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A B S T R A C T

Background: A majority of patients with community-acquired pneumonia (CAP) receive antibiotics.
According to the evidence, 5–7 days of treatment should be sufficient for most patients. Many, however,
are treated longer than recommended. We have previously conducted a quality improvement study to
ensure guideline-conform treatment for CAP. However, the impact of the interventions on antibiotic use
has not been investigated.
Objective: To estimate the impact of an eight-month stewardship program on antibiotic use.
Methods: We conducted a before-after study comparing a four-month baseline period with data from a
corresponding follow-up period. We performed univariable and multivariable logistic regression to
compare odds for �7 days of total antibiotic treatment, �3 days of intravenous treatment and the
proportion of correct empiric antibiotics. As sensitivity analysis, we repeated the univariable logistic
regression on a propensity score-matched cohort by using the same variables we used for adjustments in
the multivariable analysis. We also performed subgroup analyses for patients stable �72 h of admission.
Results: In total, 771 patients were included. Compared to preintervention, the unadjusted odds ratio (OR)
for �7 days of total antibiotic treatment were 1.84 (95% CI 1.34–2.54) for the whole population and 2.08
(1.41–3.10) for the stable patients. The OR for �3 days of intravenous antibiotics were 1.16 (0.87–1.54) and
1.38 (0.87–2.22), respectively. The OR for correct empiric antibiotics were 1.96 (1.45–2.68) and 1.82 (1.23–
2.69). Comparable results regarding all outcomes were derived from the other analyses.
Conclusion: The program resulted in a significantly lower overall antibiotic exposure and a higher
proportion of patients treated with the recommended antibiotics without a the reduction of exposure to
intravenous antibiotics significantly.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

Community-acquired pneumonia (CAP) is a common cause of
admission to hospital and prescription of antibiotics (Welte et al.,
2012). Despite having Danish national guidelines recommending a
maximum of seven days of antibiotic treatment for patients
admitted with CAP, a recent study showed an average treatment
duration of 10 days (Egelund et al., 2017). Prolonged antibiotic

treatment has the potential of increasing the risk of drug-related
serious adverse events and ultimately mortality (Tansarli and
Mylonakis, 2018). Furthermore, a direct impact of inappropriate
antibiotic use is enhanced antibiotic resistance (Welte et al., 2012).
The World Health Organization has recently reported that
antibiotic resistance causes 2500 deaths annually in the European
Union (World Health Organization, 2014).

To increase best practice behavior and hereby reduce antibiotic
exposure for patients with CAP, stewardship programs have
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 stewardship program consisting of educational sessions and
ocket cards reflecting state-of-the-art treatment for CAP (Engel
t al., 2014). Comparable results applying similar interventions
ave also been reported in studies from Norway, the USA and
ustralia (Høgli et al., 2016; Gordon et al., 2018; Foolad et al., 2018;
ond et al., 2017; Avdic et al., 2012). Altogether, the different
tewardship programs resulted in reduced antibiotic exposure for
atients with CAP as well as a higher probability for correct empiric
ntibiotic treatment.
The optiCAP project, a quality improvement study conducted at

our hospital sites in Denmark, was designed to promote correct
ssessment and treatment in patients admitted with CAP (Fally
t al., 2020). In this study, we showed that a higher proportion of
atients admitted with CAP received guideline-based assessment
fter the application of multiple interventions to improve the
uality of care (Fally et al., 2020).
We assumed that the implementation of this stewardship

rogram would also have led to a reduced duration of antibiotic
reatment. The objective of the present study was, therefore, to
stimate the impact of the program on antibiotic use.

ethods

tudy design and settings

This study was based on data originating from the Optimising
reatment of Community-acquired Pneumonia (optiCAP) study,
hich was a multicenter, prospective, open, interventional,
ontrolled, 16-month quality improvement study conducted at
our regional hospitals in Denmark (Fally et al., 2020). At three of
hose hospitals, various interventions were applied to improve the
uality of care in CAP throughout an eight-month intervention
eriod. These tailored interventions led to a significantly increased
dherence to national CAP guidelines regarding the primary
ssessment of CAP patients at the emergency department. The
nterventions with an impact on antibiotic prescription were:
epeated education of physicians (reiterations every 1–2 months),
eedback to physicians regarding antibiotic choice, pocket cards on
AP as well as order sets, including correct empiric antibiotic
reatment for CAP in the electronic health system (Fally et al.,
020). Details regarding the interventions are given in Table S1, in
he Appendix.

