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Background. Antibiotics are commonly prescribed to patients as they leave the hospital. We aimed to create a comprehensive
metric to characterize antibiotic overuse after discharge among hospitalized patients treated for pneumonia or urinary tract infec-
tion (UTI), and to determine whether overuse varied across hospitals and conditions.

Methods.
2017-30 July 2019, we quantified the proportion of patients discharged with antibiotic overuse, defined as unnecessary antibiotic

In a retrospective cohort study of hospitalized patients treated for pneumonia or UTI in 46 hospitals between 1 July

use, excess antibiotic duration, or suboptimal fluoroquinolone use. Using linear regression, we assessed hospital-level associations
between antibiotic overuse after discharge in patients treated for pneumonia versus a UTL

Results.  Of 21 825 patients treated for infection (12 445 with pneumonia; 9380 with a UTI), nearly half (49.1%) had antibiotic
overuse after discharge (56.9% with pneumonia; 38.7% with a UTI). For pneumonia, 63.1% of overuse days after discharge were due
to excess duration; for UTIs, 43.9% were due to treatment of asymptomatic bacteriuria. The percentage of patients discharged with
antibiotic overuse varied 5-fold among hospitals (from 15.9% [95% confidence interval, 8.7%-24.6%] to 80.6% [95% confidence in-
terval, 69.4%-88.1%]) and was strongly correlated between conditions (regression coefficient = 0.85; P < .001).

Conclusions.
charge was associated between conditions, suggesting that the prescribing culture, physician behavior, or organizational processes

Antibiotic overuse after discharge was common and varied widely between hospitals. Antibiotic overuse after dis-

contribute to overprescribing at discharge. Multifaceted efforts focusing on all 3 types of overuse and multiple conditions should be

considered to improve antibiotic prescribing at discharge.
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Though nearly all hospitals have antibiotic stewardship
programs, fewer than 1 in 5 monitor antibiotic use after dis-
charge [1]. Furthermore, the antibiotics prescribed at dis-
charge, unlike inpatient antibiotics, are not tracked nationally
[2]. Overlooking antibiotics at discharge may miss up to
half of antibiotic days related to acute hospitalization [2-8].
Without data and benchmarking, stewardship programs may
have difficulty improving prescribing at care transitions.
For example, 1 multicenter study found that stewardship
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strategies targeting inpatient fluoroquinolone use had lim-
ited effects on fluoroquinolone use after discharge [4]. This
may explain why inpatient fluoroquinolone use has been de-
clining nationally while fluoroquinolone use at discharge has
remained stable [9].

A difficulty in evaluating prescribing after discharge is the
lack of a comprehensive metric to evaluate how much antibi-
otic overuse occurs during care transitions. Typically, studies
have focused on a single disease or single type of overuse
(eg, excess duration in pneumonia) [6-8, 10]. Small studies
examining multiple types of overuse suggest that 41-53% of
antibiotics prescribed after discharge could be improved [5,
11-13]. However, comprehensive antibiotic overuse after
discharge has not been assessed across hospitals and condi-
tions. Thus, we aimed to characterize antibiotic overuse more
broadly after discharge. To do so, we created a hierarchical
metric to assess antibiotic overuse in hospitalized patients
who were treated for pneumonia or urinary tract infection
(UTI), and applied it to 21 825 patients discharged from 46
Michigan hospitals [14].
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METHODS

Study Setting and Participants

This retrospective cohort study included patients discharged
between 1 July 2017 and 30 July 2019 from 46 diverse hos-
pitals participating in the Michigan Hospital Medicine Safety
(HMS) Consortium (a collaborative quality initiative funded
by Blue Cross Blue Shield of Michigan). Hospital participation
in HMS is voluntary and includes half of nongovernment hos-
pitals in Michigan, including rural hospitals, community hos-
pitals, and academic teaching hospitals [1]. Since 2017, HMS
has collected data on patients treated for pneumonia or UTL
As part of its quality improvement efforts, HMS shares guide-
lines during in-person quarterly meetings, provides a toolkit
to help hospitals improve [15], and sets pay-for-performance
metrics targeting 3 critical areas for antibiotic stewardship: (1)
unnecessary antibiotic treatment for asymptomatic bacteriuria;
(2) reducing excessive duration (particularly in community-
acquired pneumonia [CAP]) [16]; and (3) emphasizing use of
nonfluoroquinolone therapy when safe to do so.

