. China

Department of General Surgery, Beijing Tiantan Hospital, Capital Medical
University, 119 Nansihuan West Road, Fengtai District, Beijing, P. R. China

Received: 12 September 2024 / Accepted: 7 November 2024
Published online: 14 November 2024

References

1. UngerT, Borghi C, Charchar F, Khan NA, Poulter NR, Prabhakaran D, Ramirez
A, Schlaich M, Stergiou GS, Tomaszewski M, et al. 2020 International society
of hypertension global hypertension practice guidelines. J Hypertens.
2020;38:982-1004.

2. Jones NR, McCormack T, Constanti M, McManus RJ. Diagnosis and manage-
ment of hypertension in adults: NICE guideline update 2019. Br J Gen Pract.
2020;70:90-1.

3. Mancia G, Kreutz R, Brunstrom M, Burnier M, Grassi G, Januszewicz A, Muiesan
ML, Tsioufis K, Agabiti-Rosei E, Algharably EAE, et al. 2023 ESH guidelines for
the management of arterial hypertension the Task Force for the management
of arterial hypertension of the European Society of Hypertension: endorsed



Yan et al. BMC Pharmacology and Toxicology

22.

23.

24.

25,

26.

(2024) 25:86

by the International Society of Hypertension (ISH) and the European Renal
Association (ERA). J Hypertens. 2023;41:1874-2071.

Mancia G, Kjeldsen SE, Kreutz R, Pathak A, Grassi G, Esler M. Individualized
Beta-blocker treatment for high blood pressure dictated by medical comor-
bidities: indications beyond the 2018 European Society of Cardiology/Euro-
pean Society of Hypertension Guidelines. Hypertension. 2022;79:1153-66.
Messerli FH, Bangalore S, Mandrola JM. B blockers switched to first-line
therapy in hypertension. Lancet. 2023;402:1802-4.

Tan J, Li M. How to achieve accurate accountability under current administra-
tive accountability system for Work Safety accidents in Chemical Industry in
China: a case study on major work safety accidents during 2010-2020. J Chin
Hum Resour Manage. 2022;13:26-40.

Wang Y, Wang. C, Ma J. Idiosyncratic deals and employees'knowledge hiding:
mediating role of job insecurity. J Chin Hum Resour Manage. 2024;15:16-26.
He B, Hou F, Ren C, Bing P, Xiao X. A review of current in Silico methods for
repositioning drugs and chemical compounds. Front Oncol. 2021;11:711225.
Zhou C, Peng S, Lin A, Jiang A, Peng Y, Gu T, Liu Z, Cheng Q, Zhang J, Luo P.
Psychiatric disorders associated with immune checkpoint inhibitors: a phar-
macovigilance analysis of the FDA adverse event reporting System (FAERS)
database. EClinicalMedicine. 2023;59:101967.

ZouF, Cui Z, Lou S, 0u, Zhu C, Shu C, Chen J, Zhao R, Wu Z, Wang L, et al.
Adverse drug events associated with linezolid administration: a real-world
pharmacovigilance study from 2004 to 2023 using the FAERS database. Front
Pharmacol. 2024;15:1338902.

Chen S, Fang W, Zhao L, Xu H. Safety assessment of cenobamate: real-

world adverse event analysis from the FAERS database. Front Pharmacol.
2024;15:1369384.

Qian J, XuT, Pan P, Sun W, Hu G, Cai J. Study on genotype and phenotype of
novel CYP2D6 variants using pharmacokinetic and pharmacodynamic mod-
els with metoprolol as a substrate drug. Pharmacogenomics J. 2024,24:13.
Zamir A, Hussain |, Ur Rehman A, Ashraf W, Imran |, Saeed H, Majeed A,
Algahtani F, Rasool MF. Clinical pharmacokinetics of Metoprolol: a systematic
review. Clin Pharmacokinet. 2022,61:1095-114.

Garcia-Prieto J, Villena-Gutiérrez R, Gomez M, Bernardo E, Pun-Garcia A,
Garcfa-Lunar |, Crainiciuc G, Ferndndez-Jiménez R, Sreeramkumar V, Bourio-
Martinez R, et al. Neutrophil stunning by metoprolol reduces infarct size. Nat
Commun. 2017;8:14780.

Heusch G, Kleinbongard P. Is metoprolol more cardioprotective than other
beta-blockers? Eur Heart J. 2020;41:4441-3.

