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Abstract: Purpose: The aim of this study was to analyze the association between antihypertensive
drugs and the incidence of acute lower respiratory infections in patients treated in general practices
in Germany. Methods: After propensity score matching of five antihypertensive drug classes, a
total of 377,470 patients aged ≥18 years were available for analysis. The association between each
antihypertensive drug class and ALRI incidence as compared to all other antihypertensive drug
classes (as a group) was studied using conditional Cox regression analyses. Because of multiple
comparisons and large patient samples, findings were clinically considered relevant when the hazard
ratio was <0.85 or >1.15. Results: The regression analyses applied found no clinically relevant
associations between antihypertensive drugs and the incidence of acute lower respiratory infections,
as all hazard ratios were between 0.85 and 1.15. Conclusion: In the present study, only slight and not
clinically relevant increases or decreases in the ALRI incidence were observed. Additional studies
are necessary to further explore the risks associated with antihypertensive agents that are widely
embedded in today’s clinical practice.
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1. Introduction

Affecting approximately 1.4 billion people in 2010 and with a drastic increase to
over 1.6 billion people expected by 2025 [1], hypertension remains the leading cause of
cardiovascular disease and premature death worldwide [2]. Despite the growing incidence
of hypertension, especially in low- and middle-income countries (LMIC), the global mean
blood pressure (BP) has remained constant, which is mainly attributed to the widespread
application of antihypertensive medication [2,3].

Today, a variety of antihypertensive medications, including ACE inhibitors ACEi,
angiotensin II receptor blockers (ARBs), beta blockers (BB), diuretics, and calcium channel
blockers (CCB), are used to prevent, control, and treat hypertension with the aim of reducing
cardiovascular risks and obviating complications in patients suffering from heart failure,
coronary heart disease, stroke, or diabetes [4,5].

With a consistent increase in the use of antihypertensive medication, much progress
has been made in maintaining a stable systolic blood pressure (SBP) in hypertensive
patients over the past few decades [6]. In this regard, a significant decline in the incidence
of ischemic stroke has been achieved in recent years by improving risk factor control
through stabilizing SBP [7].
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However, despite the widespread application of antihypertensive therapy and a clear
awareness of its impact in reducing the risk of cardiovascular morbidity, considerable
controversy has developed among researchers about the potential association between
antihypertensive drug use and the manifestation of acute lower respiratory infections
(ALRI). Defined as an acute infection of the lower respiratory tract, including pneumonia
and bronchitis [8], acute lower respiratory infections (ALRI) are considered a major threat
to global public health and are co-responsible for the highest burden of disease measured
by years lost through death or disability [9].

In this context, the possible protective effect of antihypertensives on ALRI risk has
been at the center of discussions in recent years: In 1996, Sekizawa et al., found a reduction
of about a third in the risk of pneumonia manifestation in patients treated with ACE
inhibitors (ACEi) and thus emphasized the potentially beneficial effects of the drugs on
the prevention of pneumonia [10]. These findings were confirmed by Van de Garde and
colleagues in 2007, who found that diabetic patients were at a significantly lower risk of
pneumonia when treated with ACEi [11]. Angiotensin II receptor blockers (ARBs) are also
purported to lower the risk of (severe) pneumonia and mortality further than ACEi [12].
By contrast, a higher risk of pneumonia was observed in a case-control study conducted by
Mukamal et al. in middle-aged Americans with beta blocker (BB), calcium channel blocker
(CCB), and lipophilic ACEi use [13]. These findings are supported in other studies, refuting
any protective effect induced by ACEi, BB, and CCB and even indicating an increased risk
of ALRI and other infections in patients treated with antihypertensives [14,15].

In this context, the following study aims to evaluate the potential association between
the intake of antihypertensive drugs and ALRI to supplement the insufficient evidence
concerning the risks accompanying widely used antihypertensive therapy approaches.

2. Methods
2.1. Database

This study was based on data from the Disease Analyzer database (IQVIA), which
contains drug prescriptions, diagnoses, and basic medical and demographic data obtained
directly and in anonymous format from computer systems used in the practices of general
practitioners and specialists [16]. The database covers approximately 3% of all outpatient
practices in Germany. Diagnoses (according to the International Classification of Diseases,
10th revision [ICD-10]), prescriptions (according to the Anatomical Therapeutic Chemical
(ATC) classification system), and the quality of reported data are monitored by IQVIA. In
Germany, the sampling methods used to select physicians’ practices are appropriate for
obtaining a representative database of general and specialized practices. It has previously
been shown that the panel of practices included in the Disease Analyzer database is
representative of general and specialized practices in Germany [16]. Finally, this database
has already been used in previous studies focusing on antihypertensive therapy [17,18] as
well as respiratory infections [19,20].

