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Background. Community-acquired pneumonia (CAP) is a common cause for hospitalization and antibiotic overuse. We aimed
to improve antibiotic duration for CAP across 41 hospitals participating in the Michigan Hospital Medicine Safety Consortium
(HMS).

Methods. 'This prospective collaborative quality initiative included patients hospitalized with uncomplicated CAP who qual-
ified for a 5-day antibiotic duration. Between 23 February 2017 and 5 February 2020, HMS targeted appropriate 5-day antibiotic
treatment through benchmarking, sharing best practices, and pay-for-performance incentives. Changes in outcomes, including ap-
propriate receipt of 5 + 1-day antibiotic treatment and 30-day postdischarge composite adverse events (ie, deaths, readmissions,
urgent visits, and antibiotic-associated adverse events), were assessed over time (per 3-month quarter), using logistic regression and
controlling for hospital clustering.

Results. A total of 41 hospitals and 6553 patients were included. The percentage of patients treated with an appropriate
5 + 1-day duration increased from 22.1% (predicted probability, 20.9% [95% confidence interval: 17.2%-25.0%]) to 45.9% (pre-
dicted probability, 43.9% [36.8%-51.2%]; adjusted odds ratio [aOR] per quarter, 1.10 [1.07-1.14]). Thirty-day composite adverse
events occurred in 18.5% of patients (1166 of 6319) and decreased over time (aOR per quarter, 0.98 [95% confidence interval:
.96-.99]) owing to a decrease in antibiotic-associated adverse events (aOR per quarter, 0.91 [.87-.95]).

Conclusions. Across diverse hospitals, HMS participation was associated with more appropriate use of short-course therapy and
fewer adverse events in hospitalized patients with uncomplicated CAP. Establishment of national or regional collaborative quality
initiatives with data collection and benchmarking, sharing of best practices, and pay-for-performance incentives may improve anti-
biotic use and outcomes for patients hospitalized with uncomplicated CAP.

Keywords. antibiotic duration; antibiotic stewardship; pneumonia; quality of care.

Optimal antibiotic use is vital for effectively treating infec-  multidrug-resistant organisms [1-4]. Pneumonia is the most
tions and protecting patients from antibiotic-associated ad- common indication for inpatient antibiotic therapy and a
verse events, Clostridioides difficile infection (CDI), and major contributor to antibiotic overuse [5, 6]. Despite guide-

lines recommending a shorter antibiotic course [7-9], the

majority of hospitalized patients with community-acquired
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2021. pneumonia (CAP) receive an excessive duration of therapy [2,
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initiative (CQI), began collecting data, sharing best practices,
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for uncomplicated CAP. The resulting antibiotic use and patient
outcomes from the first 3 years are described here.

METHODS

Overview of the Program

HMS is a statewide CQI sponsored by Blue Cross Blue Shield
of Michigan (BCBSM) and Blue Care Network with the goal
of improving care for hospitalized medical patients. Hospitals
joining HMS collect and share data to improve outcomes re-
lated to several focused initiatives. Of the 92 noncritical access,
nongovernmental hospitals in Michigan, 47 (51%) have partici-
pated in HMS. For the current analysis, we included 41 hos-
pitals (87%) that participated for at least half the study period
(23 February 2017 through 5 February 2020).

In 2017, HMS began collecting data on patients treated for
CAP as part of its antimicrobial use initiative, focusing on
3 quality improvement pillars (see Supplementary Figure 1 for
timeline). First, HMS collects patient-level data from each hos-
pital through medical record review by nurse abstractors em-
ployed by individual hospitals but trained by HMS. Patient data
include signs and symptoms of infection, diagnostic testing,
antibiotic prescriptions, and outcomes. These data are used
to create hospital-level quality metrics, which are shared with
participating hospitals to benchmark performance and iden-
tify areas for improvement. Data reports can be accessed in
real time and are shared during triannual meetings (example in
Supplementary Material).

Second, during triannual meetings, HMS disseminates na-
tional guidelines, key literature, and best practices related to
pneumonia care and antibiotic stewardship. These meetings in-
clude presentations on successful strategies and brainstorming
sessions to engage lower-performing hospitals. In March 2018,
an antibiotic toolkit was disseminated via webinar and included
curated literature, customizable guidelines/pocket cards, sample
communications to clinicians, and examples of successful inter-
ventions (details in Supplementary Material). How hospitals
use HMS resources is left to hospital discretion.

