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OBJECTIVE

To determine whether ACE inhibitors (ACEi) and angiotensin receptor blockers
(ARB) protect against lower–respiratory tract infections complicating type 2
diabetes.

RESEARCH DESIGN AND METHODS

Of 1,732 participants with diabetes recruited to the longitudinal observational
Fremantle Diabetes Study Phase II (FDS2) between 2008 and 2011, 1,482 had
confirmed type 2 diabetes (mean age 65.8 years and median diabetes duration 9.0
years; 51.6%weremale).Allwere followed forhospitalizations fororwith,ordeaths
from,pneumonia/influenza, ascertained fromvalidatedadministrativedata linkage
from study entry to end of 2016. Cox regression and competing risk regressionwere
used to identify independent predictors of this outcome.

RESULTS

Two-thirds of participants (n 5 982) were taking an ACEi and/or ARB at study
entry (498 [33.6%] ACEi, 408 [27.5%] ARB, 76 [5.1%] both). During 9,511 person-
years of follow-up (mean 6 SD 6.4 6 2.0 years), 174 participants had incident
pneumonia/influenza (156 hospitalizations and 18 deaths without hospitali-
zation). In Cox regression analysis, baseline ACEi/ARB use was independently
associated with a reduced risk of incident pneumonia/influenza (cause-specific
hazard ratio [HR] 0.64 [95% CI 0.45, 0.89], P50.008). Allowing for the competing
risk of death did not change this finding (subdistributionHR 0.67 [0.48, 0.95], P5
0.024), and similar reductions were seen for ACEi, ARB alone, and ACEi/ARB
combination therapy. There was no significant change in use of ACEi/ARB during
follow-up [interaction with ln(time), P 5 0.70]. Other significant predictors of
incident pneumonia/influenza were previously reported, clinically plausible
variables.

CONCLUSIONS

ACEi/ARB reduce the risk of pneumonia/influenza in people with type 2 diabetes.
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The weight of evidence suggests that the
risk of lower–respiratory tract infections
is increased in people with type 2 di-
abetes (1–3) and that the associated
mortality is greater than in people with-
outdiabetes (4). Inaddition, although the
incidence of the chronic vascular com-
plications of diabetes has declined over
the past two decades (5), this trend has
not been observed with infections. In
contrast to a steady reduction in adults
without diabetes, the rate of hospital-
izations for pneumonia has remained rel-
atively stable in peoplewith diabetes in the
U.S. over recent years (6). As diabetes is a
strong risk factor for the development
of pulmonary complications of corona-
virus disease 2019 (COVID-19) (7), this
divergence should becomemoremarked
with time.
One factor that has been identified

as possibly affording protection against
community-acquired infections is use of
drugs that inhibit the renin-angiotensin
system (RAS) and thus attenuate the
adverse effects of RAS-mediated oxida-
tive stress and inflammation (8). In the
case of lower–respiratory tract infec-
tions, the results of a meta-analysis sug-
gested that ACE inhibitors (ACEi), but not
angiotensin receptorblockers (ARB), pro-
tect against pneumonia in general pop-
ulation studies (9). However, amore recent
study showed that ARB were more ef-
fective than ACEi in preventing pneumo-
nia in people with chronic obstructive
pulmonary disease (COPD) (10). One pri-
mary care–based U.K. study in people with
diabetes found that ACEi prevented com-
munity-acquired pneumonia (11). There
have been no equivalent studies of ARB
in diabetes, but because diabetes is asso-
ciated with progressive pulmonary dysfunc-
tion (12), the response to this class versus
ACEi may be similar to that in COPD (10).
In view of the inconsistent and incom-

plete diabetes-specific data, the aim of the
current study was to examine whether use
of ACEi or ARB is associated with a reduc-
tion in the incidence of hospitalization for
lower–respiratory tract infections in repre-
sentative people with type 2 diabetes.
Because there are a large number of other
recognized risk factors for this type of
infection (13), it is important to include
possible confounding variables in assess-
ment of the independent contribution of
RAS inhibitors, a limitation of previous
studies (9–11). RAS inhibitors are com-
monly used as antihypertensive agents

and for renoprotection in type 2 diabetes
(14), but a beneficial effect on the in-
cidence of lower–respiratory tract infec-
tions may justify their wider use.