2.2. Study Population

This retrospective cohort study included adult patients (≥18 years) with an initial
prescription of antihypertensive therapy alone (diuretics, ATC: C03A; beta blockers, ATC:
C07A; calcium channel blockers, ATC: C08A; ACE inhibitors, ATC: C09A; angiotensin
II receptor blockers, ATC: C09A) in 1274 general practices in Germany between January
2010 and December 2019 (index date; Figure 1). Patients diagnosed with pneumonia (ICD-
10: C12–C18) or acute bronchitis (ICD-10: J20–J22) within 12 months prior to the index
date or acute upper respiratory infection (ICD-10: J06) four weeks prior to the index date
were excluded.

Patients receiving any of five antihypertensive drug classes were matched 1:1:1:1:1
to each other by propensity scores based on sex, age, and diagnoses documented within
12 months prior to or on the index date, including diabetes (ICD-10: E10–E11), ischemic
heart diseases (ICD-10: I20–I25), heart failure (ICD-10: I50), renal failure (ICD-10: N18.
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N19), chronic bronchitis or obstructive lung disease (COPD) (ICD-10: J42–J44), and asthma
(ICD-10: J45). Finally, patients without antihypertensive therapy were matched to one of
five therapy cohorts with similar exclusion criteria (Figure 1).

Figure 1. Selection of study patients.

2.3. Study Outcomes and Covariates

The main outcome of the study was the incidence of acute lower respiratory infection
including pneumonia and bronchitis within 12 months after the index date as a function of
antihypertensive therapy. Each patient was followed for up to 12 months from the index
date until the first ALRI diagnosis was documented or until antihypertensive therapy
ended (either because of a switch to another antihypertensive therapy or the addition of
another drug class to the initial therapy). Patients without antihypertensive therapy were
followed up for up to 12 months from the index date until the first ALRI diagnosis was
documented or until the last visit date to the general practitioner.

2.4. Statistical Analyses

Differences in the sample characteristics between six cohorts (five cohorts with dif-
ferent antihypertensive drug classes and one cohort without therapy) were measured.
Conditional Cox regression models were applied to study the association between each
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antihypertensive drug class and ALRI incidence compared to all other antihypertensive
drug classes (as a group). These models were applied separately for four age groups and
for women and men. As sensitivity analysis, the outcome was also defined as the diagnosis
of ALRI plus a prescription of an antibiotic drug (ATC: J01) within seven days following
the ALRI diagnosis. Both regression models were adjusted for the respective physician’s
practice to reflect the diagnosis behavior of treating physicians. In addition, each anti-
hypertensive drug class was compared to the cohort without therapy. To counteract the
problem of multiple comparisons and also due to the large patient samples, p-values <0.001
were considered statistically significant. Because of multiple comparisons and large patient
samples, findings were clinically considered relevant when the hazard ratio was <0.85 or
>1.15. Analyses were carried out using SAS version 9.4 (SAS institute, Cary, NC, USA).

2.5. Ethical Statement

The database used includes only anonymized data in compliance with the regulations
of the applicable data protection laws. German law allows the use of anonymous elec-
tronic medical records for research purposes under certain conditions. According to this
legislation, it is not necessary to obtain informed consent from patients or approval from
a medical ethics committee for this type of observational study that contains no directly
identifiable data.

Because patients were only queried as aggregates and no protected health information
was available for queries, no Institutional Review Board approval was required for the use
of this database or the completion of this study.

3. Results
3.1. Basic Characteristics of the Study Sample

The present study included 75,494 patients being treated with each therapy class as
well as those in the cohort without therapy (452,694 patients in total). The basic characteris-
tics of the study patients are displayed in Table 1. Due to the matched pair design of the
study, the age, sex, and comorbidity structure was the same for all five cohorts. The mean
age (SD) was 65.3 (SD: 14.0) years, 56.9% were women, the prevalence of diabetes was
13.2%, that of ischemic heart diseases 6.6%, heart failure 1.7%, renal failure 2.0%, COPD
3.7%, and asthma 2.4%.

Table 1. Basic characteristics of the study sample after propensity score matching.