Third, HMS selects certain quality metrics to become pay-
for-performance metrics that, if met, provide additional
funding for hospitals from BCBSM. The amount of funding
varies depending on hospital size (number of beds) and the
number of CQIs in which the hospitals participate. Each year
HMS has up to 3 pay-for-performance metrics for the anti-
microbial use initiative determined by representatives from
across the collaborative. BCBSM generally agrees to suggested
metric targets suggested by HMS provided that they represent
“reach targets” for the collaborative; each year, the target that
must be reached for full funding increases to help raise the bar
(eg, in 2018, >20% of those eligible for 5-day therapy must re-
ceive 5 * 1 days of therapy; in 2019, >45%; and in 2020, >50%)
(see Supplementary Material for target details).

Outcomes and Data Collection

The primary study outcome was a dichotomous variable rep-
resenting whether a patient hospitalized with uncomplicated
CAP who was eligible for a short, 5-day antibiotic course, ap-
propriately received 5 (1) days of effective antibiotic therapy
(inpatient plus discharge duration). Patients potentially eligible
for inclusion were identified based on presence of a discharge
diagnostic code of pneumonia and receipt of antibiotics on
day 1 or 2 of hospitalization. Patients not eligible for inclusion
were those with any of the following: concomitant infection (eg,
cellulitis), initial admission to the intensive care unit (ICU),
pregnancy, severe immune compromise (eg, any transplant,
neutropenia, human immunodeficiency virus with a CD4 cell
count <200/uL), or fungal infection. Patients were included
only if they received 23 days of antibiotic therapy and met diag-
nostic criteria for CAP, including chest imaging findings and >2
signs or symptoms consistent with pneumonia (Supplementary
Material) [2].

Patients eligible for a 5-day antibiotic duration were identified
using previously published methods based on national guide-
lines [2, 9, 11, 15]. Briefly, patients expected to have a 5-day
antibiotic duration were those who reached clinical stability
(afebrile for 248 hours and having <1 vital sign abnormality)
by hospital day 5 [16] or were discharged by day 3 of hospi-
talization. Because we were targeting patients whose eligibility
for a 5-day duration was clear, we excluded patients infected
by an organism that may require longer treatment (ie, bacte-
remia, Legionella, Staphylococcus, or Pseudomonas species, or
other nonfermenting gram-negative organisms) or a condi-
tion that may require longer treatment (ie, moderate immune
compromise [ie, human immunodeficiency virus with CD4 cell
count >200/uL, recent chemotherapy, treatment with biologic
agents, congenital or acquired immunodeficiency], structural
lung disease, moderate or severe chronic obstructive pulmo-
nary disease) [9, 16]. Because HMS began before the removal
of healthcare-associated pneumonia (HCAP) terminology from
national guidelines [9], CAP was defined based on the 2007
CAP guidelines, and patients who met criteria for HCAP (eg,
hospitalization within 90 days) were excluded [16]. Patients
who died, were transferred to the ICU during hospitalization,
or who were missing critical data to calculate antibiotic dura-
tion were also excluded (see Supplementary Figure 2 for defin-
itions and flow diagram).

The goal for each hospital was to include 8 patients every
16 days, including weekends. To identify patients for inclusion,
HMS abstractors at each hospital consecutively screened dis-
charge lists in order of discharge time for eligibility. Once 1 case
was included (or if no eligible cases were identified for that dis-
charge day), the abstractor would begin screening the list for
the subsequent discharge day until 8 patients were included.
Abstractors undergo in-person and online case-based training
on abstraction and eligibility and undergo random yearly audits
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for quality assurance (see Supplementary Material for details)
[2,15].

The secondary outcome of composite adverse events (ie,
death, hospital readmission, urgent visit [any urgent visit not re-
sulting in hospitalization, including emergency department or
urgent care visit or observation stay], and antibiotic-associated
adverse events) was collected 30 days after discharge, using a
combination of record review (for all patients) and by a scripted
patient phone call conducted by the trained nurse abstractors
(for those eligible, see below). Antibiotic-associated adverse
events included CD], clinician-documented adverse events (eg,
QT prolongation), and (for patients prescribed an antibiotic
at discharge) patient-reported adverse events obtained via the
30-day postdischarge telephone call (“Have you had any side ef-
fects from your prescribed antibiotic?”). Patients confirmed by
medical record to have died, to be hospitalized, or to be residing
in an inpatient hospice, extended care facility, or prison at 30
days after discharge were ineligible for a follow-up phone call.
Secondary outcomes were also assessed at the hospital level on
a quarterly basis.

