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Abstract

There is insufficient evidence that angiotensin-converting enzyme inhibitors (ACEIs) can reduce pneumonia by inducing a dry
cough that confers a protective effect on the airway. To increase the evidence base on the clinical use of ACEIs for pneumonia
prevention, this retrospective cohort study aimed to comparatively examine the risk of pneumonia-related hospitalization
between ACEI initiators and angiotensin II receptor blocker (ARB) initiators using claims data from two Japanese
municipalities. We identified persons who were newly prescribed any ACEI or ARB as their first antihypertensive agent
between April 2016 and March 2020. The Fine-Gray method was applied to a Cox proportional hazards model to estimate the
subdistribution hazard ratio (HR) of ACEI use (reference: ARB use) for pneumonia-related hospitalization, with death treated
as a competing risk. Sex, age, comorbidities, medications, and pneumococcal immunization were included as covariates. The
analysis was conducted on 1421 ACEI initiators and 9040 ARB initiators, and the adjusted subdistribution HR of ACEI use
was estimated to be 1.21 (95% confidence interval: 0.89-1.65; P = 0.22). ACEI initiation did not demonstrate any significant
preventive effect against pneumonia-related hospitalization relative to ARB initiation. There remains a lack of strong evidence
on the protective effects of ACEIs, and further research is needed to ascertain the benefits of their use in preventing pneumonia.

Keywords Angiotensin-converting enzyme inhibitors * Cohort study * Dry cough - Pneumonia * Real-world data

Introduction

Pneumonia is one of the most common diseases throughout the
world, and has a wide spectrum of severity that ranges from
very mild to life-threatening cases. Approximately 2.38 million
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people died of lower respiratory tract infections worldwide in
2016, making it the sixth leading cause of death from illness
[1]. Before the COVID-19 pandemic, the pneumonia-related
hospitalization rate in Japan was 310 per million population in
2011 [2], with nearly 100,000 pneumonia deaths in 2019 [3].

Several studies have reported effective measures for
preventing pneumonia, including smoking cessation and
immunization against influenza and pneumococcus [4-6].
Oral care is also believed to be effective because micro-
aspiration and silent aspiration are important pathogenic
mechanisms of pneumonia, even in healthy persons [7].
Additionally, angiotensin-converting enzyme inhibitors
(ACEIs), which are frequently used to treat hypertension
and chronic heart failure, could potentially reduce the risk
of pneumonia through the induction of a dry cough (a
common adverse effect) that confers a protective effect on
the airway. A possible mechanism for this effect is that
ACEIs elevate bradykinin and substance P levels, which
stimulate the sensory nerves of the airway and enhance the
cough reflex [8—10]. A systematic review and meta-analysis
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Graphical Abstract

We conducted a large-scale retrospective cohort study using real-world healthcare data from a Japanese population. In this
study, ACEI initiation did not indicate a significant preventive effect against pneumonia-related hospitalization.

Association between ACEI initiation and pneumonia-related hospitalization
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Japanese multi-municipal healthcare claims database managed by Kyushu University
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Point of view

e Clinical relevance
ACEI initiation does not show any significant
preventive effect against pneumonia-related hospita-
lization when compared with ARB initiation.
e Future direction
Further research is warranted to ascertain the
benefits of ACEI use in preventing pneumonia.
o Consideration for the Asian population
While Asian populations have been reported to
benefit more from ACEI use in preventing pneumo-
nia, our study found no such benefits in a Japanese
population.

published in 2012 reported that ACEI use was significantly
associated with a 34% reduction in pneumonia risk when
compared with control treatments, whereas angiotensin II
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receptor blockers (ARBs) did not impact pneumonia risk
[11]. However, the current clinical evidence lacks strength,
and studies have yielded conflicting results [12—14].
Accordingly, there is a need to increase the evidence
base on the clinical use of ACEIs for pneumonia preven-
tion. This observational study was conducted to compara-
tively examine the risk of pneumonia-related hospitalization
between ACEI initiators and ARB initiators using claims
data from two Japanese municipalities. We set pneumonia-
related hospitalization as the study outcome in order to
focus on severe conditions that require in-hospital care.