Variable

Proportion
Affected among Patients

Treated with ACE
Inhibitors (%)

Proportion Affected
among Patients Treated
with Beta Blockers (%)

Proportion
Affected among

Patients Treated with
Diuretics (%)

Proportion
Affected among
Patients Treated
with CCB (%)

Proportion
Affected among
Patients Treated
with ARB (%)

p-Value

N 75,494 75,494 75,494 75,494 75,494
Age (Mean, SD) 65.3 (14.0) 65.3 (14.0) 65.3 (14.0) 65.3 (14.0) 65.3 (14.0) 1.000

Age ≤ 60 36.2 36.2 36.2 36.2 36.2

1.000
Age 61–70 23.3 23.3 23.3 23.3 23.3
Age 71–80 26.4 26.4 26.4 26.4 26.4
Age > 80 14.1 14.1 14.1 14.1 14.1
Female 56.9 56.9 56.9 56.9 56.9

1.000Male 43.1 43.1 43.1 43.1 43.1
Diabetes 13.2 13.2 13.2 13.2 13.2 1.000

Ischemic heart
diseases 6.6 6.6 6.6 6.6 6.6 1.000

Heart failure 1.7 1.7 1.7 1.7 1.7 1.000
Renal failure 2.0 2.0 2.0 2.0 2.0 1.000

COPD 3.7 3.7 3.7 3.7 3.7 1.000
Asthma 2.4 2.4 2.4 2.4 2.4 1.000

Proportions of patients given in % unless otherwise indicated. SD: standard deviation.

3.2. Cumulative Incidence of ALRI Diagnoses

Figure 2 shows the incidence (cases per 100 patient years) of ALRI diagnoses. This
incidence was slightly higher in patients treated with diuretics (18.8%), followed by ARB
(18.7%) and ACEI (18.1%). The lowest incidence was in patients treated with BB. The same
order was observed in terms of antibiotic therapy.



Healthcare 2022, 10, 2318 5 of 9

Figure 2. Proportion of individuals with a diagnosis of lower respiratory infection and antibiotic
therapy within 12 months in patients treated with different antihypertensive drugs.

3.3. Association between Antihypertensive Therapy and Incidence of ALRI

Table 2 shows the results of the conditional regression analyses. The regression
analyses applied found no clinically relevant associations between antihypertensive drugs
and the incidence of acute lower respiratory infections, as all hazard ratios were between
0.85 and 1.15. For example, ARB therapy was associated with a slightly increased incidence
of ALRI (HR: 1.08, 95% CI: 1.05–1.12) as well as antibiotic prescription (HR: 1.09; 95% CI:
1.04–1.13) compared to other antihypertensive drug classes. However, this association
was only confirmed in male individuals and individuals aged 71–80. In the youngest age
group (≤60 years), a positive association with ALRI was observed for individuals treated
with ACEI.

Although CCB therapy was associated with a slightly reduced ALRI incidence (HR:
0.93; 95% CI: 0.90–0.96), this association was only observed in women (HR: 0.91, 95% CI:
0.87–0.95) and was not confirmed for antibiotic therapy.

Table 2. Association between antihypertensive therapy (as compared to other antihypertensive
therapy classes) and the incidence of pneumonia and acute bronchitis in patients followed in general
practices in Germany (Cox regression models).

Cohort BB versus Rest CCB versus Rest ARB versus Rest DIU versus Rest ACEI versus Rest

Total
Diagnosis 0.96 (0.93–0.99) 0.93 (0.90–0.96) 1.08 (1.05–1.12) 1.02 (0.99–1.05) 1.02 (0.98–1.05)

Diagnosis + antibiotic
prescription 0.95 (0.90–0.99) 0.96 (0.92–1.00) 1.09 (1.94–1.13) 1.03 (0.99–1.07) 0.99 (0.94–1.03)

Age ≤ 60
Diagnosis 0.96 (0.91–1.02) 0.89 (0.85–0.95) 1.08 (1.03–1.14) 0.96 (0.91–1.02) 1.11 (1.05–1.17)

Diagnosis + antibiotic
prescription 0.96 (0.89–1.03) 0.90 (0.84–0.96) 1.10 (1.03–1.17) 1.00 (0.94–1.07) 1.06 (0.99–1.13)

Age 61–70
Diagnosis 1.01 (0.94–1.09) 0.97 (0.90–1.04) 1.06 (0.99–1.14) 0.94 (0.87–1.029 1.02 (0.95–1.10)

Diagnosis + antibiotic
prescription 0.96 (0.87–1.06) 0.99 (0.90–1.09) 1.04 (0.95–1.14) 1.01 (0.91–1.10) 1.01 (0.92–1.11)

Age 71–80
Diagnosis 0.95 (0.89–1.03) 0.93 (0.87–1.00) 1.12 (1.05–1.20) 1.06 (0.99–1.13) 0.94 (0.88–1.01)

Diagnosis + antibiotic
prescription 0.98 (0.89–1.08) 0.96 (0.87–1.05) 1.14 (1.04–1.24) 1.01 (0.93–1.11) 0.93 (0.81–0.99)

Age > 80
Diagnosis 0.92 (0.83–1.00) 0.94 (0.85–1.03) 1.08 (0.98–1.18) 1.10 (1.00–1.20) 0.99 (0.90–1.08)

Diagnosis + antibiotic
prescription 0.88 (0.77–1.00) 1.09 (0.96–1.24) 1.08 (0.95–1.24) 1.02 (0.90–1.15) 0.95 (0.84–1.08)
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Table 2. Cont.