Hospital characteristics were collected from self-report
or publicly available databases (see Supplementary Material
for details). Because disparities due to patient demographics
may exist, we report data on sex, race, and ethnicity, obtained
from the medical record and categorized as noted in the
Supplementary Material.

Statistical Analysis

First, we describe how the percentage of patients with un-
complicated CAP treated appropriately with a 5-day duration
changed during the study. Using a logistic regression model,
adjusted for hospital clustering, and allowing for random inter-
cepts and slopes, we obtained adjusted odds ratios (aORs) as-
sessing the change by quarter in appropriate 5-day therapy
for CAP. Because patient characteristics were used to define
appropriateness, no additional patient-level adjustments were
included. The random intercepts describe the baseline differ-
ences in treatment between hospitals before the intervention.
The random slopes allow us to estimate how the rate of change
in treatment over time varied across hospitals. Using these
models, we were able to graphically present (Figure 1), the pre-
dicted probability of appropriate 5-day therapy averaged over
all hospitals, as well as the smoothed individual adoption curves
for each hospital.

To describe how the secondary outcomes (ie, 30-day pa-
tient outcomes) changed during the study period, we used
logistic regression models, adjusting for hospital clustering,
to obtain aORs for change by quarter. For each model, we ad-
justed for patient factors associated with the outcome (details
in Supplementary Material) [2]. As above, we constructed lo-
gistic regression models that allowed for random intercepts and
slopes adjusting for patient risks by averaging over the covariate
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Figure 1. The predicted probability of a patient hospitalized with CAP who was
eligible for a 5-day antibiotic duration actually receiving 5 (+ 1) days of antibiotic
treatment over time by quarter. The predicted probability of appropriate 5-day
therapy is shown averaged over all hospitals (blue line) as well as smoothed indi-
vidual adoption curves (gray lines) for each hospital. Predicted probabilities were
obtained from a logistic regression model, adjusted for hospital clustering, and al-
lowing for random intercepts and slopes. The aOR for appropriate 5-day treatment
per quarter is 1.10, 95% Cl: 1.07-1.14 per quarter; per year is 1.49 (1.33-1.66).
Note: Dates on x-axis are given in month/date/year format.
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Figure 2. The predicted probability of a patient hospitalized with CAP having an
adverse event within 30-days of hospital discharge is shown over time by quarter
(aOR of adverse event per quarter: .98, 95% Cl: .96—.99). The average over all hos-
pitals is shown in blue and smoothed individual hospital curves are shown in gray.
Predicted probabilities were obtained from logistic regression models, adjusting
for hospital clustering, allowing for random intercepts, and adjusting for patient
risks to obtain aORs for change by quarter. Composite adverse events, measured
at 30-days after discharge, include mortality, hospital readmission, urgent visit (in-
cludes any urgent visit not resulting in hospitalization including emergency depart-
ment visit, urgent care visit, or observation stay), and antibiotic-associated adverse
events obtained from a combination of chart review and patient phone calls at
30-days. Note: Dates on x-axis are given in month/date/year format.

distribution in the population to produce risk-standardized
outcome predictions. In this model, the variation across hos-
pitals in the rate of change in secondary outcomes over time
was small and not significant, so the final model includes only
a random intercept allowing for different baseline secondary
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outcome rates. We again graphically present predicted overall
rates of change (averaging across hospitals and the population
patient covariate distribution) as well as individual smoothed
hospital curves averaging over patient covariates (Figure 2).
As a secondary analysis, we imputed missing data through a
10-fold multiple imputation procedure and combined using
standard rules [17].

Secondary Analyses

In the models assessing change in appropriate 5-day treatment
over time, we added potential hospital-level explanatory vari-
ables (eg, hospital size [number of beds]) to describe how rates
of change in appropriate 5-day treatment varied by these factors.
Because not all patients had data on patient-reported antibiotic-
associated adverse events, we conducted a sensitivity analysis
to determine whether composite adverse events changed over
time if patient-reported antibiotic-associated adverse events
were not included.