The sampling, inclusion, and exclusion criteria have been de-
scribed previously [8, 17]. Briefly, we included non-critically ill,
hospitalized, adult medical patients who were treated for either
pneumonia or a UTI during hospitalization. To identify patients
for inclusion, discharge lists at each hospital were consecutively
screened by HMS abstractors until 2 patients met the inclusion
criteria daily (including weekends). Abstractors (who are not
involved in patient care) undergo in-person and online case-
based training on data abstraction and eligibility criteria, and
undergo random audits for quality assurance. Patients were ex-
cluded if they did not receive antibiotic therapy, were pregnant,
were severely immune-compromised (ie, diagnosed with AIDS
or neutropenia, had a history of transplant, or had received >2
immunosuppressive agents), had concomitant infections (eg,
cellulitis), died during hospitalization, or were transferred to
another hospital or to intensive care.

Patients treated for pneumonia were identified by discharge
diagnostic codes and receipt of antibiotic treatment by hospital
Day 2 [18]. We included all patients treated for CAP [19], in-
cluding those who (during the time frame of this study) would

have been classified as having healthcare-associated pneumonia
(HCAP) [20] and those who were treated for pneumonia but
did not meet guideline-based diagnostic criteria for pneumonia.
Patients with hospital-acquired or ventilator-associated pneu-
monia were excluded. Patients treated for a UTI (including both
patients meeting the criteria for a UTI and those with asymp-
tomatic bacteriuria) were identified based on any urine culture
during the hospitalization that was flagged as positive (the cri-
teria for “positive” varied across hospitals but was typically based
on a colony-forming unit cutoff). Patients were also excluded if
they had urological procedures during the hospitalization.

Data Collection

Detailed patient data—including diagnostic criteria (eg, symp-
toms, imaging, vital signs, and laboratory and culture results),
comorbidities, and discharge antibiotic prescriptions—were
collected from the medical record by abstractors for 30 days
after discharge. Additional outcome data were obtained via a
telephone follow-up 30 days after discharge using a standard-
ized script; patients discharged on antibiotics were asked, “have
you had any side effects from your prescribed antibiotic?”

Definition of Antibiotic Overuse After Discharge
The primary outcome of interest was the percentage of patients
discharged with antibiotic overuse. Overuse is defined by the
Institute of Medicine as healthcare where the “potential for
harm exceeds the possible benefit” [21] Thus, we defined antibi-
otic overuse as antibiotic use where the potential harm exceeds
the potential benefit. We focused on 3 types of overuse that,
based on prior studies [5, 9, 11], are common during care tran-
sitions: unnecessary antibiotic use, excess duration of use, and
suboptimal use of fluoroquinolone therapy (Table 1). The cri-
teria for overuse were determined using published studies and
guidelines (detailed description available in the Supplementary
Appendix) [8,17, 22]. When evidence for appropriate treatment
was conflicting, treatment was considered appropriate.
“Unnecessary” antibiotic use is defined as antibiotic therapy
prescribed for noninfectious or nonbacterial infections [23]. For
this study, we defined unnecessary antibiotic use as antibiotic
therapy prescribed for asymptomatic bacteriuria [17, 22] or in

Table 1.

Characteristics of Patients With and Without Antibiotic Overuse at Hospital Discharge

Category of

overuse Definition

Example in patient treated for pneumonia

Example in patient treated for urinary tract
infection

Unnecessary anti- Antibiotic therapy prescribed for nonin-
biotic use fectious or nonbacterial infections
Excess antibiotic

duration

Antibiotics prescribed beyond the indi-
cated duration of therapy, absent any
clinical reason for a lengthened course

Suboptimal use of Fluoroquinolone prescribed when
fluorogquinolones  safer alternative was available, after
accounting for allergies, resistance,

disease, and contraindications

allergy

Patient with a normal chest X-ray

Patient with asymptomatic bacteriuria

Community-acquired pneumonia treated for longer Uncomplicated urinary tract infection treated
than 5 days (despite being afebrile for 48 hours
and clinically stable by Day 3 of hospitalization)

with nitrofurantoin for longer than 5 days

Patient with community-acquired pneumonia who  Patient with uncomplicated cystitis who
did not have a severe penicillin or cephalosporin

