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Aim: To compare blood pressure (BP) and safety outcomes in patients with hypertension initiating
bisoprolol, versus other B-blockers, angiotensin-converting enzyme inhibitors/angiotensin Il receptor
blockers, calcium channel blockers or diuretics. Materials & methods: New user cohort study. Patients
initiating bisoprolol were matched with up to four patients, in each comparator cohort using propensity
score. BP outcomes were compared using linear mixed models and safety outcomes using Cox proportional
hazards. Results: Differences in average systolic and diastolic BP variation were <3 mmHg between
bisoprolol versus the compared classes. No difference was observed in risk of diabetes, obesity or erectile
dysfunction. An increased dyslipidemia risk was only observed versus diuretics (hazard ratio: 0.76; 98.75%
Cl: 0.58, 0.99). Conclusion: No differences in BP variation and safety outcomes.
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The current treatment landscape for hypertension consists of five major drug classes: B-blockers, angiotensin-
converting enzyme inhibitors (ACEi), angiotensin II receptor blockers (ARBs), calcium channel blockers
(CCBs) and diuretics (including thiazides and thiazide-like diuretics) [1]. Present guidelines vary in their rec-
ommendations regarding the use of B-blockers in patients with hypertension. They are recommended by the
European Society of Cardiology and European Society of Hypertension guidelines particularly in patients with
hypertension presenting with comorbidities such as postmyocardial infarction, angina or heart failure [1]. However,
some national guidelines, such as the National Institute for Health and Care Excellence guidance [21, do not
recommend the use of B-blockers as a first-line agent for hypertension.

Blood pressure (BP) is a meaningful and well-regarded clinical outcome to compare antihypertensive classes due
to its correlation with cardiovascular events such as heart failure, stroke, myocardial infarction and sudden death [1].
A meta-analysis of 354 randomized clinical trials (RCTs) reported similar mean placebo-corrected BP across the five
main antihypertensive classes (3]. Furthermore, a more recent non interventional study in the USA has shown that
p-blockers offer comparable BP reductions to other antihypertensive classes (4. However, a limitation of this study
is that BP changes were assessed only as the difference between two measurements: before treatment initiation and
at the latest BP record, with the follow-up time ranging from 1 week to 1 year, ending at the earliest point that
antihypertensive treatment was changed within this timeframe [4]. In clinical practice, BP measurements performed
at each visit, reflect the continuous management of patients with hypertension. The present study applied mixed
models and multistate models to evaluate the full trajectory of BP variation observed in patients treated with a
first-line monotherapy.

Another limitation of the studies mentioned above is their evaluation of different types of B-blocker as a single Future s+

category [s], which means that the effectiveness of individual B-blockers is not well understood. -blockers are a .
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heterogenous class with different mechanisms of action, including B-adrenergic receptor 1, 2 and 3 (B-1, B-2 and
p-3) antagonists. First-generation B-blockers are non selective and block both B-1- and B-2 receptors. Second- and
third-generation fB-blockers are selective for B-1 receptors, which are activated during cardiac contraction. Third-
generation P-blockers exert additional vasodilative effects by blocking alpha-1 adrenoreceptors and activating
p-3-adrenergic receptors [6]. Bisoprolol is a second-generation, highly B-1-receptor-selective B-blocker (7,8]. As
different B-blockers have different mechanisms of action, additional research is needed to assess possible differences
in effectiveness and safety between bisoprolol and other B-blocker subtypes.

The primary aim of this observational cohort study was to compare the average variation of systolic BP (SBP) and
diastolic BP (DBP) in patients newly diagnosed with hypertension who initiated treatment with bisoprolol, versus
other B-blockers or different antihypertensive classes. The secondary aims were to compare the time to controlled
BP and the risk for Type 2 diabetes mellitus (T2DM), dyslipidemia, obesity and erectile dysfunction.

Materials & methods
A new user, active comparator cohort design was implemented. This was a non interventional study based on
routinely collected data from the UK Clinical Practice Research Datalink (CPRD).

Data source

CPRD is a primary care database that collects anonymized electronic patient medical records from general prac-
titioners (GPs), covering over 50 million patients in the UK [9). These patients are considered representative of
the general population, with similar distribution in terms of age, sex and ethnicity [10]. In the UK, non emer-
gency health-related issues, such as hypertension are managed within primary care [11]. The quality of CPRD data
are enhanced through the UK ‘Quality and Outcomes Framework’, introduced in 2004, which provides financial
incentives for GPs to maintain records of patients treated for hypertension and to record their BP at least every
9 months [12].