The current study was conducted as an observational before-
fter study to examine the impact of the stewardship program on
ntibiotic use comparing the baseline period with the follow-up
eriod at the optiCAP intervention sites. Study sites in the current
tudy were emergency departments as well as departments of
nternal medicine. All treating physicians in our study were
ffiliated with departments of respiratory medicine and/or
nfectious diseases, who are also represented in the emergency
epartments. Patients were usually treated by different physicians
uring their hospital stay.

Study population

Patients included in the present study were adults (�18 years of
age), admitted at the optiCAP intervention sites between Novem-
ber 2017 and February 2018 (baseline period before the steward-
ship program) or between November 2018 and February 2019
(follow-up period after the stewardship program) with CAP. CAP
was defined by a new infiltrate on chest X-ray and at least one of
the following symptoms: cough, sputum production, dyspnea, core
body temperature >38.0 �C, and auscultatory findings of rales
(Fally et al., 2020). Only patients considered to have bacterial CAP,
i.e., patients receiving antibiotics, were included in the present
study. To ensure the independence of our data, only the first
admission with CAP was included in our analyses.

Exclusion criteria in the optiCAP study were hospital admission
during the last 28 days, active tuberculosis or immunosuppression.
Patients were classified as immunosuppressed if they had received
treatment with corticosteroids (�20 mg prednisolone-equivalent/
day >14 days), were HIV positive, had received chemotherapy
during the last 28 days, had neutropenia (<1000/ml), were an
organ transplant recipient or received biological response modifier
therapy (Fally et al., 2020).

Variables

Outcome variables
The primary outcome of our study was the proportion of

patients receiving �7 days of total antibiotic treatment (dichoto-
mous variable).

Secondary outcome measures were the proportion of patients
receiving �3 days of intravenous antibiotic treatment (dichoto-
mous variable) and the proportion of patients receiving empirical
antibiotics according to national Danish guidelines (dichotomous
variable). The latter was assessed through reviewing the first
antibiotic administered at hospital. The Danish recommendations
for antibiotic therapy in CAP are shown in Table S2, in the
Appendix.

Explanatory variables
The predictor variable was the study period (dichotomous

variable, baseline, or follow-up). Other variables potentially
interacting with the outcomes were included in the multivariable
analyses. These variables are presented in Table 1.

Data sources

The data on most of the variables were collected through the
optiCAP study (Fally et al., 2020). Data regarding 30-day mortality
and Charlson Comorbidity Index (CCI) were collected from the
Danish National Patient Register (Quan et al., 2005). This register is
updated monthly and contains information on all admissions to
Danish hospitals as well as chronic disease diagnoses according to

able 1
he explanatory variables used in the statistical analyses CURB-65: pneumonia mortality risk score (confusion, urea, respiration frequency, blood pressure, and age 65 or
lder; minimum 0 and maximum 5); CCI: Charlson Comorbidity Index. (Quan et al., 2005).

Dichotomous variables Continuous variables (scale)

Study period Days admitted (days)

Sex Age (years)
Antibiotic treatment before admission Comorbidities (CCI)
More severe pneumonia (CURB-65 3–5)
Multilobular infiltrates in chest X-ray
Oxygen saturation below 92% at admission
Positive smoking history (former/current smokers)
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the International Classification of Disease (ICD)-8 until the end of
1993 and ICD-10 from 1994 (Lynge et al., 2011). We considered all
diagnoses registered according to ICD-10 in the calculation of CCI.