RESEARCH DESIGN AND METHODS

Study Site, Participants, and Approvals
The Fremantle Diabetes Study Phase II
(FDS2) is a longitudinal observational
study conducted in a zip code–defined
urban community of 157,000 people
surrounding the city of Fremantle in
the state of Western Australia (WA)
(15). Socioeconomic data relating to in-
come, employment, housing, transpor-
tation, and other variables in the study
area show an average Index of Relative
Socio-Economic Advantage and Disad-
vantage of 1,033 with a range by zip code
of 977–1,113, figures similar to the Aus-
tralian national mean6 SD, which are set
at 1,000 6 100 (16).

Descriptions of FDS2 recruitment, sample
characteristics, anddetails ofnonrecruited
individuals with diabetes have previously
been published (15). In brief, individuals
resident in the catchment area with a
clinician-verified diagnosis of diabetes
(excluding gestational diabetes mellitus)
were identified through all available hos-
pital and community sources. Of 4,639
with known diabetes identified between
2008 and 2011, 1,668 (36.0%) were re-
cruited to FDS2. Former FDS Phase I
participants recruited between 1993 and
1996whohadmoved out of the catchment
area (n564)were also recruited, for a total
cohort of 1,732. The mean6 SD baseline
age of those recruited to the FSD2 was
62.06 13.8 vs. 61.36 17.4 years in patients
identified but not recruited; 52.2% and
52.4%, respectively, were male; and 90.1%
and 89.5%, respectively, had type 2 di-
abetes (P $ 0.17 in each case) (17).

Study Procedures
All FDS2 participants were invited to
face-to-face assessments at entry and
then biennially, interspersed with bien-
nial postal questionnaires (15). Face-to-
face assessments included a standardized
comprehensive questionnaire and phy-
sical examination, as well as fasting
biochemical tests performed in a single
nationally accredited laboratory. It was
requested that participants bring all
medications/prescriptions to each visit,
and details were verified and recorded.
Smoking, alcohol consumption, and vac-
cination histories were documented. BMI

was determined together with a body
shape index (ABSI), which represents a
more reliable estimate of visceral adipos-
ity (18). Pulmonary function testing was
performed to American Thoracic Society
spirometry standards (19).

Type 2 diabetes in participants was
ascertainedbasedondiabetes treatment
history (especially insulin and its initia-
tion relative to diagnosis), BMI, age at
diagnosis, nature of first presentation,
and/or self-identification. Among the 1,551
with clinically defined type 2 diabetes,
subsequent testing for anti-GAD anti-
bodies and monogenic diabetes reduced
this number to 1,482 with true type 2
diabetes (16). Racial/ethnic background
was categorized based on self-selection,
country/countries of birth and parents’/
grandparents’birth, and language(s) spo-
ken at home as Anglo-Celt, Southern Eu-
ropean,Other European, Asian, Aboriginal,
or mixed/other.

Complications of diabetes were iden-
tified using standard definitions (20). Al-
buminuria was assessed by early-morning
spot urine albumin-to-creatinine ratio
(ACR) measurement and renal impair-
ment from the estimated glomerular
filtration rate (eGFR) (21). Peripheral
sensory neuropathy was defined using
the clinical portion of the Michigan Neu-
ropathy Screening Instrument. Retinop-
athy was defined as one microaneurysm
in either eye or worse, previous laser treat-
ment on fundus photography, or ophthal-
mologist assessment. Participants were
classified as having coronary heart disease
if there was a history of myocardial in-
farction, angina, coronary artery bypass
grafting, or angioplasty and as having ce-
rebrovascular disease if there was a history
of stroke or transient ischemic attack. Pe-
ripheral arterial disease was defined as an
ankle brachial index #0.90 or a diabetes-
related lower-extremity amputation.

