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IMPORTANCE Urinary tract infections are the most common infections in nursing home
residents. However, most antibiotic use is for unlikely cystitis (ie, nonspecific symptoms and
positive culture results secondary to asymptomatic bacteriuria or a urine sample improperly
collected for culture) that is unnecessary and inappropriate. This antibiotic use is associated
with an increased risk of antimicrobial resistance, adverse drug events, and Clostridioides
difficile (formerly Clostridium difficile) infections.

OBJECTIVE To determine the association of a multifaceted antimicrobial stewardship and
quality improvement intervention with the reduction in unnecessary antimicrobial use for
unlikely cystitis among noncatheterized nursing home residents.

DESIGN, SETTING, AND PARTICIPANTS A quality improvement intervention evaluation was
conducted to target antimicrobial use among residents with unlikely cystitis in 25 nursing
homes across the United States. Baseline data were collected between February 1, 2017,
and April 30, 2017. The intervention was conducted from May 1, 2017, to April 30, 2018.

INTERVENTIONS Intervention nursing homes (n = 12) were randomized to receive a 1-hour
introductory webinar, pocket-sized educational cards, tools for system change, and
educational clinical vignettes addressing the diagnosis and treatment of suspected
uncomplicated cystitis. Monthly web-based coaching calls were held for staff of intervention
nursing homes. All facilities received quarterly feedback reports regarding the management
of uncomplicated cystitis. Control group nursing homes (n = 13) received usual care.

MAIN OUTCOMES AND MEASURES The primary outcome was the incidence of antibiotic
treatment for unlikely cystitis cases, defined using published criteria. Secondary outcomes
included overall antibiotic use for any urinary tract infection and the safety outcomes of
C difficile infections, as well as all-cause hospitalizations and death.

RESULTS Among the 25 nursing homes participating in this quality improvement study,
including 512 408 intervention facility resident-days and 443 912 control facility
resident-days, fewer unlikely cystitis cases were treated with antibiotics in intervention
facilities compared with control facilities (adjusted incident rate ratio [AIRR], 0.73 [95% CI,
0.59-0.91]); C difficile infection rates were also lower in intervention nursing homes vs control
nursing homes (AIRR, 0.35 [95% CI, 0.19-0.64]). Overall antibiotic use for any type of urinary
tract infection was 17% lower in the intervention facilities than the control facilities (AIRR,
0.83 [95% CI, 0.70-0.99]; P = .04). There was no increase in all-cause hospitalizations or
deaths due to the intervention (all-cause hospitalizations: AIRR, 0.95 [95% CI, 0.75-1.19];
all-cause death: AIRR, 0.92 [95% CI, 0.73-1.16]).

CONCLUSIONS AND RELEVANCE This study suggests that a low-intensity, multifaceted
intervention was associated with improved antibiotic prescribing for uncomplicated cystitis
in a cohort of nursing homes without an adverse association with other safety outcomes.
Although promising, further study is needed to determine whether the intervention could be
widely implemented to assist facilities in meeting new federal nursing home requirements for
antimicrobial stewardship and quality assurance performance improvement programs.
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A ntimicrobial stewardship programs are a cornerstone
in the national approach to combating antimicrobial re-
sistance and improving patient safety in the United

States.1 There is a particular need to develop and disseminate
effective antimicrobial stewardship programs in the nursing
home setting. The rate of antimicrobial use in nursing homes
is significant; between one-half and two-thirds of residents re-
ceive an antimicrobial drug during the course of 1 year.2,3 More-
over, antimicrobial use varies substantially across facilities, dif-
fering by up to 10-fold.3,4 This degree of variation is greater than
that found in acute care settings4 and appears to be associ-
ated with prescriber and facility practices rather than resident-
level factors.5 More important, high rates of antimicrobial use
in nursing homes are associated with increased rates of ad-
verse drug events among all facility residents, not just those
receiving antibiotics.3

Focused antimicrobial stewardship programs targeting the
management of urinary tract infections (UTIs) are ideal inter-
ventions for nursing homes. Urinary tract infection, the most
common reason for antibiotic use in nursing homes,6,7 may re-
fer to complicated infections (eg, pyelonephritis, prostatitis,
or catheter-associated infections), uncomplicated cystitis, and
cases of unlikely cystitis (eg, a patient with nonspecific symp-
toms and a positive culture result stemming from asymptom-
atic bacteriuria or a urine sample poorly collected for cul-
ture). Much of the antibiotic use for UTI is unnecessary owing
to diagnostic errors for uncomplicated cystitis (eg, a patient
with questionable symptoms with negative culture results) and
inappropriate treatment of unlikely cystitis (eg, a patient with
asymptomatic bacteriuria).8-10 To our knowledge, only 2 rig-
orously designed randomized interventions addressing UTI-
associated antimicrobial stewardship have been conducted,
and the degree of association between antimicrobial steward-
ship and antibiotic use in these studies was modest and not
sustained over time.11-14 No studies have focused solely on dif-
ferentiating treatment between uncomplicated cystitis and
asymptomatic bacteriuria, which has previously been identi-
fied as a major gap in care.8

Given this background, there is a need for practical anti-
microbial stewardship programs focused on improving the ap-
proach to uncomplicated cystitis in nursing home residents.
Therefore, the objective of this study is to determine the ef-
fectiveness and safety of a multifaceted antimicrobial stew-
ardship and quality improvement initiative in reducing un-
necessary antimicrobial use for unlikely cystitis cases in
noncatheterized nursing home residents.