Bias

As a before-after design has the potential of introducing
selection or assignment bias due to differences in patient
characteristics in the different time periods, we decided to
perform not only multivariable regression analysis, but also a
sensitivity analysis using propensity score matching on the most
important variables (Ho et al., 2018).

Using continuous audit in the optiCAP study, we could also rule
out history bias due to practice changes not initiated by the
optiCAP study group at the intervention sites (Ho et al., 2018).

Observer bias was prevented as no further interventions were
introduced by the optiCAP study group in the follow-up period (Ho
et al., 2018). No interim analysis regarding antibiotic consumption
was done before the optiCAP study was terminated.

Study size

Based on a recently published Danish study, we assumed that
25% of patients with CAP would receive antibiotics for �7 days in
the baseline period (Egelund et al., 2017). To find and increase to
50% after the intervention period, we calculated that a minimum of
188 patients would be needed in both the baseline and the follow-
up period (two-sided, power 0.95, and alpha 0.05).

Statistical analysis

Subgroup analysis
As stability �72 h can be a strong confounder for outcomes in

CAP, all outcomes were assessed for the whole cohort as well as a
subset of patients that were stable �72 h of admission (van Heijl
et al., 2019). The criteria for the stability assessment were: decline
in C-reactive protein (CRP) and body temperature, stable
respiratory condition, normal gastrointestinal, and normal cere-
bral function. Usage of these criteria to re-evaluate the antibiotic
treatment in CAP is suggested by the Danish Regions and is
comparable to recommendations by other medical societies (Lim

et al., 2009; National Institute for Health and Care Excellence,
2014; Mandell et al., 2007).

Descriptive statistics
Continuous variables that were normally distributed are

reported using means and standard deviations (SD). Skewed data
for continuous variables are presented as median and interquartile
range (IQR). Distributions were assessed by histograms produced
in R (version 3.6.0, R Core Team 2019). Dichotomous variables are
presented using frequencies and proportions. Data are presented
both, for the whole population and the strata of patients stable
�72 h of admission. Comparisons are made using Chi2 tests for
dichotomous variables, t-tests for normally distributed continuous
variables, and Kruskal-Wallis tests for skewed continuous varia-
bles.

Analytical statistics
Univariable and multivariable logistic regression models were

used to calculate OR and adjusted OR (aOR) for all outcomes. In the
multivariable logistic regression, we adjusted for the variables
shown in Table 1.

Sensitivity analysis
As sensitivity analysis, we repeated the univariable regression

analyses on propensity score-matched cohorts using a nearest
neighbor method with a 1:1 ratio and a caliper of 0.2. (Austin,
2011). The patients in the baseline period were matched with
patients in the follow-up period on the variables shown in Table 1.
For propensity score matching, we used the package MatchIt
(version 3.0.2) for R. Propensity-score matching was used both for
all included patients as well as the subgroup of patients stable
�72 h of admission.

Model control and reporting of estimates
Model fit for all regression models was assessed using

regression diagnostic plots produced with R. For all point
estimates, 95% confidence intervals (95% CI) are presented.

Missing data
We used multiple imputation of five datasets to handle missing

values (Pedersen et al., 2017). Missing data were imputed using the
Figure 1. Patient inclusion. The baseline period was from November 2017 to February 2018, the follow-up period from November 2018 to February 2019. Age, sex,
comorbidities, smoking history, duration of hospital stay, antibiotic treatment before admission, pneumonia severity, multilobular infiltrates in chest X-ray, and low oxygen
saturation at admission were used for propensity score matching. optiCAP: The Optimising Treatment of Community-acquired Pneumonia study. (Fally et al., 2020).
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ackage mice (version 3.6.0) for R. The amount of missing and,
herefore, imputed values are summarized in Table S3, in the
ppendix.

esults

articipants

Of 2435 patients included in the final optiCAP dataset, 771 were
ligible for inclusion in the present study (Figure 1). Of these
atients, 423 were admitted in the baseline period and 348 in the
ollow-up period. In total, 460 patients were stable �72 h of
dmission, with 254 patients admitted in the baseline period and
06 patients in the follow-up period. After propensity score
atching, each period included 348 patients in total and 206
atients who were stable �72 h of admission.