Ascertainment of Outcomes
The Hospital Morbidity Data Collection
(HMDC) contains information regarding
all public/private hospitalizations in WA
since 1970, while the Registry for Births,
Deaths and Marriages records details of
all deaths in WA (22). The FDS2 has been
linked through the Western Australia
Data Linkage System (WADLS) to these
databases, as approved by the WA De-
partment of Health Human Research
Ethics Committee, to provide validated
data on incident events to end of 2016.
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The outcomes of interest during follow-up
were hospitalizations for the main bac-
terial and viral lung parenchymal infec-
tions pneumonia or influenza using the
ICD-10, Australian Modification (ICD-10-
AM) codes J10–J18, which have previ-
ously been validated (23). Deaths fromor
with pneumonia/influenza, based on the
death certificate or coroner’s determina-
tion, were also identified.
TheHospitalMorbidityDataCollection

was used to supplement data obtained
through FDS2 assessments relating to
prevalent/prior disease during the 5 years
prior to study entry. These datawere used
to calculate the Charlson comorbidity in-
dex (CCI) (24), which includes a history of
myocardial infarction, heart failure, ce-
rebrovascular disease, peripheral arterial
disease, chronic pulmonary disease, rheu-
matic disease, peptic ulcer disease, hemi-
paresis or paraparesis, renal disease, liver
disease, and cancer. For the purposes of the
current study, we excluded conditions coded
as diabetes-specific chronic complications
(ICD-9, clinical modification [ICD-9-CM]
250 and ICD-10-AM E10–E14 codes).

Statistical Analysis
The computer packages IBM SPSS Sta-
tistics 25 (IBM Corporation, Armonk, NY)
and Stata/SE 15 (StataCorp, College Sta-
tion, TX) were used for statistical analysis.
Data are presented as proportions, mean
6 SD, geometric mean (SD range), or,
when variables did not conform to a
normal or log-normal distribution, me-
dian and interquartile range. For inde-
pendent samples, two-way comparisons
for proportions were by Fisher exact
test, for normally distributed variables
by Student t test, and for non–normally
distributedvariablesbyMann-WhitneyU
test. Multiple logistic regression (back-
ward stepwise conditional modeling with
P, 0.05 for variable entry and$0.05 for
removal) was used to determine asso-
ciates of baseline ACEi/ARB use.
Cox regression modeling was used to

determine independentpredictors of time
to first hospitalization for or with or death
from or with pneumonia/influenza. Vari-
ables were included if they were clinically
plausible with a bivariable P, 0.20. They
were removed one at a time, those with
least statistical significance first, until all
variables in the model were significant at
P , 0.05. The use of ACEi/ARB at study
entry was then added to the model as a
binary variable (no ACEi/ARB use, ACEi/

ARB use) and as a categorical variable (no
ACEi/ARB use, ACEi only, ARB only, both
ACEi and ARB). Fine and Gray competing
risk regression modeling was performed
similarly to take account of the competing
risk of death from causes other than
pneumonia or influenza (25). The propor-
tional hazards assumption was checked
for eachmodel using Schoenfeld residuals
for individual covariates and globally and
using time-varying covariates. Thirty-four
participants (2.3%) had missing data for
one or more variables in the final models.
As a sensitivity analysis, the six variables
with missing data were multiply imputed
(320) and the analyses rerun with im-
puted data.

RESULTS

Baseline Characteristics
At study entry, the 1,482 FDS2 partic-
ipantswith type2diabetes had amean6
SD age of 65.8 6 11.6 years a median
diabetes duration of 9.0 years (interquar-
tile range3.0–16.0), and51.6%weremale.
Two-thirds (n5 982) were taking an ACEi
and/or ARB at study entry (498 [33.6%]
ACEi, 408 [27.5%] ARB, and 76 [5.1%]
both). The independent associates of base-
line use of ACEi and/or ARB are shown in
Table 1 (see Supplementary Table 1 for
bivariable comparisons). ACEi/ARB use
was associated with longer diabetes du-
ration and higher BMI and clustered with
other pharmacotherapies including lipid-
modifying agents (with an additional in-
verse association with total serum choles-
terol), calcium channel blockers, diuretics,
and aspirin. There was a graded increase

in use with increasing urine albumin
excretion, while participants with an
eGFR $45 and ,60 mL/min/1.73 m2

were more likely to be taking ACEi/ARB
thanwere thosewithaneGFRoutside this
range. Although participants with periph-
eral arterial diseaseweremore likely to be
treated with an ACEi/ARB than those
without, those with a CCI $3 were less
likely to be taking these agents than those
with a lower comorbidity burden.