Methods
Design, Setting, and Participants
This was a quality improvement initiative designed to opti-
mize antimicrobial treatment for uncomplicated cystitis in
nursing home residents. Participating nursing homes repre-
sent a convenience sample recruited with the help of the lead-
ership of the American Medical Directors Association–The
Society of Post-Acute and Long-Term Care Medicine. Inclu-
sion criteria were administrative support confirmed by a signed

participation letter, a completed facility demographics form,
and willingness to submit deidentified baseline and fol-
low-up case report forms for each suspected nursing home–
acquired UTI as well as a monthly summary sheet identifying
aggregate facility-level metrics. Suspected nursing home–
acquired UTI was defined as any clinical suspicion of UTI as
determined by the prescribing clinician.15 Facilities were ex-
cluded if they were participating in another antibiotic stew-
ardship project or another major quality improvement proj-
ect. All residents residing in the participating nursing homes
were included in this facility-level intervention because each
resident contributed a number of resident-days of exposure,
affording the opportunity for outcomes. Baseline data were col-
lected between February 1, 2017, and April 30, 2017. The in-
tervention was conducted from May 1, 2017, through April 30,
2018. The Figure shows the derivation of the study sample. The
University of Pittsburgh institutional review board reviewed
the study protocol and determined it not to be human partici-
pants research; no informed consent was required. The
University of Pittsburgh Medical Center Quality Council ap-
proved the work as a quality improvement project.

Randomization
After a 3-month baseline run-in period (from February 1 to
April 30, 2017), facilities were randomized in equal propor-
tions into 1 of 2 groups: an immediate implementation cohort
(intervention) and a delayed implementation cohort (con-
trols). To ensure a balance between groups, we stratified by
nursing home state, urban or rural status, and number of
beds, with attention to geographical separation to prevent
cross-contamination.

Intervention
The multifaceted antimicrobial stewardship intervention
focused on uncomplicated cystitis and included education
of nursing, pharmacy, and prescribing staff; dissemination of
guidelines for the diagnosis and treatment of uncomplicated

Key Points
Question Can a multifaceted antimicrobial stewardship and
quality improvement intervention reduce unnecessary treatment
of unlikely cystitis (ie, nonspecific symptoms and positive culture
results secondary to asymptomatic bacteriuria or a urine sample
improperly collected for culture) among noncatheterized nursing
home residents?

Findings This quality improvement study of 25 nursing homes,
including 512 408 intervention facility resident-days and 443 912
control facility resident-days, found that the intervention was
associated with a reduction in the incidence of antibiotic use for
unlikely cystitis cases by 27% and a reduction in overall antibiotic
use for any type of urinary tract infection by 17% compared with
the control group. There were no significant differences in
all-cause hospitalizations or mortality.

Meaning If implemented, these intervention tools may help
nursing homes improve clinical care while meeting recently
revised federal requirements for antimicrobial stewardship and
quality improvement.
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cystitis; tools for system change; audit; and facility feedback.
The previously published guidelines used in this interven-
tion were developed via 2 separate, modified Delphi surveys
of a panel of expert physicians and pharmacists.16,17 The in-
tervention was delivered during a 12-month period (from May
1, 2017, to April 30, 2018) after the baseline 3-month run-in
period. Specific intervention components included (1) a 1-hour
webinar presented by a physician, pharmacist, and infection
preventionist that provided information about the project,
introduced the diagnostic and treatment guidelines for un-
complicated cystitis, and highlighted the role of the program
in promoting nursing home compliance with new federal re-
quirements for antibiotic stewardship and quality assurance
and performance improvement programs18; (2) provision of
posters and pocket-sized educational cards with the diagnos-
tic and treatment guidelines; (3) standardized physician or-
der set forms for the diagnosis and treatment of suspected, un-
complicated cystitis; (4) an active monitoring sheet designed
to improve identification and documentation of signs and
symptoms associated with the diagnosis of UTIs; (5) 1-page edu-
cational clinical vignettes, directed to prescribers and nurs-
ing staff, that address common issues surrounding the diag-
nosis and treatment of UTIs; (6) routine facility-level audit and
feedback regarding UTI rates, compliance with the guide-
lines, and associated outcomes using summative data; and
(7) web-based coaching sessions, held every 6 weeks, for nurs-
ing, pharmacy, and prescribing staff of the intervention nurs-
ing homes. The tools used for this intervention have been pack-
aged as a free resource available to all nursing homes.19 During
the last quarter of the intervention period, a single 1-on-1 coach-
ing telephone call was held with the infection control nurse
or director of nursing from each facility to review the facility
feedback information, assess use of the stewardship tools (iden-

tify which tools were being used), and answer questions. These
types of interventions have been shown to be effective in pre-
vious studies designed to improve the quality of prescribing
in nursing homes.11,12,20-22

The control nursing homes received usual care. To en-
courage ongoing data submission and facility retention, inter-
vention and control nursing homes each received certificates
documenting their participation in a federally funded antimi-
crobial stewardship and quality assurance and performance
improvement program. Certificates were provided for each
month of complete data submission. At the conclusion of the
12-month study, control nursing homes received the same mul-
tifaceted antimicrobial stewardship intervention focused on
uncomplicated cystitis that included staff education, dissemi-
nation of guidelines for the diagnosis and treatment of un-
complicated cystitis, tools for system change, audit, and
facility feedback.

Main Outcomes and Measures
Because the goal of this intervention was to reduce unneces-
sary antibiotic use for uncomplicated cystitis, we used a diag-
nostic approach in which UTI cases were grouped into 1 of 3
categories: (1) complicated (eg, catheter associated, pyelone-
phritis, or prostatitis), (2) uncomplicated cystitis cases for which
empirical antibiotics would be appropriate as per previously
published guidelines (dysuria and at least 1 of gross hematu-
ria, suprapubic pain, and urinary frequency/urgency; or both
hematuria and suprapubic pain), and (3) unlikely cystitis cases
for which empirical antibiotics would be unnecessary (main
outcome). Unlikely cystitis cases may represent cases of asymp-
tomatic bacteriuria, contaminated urinary specimens, or non-
infectious conditions that can be confused with cystitis (eg,
nonspecific symptoms in the absence of urinary-specific symp-
toms). Diagnostic criteria for these categories have been pre-
viously published.16 Overall antibiotic use for any UTI was also
measured. Patient safety variables included Clostridioides
difficile (formerly Clostridium difficile) infections and all-
cause hospitalizations and deaths. C difficile was defined ac-
cording to each facility’s established protocol. Outcome data
were obtained from deidentified individual case report forms,
paired urine culture results, and monthly summary reports pro-
vided by the study nursing homes. Data forms were limited to
1 page to facilitate data collection. The consistency and accu-
racy of data collection was addressed through monitoring by
the study coordinator (G.A.) and recurring standardized data
collection training sessions.