could use trimethoprim/sulfamethoxazole,
fosfomycin, nitrofurantoin, or a cephalo-
sporin
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patients who did not meet guideline-based criteria for bacte-
rial pneumonia [24] (ie, had negative chest imaging or lacked
symptoms; see the Supplementary Appendix for definitions).
Similarly, antibiotics prescribed “beyond the indicated duration
of therapy absent any clinical reason for a lengthened course”
[23] are considered unnecessary. To distinguish prolonged du-
ration from the first type of unnecessary use, we referred to this
as “excess duration.” Finally, suboptimal antibiotic therapy is
defined as antibiotic use where the drug choice, route, or dose
can be improved [23]. Because fluoroquinolones are the most
common antibiotic prescribed at discharge [9], we focused
on identifying suboptimal use of fluoroquinolones, defined as
fluoroquinolones (levofloxacin, ciprofloxacin, or [for pneu-
monia only] moxifloxacin) prescribed when a safer alternative
was available, after accounting for allergies, resistance, infectious
condition, and contraindications (Supplementary Appendix).

Categories of antibiotic overuse were assessed hierarchically
for each postdischarge antibiotic day, based on the anticipated
risk-to-benefit ratio. Unnecessary antibiotic use was assessed
first, as there is no benefit and only harm from prescribing anti-
biotics to patients without an infection. Next, we assessed for ex-
cess duration, followed by suboptimal use of fluoroquinolones.
Because each day of postdischarge antibiotic use was assessed
independently, a single postdischarge day could only be clas-
sified as 1 type of overuse. In contrast, a patient could have 2
types of antibiotic overuse after discharge (on different days).
Examples are shown in Supplementary Figure 1.

Secondary Outcomes

Patient outcomes, assessed via chart review at 30 days, in-
cluded mortality, readmission, emergency department visits,
Clostridioides difficile infection (CDI), provider-documented
antibiotic-associated adverse events, and composite adverse
outcomes. For patients discharged on antibiotics, we assessed
patient-reported adverse events via a phone call at 30 days.
Because patient-reported adverse events were not collected if
patients were not discharged on antibiotics, patient-reported
adverse events were not included in the composite outcome.

Data Analysis

Descriptive statistics were used to quantify how much antibiotic
overuse after discharge was unnecessary or constituted an excess
duration or suboptimal use of fluoroquinolones. Characteristics
of patients with versus without antibiotic overuse at discharge
were compared using 2-sided chi-squared or Wilcoxon rank-
sum tests, as appropriate. Using linear regression, we assessed
whether the percentage of patients treated for pneumonia who
had antibiotic overuse after discharge at a hospital was associ-
ated with the percentage of patients treated for a UTI who had
overuse at discharge. Using a previously described method [8],
we report odds ratios to evaluate whether days of antibiotic
overuse after discharge were associated with patient outcomes at

30 days. Briefly, odds ratios were derived from logit generalized
estimating equations models adjusted for hospital clustering and
with an inverse probability of treatment (antibiotic overuse after
discharge), weighted by baseline covariates known to be associ-
ated with outcomes or that predicted overuse in a multivariable
analysis model (see Supplementary Appendix for details).

There were minimal missing data; for the 2 variables with
some missing data (insurance, 3.7% [798/21 825]; race, 0.4%
[83/21 825]), values were imputed through a 10-fold multiple
imputation procedure and combined using standard rules [25].
We conducted a sensitivity analysis without imputing missing
data. Although evidence for fluoroquinolone avoidance is strong
[26-31] and antibiotic stewardship guidelines recommend re-
ducing fluoroquinolone use [32], there is controversy as to
whether fluoroquinolones should be a first choice or an alterna-
tive choice for many conditions (eg, CAP) [19, 33, 34]. Therefore,
we conducted a sensitivity analysis removing “suboptimal use
of fluoroquinolones” as a type of antibiotic overuse after dis-
charge. P values <.05 were considered significant. All tests were
2-sided. An analysis was completed using SAS version 9.4.s. We
followed Enhancing the QUAlity and Transparency Of health
Research (EQUATOR) reporting guidelines (STrengthening the
Reporting of OBservational studies in Epidemiology [STROBE]
checklist in the Supplementary Appendix).

Ethics Statement

As the purpose of HMS is to measure and improve the quality of
existing care practices, it received a “not regulated” status by the
University of Michigan institutional review board.