Incident Pneumonia/Influenza and
Changes in RAS Inhibitor Use
During 9,511 person-years of follow-up
(mean 6 SD 6.4 6 2.0 years) to first
incident hospitalization for or with pneu-
monia or influenza, death, or end of De-
cember 2016dwhichever came firstd174
(11.7%) participants had incident pneu-
monia or influenza (156 hospitalizations
for or with pneumonia/influenza and
18 deaths from or with pneumonia/
influenza without hospitalization [crude in-
cidence 18.3/1,000 person-years]).

The baseline characteristics of the co-
hort classified by incident pneumonia/
influenza status are shown in Table 2.
Compared with participants who re-
mained free of lower–respiratory tract
infections during follow-up in bivariable
analyses, those with incident pneumo-
nia/influenza were older and less well
educated at baseline, were less likely to
be married or in a de facto relationship,
were less likely tobeAnglo-Celt andmore
likely to be indigenous, and consumed
less alcohol. They had longer duration of
diabetes and greater abdominal obesity,

Table 1—Odds ratios 95% CIs for independent baseline associates of ACEi/ARB
use in FDS2 participants with type 2 diabetes

OR (95% CI) P

Lipid-modifying medication 2.11 (1.58, 2.82) ,0.001

Calcium channel blocker therapy 2.23 (1.55, 3.21) ,0.001

Diuretic therapy 6.68 (4.54, 9.82) ,0.001

Aspirin therapy 1.87 (1.41, 2.47) ,0.001

Diabetes duration (increase of 1 year) 1.03 (1.01, 1.04) 0.001

Total serum cholesterol (increase of 1 mmol/L) 0.83 (0.73, 0.93) 0.002

Peripheral arterial disease 1.61 (1.16, 2.25) 0.005

BMI (increase of 1 kg/m2) 1.03 (1.00, 1.05) 0.020

eGFR 45–59 mL/min/1.73 m2 1.84 (1.09, 3.12) 0.022

Albuminuria category 0.025
Normoalbuminuria (ACR ,3.0 mg/mmol) 1.00 (reference)
Microalbuminuria (ACR 3.0–29.9 mg/mmol) 1.34 (1.01, 1.78) 0.042
Macroalbuminuria (ACR $30.0 mg/mmol) 1.90 (1.05, 3.44) 0.033
CCI $3 0.58 (0.34, 0.97) 0.040

OR, odds ratio.
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and they were more likely to be insulin
treated. They had a higher resting pulse
rate and lower diastolic blood pressure, a
greater urinary albumin excretion, and a
lower eGFR and weremore likely to have
chronic vascular complications of diabe-
tes. They were more likely to have been
hospitalized with pneumonia/influenza
before study entry, were more likely
to have had both influenza and pneu-
mococcal vaccinations, and had worse
pulmonary function.

Predictors of First HospitalizationWith
or Death From Pneumonia/Influenza
The results of the Cox regression mod-
eling are summarized in Table 3. After
adjustment for the most parsimonious
model of independent associates of first
incident hospitalization for or with or
death from or with pneumonia or in-
fluenza, use of ACEi or ARB at baseline
was associated with a significant, 36%,
reduced risk of incident pneumonia/
influenza (cause-specific hazard ratio [csHR]
0.64 [95% CI 0.45, 0.89], P5 0.008). Other
significant variables in themodelwere older
age, indigenous and other European ethnic-
ity, increasing HbA1c and ABSI, increasing
heart rate and lower diastolic blood pres-
sure, increasing urinary albumin excretion
and stage 3 or 4 chronic kidney disease,
proton pump inhibitor use, increased CCI,
and prior hospitalization with pneumonia/
influenza.
To explore whether there were differ-