Statistical Analysis
For descriptive purposes, data on the number of urine cul-
tures performed, complicated UTIs, catheter use, cases of un-
complicated cystitis, and cases of unlikely cystitis during the
run-in period were tabulated. Descriptive statistics were used
to summarize continuous (mean [SD] and median [range]) and
categorical (frequencies and percentages) variables stratified
by group, facility, and/or month. Outcomes are counts and thus
reported per 1000 resident-days. Based on the run-in period
incidence of antimicrobial prescribing for unlikely cystitis of
1.03 per 1000 resident-days, we had 80% statistical power to

Figure. Facility Flow

46 Facilities interested in participating 

30 Facilities confirmed participation 

12 Immediate implementation
(intervention) sites 

13 Delayed implementation
(control) sites 

12 Immediate implementation 
(intervention) sites completed
the study 

10 Delayed implementation 
(control) sites completed
the study 

16 Facilities excluded 
16 Did not return letter of support

or facility demographic form

5 Facilities excluded 
1 Withdrew
4 Did not provide baseline data

3 Facilities excluded 
1 Closed 
2 Withdrew 

25 Facilities randomized 
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detect statistical significance of a reduction as small as 15% in
the intervention facilities compared with the controls with an
active study period of 1 year and a 2-tailed test with P < .05 con-
sidered statistically significant.

For the main analysis, we fitted a series of generalized es-
timating equation models with a Poisson distribution for each
of the monthly count outcomes as the dependent variable, a
logarithmic link function, natural logarithm of facility resident-
days within the month as an offset to account for exposure,
intervention group as the independent variable of interest,
run-in period rate of outcome as a covariate, and an exchange-
able working correlation structure to account for correlation
between data from the same facility across different months.
All analyses were conducted using SAS, version 9.3 software
(SAS Institute Inc).

Results
Of 46 facilities verbally agreeing to participate in the interven-
tion, 30 confirmed interest by submission of a facility letter of
support and completion of a facility demographics form. Of the
30 sites, 25 were randomized, and 22 completed the interven-
tion. See the Figure for the flow of facilities through the study
and the reasons for noncompletion. During the 12-month ac-
tive period, there were 512 408 intervention facility resident-
days and 443 912 control facility resident-days. During the same
period, the data submission rate was 93% (134 of 144) of the
facility-months in the intervention group, 74% (115 of 156) in
the control group before excluding the sites that were closed or
had withdrawn, and 96% (115 of 120) in the control group after
excluding the sites that were closed or had withdrawn.

The characteristics of the intervention and control nurs-
ing homes are presented in Table 1. There were no statisti-
cally significant differences between groups in any of the base-
line characteristics. The mean (SD) number of beds was 139.7
(110.1) in the intervention group and 127.6 (80.3) in the con-
trol group. There were more for-profit facilities in the inter-
vention group than in the control group (8 of 12 [67%] vs 4 of
13 [31%]), although the difference was not statistically signifi-
cant (P = .07). Most intervention telephone call participants
were nurses.

A comparison of UTI and safety-related measures during
the preintervention run-in period is shown in Table 2.16 Inter-
vention facilities had a higher rate of UTIs than did control
facilities (1.91 per 1000 resident-days vs 1.77 per 1000 resident-
days), as well as a higher rate of unlikely cystitis cases treated
with antimicrobials (1.14 per 1000 resident-days vs 0.91 per
1000 resident-days) and all-cause death (1.14 per 1000 resident-
days vs 0.94 per 1000 resident-days). Intervention facilities
had a lower rate than control facilities of uncomplicated cys-
titis cases (0.11 per 1000 resident-days vs 0.27 per 1000 resi-
dent-days) and C difficile infections (0.04 per 1000 resident-
days vs 0.06 per 1000 resident-days). However, as supported
by the data reported in Table 2, none of these differences were
statistically significant.

The association of the intervention with outcomes is shown
in Table 3. For the primary outcome, the incidence of antimi-

crobial use for unlikely cystitis was 27% less in the interven-
tion facilities (adjusted incident rate ratio [AIRR], 0.73 [95%
CI, 0.59-0.91]; P = .004). In terms of safety outcomes, the rate
of C difficile infection remained stable in the intervention group
but increased in the control group, which was associated with
a baseline-adjusted reduction in the intervention group of
65% (AIRR, 0.35 [95% CI, 0.19-0.64]; P < .001). Secondarily,
overall antibiotic use for any type of UTI was 17% lower in the
intervention facilities than in the control facilities (AIRR,
0.83 [95% CI, 0.70-0.99]; P = .04). There was no statistically
significant difference in the incidence of urine cultures per-
formed (AIRR, 0.84 [95% CI, 0.68-1.04]; P = .10), all-cause hos-
pitalization (AIRR, 0.95 [95% CI, 0.75-1.19]; P = .63), or all-
cause death (AIRR, 0.92 [95% CI, 0.73-1.16]; P = .48) between
the 2 groups, although the intervention group descriptively
had a fewer number of urine cultures performed than the
control group (1.39 per 1000 resident-days vs 1.52 per 1000
resident-days).

Discussion
This multifaceted antimicrobial stewardship and quality im-
provement initiative, which focused on uncomplicated cysti-
tis in noncatheterized nursing home residents, was associ-
ated with improved antibiotic use for UTIs. Specifically, the
intervention was associated with a reduction in the inci-
dence of antibiotic use for unlikely cystitis cases by 27% and
overall antibiotic use for any type of UTI by 17%. Previous
randomized13,14 and unrandomized studies23-28 of UTI-
focused antimicrobial stewardship programs have not specifi-
cally targeted antibiotic use for uncomplicated cystitis, the
most common type of UTI. The reduction in overall use of an-
tibiotics for UTIs, our secondary outcome, was consistent with
results of previous trials.13,14,25,28 The reduction in antibiotic
use proved safe, with no significant differences in the rate of
all-cause hospitalization or death. The lack of differences in
hospitalizations and deaths is consistent with prior work sug-
gesting a low risk for undertreatment of this condition.13,14,25,29

Although there was a statistically significant 65% reduction in
C difficile infections, we interpret this finding with caution and
reserve conclusions owing to the small number of events, the
increased number of events in control facilities associated with
the difference, and the lack of information about overall an-
timicrobial use. Whether the reductions in antibiotic use are
associated with reduced antimicrobial resistance rates is not
known and should be the subject of future work.