Study population

The study population comprised all patients (>18 years) in the CPRD database who had newly initiated monother-
apy with an antihypertensive drug between 1 January 2000 and 31 December 2017 (date of the first prescription
for an antihypertensive drug defined as the ‘index date’). In relation to the index date, all patients had no record
of being prescribed any antihypertensive drugs in the prior year; had a first diagnosis for hypertension in the prior
6 months prior and had at least 1 year of prior medical history. To select for antihypertensive monotherapy, patients
had to have no record of any antihypertensive drugs other than the index drug for 14 days after the index date. To
ensure research-quality data, only patients flagged as ‘acceptable’ in CPRD and who were monitored by a practice
that CPRD deemed ‘up to research standard’ were included. Finally, patients were only eligible to be included in
the study once, at their first qualifying event (Figure 1).

Baseline & follow-up period
Comedication and comorbidities for adjustment of the propensity score were assessed during the baseline period
defined as the year prior to the index date (included). Clinical measurement such as BMI or BP were defined as the
last recorded value within the year prior the index date. Comorbidities were defined by at least one READ codes
for a disease within the year prior the index date; and comedication by at least two prescriptions 90 days apart. The
smoking status was defined based on the algorithm developed by Booth and colleagues [13].

Patients were followed from the index date plus 1 day, until the first occurrence of any of the following events:
addition of another antihypertensive drug to the index treatment, discontinuation of the index treatment, patient
death, transfer-out date or the end of the study period (31 December 2018) (Figure 1).

Definition of exposure & treatment duration

Patients were allocated to one of the five treatment cohorts based on the antihypertensive monotherapy initiated
at the index date: bisoprolol, other B-blockers, ACEi/ARB, CCB or diuretics. The bisoprolol cohort consisted
exclusively of patients who received bisoprolol as monotherapy. The ‘other 8-blockers cohort” included any other p-
blocker monotherapy: acebutolol, atenolol, betaxolol, carteolol, carvedilol, celiprolol, labetalol, metoprolol, nadolol,
nebivolol, oxprenolol, pindolol, propranolol or timolol. Antihypertensive drugs considered for each cohort are
summarized in Supplementary Table 1.
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Index date — day 0
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Figure 1. Study design.
ACEi: Angiotensin-converting enzyme inhibitors; ARB: Angiotensin Il receptor blockers; CCB: Calcium channel
blockers.

If the duration of treatment prescription data were missing, these were calculated based on a modified version
of the method used in the Observational Medical Outcomes Partnership Common Data Model CPRD Mapping
Specification [14].

To capture discontinuation or switch to a combination therapy the following algorithm was implemented:

The follow-up period of each patient was divided into 14-day segments.
The presence or absence of an antihypertensive treatment in each segment was assessed. A treatment needed to

be present for at least 7 days to be designated as ‘present’ for that segment.

o Treatment discontinuation was defined as a gap of >90 days after the last 14-day segment where the treatment
was present. A switch to an antihypertensive treatment within the same class was not classified as discontinuation,
except when there was a switch from the other B-blocker cohort, to the bisoprolol cohort.

e Combination therapy was defined as an exposure overlap of at least 7 days within a 14-day segment of two or
more antihypertensive drugs of the same or different antihypertensive class.

Outcomes

The primary outcome for this study was the average variation of SBP and DBP across cohorts and was identified
by all recorded values of SBP and DBP, in the CPRD database within the follow-up period. BP was defined as all
BP measurements reported and recorded by the GDP, as part of their clinical routine practice.

Secondary outcomes were as follows: controlled BP state (SBP <140 mmHg or DBP <90 mmHg) and
uncontrolled BP state over the follow-up period; first occurrence of T2DM; dyslipidemia; erectile dysfunction; or
obesity. Algorithms combining specific diagnosis and prescription criteria were used to define these events and are
detailed in Table 1. All READ codes (a clinical diagnosis terminology system used in UK general practice) [15] and
product codes for medicinal drugs that were used are listed in Supplementary Appendix B.
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Table 1. Stu
Study objective
Average

variation of SBP
& DBP

Time to
controlled BP

Safety outcomes

y

Outcome definition

All recorded values of BP, as reported by
the GP, within the follow-up period

Within the follow-up period:
e Controlled BP
(SBP <140 & DBP <90 mmHg)
e Uncontrolled BP
(SBP > 140 or DBP > 90 mmHg)

Within the follow-up period, occurrence of:

e T2DM (>1 diagnosis code for T2DM
or >2 prescriptionst for antidiabetic
medication [other than insulin] and no
diagnosis code inconsistent with T2DM such
as Type 1 diabetes mellitus or gestational
diabetes during the year preceding and
following the first prescription)

o Dyslipidemia (>1 diagnosis code for
dyslipidemia or, >2 prescriptions’ for
statin, fibrate or bile acid sequestrants)

o Erectile dysfunction (=1 diagnosis code
for erectile dysfunction or impotence, >2
prescriptions’ for a treatment with an
indication for erectile dysfunction)

o Obesity: >1 BMI reading >30 kg/m?

Foch, Allignol, Hohenberger, Boutmy, Schaefer & Hostalek

utcomes and statistical analyses.