RESULTS

A total of 21 825 patients (12 445 treated for pneumonia and
9380 treated for UTI) were included. Many patients failed to
meet the diagnostic criteria for infection, including 12.9%
(1604/12 445) of patients treated for pneumonia and 28.6%
(2687/9380) of patients treated for a UTI. The majority of pa-
tients (72.4%, 15 803/21 825) were prescribed an antibiotic at
discharge. Fluoroquinolones were the most common antibi-
otic prescribed at discharge, accounting for 34.2% of prescrip-
tions. Fluoroquinolones were prescribed at discharge for 22.4%
(359/1604) of patients treated for pneumonia who did not meet
the diagnostic criteria for pneumonia and 17.6% (473/2687) of
patients treated for a UTI who had asymptomatic bacteriuria.
Patient characteristics are shown in Table 2.

Nearly half (49.1%, 10 709/21 825) of patients treated for
pneumonia or a UTT experienced antibiotic overuse after dis-
charge, including 56.9% (7076/12 445) of patients treated for
pneumonia and 38.7% (3633/9380) of patients treated for a
UTI. The median duration of antibiotic overuse after discharge
was 4 days (interquartile range, 2-6). There were 2397 days
of antibiotic overuse after discharge per 1000 hospitalized
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Table 2. Characteristics of Patients With and Without Antibiotic Overuse at Hospital Discharge

Antibiotic overuse after No antibiotic overuse after P

Variable discharge, n = 10 709 discharge, n = 11 116 value
Race, White,? n/N (%) 8186/10 661 (76.8%) 8409/11 081 (75.9%) N
Sex, female, n (%) 5940 (55.5%) 6994 (62.9%) <.001
Age, median (IQR) 72 (69-82) 74 (61-84) <.001
Charlson Comorbidity Index, median (IQR) 3 (1-4) 3 (1-5) <.001
Any sepsis,® n (%)

Sepsis 6882 (64.3%) 6812 (61.3%) <.001

Severe sepsis 1986 (18.5%) 2356 (21.2%) <.001
Length of stay, days, median (IQR) 4 (4-6) 5 (4-7) <.001
Discharged to postacute care facility® 1979 (18.5%) 2840 (25.5%) <.001
Disease state

Hospitalized patients treated for urinary tract infection, n (%) 3633 (33.9%) 5747 (51.7 %) <.001

Asymptomatic bacteriuria® 1431 (13.4%)
1580 (14.8%)
622 (5.8%)

7076 (66.1%)

1256 (11.3%)
2486 (22.4%)
2005 (18.0%)
5369 (48.3%) <.001

Complicated urinary tract infection
Other urinary tract infection

Hospitalized patients treated for community-onset pneu-
monia, n (%)
Not meeting criteria® 1015 (9.5%)
4553 (42.5%)

1508 (14.1%)

589 (5.3%)
3052 (27.5%)
1728 (15.5%)

Community-acquired pneumonia
Healthcare—associated pneumonia
Antibiotic treatment and documentation

Prescribed an antibiotic after discharge, n (%) 10709 (100%) 5094 (45.8%) <.001
Prescribed a fluoroquinolone after discharge, n (%) 4473 (41.8%) 934 (8.4%) <.001
Total antibiotic duration, days, median (IQR) 9 (8-11) 6 (4-8) <.001
Antibiotic duration after discharge, days, median (IQR) 5 (4-7) 0 (0-3) <.001
Antibiotic overuse after discharge, days, median (IQR) 4 (2-6) N/A N/A
Antibiotic duration documented in discharge summary, n (%) 3113 (29.1%) 3311 (29.8%) .25
Hospital characteristics, self-reported
Hospital bed size, median (IQR) 310 (186-443) 327 (202-520) <.001
Hospital profit type, n (%) <.001
For-profit 864 (8.1%) 691 (6.2%)
Nonprofit 9845 (91.9%) 10 425 (93.8%)
Academic hospital, n (%) 9223 (86.1%) 10 112 (91.0%) <.001

The table shows the characteristics of patients who had antibiotic overuse after discharge, compared to those who did not. P values are shown for comparisons using a 2-sided chi-squared

or Wilcoxon rank-sum test, as appropriate. P < .05 is significant.

Abbreviations: IQR, interquartile range; NA, not applicable; SIRS, systemic inflammatory response syndrome.

“There were 83 patients missing race data (0.4%).

®Sepsis was defined as 2 or more SIRS criteria. Severe sepsis was defined as sepsis plus evidence of organ dysfunction.

‘Includes long-term acute care hospitals, skilled nursing facilities, inpatient rehabilitation, and subacute rehabilitation.