escriptive data

hole cohort
The study population comprised older patients with a mean age

f 71.3 years in the baseline period and 73.5 years in the follow-up
eriod (Table 2). There was a minor overweight of female patients
n both periods. Only approximately one-sixth of the patients had a
URB-65 score of 3 or higher. Approximately 30% of patients had
ultilobular infiltrates on chest X-ray.
Intravenous antibiotics were given for a median of 2.6 days before

nd 2.7 days after the interventions, the median durations of total
ntibiotic therapy were 10 and 9 days, respectively. Approximately
ne-third of patients received antibiotics for CAP before admission to
ospital. Median duration of hospital stay was 4 days.

Cohort of patients stable within 72 h of admission
The main differences as compared to the whole cohort were

that patients tended to be slightly younger with a mean age of 68
and 71 years before and after the interventions (Table 2). We
observed a smaller proportion of patients having a CURB-65 score
of 3–5 and having an oxygen saturation of <92% at admission.
Median durations of antibiotic treatment tended to be shorter than
in the whole cohort, with approximately 2 days of intravenous and
8–9 days of total antibiotic treatment. The median duration of
admission was approximately 3 days.

Outcome data

Primary outcome
In the entire cohort, antibiotics were given for �7 days in 34.5%

of patients in the follow-up period as compared to 22.2% in the
baseline period (Table 3). The percentages were higher in the
cohort of patients stable �72 h of admission with rates of 25.6%
(baseline) and 41.7% (follow-up).

Secondary outcomes
Intravenous antibiotics were given for �3 days in 55.3% of

patients in the whole cohort in the baseline period and in 58.9% of
patients in the follow-up period (Table 3). In patients stable �72 h
of admission, the rates were higher with 78.0% (baseline) and
83.0% (follow-up).

Empiric antibiotics were given according to guidelines in
58.6% of patients in the whole cohort in the baseline period and
in 73.6% of patients in the follow-up period. In patients stable
�72 h of admission, the rates were 56.7% (baseline) and 70.4%
(follow-up).

able 2
atient characteristics. Patient characteristics are presented for all patients included in the study as well as a subgroup of patients stable �72 h of admission. Comparisons
ere made using Chi2-tests, t-tests, or Kruskal-Wallis tests as appropriate. Patients were considered stable when they had a decline in CRP and body temperature, a stable
espiratory condition, a normal gastrointestinal as well as cerebral function. COPD: chronic obstructive pulmonary disease; CURB-65: pneumonia mortality risk score
confusion, urea, respiration frequency, blood pressure, and age 65 or older; minimum 0 and maximum 5); and CCI: Charlson Comorbidity Index. (Quan et al., 2005).

Whole cohort Patients stable �72 h
of admission

Variables Baseline n = 423 Follow-up n = 348 p-value Baseline n = 254 Follow-up n = 206 p-value

Age (years), mean (SD) 71.3 (18.4) 73.5 (16.3) 0.085 68.2 (19.1) 71.0 (17.5) 0.108
Sex (female), n (%) 240 (56.7) 192 (55.2) 0.717 145 (57.1) 127 (61.7) 0.371
CURB-65 score 3�5, n (%) 70 (16.5) 60 (17.2) 0.874 29 (11.4) 23 (11.2) 1.000
Oxygen saturation <92%, n (%) 159 (37.6) 129 (37.1) 0.941 71 (28.0) 63 (30.6) 0.607
Multilobular infiltrates, n (%) 121 (28.6) 109 (31.3) 0.458 61 (24.0) 61 (29.6) 0.213
CCI score, median (IQR) 0.0 (0.0–2.0) 1.0 (0.0–2.0) 0.438 0.0 (0.0–2.0) 0.0 (0.0–2.0) 0.240
Positive smoking history, n (%) 65 (15.4) 46 (13.2) 0.458 41 (16.1) 28 (13.6) 0.529
Antibiotic duration (days),
median (IQR)