Statistical analysis

Linear mixed models for longitudinal data
These compare the average variation over
time of SBP and DBP between cohorts

Multistate Markov models

These model the progress of each patient
through different hypertension states over
time, moving between controlled and
uncontrolled BP states or toward an
absorbing state ‘discontinuation or death’.
These are statistically represented as
time-homogeneous Markov processes with
finite state space (Supplementary Table 1).
The hazards of moving between states
were assumed to be constant in time

Cox proportional hazards models

Fine and Gray proportional sub distribution
hazards models

Both models with competing risks on
discontinuation or death. A competing
event is any event that precludes the
observation of the event of interest. An
analysis considering death or treatment
discontinuation prior to the event of
interest, as ‘independent censoring’ would
aim to make an inference for an
underlying, potentially completely
observed population, in other words, a
hypothetical population that cannot die
nor discontinue.

T Prescriptions had to be 90 days apart, but no more than 180 days apart.
BP: Blood pressure; DBP: Diastolic blood pressure; GP: General practitioner; HR: Hazard ratio; SBP: Systolic blood pressure; SHR: Sub distribution hazard ratio; T2DM: Type 2 diabetes

mellitus.

Data analysis

Estimates Ref.

Coefficients for SBP and DBP (mmHg).

A coefficient of x mmHg represents the difference
in the average BP variation between the two
treatments.

HRs are the ratio of the transition hazards.

A HR >1 means that the treatment increases the
‘chance’ of changing state compared with the
control population. For instance, it increases the
‘chance’ to move from the uncontrolled BP state
to the controlled BP state.

[16]

Cause-specific HRs obtained via the Cox models:
reflect the probability of an event in the next
instant to be increased or decreased.

In the context of competing risks, treatment
effects for the event of interest can be assessed in
terms of (cause-specific) HRs, in other words, an
increase (HR >1) or decrease (HR <1) on the
‘instantaneous risk’ of experiencing the event of
interest.

However, the probability of experiencing the
event of interest also depends on the hazard of
the competing event, only a HR for the event of
interest is not enough to assess a treatment effect
on the probability.

SHRs obtained via the Fine and Gray models:
reflect the probability of an event to be increased
or decreased in general over the follow-up.

The Fine and Gray model is a model tailored for
the cumulative incidence of experiencing the
event of interest. Thus, a SHR has a direct
interpretation in terms of cumulative incidence.
For instance, a SHR >1 reflects an increase in the
probability of experiencing the event of interest
in general over the follow-up

Analytical cohort creation, including the creation of the analytical variables, was performed in the Instant Health
Data platform (Panalgo, formerly Boston Health Analytics, MA, USA). Analyses were performed using R version
3.5.1.

Analysis sets

Each outcome was analyzed using a corresponding analysis set. For the BP analysis set (for the analysis of SBP,
DBP and time to controlled BP), patients had a baseline BP reading and at least one further reading within
the follow-up period. For the erectile dysfunction analysis set, patients were male and presented with no erectile
dysfunction diagnosis at baseline. Similarly, in the other analysis sets (T2DM, dyslipidemia and obesity), patients
had no diagnosis of each respective condition at baseline.

Propensity scores matf/]z'ng

Propensity scores (PS) were estimated using boosted regression trees [17). Tuning of the hyperparameters was
performed using fivefold cross validation. Known confounding variables, such as patient demographics (age at index,
sex, region), clinical characteristics (BMI, SBP), lifestyle characteristics (smoking status), baseline comorbidities
(myocardial infarction, angina, arrhythmia, chronic heart failure, stroke, peripheral vascular disease, diabetes
mellitus, dyslipidemia, renal impairment, depression, erectile dysfunction, sleep apnea) and comedications (platelet

426

J. Comp. Eff. Res. (2022) 11(6) future science group



Effectiveness of bisoprolol versus other B-blockers

Research Article

Table 2. Follow-up duration per cohort, before matching.

Bisoprolol Other B-blockers ACEi/ARB CCB Diuretics
Median (25th, 75th percentile) months 8.3(1.8,31.3) 6.0 (1.8, 24.4) 14.7 (3.6, 45.1) 8.3 (1.8, 30.8) 4.6 (1.3, 23.4)
Mean (SD) months 23.3(33.15) 20.2 (32.22) 30.5 (36.79) 22.2 (30.19) 19.5 (31.40)

ACEi: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin Il receptor blocker; CCB: Calcium channel blocker; SD: Standard deviation.

aggregation inhibitors, anticoagulants, drugs that might cause hypertension, drugs that might cause hypotension,
antidepressant drugs, antipsychotics drugs) were used for the estimation of PS [18-20].