Cohort BB versus Rest CCB versus Rest ARB versus Rest DIU versus Rest ACEI versus Rest

Women
Diagnosis 0.96 (0.92–1.00) 0.91 (0.87–0.95) 1.06 (1.02–1.11) 1.05 (1.01–1.10) 1.02 (0.98–1.06)

Diagnosis + antibiotic
prescription 0.96 (0.91–1.02) 0.94 (0.89–1.00) 1.05 (0.99–1.11) 1.08 (1.02–1.14) 0.97 (0.91–1.02)

Men
Diagnosis 0.95 (0.91–1.00) 0.94 (0.89–0.99) 1.12 (1.06–1.18) 0.98 (0.93–1.04) 1.02 (0.97–1.08)

Diagnosis + antibiotic
prescription 0.91 (0.85–0.98) 0.96 (0.90–1.03) 1.14 (1.07–1.23) 0.97 (0.90–1.04) 1.02 (0.95–1.10)

Compared to the cohort without therapy, ARB also was associated with a slightly
increased incidence of ALRI (HR: 1.10, 95% CI: 1.05–1.15) as well as antibiotic prescription
(HR: 1.12; 95% CI: 1.05–1.19) (Table 3).

Table 3. Association between antihypertensive therapy class (as compared to patients without
therapy) and the incidence of pneumonia and acute bronchitis in patients followed in general
practices in Germany (Cox regression models).

Cohort BB versus No
Therapy

CCB versus No
Therapy

ARB versus No
Therapy

DIU versus No
Therapy

ACEI versus No
Therapy

Total
Diagnosis 0.95 (0.91–1.00) 0.98 (0.93–1.00) 1.10 (1.05–1.15) 1.06 (1.01–1.11) 1.05 (1.00–1.10)

Diagnosis + antibiotic
prescription 0.95 (0.89–1.01) 1.03 (0.97–1.10) 1.12 (1.05–1.19) 1.08 (1.02–1.15) 1.02 (0.96–1.09)

4. Discussion

This retrospective cohort study with a sample size of 452,694 patients under hyper-
tensive therapy (75,494 patients in each group) generally identified no clinically relevant
associations between antihypertensive drugs and the incidence of acute lower respira-
tory infections.

All antihypertensive agents investigated in this study have been examined thoroughly
in previous studies and remain widely embedded in today’s clinical practice, however,
the current evidence does not provide a consensus on possible associations between these
agents and ALRI manifestation. Contrary to the findings of this study, ARBs and ACEi have
recently been discussed as playing a protective role in the development of ALRI. While
silent aspiration remains a major risk factor for the development of pneumonia [21], it has
been hypothesized that the intake of ACEi might reduce the risk of aspiration by inducing
a cough reflex through blocking degradation of substance P and bradykinin [22]. These two
inflammatory peptides play a major role in sensitizing the sensory nerves of the airway,
and thus, through inhibited metabolism, increase the cough reflex [23]. In congruence with
these findings, Lin et al. also added inhibited virus invasion, modulation of the cholinergic
pathway in the respiratory tract, and modulations of inflammation in lung parenchyma
as beneficial attributes of the intake of ACEi [24]. These findings have been confirmed by
other researchers, such as Caldera et al. [25] and Liu et al. [26].

However, studies that have found ACEi to be significantly beneficial to the develop-
ment of ALRI have mainly been conducted in Asia or among populations in specialized
clinics, such as post-stroke patients, which may have distorted the findings and their appli-
cability to the general population. A Dutch case–control study aiming to shift the focus from
previously studied subgroups towards the general population conducted by van de Garde
and colleagues could not confirm any positive influence of ACEi on pneumonia risk among
a general, largely white population [23]. Ethnic differences as found by Ohkubo et al., who
identified an OR of 0.53 (95% CI, 0.33–0.86) in Asian ACEi users versus an OR of 0.95 (95%
CI, 0.71–1.27) in non-Asian ACEi users, further strengthen this hypothesis [27,28]. The
design of this German-based study with a broad population of 75,494 patients under ACEi
therapy could therefore be a reason for the contradiction in findings compared to studies