Intravenous 2.6 (1.4–4.4) 2.7 (1.5–3.9) 0.904 1.9 (0.9–2.8) 2.1 (1.2–2.8) 0.385
Total (intravenous and oral) 10.0 (8.0–11.0) 9.0 (7.0–11.0) <0.001 9.0 (7.0–11.0) 8.0 (6.0–10.0) <0.001

Antibiotics before admission, n (%) 148 (35.0) 95 (27.3) 0.027 99 (39.0) 55 (26.7) 0.007
Days admitted, median (IQR) 4.0 (3.0–7.0) 4.0 (3.0–7.0) 0.800 3.0 (2.0–5.0) 3.0 (2.0–4.0) 0.995
30-day mortality, n (%) 37 (8.7) 35 (10.1) 0.619 12 (4.7) 7 (3.4) 0.635

able 3
umber of outcome events. This table displays the crude numbers and frequencies of the primary (total antibiotic duration of �7 days) and secondary outcomes
intravenous antibiotic duration of �3 days and empiric antibiotics given regarding to national guidelines).

All patients Patients stable �72 h

of admission

Variables Baseline n = 423 Follow-up n = 348 Baseline n = 254 Follow-up n = 206

Antibiotics for �7 days, n (%) 94 (22.2) 120 (34.5) 65 (25.6) 86 (41.7)
Intravenous antibiotics for �3 days, n (%) 234 (55.3) 205 (58.9) 198 (78.0) 171 (83.0)
Empiric antibiotics regarding to guideline, n (%) 248 (58.6) 256 (73.6) 144 (56.7) 145 (70.4)
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Main results

Primary outcome
The unadjusted OR (95% CI) for a duration of antibiotic therapy

of �7 days was 1.84 (1.34–2.54) for the whole cohort and 2.08
(1.41–3.10) for patients stable �72 h of admission (Table 4).
Comparable results were derived from the multivariable logistic
regression and the univariable logistic regression in the propensi-
ty-matched cohort.

Secondary outcomes
The unadjusted OR (95% CI) for intravenous antibiotics for �3

days was 1.16 (0.87–1.54) in the whole cohort and 1.38 (0.87–2.22)
in patients stable �72 h of admission (Table 4). The results from the
other regression analyses were comparable.

The unadjusted OR (95% CI) for empiric antibiotics regarding
guidelines was 1.96 (1.45–2.68) in the whole cohort and 1.82 (1.23–
2.69) in the stable subgroup. Once again, the other regression
analyses resulted in similar numbers.

Discussion

Key findings

A stewardship program, including repeated educational activi-
ties as well as feedback to physicians, pocket cards, and order sets
for the electronic healthcare system significantly improved the
rate of correct empiric antibiotic treatment in CAP and reduced the
overall antibiotic exposure. These findings are in line with other
studies evaluating stewardship programs in CAP (Engel et al., 2014;
Høgli et al., 2016; Gordon et al., 2018; Foolad et al., 2018); Bond
et al., 2017; Avdic et al., 2012).

Although the point estimates regarding the odds of receiving
�3 days of intravenous antibiotic treatment in the follow-up
period were beneficial as well, the effect sizes were too large to
draw any conclusions. However, the duration was, with a median of
under 3 days, already low at baseline (Engel et al., 2013). This is a
better baseline than the result another study comparable in size
and scope could achieve after their interventions (Engel et al.,
2014).

Strengths

as well as a sensitivity analysis on a propensity score-matched
cohort (Austin, 2011). In the study design, we took crucial biases
connected with before-after designs into account (Ho et al.,
2018).

Another strength of our study is the representativity of our
study cohort. As no informed consent was necessary for inclusion,
all patients with CAP, also those not able to give informed consent
(e.g., severe CAP, confused patients, etc.), were included (Fally et al.,
2020; Jensen et al., 2017).