These findings are important because a UTI is the most
common reason for antibiotic use in nursing homes, and most
cases are unnecessary.6,8 Nursing homes face many chal-
lenges in addressing antimicrobial stewardship, including lim-
ited staffing, limited staff expertise, high staff turnover rates,
and difficulties with effectively engaging prescribers.30 Prag-
matic approaches to antimicrobial stewardship are thus im-
portant in such a setting. Our findings suggest that facilities
can successfully improve antibiotic use and outcomes with
such tools and an approach with a low level of onsite engage-
ment. The state of Pennsylvania has contracted with our group
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to implement this intervention program with volunteer nurs-
ing homes (nursing homes that were not part of this study that
are receiving the intervention as part of an open dissemina-
tion project).

The tools developed and disseminated herein promote
education and organizational change by targeting common
work system components.20,31 Use of web-based training and

coaching calls to promote a “train-the-trainer” approach, as
recommended by others, ensured the ability to reach a na-
tional sampling of sites.31

This project is unique given its focus on the diagnosis and
management of uncomplicated cystitis as opposed to all types
of UTIs. Individuals with uncomplicated cystitis are generally
less ill, making it difficult to differentiate between uncompli-

Table 1. Characteristics of Nursing Homes

Characteristic
Intervention group
(n = 12)

Control group
(n = 13) P value

Facility size, No. of beds

Mean (SD) 139.7 (110.1) 127.6 (80.3)
.81

Median (range) 91.5 (60-446) 120.0 (44-320)

Occupancy, No. of beds

Mean (SD) 126.1 (107.3) 116.6 (75.2)
.85

Median (range) 83.0 (57-435) 110.0 (35-297)

No. of admitting physicians

Mean (SD) 4.9 (6.2) 8.8 (13.4)
.22

Median (range) 2.0 (1-20) 5.0 (1-50)

No. of physicians with ≥5 residents

Mean (SD) 2.8 (2.3) 3.2 (2.4)
.40

Median (range) 2.0 (1-8) 3.0 (0-10)

No. of RN staff hours/resident/d

Mean (SD) 0.9 (0.3) 0.8 (0.2)
.29

Median (range) 0.9 (0.5-1.5) 0.7 (0.5-1.2)

No. of LPN or LVN hours/resident/d

Mean (SD) 0.9 (0.3) 0.8 (0.2)
.62

Median (range) 0.9 (0.3-1.2) 0.9 (0.6-1.2)

No. of CNA hours/resident/d

Mean (SD) 2.3 (0.7) 2.4 (0.5)
.62

Median (range) 2.3 (0.6-3.6) 2.4 (1.7-3.5)

Medicaid residents, No. (%) .62

≤25% 3 (25) 2 (15)

.82
26%-50% 2 (17) 1 (8)

51%-75% 5 (42) 8 (62)

76%-100% 2 (17) 2 (15)

For-profit ownership, No. (%) 8 (67) 4 (31) .07

Facility network, No. (%)

Single 4 (33) 8 (62)
.16

Chain 8 (67) 5 (39)

Medical director board certified in medical
direction by ABPLM, No. (%)

5 (42) 6 (46) .82

Uses advanced practitioners, No. (%) 10 (83) 11 (85) >.99

1-y Staff turnover rate, No. (%)

≤20% 1 (8) 5/12 (42)

.20
21%-40% 7 (58) 6/12 (50)

41%-60% 2 (17) 1/12 (8)

61%-80% 2 (17) 0

Region, No. (%)

Midwest and Northwest 3 (25) 4 (31)

>.99
Northeast 6 (50) 6 (46)

Potomac or Southeast 2 (17) 2 (15)

South Central or Southwest 1 (8) 1 (8)

Facility location

Micropolitan 1 (8) 1 (8)

>.99Rural 6 (50) 6 (46)

Metropolitan 5 (42) 6 (46)

Abbreviations: ABPLM, American
Board of Post-Acute and Long-Term
Care Medicine; CNA, certified nursing
assistant; LPN, licensed practical
nurse; LVN, licensed vocational
nurse; RN, registered nurse.
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cated cystitis and unlikely cystitis cases. Clinicians often sup-
port their decision to treat unlikely cystitis cases by citing con-
cerns about the risk of undertreatment of uncomplicated cystitis.
Unlike most prior studies,13,14,25 the facilities in our study were

able to sustain progress over the project period. Post hoc analy-
ses showed that the gains occurred primarily in the last 3 quar-
ters of the intervention. Because the tools were introduced
sequentially over time and there was ongoing opportunity for

Table 2. Baseline Values of UTIs and Safety Outcomes and Their Comparison During the Run-in Period (From February to April 2017)

Outcome

Intervention facilities Control facilities
Incident rate ratio
(95% CI)

P
value

Overall rate per
1000 resident-days

Rate across facilities,
median (range)

Overall rate per
1000 resident-days

Rate across facilities,
median (range)

All UTIs 1.91 1.69 (0.82-5.52) 1.77 1.77 (0.39-4.20) 1.13 (0.64-1.99) .67

UTIs with catheter use 0.28 0.31 (0.00-1.04) 0.33 0.23 (0.00-0.93) 0.83 (0.35-1.98) .68

Urine cultures performed 1.69 1.29 (0.82-5.17) 1.72 1.77 (0.39-3.68) 1.03 (0.59-1.81) .91

Complicated UTIs16,a 0.36 0.48 (0.00-1.19) 0.44 0.23 (0.00-1.08) 0.84 (0.35-2.00) .69

Uncomplicated cystitis16,a 0.11 0.00 (0.00-0.51) 0.27 0.17 (0.00-2.36) 0.41 (0.12-1.37) .15