Healthcare 2022, 10, 2318 7 of 9

involving only individual subpopulations. However, the question of whether differences in
genetic background between Asian and non-Asian populations may influence the effect of
ACEi on ALRI manifestation remains open to speculation. Given the orientation of previous
studies towards subpopulations, it is possible that the beneficial effects of ACEi with respect
to ALRI development are pronounced in these targeted groups but might differ within a
therapeutic setting of younger and especially white patients. By way of example, in a nested
case–control study, Mukamal et al. identified lipophilic ACEi as being associated with a
higher risk of pneumonia in middle-aged Americans with hypertension [13]. A possible
explanation for the slightly increased risk of developing ALRI under ACEi therapy might
evolve from a study conducted in 2021: Cao et al. demonstrated a significant inhibition
of bactericidal activity in human and murine neutrophils when exposed to ACEi, which
could induce higher susceptibility to bacterial infections [29]. However, future studies
are essential to confirm these findings in a general population and thus gain an overall
impression of the effects on ALRI risks accompanying the use of ACEi.

In addition to ACEi, the second most commonly used RAS-blocking agent—ARB—has
been studied and discussed intensively among researchers in terms of its possible beneficial
effect on ALRI manifestation. In previous examinations, anti-inflammatory effects as well
as the alleviation of lung injuries have been described as favorable attributes of ARBs [30].
Again, relevant studies have relied mainly on specific subpopulations including Asian,
neurologically impaired, and elderly patients [30]. Although the evidence concerning the
protective effects of ARBs with respect to ALRI remains contradictory [21,27], there seems
to be a common understanding among most researchers that ARBs are not associated with
an increased risk of ALRI. By way of example, in their case-crossover study, Liu et al. could
not find any association between ARB intake and pneumonia development among the
Taiwanese population [31]. Henry at al. support these findings with their results, which
determined that ARB therapy did not affect the risk of being diagnosed with pneumonia
within a hospital setting [32]. Interestingly, our study did find a slightly and not a relevant
increased incidence of ALRI in patients under ARB therapy. However, since these findings
were only marginally distinct, we do not consider them to be of clinical significance.

The third antihypertensive agent examined in our study—CCB—was associated with
a slightly reduced ALRI incidence in women not being treated with antibiotics. Compared
to ACEi and ARBs, CCB appears to be less frequently discussed regarding a possible
association with ALRI manifestation. Therefore, little evidence is available to allow for
an understanding of the possible impacts of CCB therapy on pulmonary inflammation.
Furthermore, the few studies published remain contradictory in their findings: In their
2001 study, Arai and colleagues found no difference between cases and controls under
CCB therapy regarding the risk of pneumonia [33]. By contrast, Mukamal et al. observed a
modestly higher risk of pneumonia in patients under CCB therapy [13], which has been
attributed to a possible suppression of lymphocyte activation [34]. To the best of our
knowledge, we are among the first to discover a negative association between CCB intake
and ALRI development in hypertensive patients. Our findings support the results of Lin
et al., which outlined improved outcomes for respiratory insufficiency, bacteremia, and
severe sepsis in patients under CCB therapy admitted to the hospital with pneumonia [35].

Although it can be stated in general that therapy with RAS-blocking antihypertensives
was found to be associated with a higher risk of ALRI manifestation, the risk appears to
be only slightly increased. Whether the evidence available today is biased by the fact that
many studies are limited to Asian populations and other subpopulations remains open
to speculation. Therefore, further studies are essential to understand the infection risks
associated with antihypertensive therapy within a general population setting. Furthermore,
the potential beneficial effect of CCB on pneumonia-related outcomes we identified within
our analysis needs to be explored in future targeted studies.

Although this study is based on a large population of 377,470 patients and provides
valuable insights concerning the potential infection risks associated with the intake of
antihypertensive agents, it is subject to a number of weaknesses that should be considered:
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First, the database used did not include information on any socioeconomic factors, such as
education, smoking status, alcohol consumption, and lifestyle. Second, data used in this
analysis only include real-world data from an outpatient setting and do not include hospital
data or data retrieved from specialists. Third, we only considered the monotherapeutic
intake of antihypertensives and did not examine the combined application of antihyperten-
sive agents. Finally, due to the retrospective nature of the analysis, no causal relationships
could be reported; instead, we focused solely on associations. No clinical decisions on
therapy strategies should be taken on the basis of associations alone.

5. Conclusions

In the present study, only slight and not clinically relevant increases or decreases in
the ALRI incidence depending on antihypertensive therapy were observed. Additional
studies are necessary to further explore the risks associated with antihypertensive agents
widely embedded in today’s clinical practice.
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