Definition of the variables are provided in Supplementary Appendix B. The covariates were chosen theoretically
(through clinical input and reference to prior literature). Missing values were dealt with by the boosted trees
algorithm with a surrogate split method. When a value for a variable is missing, and that variable needs to be
used to determine a split, an alternative variable, which is highly correlated with the variable with missing values,
is used to determine the direction of the split. PS matching (caliper 1%, without replacement) was performed
for each corresponding analysis set; each patient in the bisoprolol cohort was matched with up to four patients
in the comparator cohort. Clinical equipoise was assessed by looking at the PS distributions. Standardized mean
differences (SMD) were computed before and after matching. A variable was considered as balanced if the absolute
value of the SMD <0.1.

Outcome analysis

Table 1 summarizes the statistical models used to analyze each outcome. The estimates were assessed in the matched
population. If a variable was not sufficiently balanced in the PS (SMD >0.1) then the model was adjusted on this
variable. Bonferroni correction (1-0.0125 [0.05 divided by the four for the four head-to-head comparisons]) was
used to account for the fact that four comparisons were performed: each estimate was given with 98.75% Cls.

Sensitivity analyses

E-values were estimated for the hazard ratios (HRs) and sub distribution hazard ratios (SHRs) (21]. They were used
to assess how much confounding would be required to move a clinically meaningful association to near null levels.
In further detail, they describe the minimum strength of association, on the HR/SHR scale, that an unmeasured
confounder would need to have with both the treatment and the outcome to shift the point estimate to 1 and
fully explain away a specific treatment-outcome association, conditional on the measured covariates. For instance,
let’s take an outcome O with a prevalence <15% and with a hypothetical HR (CI) for A versus B of 1.5 (1.2, 2.2),
this would lead to an E-value of 2.37. An unmeasured confounder would need to be associated with the outcome
with an HR >2.37, and with the exposure with an HR >2.37, to shift the point estimate from HR = 1.5 to
HR =1 (no effect) 22]. The largest the E-values is, the strongest the unmeasured confounding need to be to move
the observed estimate toward the null.

Results
Patients
A total of 267,352 patients fulfilled the eligibility criteria (Supplementary Figure 2). Before matching, patients in
the CCB and diuretics cohorts were the oldest (median age 64 years), and those in the ACEi/ARB cohorts were
the youngest (median age 53 years) (Supplementary Figure 2). A higher proportion of patients in the bisoprolol
cohort presented with angina (3.9 vs 0.2-1.6% in the other cohorts) and arrhythmia (7.9 vs 0.4-0.9%); while a
higher proportion of patients in the ACEi/ARB cohorts presented with diabetes (10.9 vs 1.5-2.8%). Furthermore,
a higher proportion of patients in the bisoprolol cohort were prescribed platelet aggregation inhibitor (22.6 vs 9.2—
10.6%) (Supplementary Table 3). Follow-up durations varied across the cohorts, ranging from a median duration
of 4.6 months for the diuretic cohort, to 14.7 months for the ACEi/ARB cohort (Table 2). For each outcome, over
77% of the patients in the bisoprolol cohort were successfully matched to patients in the four comparator cohorts.
Patients were well-matched, with baseline characteristics such as coronary artery disease ( e.g., angina, arrythmia or
prescribed platelet aggregation) generally similar between cohorts (SMD after matching <0.1) (BP analysis set,
Table 3; all other analysis sets, Supplementary Table 4; SMD tables for all analysis sets, Supplementary Table 5).
The proportion of prediabetic patients (those with non diabetic increased glycemia as indicated by a fasting
plasma glucose result between >6.1 and <7.0 mmol/l) was higher in the ACEi/ARB cohort (2.1%), compared
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Figure 2. Mean trajectories of systolic blood pressure over the follow-up period (in years) in the blood pressure
analysis set after matching. Vertical lines represent 95% Cl. (A) Mean trajectories of SBP in the bisoprolol vs other
B-blockers cohort over the follow-up period in the blood pressure (BP) analysis set. (B) Mean trajectories of SBP in the
bisoprolol vs ACEi/ARB cohort over the follow-up period in the BP analysis set. (C) Mean trajectories of SBP in the
bisoprolol vs CCB cohort over the follow-up period in the BP analysis set. (D) Mean trajectories of SBP in the bisoprolol
vs diuretics cohort over the follow-up period in the BP analysis set.

ACEi: Angiotensin-converting enzyme inhibitors; ARB: Angiotensin Il receptor blockers; CCB: Calcium channel
blockers; SBP: Systolic blood pressure.

with the CCB (1.4%), bisoprolol (1.0%), other B-blockers (0.8%) and diuretics (0.8%) cohorts (Supplementary
Table 2). However, these data were missing for most (80%) patients, meaning this variable could not be added into
the PS calculations.

Blood pressure

After matching, across cohorts, median baseline SBP ranged from 160 to 163 mmHg, while median baseline DBP
ranged from 94 to 96 mmHg (Table 3). Over the follow-up period, all cohorts showed similar declining trajectories
in mean SBP (Figure 2) and DBP (Figure 3).