ences by type of RAS inhibitor, we used
categorical variables for ACEi/ARB use
(i.e., no ACEi/ARB, ACEi only, ARB only,
both ACEi and ARB) in the same Cox
model. The respectiveadjustedcsHRswith
no ACEi/ARB use as reference were 0.66
(95%CI 0.45, 0.97) (P5 0.036), 0.62 (0.41,
0.93) (P 5 0.020), and 0.60 (0.30, 1.17)
(P 5 0.13), respectively. Taking the com-
peting risk of death from other causes
during follow-up into account attenuated
the risk reduction, but it remained signif-
icant (subdistribution hazard ratio [sdHR]
0.67 [95% CI 0.48, 0.95], P5 0.024). (See
Table 3.) The proportional hazards as-
sumption was not violated for any of the
variables in the models (P $ 0.31) or
overall (P 5 0.65).
The models using multiply imputed

data produced similar results. For the
Cox model, the adjusted csHR for ACEi/
ARBusewas 0.61 (95%CI 0.44, 0.85) (P5
0.003), and for the competing risk model
the adjusted sdHR was 0.70 (0.50, 0.98)

(P 5 0.039). At biennial face-to-face
assessments, similar proportions of par-
ticipants were taking an ACEi or ARB com-
paredwith baseline (68.3%of 1,152 at year
2, 69.5% of 893 at year 4, and 71.3% of
739 at year 6). The binary variable ACEi/
ARB use did not vary over time [interaction
with ln(time), P 5 0.70].

Mortality
Of the participants who had an episode of
pneumonia/influenza, 88 were hospital-
ized and were still alive at the end of
follow-up (end-2016), 68 were hospital-
ized but had died by end-2016, and
18 died of or with pneumonia but had
no hospital admission. Of the 68 hospi-
talized patients who died during follow-
up, the mean 6 SD time between
hospitalization and death was 586 6
626 days, with no significant difference
by ACEi/ARB treatment status (21 not
treated, 563 6 600 days, vs. 47 treated,
597 6 644 days; Mann-Whitney U test,
P 5 0.98). Three participants who were
not taking ACEi/ARB (14.3%) vs. 10 who
were (21.3%) died within 30 days of first
hospitalization for or with pneumonia/
influenza (P 5 0.74).

CONCLUSIONS

The current study shows that use of ACEi
and/or ARB was protective against hos-
pitalization for pneumonia and influenza
independently of a range of recognized
risk factors over an average follow-up
period of .6 years in a representative,
community-based cohort of people with
type 2 diabetes. The two classes of RAS
inhibitor therapy, whether as monother-
apy or in combination, had similar ef-
fects, providing a $30% reduction in
the incidence of these lower–respiratory
tract infections after adjustment. The
competing risk of death had only a mar-
ginal effect on the magnitude of benefit,
and there was no time-dependent in-
fluence of use of ACEi/ARB medications.
These data have implications for man-
agement, especially in an era in which
lower–respiratory tract infections remain
a major cause of hospitalization for in-
fection in peoplewith diabetes (1,6)which
is increasingly due to COVID-19 (7).

The published evidence to date that
RAS inhibitor usemaybebeneficial in this
way is inconsistent. A meta-analysis of
general population studies found a 34%
reduction in pneumonia with ACEi, close
to the 36% protection with any RAS

inhibitor in the current study, but no
significant benefit with ARB use (9). The
only diabetes-specific study, a retrospec-
tive study involving the large U.K. Gen-
eral Practice Research Database, found a
smaller but still significant protective
effect of 28% with ACEi, but ARB were
not considered, there was no differen-
tiation by type of diabetes, and therewas
limited availability of confounding vari-
ables (11). A recent Taiwanese study
showed that ARB were more effective
than ACEi in preventing pneumonia in
COPD (10), and we were concerned that
this finding may be relevant to type 2
diabetes because of the progressive,
largely restrictive, pulmonary dysfunc-
tion that has been consistently reported
(12). Nevertheless, despite the conflict-
ing results for ARB in previous studies
(9,10), we found that ARB and ACEi had
similar effects in our well-characterized
cohort of people with type 2 diabetes.