Esler M, Kjeldsen SE, Pathak A, Grassi G, Kreutz R, Mancia G. Diverse phar-
macological properties, trial results, comorbidity prescribing and neural
pathophysiology suggest European hypertension guideline downgrading of
beta-blockers is not justified. Blood Press. 2022,31:210-24.

Lazzeroni D, Villatore A, Souryal G, Pili G, Peretto G. The aging heart: a molecu-
lar and clinical challenge. Int J Mol Sci. 2022;23.

Bludorn J, Railey K. Hypertension guidelines and interventions. Prim Care.
2024;51:41-52.

Garcia JS, Sarmiento MP, Bello JD, Zuluaga NA, Forero AC, Nifio LF. Hyperthy-
roidism in children and adolescents: experience in a university hospital in
Colombia. Biomedica. 2022;42:342-54.

Kiskaddon AL, Decker J. Sotalol in neonates for arrhythmias: Dosing, safety,
and efficacy. J Cardiovasc Electrophysiol. 2023;34:1459-63.

Alabed S, Sabouni A, Al Dakhoul S, Bdaiwi Y. Beta-blockers for congestive
heart failure in children. Cochrane Database Syst Rev. 2020;7:Cd007037.
Arnold SV, Silverman DN, Gosch K, Nassif ME, Infeld M, Litwin S, Meyer M,
Fendler TJ. Beta-blocker use and heart failure outcomes in mildly reduced
and preserved ejection fraction. JACC Heart Fail. 2023;11:893-900.

Godoy LC, Farkouh ME, Austin PC, Shah BR, Qiu F, Jackevicius CA, Wijeysun-
dera HC, Krumholz HM, Ko DT. Association of beta-blocker therapy with
cardiovascular outcomes in patients with stable ischemic heart disease. J Am
Coll Cardiol. 2023;81:2299-311.

Pedersen SB, Nielsen JC, Batker HE, Udupi A, Goldberger JJ. Long-term follow-
up after acute myocardial infarction according to beta-blocker dose. Am J
Med. 2023;136:458-65.€3.

Yndigegn T, Lindahl B, Mars K, Alfredsson J, Benatar J, Brandin L, Erlinge D,
Hallen O, Held C, Hjalmarsson P, et al. Beta-blockers after myocardial infarc-
tion and preserved ejection fraction. N Engl J Med. 2024;390:1372-81.
Kalkman DN, Couturier EGM, El Bouziani A, Dahdal J, Neefs J, Woudstra J,
Vogel B, Trabattoni D, MaassenVanDenBrink A, Mehran R, et al. Migraine

and cardiovascular disease: what cardiologists should know. Eur Heart J.
2023;44:2815-28.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

Page 11 of 11

Carcel C, Haghdoost F, Shen J, Nanda P, Bai Y, Atkins E, Torii-Yoshimura T,
Clough AJ, Davies L, Cordato D, et al. The effect of blood pressure lowering
medications on the prevention of episodic migraine: a systematic review and
meta-analysis. Cephalalgia. 2023;43:3331024231183166.

MoleroY, Kaddoura S, Kuja-Halkola R, Larsson H, Lichtenstein P, D'Onofrio BM,
Fazel S. Associations between B-blockers and psychiatric and behavioural
outcomes: a population-based cohort study of 1.4 million individuals in
Sweden. PLoS Med. 2023;20:e1004164.

Yildinm S, Erkmen C, Uslu B. Novel trends in Analytical methods for
(3-Blockers: an overview of applications in the last decade. Crit Rev Anal
Chem. 2022;52:131-69.

McDonald M, Virani S, Chan M, Ducharme A, Ezekowitz JA, Giannetti N, Heck-
man GA, Howlett JG, Koshman SL, Lepage S, et al. CCS/CHFS heart failure
guidelines update: defining a New Pharmacologic Standard of Care for Heart
failure with reduced ejection fraction. Can J Cardiol. 2021,37:531-46.

Tsai CK, Chen BH, Chen HH, Hsieh RJ, Lee JC, Chu YT, Lu WH. Low-dose pro-
pranolol prevents functional decline in catecholamine-induced acute heart
failure in rats. Toxics. 2022;10.