The difference in the average variation of SBP and DBP between the bisoprolol and matched cohorts over this
time was no greater than 3 mmHg (Table 4). This difference was only significant in the comparison versus diuretics
(PS-matched coefhicient [98.75% CI] SBP 1.58 mmHg [0.54, 2.62]; DBP 2.97 mmHg [2.32. 3.61] [Table 4]).
There were no significant differences in the time taken to transition from an uncontrolled to controlled BP in
almost all cohorts (point estimate of the PS-matched HRs were ~1; Table 4). However, the diuretics cohort
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Figure 3. Mean trajectories of diastolic blood pressure over the follow-up period (in years) in the blood pressure
analysis set after matching. Vertical lines represent 95% Cl. (A) Mean trajectories of DBP in the bisoprolol vs other
B-blockers cohort over the follow-up period in the blood pressure (BP) analysis set. (B) Mean trajectories of DBP in the
bisoprolol vs ACEi/ARB cohort over the follow-up period in the BP analysis set. (C) Mean trajectories of DBP in the
bisoprolol vs CCB cohort over the follow-up period in the BP analysis set. (D) Mean trajectories of DBP in the
bisoprolol vs diuretics cohort over the follow-up period in the BP analysis set.

ACEi: Angiotensin-converting enzyme inhibitors; ARB: Angiotensin Il receptor blockers; CCB: Calcium channel
blockers; DBP: Diastolic blood pressure.

Table 4. Longitudinal mixed model of matched-adjusted coefficients for systolic and diastolic blood pressure, and

multistate model transition intensities between controlled and uncontrolled blood pressure states, in the blood pressure
analysis set.

Linear mixed model Multistate model
PS-matched coefficient (98.75% Cl) PS-matched HR (98.75% Cl)
SBP DBP Uncontrolled to controlled BP
Bisoprolol vs other B-blockers 1.20 mmHg (-0.01, 2.40) 0.46 mmHg (-0.18, 1.11) 0.97 (0.89, 1.05)
Bisoprolol vs ACEi/ARB 0.20 mmHg (-0.86, 1.25) 0.91 mmHg (0.27, 1.55) 1.05 (0.98, 1.13)
Bisoprolol vs CCB -0.85 mmHg (-1.83, 0.13) 0.59 mmHg (-0.04, 1.22) 0.94 (0.87, 1.01)
Bisoprolol vs diuretics 1.58 mmHg (0.54, 2.62) 2.97 mmHg (2.32. 3.61) 0.92 (0.85, 0.99)

A matched-adjusted coefficient of ‘bisoprolol vs other B-blockers SBP 1.20 mmHg indicates that patients treated with other B-blockers had on average a 1.20 mmHg higher SBP than
those treated with bisoprolol over the follow-up period.
For the bisoprolol vs ACEi/ARB and bisoprolol vs CCB analyses, the model was further adjusted for the presence of arrhythmia, due to a residual imbalance after matching.

ACEi: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin Il receptor blocker; CCB: Calcium channel blocker; DBP: Diastolic blood pressure; PS: Propensity score; SBP: Systolic
blood pressure.
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Event of interest HR HR (98.75% CI) E-value SHR SHR (98.75% CI)  E-value
T2DM
Bisoprolol vs other beta-blockers — 0.98 (0.63,1 .53) 1.16 —— 0.94 (0.60, 1 .45) 1.32
Bisoprolol vs ACEi/ARB — 1.46 (0.98,2.18) 2.28 —— 1.75 (1.18, 2.61) 2.90
Bisoprolol vs CCB — 1.04 (0.68, 1.59) 1.24 — 0.99 (0.65, 1.52) 1.1
Bisoprolol vs diuretics —— 1.16 (0.75, 1 .78) 1.59 — 0.96 (0.62, 1 .47) 1.25
Dyslipidemia
Bisoprolol vs other beta-blockers —— 0.85 (0.63, 1.13) 1.63 ——— 0.78 (0.59, 1.04) 1.88
Bisoprolol vs ACEiI/ARB —— 1.03 (0.81, 1.31) 1.21 —— 1.33 (1.05, 1.70) 1.99
Bisoprolol vs CCB — 0.81 (0.63, 1.05) 1.77 — @ 0.77 (0.60, 1.00) 1.92
Bisoprolol vs diuretics — 0.76 (0.58, 0.99) 196 —@— 0.65 (0.5, 0.85) 2.45
Obesity
Bisoprolol vs other beta-blockers —— 0.92 (0.67,1.25)  1.39 —— 0.87 (0.64, 1.19) 1.56
Bisoprolol vs ACEi/ARB — 0.91(0.69,1.21)  1.43 . 1.11(0.84,1.48) 1.46
Bisoprolol vs CCB — 0.89(0.67,1.19)  1.50 —— 0.86 (0.64, 1.15) 1.60
Bisoprolol vs diuretics — 0.89 (0.66, 1.21) ~ 1.50 — 0.76 (0.56, 1.03) 1.96
Erectile dysfunction
Bisoprolol vs other beta-blockers 0.86 (0.27, 2.76) 1.60 0.79 (0.25, 2.55) 1.85
Bisoprolol vs ACEi/ARB @ 1.79 (0.61,5.24) 298 — @ 2.30(0.79,6.73) 4.03
Bisoprolol vs CCB — @ 2.14(0.72,6.31) 3.70 @ 1.92 (0.65, 5.68) 3.25
Bisoprolol vs diuretics 1.28 (0.41,4.04)  1.88 ° 0.92(0.29,2.90)  1.39
T T T T 1 r T T T 1
0.50 10 15 20 25 0.50 10 15 20 25
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Figure 4. Cause-specific Cox proportional hazards and Fine and Gray subdistribution hazards models for the outcome time to each