Unlikely cystitis16,a 1.44 0.99 (0.67-4.99) 1.06 0.99 (0.00-1.60) 1.45 (0.79-2.64) .23

Unlikely cystitis cases treated
with antimicrobialsb

1.14 0.97 (0.67-4.28) 0.91 0.96 (0.45-1.90) 1.30 (0.82-2.08) .26

Clostridioides difficile infections 0.04 0.00 (0.00-0.18) 0.06 0.00 (0.00-0.63) 0.67 (0.24-1.88) .45

All-cause hospitalizations 1.74 1.88 (0.62-4.13) 1.95 1.70 (0.67-4.50) 0.88 (0.50-1.55) .66

All-cause deaths 1.14 1.38 (0.67-1.91) 0.94 1.30 (0.00-2.54) 1.20 (0.77-1.89) .42

Antimicrobial use for any UTIc 1.56 1.46 (0.82-4.81) 1.48 1.57 (0.39-4.20) 1.08 (0.70-1.66) .71

Abbreviation: UTI, urinary tract infection.
a Urinary tract infections are grouped into 1 of 3 categories: (1) complicated UTI

(eg, catheter associated, pyelonephritis, or prostatitis), (2) uncomplicated
cystitis for which antimicrobial therapy is indicated (eg, simple uncomplicated
cystitis), and (3) unlikely cystitis for which antimicrobial therapy is generally
not warranted (eg, asymptomatic bacteriuria, contaminated urinary
specimens, or noninfectious conditions, such as atrophic vaginitis, that can be

confused with simple cystitis). Suspected cystitis cases constitute
uncomplicated cystitis and unlikely cystitis cases. Diagnostic criteria for these
categories have been previously published.16

b Antimicrobial therapy for unlikely cystitis cases is generally not warranted.
c Antimicrobial therapy for any type of UTI (complicated cystitis, uncomplicated

cystitis, or unlikely cystitis).

Table 3. Data on Unnecessary Antimicrobial Use and Health Outcomes During the Active Period (From May 2017 to April 2018)

Outcome and period

Intervention facilities Control facilities Unadjusted
Adjusted for
run-in period rate

Overall rate
per 1000
resident-days

Rate across
facilities,
median (range)

Overall rate
per 1000
resident-days

Rate across
facilities,
median (range)

Incident rate
ratio (95% CI)

P
value

Incident rate
ratio (95% CI)

P
value

Unlikely cystitis cases
treated with antimicrobials

Follow-up year 0.75 0.75
(0.43-2.54)

0.83 0.95
(0.25-1.67)

0.94
(0.61-1.46)

.79 0.73
(0.59-0.91)

.004

Post hoc analysis for
follow-up quarter

1 (May-July 2017) 0.97 0.79
(0.36-4.32)

0.98 1.14
(0.64-2.59)

1.05
(0.62-1.80)

.85 0.82
(0.60-1.10)

.19

2 (August-October 2017) 0.66 0.84
(0.00-2.21)

0.78 0.85
(0.25-2.41)

0.85
(0.56-1.29)

.43 0.65
(0.50-0.85)

.002

3 (November
2017-January 2018)

0.66 0.66
(0.37-1.95)

0.73 0.76
(0.00-1.01)

0.99
(0.65-1.49)

.95 0.74
(0.56-0.98)

.04

4 (February-April 2018) 0.71 0.86
(0.37-1.89)

0.83 0.86
(0.25-1.69)

0.87
(0.52-1.46)

.61 0.68
(0.48-0.96)

.03

Clostridioides difficile
infections

Follow-up year 0.04 0.04
(0.00-0.16)

0.13 0.09
(0.00-0.29)

0.33
(0.17-0.62)

<.001 0.35
(0.19-0.64)

<.001

All-cause hospitalizations

Follow-up year 1.75 2.04
(0.57-4.41)

2.02 1.77
(0.47-2.66)

0.88
(0.58-1.33)

.55 0.95
(0.75-1.19)

.63

All-cause deaths

Follow-up year 1.13 1.32
(0.43-1.78)

1.12 1.23
(0.58-2.07)

1.03
(0.74-1.43)

.87 0.92
(0.73-1.16)

.48

Antimicrobial use for any UTI

Follow-up year 1.20 1.12
(0.62-2.95)

1.32 1.46
(0.56-2.32)

0.91
(0.66-1.27)

.59 0.83
(0.70-0.99)

.04

Urine cultures performed

Follow-up year 1.39 1.32
(0.59-3.84)

1.52 1.29
(0.51-2.41)

0.94
(0.57-1.55)

.81 0.84
(0.68-1.04)

.10

Abbreviation: UTI, urinary tract infection.
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reeducation, it likely took some time for the benefits of the in-
tervention to fully materialize. Despite the high turnover rates
among nursing facility staff, we were encouraged by the con-
tinued participation of the nursing homes in our initiative.

Limitations and Strengths
Our quality improvement project has several limitations. We did
not stratify randomization by differences in baseline antibiotic
use. Although not statistically significant, differences in antibi-
otic use during the run-in period may have been associated with
the observed differences, as seen by the less pronounced differ-
ences in unadjusted comparisons and the significant differences
in adjusted comparisons. However, the magnitudes of the rates
suggest that the intervention facilities were associated with a
greater reduction in antimicrobial use. We believed that consid-
ering geographical location was of greater importance to study
integrity because cross-contamination would have threatened
internal validity without recourse, whereas the baseline imbal-
ance could be statistically controlled. Although not statistically
significant, intervention facilities had a greater number of admit-
ting physicians and more staff turnover. We had not collected in-
formation to identify whether control facilities had more part-
time physicians. We speculate that the greater staff turnover
would have had an adverse association with our intervention,
and thus our results may potentially underestimate the true in-
tervention effect. Facilities were not blinded, presenting the risk
of performance bias. In addition, because of limited resources,
we were unable to directly collect data from sites and thus had
to rely on self-report. We attempted to mitigate the risk of bias
through the use of objectively defined outcome measures. To en-
sure consistent data collection processes and accurate reporting
of data, we used simplified data collection forms and provided
recurringstandardizedtrainingsessionsondatacollection.Analy-
sis of our data shows similar rates of data completeness across
sites. Although it is possible that the recurring training sessions
for data collection may be associated with the results obtained
by the control group, we do not think this possibility is likely. If
any effect was present, our results would be biased toward the
nullhypothesisandrepresentaconservativefindingdespitesuch
an effect. Use of simplified data collection forms also meant that
we were not able to collect information on other potential out-
comes of interest, such as overall antibiotic use, which should
be a focus of future study. Participating facilities may not be rep-
resentative of the larger population of facilities in the country