All statistical tests were performed at an a level of .05. Two-
tailed estimates of effect (odds ratios) and 95% confidence inter-
vals (Cls) are reported for all regression coefficients. Statistical
analyses were performed with SAS (version 9.4; SAS Institute)
and Stata (version 16; StataCorp) software. We followed
SQUIRE 2.0 reporting guidelines (checklist in Supplementary
Material). This study received a “not regulated” status from our
institutional review board.

RESULTS

While 47 hospitals contributed data to HMS, 6 were ex-
cluded for participating in less than half of the study period
(23 February 2017 through 5 February 2020), leaving 41 hos-
pitals for our analysis (87%). Hospitals that dropped out were
similar to those that participated (Supplementary Table 1).
There were 6553 patients with uncomplicated CAP who were
eligible for a 5-day duration and included in this study (see
Supplementary Table 2 for patient characteristics). The most
common empiric antibiotics were ceftriaxone, azithromycin,
and levofloxacin. The most common discharge antibiotics
were azithromycin, oral cephalosporins, and levofloxacin.
Over the study period both empiric and discharge fluoro-
quinolone use decreased, replaced largely by cephalosporin
and B-lactam use (Supplementary Figure 3A and 3B).

Over the study period, 34.0% of patients eligible for a 5-day
duration (2228 of 6553) received an appropriate 5 + 1-day du-
ration. Proportions of patients with uncomplicated CAP treated
with an appropriate 5-day duration ranged from 10.0% to 69.0%
across hospitals; hospitals that were academic, nonprofit, larger,
or part of a statewide healthcare system had higher rates of ap-
propriate 5-day treatment (Table 1).

Changes in Appropriate Antibiotic Duration Over Time
Over the study period, the proportion of patients treated with
a 5-day antibiotic duration increased from 22.1% (predicted

Table 1.
Hospitals)

Hospital Characteristics Associated with Higher Rates of Appropriate 5-Day Treatment for Community-Acquired Pneumonia Treatment (n = 41

Patients, No. (%)°

Hospital Characteristic?® Appropriate Treatment Duration (n = 2228) Excessive Treatment Duration (n = 4325) PValue®
Academic hospital® 1856 (83.3) 3313 (76.6) <.001
Profit type® <.001
Nonprofit 2058 (92.4) 3846 (88.9)
For profit 170 (7.6) 479 (11.1)
Hospital size’
No. of beds, mean (SD) 377 (256) 352 (238) <.001
51-100 beds 164 (7.4) 541 (12.5) <.001
101-200 beds 481 (21.6) 815 (18.8)
>200 beds 1583 (71.1) 2969 (68.6)
No. of hospitalists, mean (SD)¢ 22 (24) 19 (20) <.001
Healthcare system)”
None 214 (9.6) 493 (11.4) <.001
State 1700 (76.3) 2834 (65.5)
National 314 (14.1) 998 (23.1)

Abbreviation: SD, standard deviation.

“Hospital characteristics associated with appropriate 5-day treatment are shown.

PData represent no. (%) of patients unless otherwise specified.

°Pvalues were calculated from xz tests, with differences considered significant at P < .05.
9Academic hospital status was obtained from the American Hospital Association’s data hub.
°Profit status was obtained from the American Medical Association’s data hub.

Hospital size (number of beds) was obtained from the 2019 Michigan Certificate of Need Annual Survey.

9For participating hospitals, data on hospitalists are self-reported from the November 2019 hospital survey. For nonparticipants, data were collected from hospital Web sites.

"Membership in a large healthcare system; data were obtained from the

Michigan-Hospitals-By-Health-System).

Michigan

Health and Hospital Association (https://www.mha.org/About/Our-Hospitals/
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probability adjusted for hospital clustering, 20.9% [95% CI,
17.2%-25.0%]) to 45.9% (43.9% [36.8%-51.2%]; P <.001)
(Figure 1). Each quarter was associated with higher odds of
receiving an appropriate 5-day antibiotic duration (aOR per
quarter, 1.10 [95% CI, 1.07-1.14]), for an annual aOR of 1.49
(1.33-1.66). Improvement in appropriate antibiotic duration
over time was driven by a decrease in antibiotic duration at
discharge (median [interquartile range] discharge duration, 5
[3-7] days in 2017 and 3 [2-5] days in 2020; P < .001).