Although there is evidence that the
combination of ACEi and ARB is beneficial
for proteinuria (26) andheart failure (27),
there are also adverse effects including
acute kidney injury (AKI), hyperkalemia,
and hypotension (28). Consistent with
studies in other countries (29,30), 1 in
13 of our participants who were taking an
RAS inhibitor were on combination ther-
apy. This subgroup appeared, within the
limitations of a small sample size and thus
low statistical power, to have benefits
to similar to those of monotherapy for
prevention of pneumonia/influenza (a
40%, nonsignificant, reduction). Guide-
lines conventionally recommend tempo-
rary cessation of RAS inhibitor therapy
during intercurrent illness such as pneu-
monia/influenza because of the risk of
AKI and its sequelae, but the justification
for this practice has been questioned
(31). We did not have detailed data
concerning inpatient and postdischarge
management including RAS inhibitor use
but did not find a significant difference in
mortality by prior ACEi/ARB treatment
status including at 30 days after discharge.

The other significant independent
predictors of first hospitalization for,
or death from, pneumonia/influenza in
our multivariable models were consis-
tent with those reported previously in
studies of pneumonia in both the general
population (13,32–34) and population
with diabetes (3), including age, Austra-
lian indigenous ethnicity, overweight,
chronic renal disease and albuminuria,
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Table 2—Baseline associates of incident hospitalization for or with or death from or with pneumonia or influenza in FDS2
participants with type 2 diabetes

No pneumonia/influenza Incident pneumonia/influenza P

Number (%) 1,308 (88.3) 174 (11.7)

Age (years) 65.1 6 11.3 70.3 6 12.1 ,0.001

Male (%) 51.4 52.9 0.75

Education beyond primary level (%) 87.9 76.5 ,0.001

Not fluent in English (%) 10.2 14.4 0.11

Married/de facto relationship (%) 63.6 52.9 0.008

Ethnic background (%)
Anglo-Celt 54.1 47.7
Southern European 12.5 13.8
Other European 6.7 8.6 0.005
Asian 4.7 2.3
Aboriginal/TSI 6.3 14.4
Mixed/other 15.7 13.2

Smoking status (%)
Never 43.3 35.8
Former 46.3 50.9 0.13
Current 10.3 13.3

Alcohol consumption (standard drinks/day) 0.1 [0–1.2] 0.1 [0–0.9] 0.024

Age at diabetes diagnosis (years) 55.4 6 11.9 56.9 6 14.1 0.17

Diabetes duration (years) 8.0 [2.1–15.4] 14.1 [6.0–19.1] ,0.001

Diabetes treatment (%)
Lifestyle/diet 25.1 17.2
OGLM 54.1 50.6 0.002
Insulin alone 4.9 10.3
Insulin1OGLM 15.9 21.8