Methods
Data source

This retrospective cohort study utilized data provided by the
Longevity Improvement & Fair Evidence (LIFE) Study, which
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is an ongoing database project managed by Kyushu University
(Fukuoka, Japan) [15]. The LIFE Study collects claims data
for medical care and long-term care (LTC) services from
participating municipalities in Japan, and creates databases for
research. Medical care claims data are acquired from residents
enrolled in either of Japan’s public medical care insurance
systems (National Health Insurance and Latter-Stage Elderly
Healthcare System), and include information on patient char-
acteristics and reimbursement claims for all insurance-covered
medical services delivered in inpatient and outpatient settings.
National Health Insurance enrollees include the self-employed,
agricultural and fishery workers, part-time workers, retirees,
and their dependents aged 074 years; this system covers more
than 80% of the population aged 65-74 years. Latter-Stage
Elderly Healthcare System enrollees include residents aged >
75 years. Next, Japan’s LTC system provides coverage for
persons with certified care needs. Its enrollees mainly include
individuals aged > 65 years, and the data contain LTC claims
(for use of insurance-covered LTC services) and certified LTC
needs levels (indicating the degree of LTC required by a
person). The number of municipalities participating in the
LIFE Study varies over time depending on differences in
individual contracts, with the earliest participant providing data
from April 2014.

For this study, data from April 2016 to March 2020 were
acquired from two municipalities. The datasets comprised
recorded diagnoses, prescribed medications, treatment and
hospitalization dates, comorbidities, government-subsidized
vaccinations, LTC claims, and certified LTC needs levels.
Diagnoses and prescribed medications were identified using
the International Classification of Diseases, 10th revision

(ICD-10) codes and Anatomical Therapeutic Chemical
(ATC) codes, respectively.

Study design and population

From the 4 years of data, we set the observation period as
the 3 years spanning April 2017 to March 2020. First, we
identified participants with claims data in the study database
in April 2017. Next, we identified those who were newly
prescribed any ACEI (ATC code: C09A; including capto-
pril, enalapril, lisinopril, perindopril, ramipril, quinapril,
benazepril, cilazapril, fosinopril, trandolapril, spirapril,
delapril, moexipril, temocapril, zofenopril, and imidapril) or
ARB (C09C-D; including losartan, eprosartan, valsartan,
irbesartan, tasosartan, candesartan, telmisartan, olmesartan
medoxomil, azilsartan medoxomil, and fimasartan) as their
first antihypertensive agent during the observation period.
Participants were categorized into an ACEI group or ARB
group based on their initially prescribed antihypertensive
agent, and the date of this initial prescription in each par-
ticipant was designated his/her cohort entry date (CED). We
excluded (i) individuals who lacked an adequate lookback
period (i.e., 1 year before their respective CEDs), (ii) indi-
viduals who were previously prescribed any type of anti-
hypertensive agent (ATC codes: CO1D, CO02K, CO7A,
CO8C-E, C09A, C09C-D, C09X, CO2L) during the look-
back period, and (iii) individuals who were previously
hospitalized for pneumonia or other lower respiratory tract
infection (ICD-10 codes: J13-18, J20-22, J69) during the
lookback period. Figure 1 presents an overview of the study
design and its follow-up process.

2020/4/1

2016/4/1 2017/4/1
. INCL CED
EXCL-1 Follow up window
2016/4/1 to -1 CED to end

EXCL-2
Days -365 to -1

)o0

Covariates 1 U¢:ﬁt

EXCL-3
Days -365 to 0

*

Covariates 2
Days -365 to 0

\ 4

Available data period

Lookback period

Fig. 1 Study design. The inclusion criterion (INCL) is records of
claims data on April 1st, 2017. Exclusion criterion 1 (EXCL-1) is the
lack of an adequate lookback period (1 year before the CED).
Exclusion criterion 2 (EXCL-2) is a previous prescription for any type
of antihypertensive agent during the lookback period. Exclusion cri-
terion 3 (EXCL-3) is a previous hospitalization for pneumonia or other

Observation period

lower respiratory tract infection during the lookback period. The first
set of covariates (Covariates 1) comprises each participant’s sex and
age at the time of his/her CED, and the second set of covariates
(Covariates 2) comprises each participant’s comorbidities, medica-
tions, and pneumococcal immunization during the year before his/her
CED. CED cohort entry date
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Outcome measure