event of interest, after matching, in the corresponding event of interest analysis set.

ACEi: Angiotensin-converting enzyme inhibitors; ARB: Angiotensin Il receptor blockers; CCB: Calcium channel blockers; HR: Hazard ratio;

SHR: Subdistribution hazard ratio.

had a slightly reduced rate of achieving controlled BP compared with the bisoprolol cohort (PS-matched HR
[CI: 98.75%] diuretics vs bisoprolol: 0.92 [0.85, 0.99]; Table 4). Details on the time taken to transition from
a controlled to uncontrolled BP across cohorts, and the length of stay in the controlled state across cohorts are
included in Supplementary Table 6.

Safety outcomes
Summary

Summaries of the events of interest analyses are shown in Figure 4 (HR, SHR) and Supplementary Table 7 (number
of events, incidence rate). All outcomes occurred while on treatment. The competing events (defined as death
prior to the event of interest or treatment discontinuation) analysis showed discontinuation rates varied between
cohorts; compared with the bisoprolol cohort, the risk of the competing event was lower in the ACEi/ARB cohorts
(PS-matched point estimate HRs ranged from 0.78 to 0.83), slightly higher in the CCB cohorts (PS-matched point
estimate HRs ranged from 1.05 to 1.07) and higher in the diuretic cohort (PS-matched point estimate HRs ranged
from 1.14 to 1.29) (Supplementary Table 9).

Type 2 diaberes

There was no difference in the risk of developing T2DM in the bisoprolol cohort compared with other B-blockers,
CCB or diuretics cohorts (Figure 4). However, compared with the ACEi/ARB cohort, the risk of developing T2DM
tended to be lower in the bisoprolol cohort (PS-matched estimates [98.75% CI] HR: 1.46 [0.98, 2.18], E-value
2.28; SHR 1.75 [1.18, 2.61], E-value 2.90) (Figure 4). Consistent results were found after excluding patients
with impaired fasting glucose (defined as a fasting plasma glucose between >6.1 and <7.0 mmol/l) at baseline
(PS-matched HR [98.75% CI] ACEi/ARB vs bisoprolol 1.59 [1.05, 2.42]) (Supplementary Table 8). The HR
reflects the probability of an event in the next instant, whereas the SHR reflects the probability of an event over
the entire follow-up period. In this study, patients in the ACEi/ARB cohort had a longer follow-up compared with
patients in the bisoprolol cohort, so the point estimate of the SHR was higher than the point estimate of the HR.
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Dyslipidemia

There was no difference in the risk of developing dyslipidemia in the bisoprolol cohort compared with the other
pB-blockers cohort; however there was an increased risk compared with the diuretics cohort (PS-matched estimates
[98.75% CI]: diuretics vs bisoprolol HR: 0.76 [0.58, 0.99], E-value: 1.96; SHR: 0.65 [0.50, 0.85]), E-value: 2.45
(Figure 4). There was a trend toward an increase in the risk of developing dyslipidemia in the bisoprolol cohort
compared with the CCB cohort (PS-matched estimates [98.75% CI]: CCB vs bisoprolol HR: 0.81 [0.63, 1.05],
E-value: 1.77; SHR: 0.77 [0.60, 1.00], E-value: 1.92) (Figure 4).

There was no difference in the risk of dyslipidemia in the bisoprolol cohort compared with the ACEi/ARB
cohort as indicated by the HR (HR: 1.03 [0.81, 1.31], E-value 1.21;), however, the SHR indicated a decreased risk
in the bisoprolol cohort compared with ACEi/ARB (PS-matched estimates [98.75% CI]: SHR: 1.33 [1.05, 1.70],
E-value: 1.99) (Figure 4).

Obesity

No difference was seen in the risk of developing obesity in the bisoprolol cohort compared with the other cohorts
(Figure 4). There was no difference in the risk of obesity in the bisoprolol cohort compared with the diuretics
cohort as indicated by the HR; however, the SHR showed a trend toward an increased risk in the bisoprolol cohort
(PS-matched estimates [98.75% CI]: HR: 0.89 [0.66, 1.21], E-value: 1.50; SHR: 0.76 [0.56, 1.03], E-value: 1.96)
(Figure 4).