HbA1c (%) 7.1 [6.1–8.7] 7.5 [6.1–9.5] 0.16

HbA1c (mmol/mol) 54 [43–72] 58 [54–80] 0.16

Fasting serum glucose (mmol/L) 6.8 [6.2–7.7] 7.1 [6.3–8.0] 0.015

ABSI (m11/6 z kg22/3) 0.081 6 0.005 0.083 6 0.005 ,0.001

BMI (kg/m2) 31.2 6 6.0 31.1 6 6.4 0.79

Heart rate (bpm) 69 6 12 74 6 14 ,0.001

Supine systolic blood pressure (mmHg) 146 6 21 148 6 25 0.28

Supine diastolic blood pressure (mmHg) 80 6 12 78 6 14 0.040

Antihypertensive medication (%) 74.3 77.9 0.35

ACEi/ARB use (%) 66.4 63.2 0.44

Total serum cholesterol (mmol/L) 4.4 6 1.1 4.2 6 1.1 0.10

Serum HDL cholesterol (mmol/L) 1.24 6 0.34 1.19 6 0.36 0.08

Serum triglycerides (mmol/L) 1.5 (0.9–2.5) 1.6 (1.0–2.6) 0.25

Lipid-lowering medication (%) 69.0 71.5 0.54

Aspirin (%) 37.3 42.1 0.24

Urinary ACR (mg/mmol) 3.0 (0.8–11.1) 6.8 (1.4–34.1) ,0.001

eGFR category (%)
$90 mL/min/1.73 m2 39.9 23.6
60–89 mL/min/1.73 m2 46.0 37.9
45–59 mL/min/1.73 m2 8.5 13.2 ,0.001
30–44 mL/min/1.73 m2 3.8 15.5
,30 mL/min/1.73 m2 1.8 9.8

Any retinopathy (%) 36.2 47.0 0.008

Peripheral sensory neuropathy (%) 57.1 69.5 0.002

Prior coronary heart disease (%) 27.4 44.8 ,0.001

Prior cerebrovascular disease (%) 7.3 17.8 ,0.001

Peripheral arterial disease (%) 21.8 29.3 0.034

CCI (%)
0 78.3 48.9
1–2 15.4 31.6 ,0.001
31 6.3 19.5

Continued on p. 2118
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prior hospitalization for respiratory in-
fection, proton pump inhibitor therapy,
and glycemic control. Smoking and COPD
are other recognized risk factors in gen-
eral population studies (13) but not in the
current study. However, COPD is likely to
have been captured under CCI catego-
ries, or resting pulse rate (35), especially
as pulmonary function was not a signif-
icant predictor in our models, while the
low rate of smoking in our participants
(less than one in eight) may have ob-
scured an association. The inverse asso-
ciationwith diastolic blood pressure and,
by implication, awidepulsepressuremay
indicate an association with cardiovas-
cular disease that has been inconsistent
in general population studies (13). Par-
ticipants whose ethnicity was from parts
of Europe other than the U.K./Ireland
and Southern European countries had
an increased riskofpneumonia/influenza
that reflects regional European general

populationdifferences (36). Neither pneu-
mococcal nor influenza vaccination was
predictive, reflecting general population
studies (13).

There is debate as to whether use of
ACEi/ARB prescribed for conventional
indications may facilitate the COVID-19
infection and its complications or, alter-
natively, confer cardiorespiratory protec-
tion (37), butmost guidelines recommend
that they not be stopped as a precaution
(38). In addition, available information
suggests that, although COVID-19 itself
causes pneumonia, secondary bacterial
pulmonary infection may complicate up
to one-half of fatal cases (39). The pres-
ent data provide some support for main-
taining ACEi or ARB therapy in patients at
risk or those with mild symptoms who are
at low risk of AKI due to fluid loss (31).

The current study had limitations. The
FDS datawere observational, but there is
little evidence that estimates of intervention

effects in well-conducted observational
studies are consistently larger than, or
qualitatively different from, those from
randomized controlled trials (40). We
did not examine dose-response relation-
ships, as our aim was to assess whether
usual-care ACEi/ARB prescription was as-
sociated with pneumonia/influenza hos-
pitalizations and deaths. The choice of
dose will depend on tolerability as well
as cardiovascular and renal indications,
which are independent of infection con-
cerns. Independent associates of baseline
ACEi/ARB usewere largely consistentwith
cardiovascular/renal indications and warn-
ings/contraindications that were not di-
rectly linked to infection, thusminimizing
the risk of confounding by indication. The
strengthsof the current study include the
prospective design, large patient num-
bers, detailed assessments, and ascer-
tainment of end points through validated
data linkage.