9Patients treated for a urinary tract infection (ie, urine culture with bacterial growth) but without symptoms attributable to a urinary tract infection were considered to have asymptomatic bac-
teriuria. Uncomplicated urinary tract infection consisted of women without a urinary catheter or comorbid conditions associated with complicated urinary tract infection (see Supplementary

Appendix for details).

°Patients with a discharge diagnosis of pneumonia who lacked signs or symptoms of pneumonia on hospital Day 1 or 2 or who had normal imaging tests were considered not to meet the

criteria for pneumonia (see Supplementary Appendix for details).

patients treated for pneumonia and 1834 days of antibiotic
overuse after discharge per 1000 hospitalized patients treated
for a UTL Differences between patients with versus without
antibiotic overuse were largely an artifact of classification (eg,
patients prescribed a fluoroquinolone were more likely to have
overuse; Table 2).

The most common type of antibiotic overuse after discharge
differed by condition. In patients treated for pneumonia, 63.1%
of overuse days after discharge were due to an excess antibiotic
duration (19.5% suboptimal use of fluoroquinolones; 17.4%
unnecessary therapy). In patients treated for a UTI, 43.9% of
overuse days were due to unnecessary antibiotic treatment of

asymptomatic bacteriuria (37.3% excessive therapy; 18.7% sub-
optimal use of fluoroquinolones). For both diseases, the ma-
jority of fluoroquinolone overuse after discharge was due to
a combination of unnecessary and excessive therapy (59.0%
treated for pneumonia; 57.9% treated for a UTI) rather than
suboptimal use of fluoroquinolones.

The percentage of patients discharged with antibiotic overuse
varied 5-fold among hospitals, from 15.9% (95% confidence in-
terval [CI], 8.7%-24.6%) to 80.6% (95% CI, 69.4%-88.1%). The
distribution of categories of antibiotic overuse also varied (see
Figure 1). Antibiotic overuse after discharge for a UTI was as-
sociated with antibiotic overuse after discharge for pneumonia:
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Figure 1. Antibiotic overuse after discharge in patients treated for pneumonia
or urinary tract infection, by hospital (n = 46 hospitals; n = 21 825 patients). Each
bar represents 1 hospital. Each postdischarge day was classified as only 1 type of
overuse; however, 1 patient could have both excess duration and suboptimal use of
fluoroquinolones on different days.

for every 10% increase in patients at a hospital treated for a UTI
who had overuse after discharge, there was an 8.5% (95% CI,
6.3-10.6) increase in patients treated for pneumonia who had
overuse after discharge (Figure 2).

Secondary Outcomes

After adjustments, antibiotic overuse after discharge was not
associated with mortality, readmission, emergency department
visits, CDI, or antibiotic-associated adverse events (Table 3).
Antibiotic overuse after discharge was not associated with

100% 1 [Regression Coefficient  0.85

P value <.001

80% -

60% -

40% -

20% -

Patients Treated for Pneumonia Who Had Antibiotic
Overuse after Discharge (%)

0%

T T T T T T
0% 20% 40% 60% 80% 100%

Patients Treated for Urinary Tract Infection Who Had Antibiotic
Overuse after Discharge (%)

Figure 2. Antibiotic overuse after discharge in patients treated for a urinary
tract infection versus patients treated for pneumonia, by hospital (n = 44 hospitals;
n =21 506 patients). We excluded 2 hospitals due to low numbers (fewer than 10
patients treated for a urinary tract infection).

patient-reported antibiotic-associated adverse events (odds
ratio, 1.02 per day of antibiotic overuse at discharge; 95% CI,
.99-1.05; P = .20).

Sensitivity Analyses

When missing data were not imputed, antibiotic overuse
after discharge remained not associated with patient out-
comes (eTable 1). When suboptimal use of fluoroquinolones
was not considered antibiotic overuse after discharge, slightly
fewer patients had antibiotic overuse after discharge (51.6%
[6419/12 445] of patients treated for pneumonia; 33.8%
[3171/9380] of patients treated for a UTI). Fluoroquinolones
were still the most common antibiotic prescribed after dis-
charge in patients with antibiotic overuse (35.0%, 3354/9 590).
Without suboptimal use of fluoroquinolones, the percentage of
patients discharged with antibiotic overuse varied nearly 8-fold
among hospitals, from 10.1% (95% CI, 4.3%-18.1%) to 76.1%
(95% CI, 64.2%-83.6%). The percentage of patients treated for
a UTI who were discharged with antibiotic overuse remained
associated with the percentage of patients with pneumonia dis-
charged with antibiotic overuse (regression coefficient = 1.01,
P <.001).