Erectile dysfunction

Similarly, no difference was seen in the risk of developing erectile dysfunction in the bisoprolol cohort compared
with the other cohorts, although a low number of reported events resulted in large Cls (Figure 4).

Discussion

This is the first non interventional study, to our knowledge, to perform a head-to-head comparison of bisoprolol
with other antihypertensive classes, including other B-blockers, in terms of BP and safety outcomes, providing
real-world evidence on their effectiveness and safety.

Main findings: BP

The analysis showed that, in real-world settings, no differences were found between bisoprolol monotherapy and
other therapeutic classes respectively in controlling hypertension, over a median follow-up period spanning from
4.6 to 14.7 months. Similarly, in each head-to-head comparison, no difference was seen in the time taken to
present a controlled BP from an uncontrolled BP. Nevertheless, a slightly higher BP control was only observed with
bisoprolol compared with diuretics.

Our findings are consistent with the results from a meta-analysis of RCTs that revealed non clinically significant
differences in SBP variation, all below 2 mmHg, between the major antihypertensive classes [23]. This meta-
emphasized the fact that the reduction of cardiovascular events was due to the BP-lowering per se rather than to
specific drug properties. Further to the BP decrease, comparing the cardiovascular events between classes would
strength the knowledge on the comparative effectiveness of these classes.

They also align with two non interventional studies that did not observe any difference in mean reduction in
SBP between the major antihypertensive classes, over 6-month [4] and 3-year [24] follow-up periods. However, one
limitation of the study by Bronsert ez al. 2013 [4] is that BP changes were assessed as the difference between two
measurements: at baseline and at the latest BP record, with the follow-up time ranging from 1 week to 1 year, ending
at the earliest point that antihypertensive treatment was changed within this timeframe. The present study included
all BP measurements, performed at each visit, which more accurately reflects the continuous management of patients
with hypertension in a primary care setting. Furthermore, one limitation of the study by Stapff and Hilderbrand
2019 [24] is that patients who changed hypertensive therapy within the 3-year period were excluded. The study
may not be representative of a real-world hypertension population; in a real-world setting (as demonstrated in this
analysis), the majority of patients with hypertension discontinue their first-line therapy within the 1st year.

While several RCTs have demonstrated the efficacy and safety of bisoprolol in patients with hypertension [25-
27], real-world evidence bisoprolol is more limited. A recent analysis of real-world data from UK CPRD of 539
patients prescribed bisoprolol monotherapy, showed a significantly higher survival rate that was maintained for up
to 15 years over the study period, compared with other types of B-blocker and the other major antihypertensive
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classes (7). Our analysis adds evidence from clinical practice that bisoprolol did not present a different BP decrease
to the other antihypertensive classes, including other B-blocker subtypes.

Safety findings

No difference in the risk of developing T2DM was observed across most cohorts, apart from a lower risk in
the bisoprolol cohort compared with the ACEi/ARB cohort. This finding should be interpreted with caution
as patients with T2DM and prediabetes are more likely to be prescribed ACEi/ARB (1], and, in this study, the
proportion of prediabetic patients appeared to be highest in the ACEi/ARB cohort. Moreover, as fasting blood
plasma glucose measurements were missing for most (80%) patients, this variable could not be fully controlled
for. Non diabetic increased glycemia may be an unknown confounder that impacted the comparison of bisoprolol
versus ACEi/ARB. There are conflicting results from previous studies comparing the risk of T2DM across the major
antihypertensive classes. On the one hand, B-blockers and diuretics comparatively increased the risk of T2DM in
a nested case—control study [28]. However, on the other hand, a RCT found that -blockers and CCBs were not
associated with the risk of T2DM, whereas the risk was increased with diuretics [29].

No difference in the risk of dyslipidemia between the bisoprolol and other B-blockers cohort was observed; how-
ever, there was an increased risk compared with diuretics, and a trend-wise increase in risk compared with the
CCB cohort. The comparison with the ACEi/ARB cohort was inconclusive. The increased bisoprolol-related risk
of dyslipidemia compared with diuretics was unexpected. As a reminder, dyslipidemia is commonly associated
with an increase in cholesterol, but as well in triglycerides (30]. Diuretics are associated with an increase in total
cholesterol (31], bisoprolol has no known effect on total cholesterol, HDL cholesterol or LDL cholesterol [32,33].
Regarding triglycerides, different B-blockers have been reported to have different effects on triglycerides [34]. Fur-
thermore, some studies have shown an increase in triglycerides after 2 years of bisoprolol treatment, while other
studies found no difference after 3 years (33). Therefore, this finding may be explained by a bisoprolol-related
increase in triglycerides, rather than an increase in cholesterol. Further research should be conducted to investigate
the differences between this study and the existing literature.