Every year, the collaborative average was higher than the
“pay-for-performance” target set by the CQI, though not all
hospitals met the metric: 85% (35 of 41) met the metric in 2018
and 44% (18 of 41) in 2019. There was evidence of variation
in adoption; hospitals with low baseline rates had, on average,
larger increases in rates of appropriate treatment (Figure 1). The
estimate of the variance of the random slopes across hospitals
was 0.005 on the log odds scale (95% CI: .001-.008), which im-
plies a wide variation in rates of change with 95% of hospitals
falling into a range of 0.96-1.27 for OR per quarter. However,
the hospital characteristics we evaluated did not explain the var-
iation in slope of improvement across hospitals (Supplementary
Table 3).

Changes in Outcomes Over Time

Composite adverse events (ie, death, readmission, urgent visit,
or antibiotic-associated adverse event) occurred in 18.5% of
patients (1166 of 6319) during the study. Raw composite and
individual adverse events are shown in Table 2. The most
common antibiotic-associated adverse events documented by
providers were rash, diarrhea, itching, and gastrointestinal dis-
tress (Supplementary Table 4). Of the 5134 patients eligible for
a follow-up phone call to ascertain patient-reported antibiotic-
associated adverse events, 2967 (57.8%) responded; of those,
95 (3.2%) reported an adverse event. The most common
antibiotic-associated adverse events reported by patients were
diarrhea, gastrointestinal distress, and mucosal candidiasis
(Supplementary Table 4).

After adjustments, composite adverse events decreased
over time (aOR 0.98 [95% CI: .96-.99]) (Figure 2 and Table
2). This decrease appeared to be driven by a decrease in
antibiotic-associated adverse events over time (physician-
reported aOR per quarter, 0.93 [95% CI: .87-.99]; patient-
reported aOR per quarter 0.89 [.84-.95]). The occurrence of
deaths, readmissions, urgent visits, and CDI did not change
over time (Table 2).

Additional Analyses

Missing data were uncommon and existed for 3.6% of pa-
tients (201 missing payer information, 32 missing inflamma-
tory bowel disease, and 2 missing pneumonia severity index).
Estimates for change over time in composite adverse events
were similar when missing data were imputed (aOR, 0.98 [95%

CL: .96-.99]). Patient-reported antibiotic-associated adverse
events accounted for the bulk of the change in outcomes; when
these were excluded from the secondary outcome, composite
adverse events no longer significantly decreased over time
(aOR, 0.99 [95% CI: .97-1.00]; P = .11).

DISCUSSION

Over the study period, appropriate antibiotic use for hospi-
talized patients with uncomplicated CAP increased substan-
tially, and adverse events decreased. The HMS CQI model
of a multipronged intervention including (1) data collection
and benchmarking, (2) sharing of best practices, and (3) pay-
for-performance incentives may be a successful model for
improving antibiotic use across diverse hospitals.

Consistent with findings of previous studies, we found that
the majority of patients with CAP received an excessive du-
ration of antibiotics despite randomized trials, systematic re-
views, and guidelines supporting the safety and efficacy of
5-day (or even 3-day) [18] treatment courses [2, 9-11, 19,
20]. Prior single-center studies have demonstrated that stew-
ardship programs can reduce excessive-duration antibiotic
treatment (though not adverse events) for CAP [12-14]. Our
study builds on previous studies by demonstrating that a CQI
model is associated with higher rates of appropriate antibiotic
use and fewer adverse events across a diverse set of hospitals.
Notably, appropriate antibiotic use increased over time even
in small (<200-bed) hospitals, which historically have a harder
time implementing stewardship [21]. One reason may be that
the data infrastructure provided by HMS directly addresses the
common barrier for small hospitals of obtaining metrics on an-
tibiotic prescribing to inform improvement [21]. This strategy
could also be helpful for other infectious disease states. HMS
has already been targeting antibiotic stewardship in urinary
tract infection and has reduced inappropriate treatment of
asymptomatic bacteriuria over time through similar mechan-
isms [22].