DISCUSSION

Using a novel, comprehensive metric to assess antibiotic overuse
at discharge for hospitalized patients treated for pneumonia or
a UTI, we found that half of 21 825 patients discharged from
46 hospitals experienced antibiotic overuse after discharge.
The most common types of antibiotic overuse after discharge
varied by condition and included an excess duration for pneu-
monia and unnecessary treatment of asymptomatic bacteriuria.
Antibiotic overuse after discharge varied 5-fold among hos-
pitals, and an association was demonstrated between 2 disparate
conditions, suggesting the prescribing culture, physician beha-
vior, or organizational processes play a role in overprescribing
after discharge.

Our findings add to the growing body of literature sug-
gesting that antibiotic overuse after discharge needs to be ad-
dressed through antibiotic stewardship programs [3-8, 11]. By
creating a metric that incorporates 3 common types of overuse
(unnecessary use, excess duration use, and suboptimal use of
fluoroquinolones), we anticipate that future studies can eval-
uate the comprehensive effect of stewardship interventions on
antibiotic overuse at discharge. Though we found that targets
at the highest need for improving discharge therapy vary by
condition (excess duration for pneumonia and asymptomatic
bacteriuria), our findings also point to the need for a more
comprehensive intervention at discharge that evaluates antibi-
otic use in its entirety. For example, we found that the majority
(58.6%) of fluoroquinolone overuse after discharge was due
to a combination of unnecessary and excessive therapy rather
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Table 3. Association of Antibiotic Overuse After Discharge With 30-Day Adverse Outcomes

Outcomes at Patients with antibiotic overuse

Patients without antibiotic overuse

Unadjusted OR per day Unad- Adjusted OR per day Ad-
of antibiotic overuse justed P of antibiotic overuse justed

30 days after discharge, n = 10 709, n (%) after discharge, n = 11 116, n (%) (95% ClI) value (95% ClI) Pvalue
Composite adverse 2485 (23.2) 2938 (26.4) .98 (.97-.99) <.001 .99 (.97-1.00) 15
outcome
Mortality 224 (2.1) 365 (3.3) .94 (.90-.97) <.001 .99 (.94-1.05) .83
Readmission 1333 (12.4) 1654 (14.9) .97 (.95-.98) <.001 .98 (.96-1.01) 21
Emergency de- 1269 (11.8) 13988 (12.5) .99 (.98-1.01) .28 .99 (.97-1.01) .28
partment visit
Clostridioides 45 (.4) 58 (.5) .96 (.89-1.05) .38 1.01 (.94-1.08) 79
difficile infection
Provider- 167 (1.6) 176 (1.6) 1.01 (.98-1.04) 71 1.01 (.98-1.04) .60
documented
adverse events
Patient-reported ad- 167/5302 (3.1) 90/2585 (3.5) 1.02 (.99-1.05) 18 1.02 (.99-1.05) .20

verse events®

Outcomes collected via the medical record and a follow-up telephone call at 30 days, and their associations with number of days of antibiotic overuse after discharge are shown. n = 21 825.
P values are shown for unadjusted or odds ratios adjusted for hospital clustering, inverse probability of treatment, and known predictors of the outcome of interest (see Supplementary

Appendix for details). P values <.05 are significant.

Abbreviations: Cl, confidence interval; OR, odds ratio.

@ Data were only collected on patient-reported adverse events if the patient was discharged on antibiotics. The proportions shown include only eligible patients who were able to be reached

by telephone.

than suboptimal use of fluoroquinolones. Thus, there was
more potential to reduce fluoroquinolone overuse by reducing
unnecessary therapy and excessive duration, rather than by
emphasizing fluoroquinolone avoidance alone. This finding
may explain previous findings that stewardship interventions
targeting inpatient fluoroquinolone use had limited effects
on fluoroquinolone prescribing after discharge [4] and that,
unlike inpatient fluoroquinolone prescribing, fluoroquino-
lone prescribing at discharge has not decreased over time [9].
Moving forward, disease-based or discharge-based interven-
tions (eg, timeouts or audit and feedback) may be more ef-
fective for reducing fluoroquinolone overuse and improving
antibiotic use at discharge [35, 36].