This study did not show any difference in the risk of developing obesity (defined as BMI >30 kg/m?), between
patients with hypertension treated with bisoprolol compared with other antihypertensive classes. Low sympathetic
nervous system activity has been suggested as a risk factor for weight gain and developing obesity. Metabolic
and sympathetic signals are transmitted via B-2 adrenoceptors in adipose tissue [35]. Since bisoprolol is highly
selective for -1 receptors [7,8], it is not expected to affect adipocytes or to otherwise interfere with body weight
regulation. This aligns with a study which reported that patients on carvedilol gained an average of 2.3 kg over
6 months of treatment, whereas those on bisoprolol did not experience a significant change in body weight [36].
Our analysis suggests that bisoprolol is not associated with an increased risk of developing obesity compared with
other antihypertensive classes.

In this study, no difference in the risk of erectile dysfunction was observed between cohorts, but the number
of events was low, with only six events reported out of the 1111 patients in the bisoprolol cohort. It is important
to note that this observation may be affected by possible under-reporting, as the prevalence of baseline erectile
dysfunction was much lower in this study (0.7%) compared with the results from a survey of the wider UK
population (13%) 371, and hypertension is one of the most common risk factors for erectile dysfunction (38]. The
low number of events and therefore lack of statistical power for this analysis limits interpretation. Our findings
conflict with a systematic review that found diuretics and B-blockers were associated with erectile dysfunction while
CCB and ACEi/ARBs were not [39]. However, the association between B-blockers and erectile dysfunction may
be partially explained by psychological factors, as demonstrated by a study from 2003 which found that patients
who experienced anxiety after being informed that B-blockers may cause erectile dysfunction, were more likely to
experience this effect (40]. This information may help to ease a common patient anxiety regarding the detrimental
impact of B-blockers on erectile function, improving medication adherence [39,41].

Strengths & limitations

The strengths of the present study include the use of high-qualitcy CPRD data and the appropriateness of the
statistical analysis proposed with linear mixed model and the multistate Markov model. It allows to analyze all
available longitudinal data while considering the censoring process as well. Likewise, the additional competing
risks analysis accounted for patient discontinuation and switching of drugs, which reflects the real world setting
compared with RCTs. And finally, the use of PS matching minimized confounding effects by lessening baseline
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differences between cohorts. Therefore, the proposed ad-hoc statistical method permitted robust evaluation of the
long term, real-world BP variations and safety outcomes of different antihypertensive classes. Our study also used
larger populations and much longer follow-up timeframes than those typically reported in clinical trials [25,26].
There were also several limitations to this study. As previously discussed, non diabetic increased glycemia may be an
unknown confounder in this study, which could have impacted the T2DM outcome analysis. Several well-known
cardiovascular risk factors, including physical inactivity, are not accurately recorded in CPRD; therefore, it is not
possible to rule out the possibility that unmeasured risk factors could still confound the result, although E-values
were calculated to account for and quantify residual confounding effects [21]. PS matching was done to minimize
confounding bias; however, this only matched patients at treatment initiation, and this benefit could have been lost
over the follow-up periods. Finally, follow-up time and discontinuation rate varied between cohorts: the bisoprolol
cohort had a higher discontinuation rate, especially compared with ACEi/ARB; the shorter follow-up period for
bisoprolol may have had a moderate impact on the short-term outcomes such as BP variation, but an even greater
impact on long-term outcome such as the development of T2DM. But the robust methodology that were applied
was able to utilize the time at risk on each subject with censored data to provide unbiased survival estimates.

Conclusion

Overall, this study adds real-world support to the evidence gathered from several RCTs that no difference is
observed in a term of BP decrease between the major antihypertensive classes. This study has not shown any
difference between bisoprolol and other antihypertensive classes, in terms of risk of T2DM, obesity or erectile
dysfunction, but an increased risk of dyslipidemia only in the comparison with diuretics. These data support
further consideration of the use of bisoprolol for the treatment of patients with hypertension.

Future perspective

It is expected that all five antihypertensive drug classes, B-blocker, diuretics, CCB, ARB and ACEi remain the
cornerstone in hypertension treatment either as monotherapy in very mild hypertension or in old and frail patients
or in various combinations in other hypertensive patients.

Summary points

e Real-world evidence to support the use of bisoprolol in patients with hypertension.

o Differences in average systolic and diastolic blood pressure (BP) variation were <3 mmHg between bisoprolol
compared with other antihypertensive classes.

e In clinical practice, BP measurements are performed at each visit, at different time points of the disease and
reflect the continuous management of patients with hypertension. The present study applied mixed models and
multistate models to evaluate the full trajectory of BP variation observed in patients treated with a first-line
monotherapy.

e In terms of safety, no differences were observed between bisoprolol and other antihypertensive classes in the risk
for Type 2 diabetes mellitus, obesity and erectile dysfunction, with increased risk for dyslipidemia versus diuretics
only.
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