The outcome measure was pneumonia-related hospitaliza-
tion, which was identified using the combination of records
simultaneously indicating a hospital admission and the
occurrence of pneumonia or other lower respiratory tract
infection (ICD-10 codes: J13-18, J20-22, J69). This set of
ICD-10 codes included pneumonia, lower respiratory tract
infection, and pneumonitis due to solids and liquids
(including aspiration pneumonia); and excluded chronic
pulmonary diseases (e.g., asthma, chronic obstructive pul-
monary disease), suppurative and necrotic conditions (e.g.,
empyema, lung abscess), pleural disease (e.g., pleuritis),
and infections caused by other specific organisms (e.g.,
tuberculosis). Participants in either group were followed-up
from their CEDs until the earliest occurrence of any of the
following events: outcome, death, disappearance from the
database, cessation of ACEI or ARB prescription (defined
as no records of these prescriptions within 89 days after the
last prescription date), overlapping prescriptions of ACEI
and ARB, or the end of the observation period
(March 2020).

Covariates

For this study, we identified two sets of covariates. First, we
determined each participant’s sex and age at the time of his/
her CED. Second, we analyzed each participant’s history of
comorbidities, medications, and pneumococcal immuniza-
tion (lookback period) (Supplementary Table S1). Comor-
bidities included cancer, diabetes mellitus, chronic heart
failure (CHF), coronary artery disease, cerebrovascular
disease (CVD), dementia, chronic lower respiratory disease
(including asthma and chronic obstructive pulmonary dis-
ease), chronic kidney disease, chronic liver failure, gastro-
esophageal reflux disease, and dysphagia. Medications
included immunosuppressants, antacids, and sedatives
(including hypnotics). Pneumococcal immunization referred
to immunization with the 23-valent pneumococcal poly-
saccharide vaccine (PPSV23).

Statistical analysis

We performed a survival analysis to assess the relationship
between the outcome of interest (pneumonia-related hos-
pitalization) and multiple predictor variables measured
either at the CED or during the lookback period. A cumu-
lative incidence function, estimated by modeling the cause-
specific hazard function, was utilized due to the need to
account for death as a competing risk in this study design.
Cumulative incidence curves were generated for each group
from CED to the end of follow-up, and differences were
assessed using Gray’s test. Additionally, we applied the
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Fine-Gray competing risk approach to a Cox proportional
hazards model to minimize the effects of confounding
factors while estimating the adjusted subdistribution hazard
ratio (HR) and 95% confidence interval (CI) of ACEI use
(reference: ARB use) for pneumonia-related hospitalization.
The model adjusted for sex, age, comorbidities, medica-
tions, and PPSV23 immunization.

To increase the robustness of our findings, we repeated
the analysis following propensity score matching between
the ACEI group and ARB group. Propensity scores were
estimated using a logistic regression model with ACEI or
ARB wuse as the dependent variable (Supplementary
Table S2). The covariates included sex, age, comorbidities,
medications, and PPSV23 immunization. We conducted 1:1
nearest-neighbor matching with a maximum caliper of 0.20.
The subdistribution HR was then calculated using the same
method as the main analysis.

Two-tailed P values below 0.05 were considered to be
statistically significant. During the follow-up period,
individuals with missing data (“N/A” values) for any
covariate were also excluded from the analysis. The sta-
tistical analysis was performed using R version 4.2.1 (R
Foundation for Statistical Computing, Vienna, Austria)
and RStudio version 6.1.524 (Posit PBC, Boston, MA,
USA) software.

Subgroup analyses

We performed a set of subgroup analyses to examine the
protective effects of ACElIs in specific subpopulations. The
following six subgroups were created using the covariate
data: male, female, aged > 65 years, aged > 75 years, history
of CHF, and history of CVD. Furthermore, individuals
receiving LTC services were identified based on their cer-
tified LTC needs levels and activities of daily living clas-
sification at the time of their CEDs. LTC needs levels range
from levels 1 to 5, with higher levels indicating a greater
requirement for LTC services. Activities of daily living
were assessed using the Japanese government’s “Criteria for
Determination of the Daily Life Independence Level
(Bedridden level) of the Elderly with Disability” scale,
which ranges from grade J (mostly independent) to grade C
(completely bedridden) [16, 17]. Using these data, the fol-
lowing three subgroups were created: LTC needs levels 1-5
(persons requiring > 32min of LTC services/day), LTC
needs levels 3-5 (persons requiring > 70 min of LTC ser-
vices/day), and activities of daily living grades B-C (i.e.,
bedridden persons) [18].