JiY,Chen S, Yang K, Zhang X, Zhou J, Li L, Xiang B, Qiu T, Dai S, Jiang X, et al.
Efficacy and Safety of Propranolol vs Atenolol in infants with problematic
infantile hemangiomas: a Randomized Clinical Trial. JAMA Otolaryngol Head
Neck Surg. 2021;147:599-607.

Krowchuk DP, Frieden 1J, Mancini AJ, Darrow DH, Blei F, Greene AK, Annam

A, Baker CN, Frommelt PC, Hodak A et al. Clinical practice Guideline for the
management of infantile hemangiomas. Pediatrics. 2019;143.

Cojocariu SA, Mastaleru A, Sascdu RA, Statescu C, Mitu F, Leon-Constantin
MM. Neuropsychiatric consequences of lipophilic Beta-blockers. Med
(Kaunas). 2021;57.

Bornand D, Reinau D, Jick SS, Meier CR. 3-Blockers and the risk of depression:
a matched case-control study. Drug Saf. 2022;45:181-9.

Riemer TG, Villagomez Fuentes LE, Algharably EAE, Schafer MS, Mangelsen E,
Furtig MA, Bittner N, Bar A, Zaidi Touis L, Wachtell K, et al. Do B-Blockers cause
Depression? Systematic review and Meta-analysis of Psychiatric adverse
events during 3-Blocker therapy. Hypertension. 2021;77:1539-48.

Andrade C. 3-Blockers and the risk of new-onset depression: meta-analysis
reassures, but the jury is still out. J Clin Psychiatry. 2021;82.

Jeong HW, Kim JH, Han SB, Kwon HM, Jun IG, Song JG, Hwang GS. Impact

of preoperative nonselective beta-blocker use on acute kidney injury after
living donor liver transplantation: propensity score analysis. Ann Hepatol.
2024,29:101474.

Kiyonaga N, Moriyama T, Kanmura Y. Effects of Landiolol in Lipopolysaccha-
ride-induced acute kidney injury in rats and in vitro. Shock. 2019;52:e117-23.
Lai M, Fenton C, Ge J, Rubin J, Lai JC, Cullaro G. Nonselective beta-blockers
may lead to stage 2 acute kidney injury and waitlist mortality in child class C
cirrhosis. Hepatol Commun. 2023;7.

Farkas JD, Long B, Koyfman A, Menson K. BRASH syndrome: Bradycardia, renal
failure, AV blockade, shock, and Hyperkalemia. J Emerg Med. 2020;59:216-23.
Shah P, Gozun M, Keitoku K, Kimura N, Yeo J, Czech T, Nishimura Y. Clinical
characteristics of BRASH syndrome: systematic scoping review. Eur J Intern
Med. 2022;103:57-61.

Schnaubelt S, Roeggla M, Spiel AO, Schukro C, Domanovits H. The BRASH
syndrome: an interaction of bradycardia, renal failure, AV block, shock and
hyperkalemia. Intern Emerg Med. 2021;16:509-11.

Xerfan EMS, Andersen ML, Facina AS, Tufik S, Tomimori J. Sleep disturbances
as an adverse effect of propranolol use in children with infantile heman-
gioma. World J Pediatr. 2020;16:537-8.

Martinez A, Lakkimsetti M, Maharjan S, Aslam MA, Basnyat A, Kafley S, Reddy
SS, Ahmed SS, Razzag W, Adusumilli S, et al. Beta-blockers and their current
role in maternal and neonatal health: a narrative review of the literature.
Cureus. 2023;15:44043.

Yang X, Hui L, Long H, Zou L. Distinct outcomes of labetalol exposed

infants: case reports and systematic review. J Matern Fetal Neonatal Med.
2021;34:2012-8.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Real-world research on beta-blocker usage trends in China and safety exploration based on the FDA Adverse Event Reporting System (FAERS)
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data analysis of the hospital prescription analysis collaborative project
	﻿Study sample
	﻿Study design


	﻿Data analysis of the FAERS database
	﻿Data source
	﻿Data processing

	﻿Results
	﻿Basic prescription information
	﻿Usage of different beta-blockers
	﻿Diagnostic distribution of different beta-blockers
	﻿Basic characteristics of ADE reporting
	﻿ADE signal analysis

	﻿Discussion
	﻿Analysis of prescription proportions of different beta-blockers
	﻿Analysis of basic characteristics of prescriptions
	﻿Diagnostic rationality analysis
	﻿Adverse reaction analysis
	﻿Limitations

	﻿Conclusions
	﻿References