to the same extent afforded by a complex sampling design.
However, facilities participated from numerous regions across
the country and had baseline characteristics similar to other
US nursing homes.32 Although physicians, nurse practitioners,
and physician assistants were invited to participate in the coach-
ing calls, nearly all of the call participants were nurses, which
limited our ability to directly reach prescribers, again potentially
limiting the effect of this intervention. Future studies would ben-
efit by qualitatively examining avenues for improving engage-
ment of prescribers and other health care professionals (eg, con-
sultant pharmacists) as well as exploring the most effective
aspects of the multifactorial intervention and the extent of sus-
taining outcomes after the end of the intervention.

Despite the limitations, our study has a number of strengths,
including the use of practical tools designed specifically for com-
mon work system components, the participation of facilities
from across the country, and the incorporation of a control
group. By considering location and other factors, we were able
to mitigate the risk of cross-contamination between interven-
tion groups. Web-based conferencing and coaching calls en-
abled us to provide training at minimal cost, avoiding the need
for onsite education and greatly expanding the number of
facilities that could be involved.33 Data completion rates were
high and were likely boosted by the use of data submission cer-
tificates confirming participation in an antimicrobial steward-
ship and quality assurance and performance improvement pro-
gram. Both of these programs are now required as part of the
Centers for Medicare & Medicaid Services federal nursing home
licensure regulations.18

Conclusions
This study found that a low-intensity, multifaceted quality im-
provement intervention was associated with a reduction in the
risk of inappropriate treatment of unlikely cystitis cases and
in overall antibiotic use for UTIs. Future efforts to improve ad-
herence to the intervention and clinician engagement may fur-
ther improve outcomes. The effect of this intervention on the
rates of antimicrobial resistance still needs to be determined.
Further study is needed to determine whether the interven-
tion could assist facilities in meeting the new federal nursing
home requirements for antimicrobial stewardship and qual-
ity assurance and performance improvement programs.

ARTICLE INFORMATION

Accepted for Publication: March 21, 2020.

Published Online: May 11, 2020.
doi:10.1001/jamainternmed.2020.1256

Author Contributions: Drs Nace and Perera had
full access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.
Concept and design: All authors.
Acquisition, analysis, or interpretation of data: Nace,
Hanlon, Crnich, Drinka, Schweon, Perera.
Drafting of the manuscript: All authors.
Critical revision of the manuscript for important
intellectual content: Nace, Hanlon, Crnich, Drinka,

Schweon, Perera.
Statistical analysis: Nace, Crnich, Perera.
Obtained funding: Nace, Hanlon.
Administrative, technical, or material support: Nace,
Drinka, Schweon.
Supervision: Nace, Drinka, Anderson.

Conflict of Interest Disclosures: Dr Nace reported
receiving grants to the University of Pittsburgh
from the National Institute on Aging, the Agency for
Healthcare Research and Quality, the Centers for
Disease Control and Prevention, the Centers for
Medicare & Medicaid Services, the Pennsylvania
Department of Health, and the Donoghue
Foundation during the conduct of this study.
Dr Hanlon reported receiving grants to the

University of Pittsburgh from the National Institute
on Aging, the Agency for Healthcare Research and
Quality, Veterans Health Administration Health
Services Research and Development Service, the
Pennsylvania Department of Health, and the
Donoghue Foundation during the conduct of this
study. Dr Crnich reported receiving grants from the
Agency for Healthcare Research and Quality, the
Centers for Disease Control and Prevention,
Veterans Administration Cooperative Studies
Program, Wisconsin Partnership Program, and the
Wisconsin Department of Health Services during
the conduct of this study. Dr Drinka reported
receiving grants from the Agency for Healthcare
Research and Quality during the conduct of this

Research Original Investigation An Antimicrobial Stewardship Program for the Treatment of Cystitis in Nursing Home Residents

950 JAMA Internal Medicine July 2020 Volume 180, Number 7 (Reprinted) jamainternalmedicine.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.1256?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.1256
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.1256


study. Mr Schweon reported serving as a consultant
for APIC Consulting, Crothall Healthcare, and
TouchPoint. Dr Anderson reported receiving grants
from the Agency for Healthcare Research and
Quality during the conduct of this study. Dr Perera
reported receiving grants to the University of
Pittsburgh from the National Institutes of Health,
the Agency for Healthcare Research and Quality,
National Institute for Occupational Safety and
Health, Department of Veterans Affairs,
Patient-Centered Outcomes Research Institute,
US Department of Defense, the Pennsylvania
Department of Health, and the Donoghue
Foundation during the conduct of this study. No
other disclosures were reported.

Funding/Support: Study funding was provided
by grant R18-HS023779 from the Agency for
Healthcare Research and Quality, grant
P30-AG02482711 from the National Institute on
Aging, and support from American Medical
Directors Association (AMDA)–The Society of
Post-Acute and Long-Term Care Medicine.

Role of the Funder/Sponsor: The funding sources
had no role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Additional Contributions: The AMDA–The Society
for Post-Acute and Long-Term Care Medicine
provided assistance in recruiting nursing facilities
for participation in this project and made the
project tools freely available on their website.

REFERENCES

1. PACCARB (President’s Advisory Council on
Combating Antibiotic-Resistant Bacteria). Initial
Assessments of the National Action Plan for
Combating Antibiotic-Resistant Bacteria. US Dept
of Health and Human Services; 2016.