For each of the nine subgroups, we estimated the sub-
distribution HRs and 95% CIs using the same method as the
main analysis. The definitions of LTC needs levels and
bedridden levels under Japan’s LTC system are shown in
Supplementary Table S3 [16-18].
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469951 persons
had records of claims data
in April 2017

7824 persons (1.00)
were newly prescribed ACEIs

591 persons (0.08) met EXCL1
5837 persons (0.75) met EXCL2
1727 persons (0.22) met EXCL3

[ 1421 persons (0.18) ]

None had missing covariate data.

ACEI group
1421 persons (0.18)

Fig. 2 Flow diagram of study participant selection. Exclusion criterion
1 (EXCL-1) is the lack of an adequate lookback period (1 year before
the CED). Exclusion criterion 2 (EXCL-2) is a previous prescription
for any type of antihypertensive agent during the lookback period.
Exclusion criterion 3 (EXCL-3) is a previous hospitalization for
pneumonia or other lower respiratory tract infection during the

Sensitivity analysis

Recognizing that an observed association may be affected
by the presence of an unmeasured confounder with potential
imbalance between the ACEI and ARB groups, we per-
formed a quantitative sensitivity analysis to evaluate the
magnitude of this effect [19]. Assuming that an HR can be
reasonably considered to be equivalent to a relative risk
(RR), we estimated the adjusted RRs for cases in which the
strength of association between an unmeasured confounder
and disease outcome (RRcp) ranged from 1.5 to 3.0
according to various prevalences of the unmeasured con-
founder in both cohorts.

Results

From the two participating municipalities, we initially
identified 469,951 individuals with claims data in April
2017. After applying the exclusion criteria, the analysis was
conducted on 1421 ACEI initiators and 9040 ARB initiators
(Fig. 2). Table 1 summarizes the baseline characteristics of
the ACEI and ARB groups. ACEI initiators were observed
to be older than ARB initiators, and had a higher prevalence
of the following comorbidities: cancer, CHF, coronary
artery disease, CVD, dementia, chronic kidney disease,
gastroesophageal reflux disease, and dysphagia. In addition,
ACEI initiators had a higher proportion of antacid pre-
scriptions but a lower proportion of PPSV23 vaccinations
during the year before their CEDs.

Table 2 outlines the results from the follow-up obser-
vations and statistical analysis. The mean treatment

) <

28981 persons (1.00)
were newly prescribed ARBs

2384 persons (0.08) met EXCL1
18089 persons (0.62) met EXCL2
2117 persons (0.07) met EXCL3

[ 9044 persons (0.31) ]

N
4 persons had
missing covariate data

(Age and Sex)

ARB group
9040 persons (0.31)

lookback period. The proportions of individuals among those newly
prescribed ACEIs or ARBs are indicated in parentheses. There is
overlap among the excluded participants as some individuals meet two
or more exclusion criteria. ACEI angiotensin-converting enzyme
inhibitor; ARB angiotensin II receptor blocker; CED cohort entry date

Table 1 Baseline characteristics of the study population

ACEI group ARB group P value®

Number of patients 1421 9040 -
Age (years), mean + SD 77.8+12.0 758+11.5 <0.05
Female 720 (50.7) 5306 (58.7) <0.05
Cancer 264 (18.6) 1287 (14.2) <0.05
Diabetes mellitus 497 (35.0) 3064 (33.9) 0.44
Chronic heart failure 695 (48.9) 1851 (20.5) <0.05
Coronary artery disease 515 (36.2) 1072 (11.9) <0.05
Cerebrovascular disease 314 (22.1) 1637 (18.1) <0.05
Dementia 243 (17.1) 1054 (11.7) <0.05
Chronic lower respiratory 350 (24.6) 2149 (23.8) 0.50
disease

Chronic kidney disease 89 (6.3) 374 (4.1) <0.05
Chronic liver failure 108 (7.6) 778 (8.6) 0.22
Gastroesophageal reflux 561 (39.5) 3077 (34.0) <0.05
disease

Dysphagia 34 (2.4) 108 (1.2) <0.05
Immunosuppressants 301 (21.2) 2017 (22.3)  0.36
Antacids 1105 (77.8) 6139 (67.9) <0.05
Sedatives 537 (37.8) 3204 (354) 0.09
PPSV23 46 (3.2) 399 (4.4) <0.05