The fact that antibiotic overuse after discharge for 1 disease
was strongly correlated with antibiotic overuse after discharge
for another suggests that the prescribing culture, physician beha-
vior, or organizational processes may strongly affect prescribing
after discharge. For example, a hospital culture that is more tol-
erant of diagnostic uncertainty may influence clinicians to avoid
antibiotics for patients with vague or nonspecific symptoms.
Similarly, a culture that believes “shorter is better” for antibiotic
therapy may be more likely to avoid excess durations regardless
of condition. Prior studies have found that better teamwork im-
proves preparation for discharge [35, 37]; similarly, better collab-
oration with pharmacists or antibiotic stewards could improve
prescribing practices regardless of condition. Hospitals with
low antibiotic overuse after discharge may also be more likely to
monitor antibiotics prescribed at discharge, intervening as neces-
sary. Given the wide variation between hospitals, further quanti-
tative and qualitative studies are needed to assess organizational
cultures and identify current discharge and stewardship practices
at high-performing hospitals.

Our study has limitations. First, overuse is difficult to
define and quantify. When evidence was insufficient, we
considered antibiotic use to be appropriate. Furthermore,
because guidelines changed in October 2019 (after the study
cohort), we considered many patients treated with a 7-day
antibiotic duration for HCAP to have received an “appro-
priate” duration when newer guidelines would consider this
to be excess for most of this cohort [19]. We also did not in-
clude all potential types of suboptimal antibiotic therapy (eg,
prescribing broad-spectrum antibiotics when narrow therapy
would suffice). Rather, we focused on fluoroquinolones, as
they are the most common antibiotic prescribed after dis-
charge and are high-value targets for stewardship programs,
given their association with adverse events, CDI, and anti-
biotic resistance. For these reasons, we likely underestimate
antibiotic overuse after discharge and bias our estimates of
the effect of overuse on outcomes to the null. Additionally,
because of the ordering of our hierarchical assessment of
overuse, we underestimate suboptimal fluoroquinolone use.
Second, our study is observational, making it susceptible to
confounding. We attempted to account for as many factors
as possible during our assessment of overuse, including anti-
biotic allergies, resistance, disease, and contraindications to
certain medications; however, we could not account for all
factors. Third, we focused on the 2 most common inpatient
bacterial infections, though these account for just under half
of all inpatient antibiotic use. Fourth, patients who were not
prescribed an antibiotic on discharge were not asked about
side effects (and thus were not included in the assessment
of outcomes); not including patients at low risk for side ef-
fects likely biased our assessment of the effect of overuse on
patient-reported adverse events to the null. Similarly, we
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were likely underpowered to detect an effect of antibiotic
overuse on rare outcomes (eg, CDI, death). Finally, we did
not have physician-level data; thus, our findings could not
discern whether physician or organizational factors are re-
sponsible for the correlation in overuse across diseases.

This is the first large-scale, multicenter study to comprehen-
sively quantify antibiotic overuse after discharge. We hope the
methodology used here can be applied to other studies to as-
sess the effectiveness of interventions at improving antibiotic
use at discharge. Given the ubiquity of overuse after discharge,
it is imperative that stewardship programs enact interventions
to improve prescribing—which often means stopping anti-
biotics—at care transitions. As of 2019, both the Centers for
Disease Control and Prevention and the Joint Commission
recommend stewardship activities include review of discharge
antibiotics [38, 39]. Currently, however, discharge prescriptions
are difficult for hospitals to monitor, as they are often filled by
external pharmacies and are not easy to count electronically.
Moving forward, we need easier methods to track antibiotic
prescriptions at discharge, which could enable more complete
national measures of antibiotic use.

In summary, we created a novel, comprehensive metric to
evaluate antibiotic overuse at discharge for 2 conditions. We
found that antibiotic overuse after discharge was common and
varied widely between hospitals. Targets to improve antibiotic
prescribing during care transitions vary by condition and in-
clude excess duration of use for pneumonia and stopping un-
necessary treatment of asymptomatic bacteriuria. Multifaceted
efforts focusing on all types of overuse could be more effective
at reducing fluoroquinolone prescribing than efforts focusing
on antibiotic selection alone. Finally, hospital-level antibiotic
overuse after discharge was associated between conditions,
suggesting that the prescribing culture, physician behavior,
or organizational processes contribute to overprescribing at
discharge.
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