2. Mody L, Crnich C. Effects of excessive antibiotic
use in nursing homes. JAMA Intern Med. 2015;175
(8):1339-1341. doi:10.1001/jamainternmed.2015.2774

3. Daneman N, Bronskill SE, Gruneir A, et al.
Variability in antibiotic use across nursing homes
and the risk of antibiotic-related adverse outcomes
for individual residents. JAMA Intern Med. 2015;175
(8):1331-1339. doi:10.1001/jamainternmed.2015.2770

4. Brown KA, Daneman N, Jones M, et al.
The drivers of acute and long-term care Clostridium
difficile infection rates: a retrospective multilevel
cohort study of 251 facilities. Clin Infect Dis. 2017;65
(8):1282-1288. doi:10.1093/cid/cix532

5. Daneman N, Gruneir A, Bronskill SE, et al.
Prolonged antibiotic treatment in long-term care:
role of the prescriber. JAMA Intern Med. 2013;173
(8):673-682. doi:10.1001/jamainternmed.2013.3029

6. Crnich CJ, Jump R, Trautner B, Sloane PD, Mody
L. Optimizing antibiotic stewardship in nursing
homes: a narrative review and recommendations
for improvement. Drugs Aging. 2015;32(9):699-716.
doi:10.1007/s40266-015-0292-7

7. Marra F, McCabe M, Sharma P, et al. Utilization of
antibiotics in long-term care facilities in British
Columbia, Canada. J Am Med Dir Assoc. 2017;18(12):
1098.e1-1098.e11. doi:10.1016/j.jamda.2017.09.018

8. Nace DA, Drinka PJ, Crnich CJ. Clinical
uncertainties in the approach to long term care

residents with possible urinary tract infection.
J Am Med Dir Assoc. 2014;15(2):133-139. doi:10.
1016/j.jamda.2013.11.009

9. Miller SW, Warnock R, Marshall LL.
Appropriateness of antibiotic prescribing for
urinary tract infections in long-term care facilities.
Consult Pharm. 1999;14(2):157-177.

10. Rotjanapan P, Dosa D, Thomas KS. Potentially
inappropriate treatment of urinary tract infections
in two Rhode Island nursing homes. Arch Intern Med.
2011;171(5):438-443. doi:10.1001/archinternmed.
2011.13

11. Fleming A, Browne J, Byrne S. The effect of
interventions to reduce potentially inappropriate
antibiotic prescribing in long-term care facilities:
a systematic review of randomised controlled trials.
Drugs Aging. 2013;30(6):401-408. doi:10.1007/
s40266-013-0066-z

12. Nguyen HQ, Tunney MM, Hughes CM.
Interventions to improve antimicrobial stewardship
for older people in care homes: a systematic review.
Drugs Aging. 2019;36(4):355-369. doi:10.1007/
s40266-019-00637-0

13. Loeb M, Brazil K, Lohfeld L, et al. Effect of
a multifaceted intervention on number of
antimicrobial prescriptions for suspected urinary
tract infections in residents of nursing homes:
cluster randomised controlled trial. BMJ. 2005;331
(7518):669. doi:10.1136/bmj.38602.586343.55

14. Pettersson E, Vernby A, Mölstad S,
Lundborg CS. Can a multifaceted educational
intervention targeting both nurses and physicians
change the prescribing of antibiotics to nursing
home residents? a cluster randomized controlled
trial. J Antimicrob Chemother. 2011;66(11):2659-2666.
doi:10.1093/jac/dkr312

15. Juthani-Mehta M, Quagliarello V, Perrelli E,
Towle V, Van Ness PH, Tinetti M. Clinical features to
identify urinary tract infection in nursing home
residents: a cohort study. J Am Geriatr Soc. 2009;57
(6):963-970. doi:10.1111/j.1532-5415.2009.02227.x

16. Nace DA, Perera SK, Hanlon JT, et al.
The Improving Outcomes of UTI Management in
Long-Term Care Project (IOU) consensus guidelines
for the diagnosis of uncomplicated cystitis in
nursing home residents. J Am Med Dir Assoc. 2018;
19(9):765-769. doi:10.1016/j.jamda.2018.05.030

17. Hanlon JT, Perera S, Drinka PJ, et al. The IOU
consensus recommendations for empirical therapy
of cystitis in nursing home residents. J Am Geriatr Soc.
2019;67(3):539-545. doi:10.1111/jgs.15726

18. Centers for Medicare & Medicaid Services
(CMS); Health and Human Services (HHS).
Medicare and Medicaid Programs; reform of
requirements for long-term care facilities: final rule.
Fed Regist. 2016;81(192):68688-68872.

19. AMDA-The Society for Post-Acute and Long-Term
Care Medicine. The IOU Study: improving outcomes
of UTI toolkit. Accessed October 29, 2019. https://
paltc.org/content/iou-toolkit

20. Katz MJ, Gurses AP, Tamma PD, Cosgrove SE,
Miller MA, Jump RLP. Implementing antimicrobial
stewardship in long-term care settings: an
integrative review using a human factors approach.
Clin Infect Dis. 2017;65(11):1943-1951. doi:10.1093/
cid/cix566
21. Marcum ZA, Handler SM, Wright R, Hanlon JT.
Interventions to improve suboptimal prescribing in
nursing homes: a narrative review. Am J Geriatr

Pharmacother. 2010;8(3):183-200. doi:10.1016/j.
amjopharm.2010.05.004

22. Meisel ZF, Metlay JP, Sinnenberg L, et al.
A randomized trial testing the effect of narrative
vignettes versus guideline summaries on provider
response to a professional organization clinical
policy for safe opioid prescribing. Ann Emerg Med.
2016;68(6):719-728. doi:10.1016/j.annemergmed.
2016.03.007

23. Zabarsky TF, Sethi AK, Donskey CJ.
Sustained reduction in inappropriate treatment of
asymptomatic bacteriuria in a long-term care facility
through an educational intervention. Am J Infect
Control. 2008;36(7):476-480. doi:10.1016/j.ajic.
2007.11.007

24. Trautner BW, Grigoryan L, Petersen NJ, et al.
Effectiveness of an antimicrobial stewardship
approach for urinary catheter-associated
asymptomatic bacteriuria. JAMA Intern Med. 2015;
175(7):1120-1127. doi:10.1001/jamainternmed.2015.
1878