Values are presented as n (%) unless otherwise indicated

ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin II
receptor blocker, PPSV23 23-valent pneumococcal polysaccharide
vaccine, SD standard deviation

dCategorical variables were compared using Pearson’s chi-square test
and continuous variables were compared using the independent 7-test

durations for ACEI and ARB were 156.3 and 258.6 days,
respectively. The unadjusted subdistribution HR of ACEI

SPRINGER NATURE
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LaCb]IEeI 2 ?ssomatlon. bet\iveteg Group Mean No. of No. of Unadjusted P value Adjusted P value
h 'tT’l tpneumoma-re ale treatment outcomes deaths (%) subdistribution subdistribution
ospitalization duration (%) hazard ratio hazard ratio®
(days) (95% CI) (95% CI)
ACEI 156.3 83 (5.8) 18 (1.3) 1.72 (1.35-2.19) <0.05 1.21 (0.89-1.65) 0.22
ARB 258.6 292 (3.2) 41 (0.5) Reference - Reference -
ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin II receptor blocker, CI confidence interval
#Adjusted for age, sex, comorbidities (cancer, diabetes mellitus, chronic heart failure, coronary artery
disease, cerebrovascular disease, dementia, chronic lower respiratory disease, chronic kidney disease,
chronic liver failure, gastroesophageal reflux disease, and dysphagia), medications (immunosuppressants,
antacids, and sedatives), and immunization with the 23-valent pneumococcal polysaccharide vaccine
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Fig. 3 Cumulative incidence curves for pneumonia-related hospitali-
zation. The figure shows cumulative incidence curves of pneumonia-
related hospitalization in A the original groups and the following
subgroups: B male, C female, D aged > 65 years, E aged >75 years,
F history of CHF, G history of CVD, H LTC needs levels 1-5, I LTC
needs levels 3-5, and J bedridden. Death is treated as a competing

use (reference: ARB use) for pneumonia-related hospitali-
zation was 1.72 (95% CI. 1.35-2.19; P<0.05). In the
multivariable regression analysis that incorporated the
covariates, the adjusted subdistribution HR of ACEI use
(reference: ARB use) for pneumonia-related hospitalization
was 1.21 (95% CI: 0.89-1.65; P =0.22); the association
between each covariate and pneumonia-related hospitaliza-
tion is shown in Supplementary Table S4. Additionally,
1412 ACEI initiators were matched with the same number
of ARB initiators based on their propensity scores. In this
group, the subdistribution HR of ACEI use (reference: ARB
use) for pneumonia-related hospitalization was 1.37 (95%
CIL: 0.87-2.14; P =0.17) (Supplementary Table S2).

Results of the subgroup analyses
Supplementary Table S5 presents the baseline character-
istics of each subgroup. The cumulative incidence curves of

pneumonia-related hospitalization and the statistical

SPRINGER NATURE
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risk. The Y-axes show changes in the cumulative probability of
pneumonia-related hospitalization. The X-axes show time (days) of
follow-up. ACEI angiotensin-converting enzyme inhibitor; ARB
angiotensin II receptor blocker; CHF chronic health failure; CVD
cerebrovascular disease; LTC long-term care

analysis results for the original groups and subgroups are
shown in Figs. 3 and 4, respectively. In all analyzed sub-
groups, the cumulative probability of ACEI initiators for
pneumonia-related hospitalization was likely to be equiva-
lent to or higher than that of ARB initiators at any point
during the observation period (Fig. 3). The unadjusted
subdistribution HRs in the original groups and subgroups
tended to be higher than the adjusted subdistribution HRs
(Fig. 4). When examining the adjusted subdistribution HRs,
ACEI was not significantly associated with pneumonia-
related hospitalization in all subgroups, including those of
older age and with CVD. Only the subgroups of LTC needs
levels 1-5 and 3-5 had unadjusted and adjusted sub-
distribution HRs that were both below 1.00.