Despite improved duration of therapy, we note that more than
half of patients received antibiotics for an excessive duration
even during the later quarters of CQI participation. Those num-
bers may be higher in the future as cases formerly categorized
as HCAP become eligible for 5-day therapy under the new CAP
guidelines [9]. Potential continued barriers to improvement
are myriad. One is that >95% of excessive-duration antibiotic
treatment occurs after hospital discharge [2]. Because discharge
antibiotics are not part of national antibiotic use measures, they
are often not a focus of hospital-based antibiotic stewardship
programs [7, 23, 24]. Hospitals doing well on inpatient pre-
scribing may miss opportunities for discharge stewardship [25].
In HMS, though we provided education and resources related
to discharge prescribing (see Supplementary Material), we did
not standardize an approach to discharge stewardship across
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hospitals. Antibiotic stewardship interventions at discharge, in-
cluding pharmacist audit and feedback or order sets with 5-day
stop dates, may be a way to speed improvement at the local hos-
pital level [26-29].

Based on conversations during site visits to participating hos-
pitals, many clinicians still hesitate to prescribe short-course
therapy to patients with multiple comorbid conditions, even
if they defervesce and stabilize quickly. Previously, our group
found that patients with community-onset pneumonia (in-
cluding CAP and HCAP) who had respiratory testing, longer
stays, or receipt of antibiotics before hospitalization were more
likely to receive excessive therapy [2]. Data-driven education
with benchmarking has appeared to improve clinician com-
fort with short-course therapy, but changing prescribing habits
takes time.

Ours is not the first study to show the benefit of CQIs for
improving quality of care related to infections. Using a strategy
similar to that of HMS, a statewide antibiotic stewardship CQI
in Colorado was associated with improved antibiotic use for
urinary tract and skin and soft-tissue infections [30]. CQIs have
also demonstrated a reduction in catheter-associated urinary
tract infections in non-ICU patients and catheter-related blood-
stream infections in the ICU setting [31, 32]. Each of these
CQIs developed an evidence-based quality metric, dissemin-
ated guidelines and best practices, and measured performance
over time. Unique to the HMS CQI is the pay-for-performance
incentive and the ability of hospitals to benchmark their pre-
scribing compared with other hospitals. Taken together, the
CQI model provides a cohesive path for widespread improve-
ment in patient care across infections.

Our study has limitations. First, hospitals were not random-
ized to participate in the CQI, and thus we cannot provide causal
evidence that participation led to improved outcomes. Second,
although hospitals that dropped out were similar to participants,
participants may have been more motivated to improve anti-
biotic use. Third, there was no control group. Although other
studies suggest that antibiotic duration has improved less than
seen in the current study [10-12, 29, 33-35], we cannot exclude
secular trends as the reason for improvement. Fourth, the de-
cline in adverse events was driven by patient-reported adverse
events, which were not available for all patients. Although an im-
portant patient-centered outcome, adverse events are difficult to
collect and subject to recall and ascertainment bias. Finally, the
CQI was made possible through support by BCBSM and may
not be generalizable. Our study has strengths. Our rigid defini-
tion of CAP, including a clear definition of “uncomplicated CAP”
with record-level review, eliminated the need for severity adjust-
ment often required in quality improvement studies. Additional
strengths include participation of a large number of hospitals,
ability to benchmark performance, and detailed collection of
outcomes, including antibiotic-associated adverse events.

Our study has important implications. Participation in a
stewardship CQI may improve not only antibiotic use but also
patient outcomes. The observation that all hospitals, including
small hospitals, benefited from CQI participation suggests that
the CQI model could be a way to advance antibiotic steward-
ship, even in small, rural hospitals with fewer resources. Other
states and healthcare systems should consider adopting this
3-pronged method for improvement, including data collection
and benchmarking, sharing of best practices, and a pay-for-
performance incentive.

In conclusion, over a 3-year period, HMS participation was
associated with more appropriate use of short-course therapy
and fewer adverse events in hospitalized patients with uncom-
plicated CAP across diverse hospitals. Establishment of na-
tional or regional CQIs with data collection and benchmarking,
sharing of best practices, and pay-for-performance incentives
may improve antibiotic use and outcomes for patients hospital-
ized with uncomplicated CAP.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding author.
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