Table 2—Continued

No pneumonia/influenza Incident pneumonia/influenza P

Prior pneumonia/influenza hospitalization (%) 1.8 9.2 ,0.001

Influenza vaccination within last year (%) 70.6 (n 5 1,261) 82.9 (n 5 158) 0.001

Pneumonia vaccination within last 5 years (%) 40.7 (n 5 1,245) 57.4 (n 5 155) ,0.001

FVC (% predicted) 86.9 6 17.7 (n 5 1,210) 80.2 6 17.5 (n 5 136) ,0.001

FEV1 (% predicted) 83.7 6 18.7 (n 5 1,210) 76.7 6 19.7 (n 5 136) ,0.001

FEV1/FVC (%) 78.1 6 1.9 (n 5 1,210) 77.4 6 1.9 (n 5 136) ,0.001

Data are means6 SD, geometric means (SD range), or median [interquartile range] unless otherwise indicated. FEV1, forced expiratory volume in 1 s;
FVC, forced vital capacity; OGLM, oral glucose-lowering medications and noninsulin injectables; TSI, Torres Strait Islander.

Table 3—Models of independent baseline predictors of first incident hospitalization for or with or death from or with pneumonia
or influenza

Cox model, csHR (95% CI) P
Fine and Gray model,

sdHR (95% CI) P

Age at study entry (increase of 1 year) 1.05 (1.03, 1.06) ,0.001 1.04 (1.02, 1.06) ,0.001

Australian Aboriginal ethnicity 2.60 (1.44, 4.67) 0.001 2.04 (1.15, 3.64) 0.016

Other European ethnicitya 1.82 (1.03, 3.20) 0.039 1.83 (1.05, 3.16) 0.032

HbA1c (increase of 1% or 11 mmol/mol) 1.16 (1.04, 1.29) 0.006 1.18 (1.06, 1.31) 0.002

ABSI (increase of 1023 for units of m11/6 z kg22/3) 1.04 (1.01, 1.07) 0.011 1.03 (0.996, 1.06) 0.090

Heart rate (increase of 1 bpm) 1.02 (1.01, 1.03) 0.001 1.02 (1.004, 1.03) 0.011

Diastolic blood pressure (increase of 1 mmHg) 0.98 (0.97, 0.995) 0.007 0.98 (0.97, 0.997) 0.016

ln(urinary ACR [mg/mmol])b 1.19 (1.06, 1.33) 0.003 1.18 (1.05, 1.33) 0.005

eGFRc 30–44 mL/min/1.73 m2 2.02 (1.28, 3.20) 0.003 2.03 (1.27, 3.24) 0.003

eGFRc ,30 mL/min/1.73 m2 2.52 (1.31, 4.87) 0.006 1.73 (0.83, 3.61) 0.145

PPI use 1.48 (1.05, 2.10) 0.027 1.43 (1.00, 2.05) 0.050

CCId 1 or 2 2.19 (1.51, 3.18) ,0.001 1.98 (1.34, 2.91) 0.001

CCId $3 2.42 (1.52, 3.86) ,0.001 2.08 (1.25, 3.46) 0.005

Prior hospitalization for/with pneumonia or influenza 2.67 (1.44, 4.98) 0.002 1.76 (0.94, 3.33) 0.079

ACEi or ARB use 0.64 (0.45, 0.89) 0.008 0.67 (0.48, 0.95) 0.024

PPI, proton pump inhibitor. aEuropean other than Anglo-Celt and Southern European. bA 2.72-fold increase in ACR correspondswith an increase of 1 in
ln(ACR). cUsing eGFR $45 mL/min/1.73 m2 as reference. dUsing CCI of 0 as reference.
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The present data represent a robust
extension and clarification of published
studies examining the relationship be-
tween ACEi/ARB use and lower respira-
tory infections in the context of type 2
diabetes. The detailed nature of FDS2
data permits the beneficial effects of RAS
inhibitor therapies to be assessed inde-
pendently of important confounding var-
iables, while we have also allowed for time-
dependent use of these therapies and
the competing risk of death. Our findings
suggest that prevention of pneumonia/
influenza in people with diabetes may
represent a novel indication for these
therapies, especially in situations such as
the current COVID-19 pandemic where
pulmonary infections are a particular
concern.
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