Results of the sensitivity analysis

The quantitative sensitivity analysis was conducted with the
assumptions that the observed RR (which did not account
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Unadjusted Adjusted
ACEI ARB subdistribution HR  subdistribution HR
Subgroup No. of events / total no. ACEI effectiveness (95%CTD) (95%CI)
ALL 83 /1421 292 /9040 —1— 1.72 (1.35 to 2.19) 1.21 (0.89 to 1.65)
Sex
Male 47 /701 122 /3734 <+ 2.11 (1.49 to 3.00) 1.48 (0.89 to 2.46)
Female 36 /720 170 / 5306 —— 1.42 (1.02 to 1.99) 0.98 (0.65 to 1.48)
Age
=65 years 77/ 1247 274 /7757 —————— 1.64 (1.25 to 2.16) 1.20 (0.87 to 1.67)
>75 years 70 /1058 249 /6193 S 1.60 (1.21t0 2.11) 122 (0.87 to 1.70)
Comorbidities
History of CHF 50/ 695 101 /1851 S E— S— 1.35 (0.98 to 1.86) 1.28 (0.86 to 1.90)
History of CVD 21 /314 102/ 1637 e i~ — 1.03 (0.63 to 1.68) 0.89 (0.48 to 1.64)
& Unadjusted
ADL subdistribution HR
LTCneeds 1-5 33/329  120/1114 —s——— ¢ Adjusted 0.86 (0.57 t0 1.32)  0.93 (0.58 to 1.50)
subdistribution HR
LTC needs 3-5 22 /186 59 /432 B~ E— 0.84 (0.50 to 1.44) 0.75 (0.40 to 1.39)
Bedridden 16/ 126 25/ 238 *> 1.13 (0.55 to 2.30) 0.86 (0.34 t0 2.17)
T T T T T T
0.5 1 1.5 2 2.5 3

Favors ACEI

Fig. 4 Subdistribution HRs of pneumonia-related hospitalization for
ACEI use compared with ARB use. The forest plot shows the sub-
distribution HRs in the original groups and the following subgroups:
male, female, aged > 65 years, aged > 75 years, history of CHF, history
of CVD, LTC needs levels 1-5, LTC needs levels 3-5, and bedridden.

for the unmeasured confounding effect) was 1.20 (based on
the observed results in Table 2) and that the prevalence of
this confounder in the ARB group was 0.16. The assumed
prevalence of 0.16 was based on a prior report about the rate
of tobacco use in Japan [20]. By examining the combina-
tions of RR¢p values and unmeasured confounder pre-
valences in the ACEI cohort, we found that a high RR¢p
(e.g., 2.5-3.0) and considerable imbalance in unmeasured
confounder distribution between comparison groups (e.g.,
prevalence of 0.16 vs 0.4-0.5) would be required to
demonstrate the protective effects of ACEIs. Supplementary
Table S6 shows the adjusted RRs that accounted for the
potential confounding effect in each hypothetical situation.

Discussion

In this observational study, ACEI initiation did not
demonstrate a significantly lower risk of pneumonia-related
hospitalization when compared with ARB initiation in a
Japanese population. Although a significantly higher
unadjusted HR was initially estimated from the original
groups, this relationship lost significance after adjusting for
the covariates. The results of the subgroup analyses based
on various pneumonia risk factors were similar to those of
the main analysis. By omitting milder cases treated in out-
patient settings, our study provides greater insight into the

Favors ARB

The further a subdistribution HR lies to the left of 1.00, the more
effective ACEI is for preventing pneumonia-related hospitalization.
ACEI angiotensin-converting enzyme inhibitor; ARB angiotensin II
receptor blocker; CHF chronic health failure; CI confidence interval;
CVD cerebrovascular disease; HR hazard ratio; LTC long-term care

relationship between ACEI use and more severe conditions
that require in-hospital care.

The main finding of this study is that the use of ACEI
was not associated with a lower risk of pneumonia-related
hospitalization after adjusting for major risk factors that
were available in our database. The reason for selecting
ARB as the comparator against ACEI was that we expected
the characteristics to be similar between initiators of either
drug. In contrast to our expectations, the ACEI group had
higher proportions of several known risk factors of pneu-
monia, such as older age, CHF, CVD, and chronic kidney
disease. These trends, possibly influenced by guideline
recommendations and physicians’ preferences, have also
been previously observed [14]. The presence of these dif-
ferences suggests that there were still potentially unmea-
sured confounding factors that could influence the results,
leading to an underestimation of ACEI’s protective effects.