25. Pasay DK, Guirguis MS, Shkrobot RC, et al.
Antimicrobial stewardship in rural nursing homes:
impact of interprofessional education and clinical
decision tool implementation on urinary tract
infection treatment in a cluster randomized trial.
Infect Control Hosp Epidemiol. 2019;40(4):432-437.
doi:10.1017/ice.2019.9

26. Doernberg SB, Dudas V, Trivedi KK.
Implementation of an antimicrobial stewardship
program targeting residents with urinary tract
infections in three community long-term care
facilities: a quasi-experimental study using
time-series analysis. Antimicrob Resist Infect Control.
2015;4:54. doi:10.1186/s13756-015-0095-y

27. McMaughan DK, Nwaiwu O, Zhao H, et al.
Impact of a decision-making aid for suspected
urinary tract infections on antibiotic overuse in
nursing homes. BMC Geriatr. 2016;16:81-89. doi:10.
1186/s12877-016-0255-9

28. Monette J, Miller MA, Monette M, et al. Effect
of an educational intervention on optimizing
antibiotic prescribing in long-term care facilities.
J Am Geriatr Soc. 2007;55(8):1231-1235. doi:10.1111/
j.1532-5415.2007.01250.x

29. Finucane TE. “Urinary tract infection”—requiem
for a heavyweight. J Am Geriatr Soc. 2017;65(8):
1650-1655. doi:10.1111/jgs.14907

30. Dumyati G, Stone ND, Nace DA, Crnich CJ,
Jump RLP. Challenges and strategies for prevention
of multidrug-resistant organism transmission in
nursing homes. Curr Infect Dis Rep. 2017;19(4):18.
doi:10.1007/s11908-017-0576-7

31. Carayon P, Schoofs Hundt A, Karsh BT, et al.
Work system design for patient safety: the SEIPS
model. Qual Saf Health Care. 2006;15(suppl 1):i50-
i58. doi:10.1136/qshc.2005.015842

32. Centers for Medicare & Medicaid Services.
Nursing home data compendium 2015 edition.
Accessed October 29, 2019. https://www.cms.gov/
Medicare/Provider-Enrollment-and-Certification/
CertificationandComplianc/downloads/
nursinghomedatacompendium_508-2015.pdf

33. Kane RL, Huckfeldt P, Tappen R, et al. Effects of
an intervention to reduce hospitalizations from
nursing homes: a randomized implementation trial
of the INTERACT program. JAMA Intern Med.
2017;177(9):1257-1264. doi:10.1001/jamainternmed.
2017.2657

An Antimicrobial Stewardship Program for the Treatment of Cystitis in Nursing Home Residents Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine July 2020 Volume 180, Number 7 951

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2015.2774?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.1256
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2015.2770?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.1256
https://dx.doi.org/10.1093/cid/cix532
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2013.3029?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.1256
https://dx.doi.org/10.1007/s40266-015-0292-7
https://dx.doi.org/10.1016/j.jamda.2017.09.018
https://dx.doi.org/10.1016/j.jamda.2013.11.009
https://dx.doi.org/10.1016/j.jamda.2013.11.009
https://jamanetwork.com/journals/jama/fullarticle/10.1001/archinternmed.2011.13?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.1256
https://jamanetwork.com/journals/jama/fullarticle/10.1001/archinternmed.2011.13?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.1256
https://dx.doi.org/10.1007/s40266-013-0066-z
https://dx.doi.org/10.1007/s40266-013-0066-z
https://dx.doi.org/10.1007/s40266-019-00637-0
https://dx.doi.org/10.1007/s40266-019-00637-0
https://dx.doi.org/10.1136/bmj.38602.586343.55
https://dx.doi.org/10.1093/jac/dkr312
https://dx.doi.org/10.1111/j.1532-5415.2009.02227.x
https://dx.doi.org/10.1016/j.jamda.2018.05.030
https://dx.doi.org/10.1111/jgs.15726
https://www.ncbi.nlm.nih.gov/pubmed/27731960
https://paltc.org/content/iou-toolkit
https://paltc.org/content/iou-toolkit
https://dx.doi.org/10.1093/cid/cix566
https://dx.doi.org/10.1093/cid/cix566
https://dx.doi.org/10.1016/j.amjopharm.2010.05.004
https://dx.doi.org/10.1016/j.amjopharm.2010.05.004
https://dx.doi.org/10.1016/j.annemergmed.2016.03.007
https://dx.doi.org/10.1016/j.annemergmed.2016.03.007
https://dx.doi.org/10.1016/j.ajic.2007.11.007
https://dx.doi.org/10.1016/j.ajic.2007.11.007
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2015.1878?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.1256
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2015.1878?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.1256
https://dx.doi.org/10.1017/ice.2019.9
https://dx.doi.org/10.1186/s13756-015-0095-y
https://dx.doi.org/10.1186/s12877-016-0255-9
https://dx.doi.org/10.1186/s12877-016-0255-9
https://dx.doi.org/10.1111/j.1532-5415.2007.01250.x
https://dx.doi.org/10.1111/j.1532-5415.2007.01250.x
https://dx.doi.org/10.1111/jgs.14907
https://dx.doi.org/10.1007/s11908-017-0576-7
https://dx.doi.org/10.1136/qshc.2005.015842
https://www.cms.gov/Medicare/Provider-Enrollment-and-Certification/CertificationandComplianc/downloads/nursinghomedatacompendium_508-2015.pdf
https://www.cms.gov/Medicare/Provider-Enrollment-and-Certification/CertificationandComplianc/downloads/nursinghomedatacompendium_508-2015.pdf
https://www.cms.gov/Medicare/Provider-Enrollment-and-Certification/CertificationandComplianc/downloads/nursinghomedatacompendium_508-2015.pdf
https://www.cms.gov/Medicare/Provider-Enrollment-and-Certification/CertificationandComplianc/downloads/nursinghomedatacompendium_508-2015.pdf
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2017.2657?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.1256
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2017.2657?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.1256
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.1256