Some readers might wonder, why we did not compare the
results from the interventions sites in the optiCAP study with the
control site (Fally et al., 2020). The explanation for this lies in the
fact that we could rule out history bias at the intervention sites, but
not at the control site. Here, several practice changes comparable
to some of our interventions were implemented. However, these
interventions, targeted to specifically decrease antibiotic exposure,
were not systematically initialized by our study team and did not
respect the optiCAP study periods. Thus, data were not compara-
ble.

Limitations

Though we were able to increase the proportion of CAP patients
treated with antibiotics for �7 days significantly, the rates were
still unsatisfactory with 34.5% in the whole population and 41.7% in
patients stable �72 h of admission. One explanation for not
following the general recommendations is CAP due to bacteria
demanding a longer therapy (Athlin et al., 2018). However, the rate
is not considered that high in the Nordics (Egelund et al., 2017;
Høgli et al., 2016; Strålin et al., 2010). Hence, there is certainly room
for improvement. The durations of the intervention and follow-up
periods in the original study were rather short (8 and 4 months)
(Fally et al., 2020). As there are many barriers to optimal antibiotic
use in CAP, (Engel et al., 2013; Schouten et al., 2007) a continuous,
longer-lasting effort, using tailored interventions (Baker et al.,
2010), may be the best strategy to ensure better guideline
adherence.

The rate of CAP patients treated with the correct empiric
antibiotic was 70%–74% after the intervention period. However,
antibiotic therapies are often altered at a later point (Avdic et al.,
2012). For the present study, we could not access detailed data on
the type of antibiotic administered at different time points.
Therefore, we cannot rule out that some patients have been

Table 4
Results from the regression analyses. The odds for the outcomes in the baseline period are 1. The odds ratios derived from multivariable logistic regression are adjusted for
age, sex, comorbidities, smoking history, duration of hospital stay, antibiotic treatment before admission, pneumonia severity, multilobular infiltrates in chest X-ray, and low
oxygen saturation at admission. The same variables were used for propensity score matching. OR: odds ratio; aOR: adjusted odds ratio; 95% CI: 95% confidence interval; and
PSM: propensity score matched.

Univariable logistic regression Multivariable logistic regression Univariable logistic regression on PSM cohort

Outcomes OR 95% CI aOR 95% CI OR 95% CI

Antibiotics for �7 days
Entire cohort 1.84 1.34–2.54 1.91 1.36–2.68 1.88 1.35–2.65
Stable patients 2.08 1.41–3.10 2.14 1.41–3.26 1.97 1.30–2.99

Intravenous antibiotics for �3 days
Entire cohort 1.16 0.87–1.54 1.22 0.86–1.73 1.15 0.85–1.56
Stable patients 1.38 0.87–2.22 1.39 0.82–2.38 1.53 0.94–2.49

Empiric antibiotics regarding guidelines
Entire cohort 1.96 1.45–2.68 1.94 1.42–2.66 1.92 1.39–2.65
Stable patients 1.82 1.23–2.69 1.76 1.18–2.64 1.81 1.21–2.72
Compared to other similar studies, we believe that the major
strength of our study is the methodological design (Engel et al.,
2014; Høgli et al., 2016; Gordon et al., 2018; Foolad et al., 2018;
Bond et al., 2017; Avdic et al., 2012). We did not only perform
univariable analysis, but strengthened the results by performing
both a multivariable analysis adjusting for important covariates
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switched to another nonrecommended antibiotic later on, may it
be justified or not. Furthermore, we did not collect data regarding
the reasons for not following the current treatment guidelines.
However, various reasons have been reported previously, ranging
from misconceptions to organizational and structural consider-
ations (Engel et al., 2013; Schouten et al., 2007).
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eneralizability

Because of the solid methodology, the results of our study
trengthen the results of other publications on stewardship
rograms in CAP (Engel et al., 2014; Høgli et al., 2016; Gordon
t al., 2018; Foolad et al., 2018; Bond et al., 2017; Avdic et al., 2012).
imilar interventions led to similar results in different settings
orldwide. Therefore, we believe that the positive impact of
tewardship programs in CAP cannot be denied.
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