The subgroup analyses confirmed the findings of the
main analysis. These analyses were conducted to highlight
important risk factors of pneumonia and to control for bias
due to unmeasured confounders. Additionally, by utilizing
the LTC needs certification data in the LIFE Study’s data-
base, we were able to homogenize characteristics within
restricted populations of both groups, which helped to
verify the true effects. In all subgroups—including those
restricted to persons with CVD, high LTC needs, and
bedridden status—ACEI initiation did not confer any

SPRINGER NATURE
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significant protective effect for pneumonia-related hospita-
lization. We believed these findings are noteworthy and
meaningful because ACEI’s airway protective effects were
expected to have a strong impact in these high-risk sub-
groups. However, the unadjusted and adjusted subdistribu-
tion HRs were both below 1.00 in the high LTC needs
groups, suggesting that these populations may be highly
susceptible to ACEIs for pneumonia prevention.

To improve the robustness of our study, we also per-
formed a quantitative sensitivity analysis to address potential
unmeasured confounding effects. The results indicated that a
highly imbalanced distribution of unmeasured confounders
between comparison groups would be required to explain
ACET’s protective effect. We assumed that smoking is the
most important confounding factor that we could not mea-
sure in this study. Prior studies have reported that the rate of
tobacco use is 16.7% in Japan [20], and that the adjusted
odds ratio of tobacco use for pneumonia is 1.61 (95% CI:
1.53-1.69) [21]. However, the extremely high RRcp (e.g.,
2.5-3.0) and considerable imbalance in unmeasured con-
founder distribution between comparison groups (e.g., pre-
valence of 0.16 vs 0.4-0.5) needed to indicate the protective
effect of ACEIs suggest that smoking as a single uncon-
trolled factor would not be sufficient to reverse our results.

There are potential drawbacks when using ACEI with the
aim of inducing coughing to protect the airway. Coughing is
one of the most common reasons for people to consult a
physician, and can detrimentally affect a person’s quality of
life. Moreover, coughing may also have a considerable
economic impact, especially in the COVID-19 era. The
findings from previous reports and the present study remain
insufficient to establish conclusive evidence on the protec-
tive effects of ACEIs. Given the potential trade-off between
inducing a persistent dry cough and preventing pneumonia,
physicians must carefully consider whether to recommend
ACEIs to patients as a preventive measure.

This study was conducted using real-world medical
claims data acquired from a large cohort comprising more
than 10,000 ACEI and ARB initiators. While the nature of
observational studies makes it challenging to effectively
control the risk of biases and confounders, we believe that
the exclusion criteria (which removed patients who were
previously hospitalized for lower respiratory infectious
disease or prescribed any antihypertensive agent during the
year before their CEDs) contributed to the equalization of
characteristics between the comparison groups. Further-
more, the LIFE Study database enabled us to link claims
data, LTC needs data, and vaccination records. This was
especially useful for the subgroup analyses on persons with
high LTC needs and bedridden status, as these allowed us to
examine the target association in subpopulations with an
elevated risk of aspiration and pneumonia.
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This study has three limitations. First, the outcomes and
covariates were identified from claims data, which may
include coding errors and diagnostic inaccuracies. Second,
there were several potentially important confounders that
we could not measure in this study, such as smoking status,
influenza vaccination, and socioeconomic status. The lack
of these factors may have skewed the results. Nevertheless,
our sensitivity analysis indicated that a highly unequal
distribution of confounders between the comparison groups
would be needed to demonstrate the protective effects of
ACEIs. Third, this study was limited to National Health
Insurance enrollees and Latter-Stage Elderly Healthcare
System enrollees residing in two municipalities. Accord-
ingly, they may not be representative of the entire Japanese
population. On the other hand, the study population is likely
to have a high coverage of persons with older age, high
LTC needs, and bedridden status.

Perspective of Asia

A systematic review and meta-analysis published in
2012 suggested that Asian populations could benefit more
from the putative preventive effects of ACEI use against
pneumonia, but the underlying rationale is unclear [11].
Potential ethnicity-specific differences in the pneumonia
prevention effects of ACEIs should be considered when
interpreting the results of our study of Japanese healthcare
data. Further research is needed to identify specific popu-
lations that could benefit from ACEI use.

Conclusion

In this large-scale retrospective cohort study using real-
world healthcare data from a Japanese population, ACEI
initiation did not show any significant preventive effect
against pneumonia-related hospitalization, even in high-risk
subgroups with CVD, older age, high LTC needs, and
bedridden status. On the other hand, the results suggested
that the high LTC needs groups are potentially susceptible
to ACEIs for pneumonia prevention. Due to the current lack
of strong evidence, clinicians must carefully consider the
potential benefits and risks of prescribing ACEIs to prevent
pneumonia.
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