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objective. To reduce inappropriate antimicrobial prescribing across ambulatory care, understanding the patient-, provider-, and practice-
level characteristics associated with antibiotic prescribing is essential. In this study, we aimed to elucidate factors associated with inappropriate
antimicrobial prescribing across urgent care, family medicine, and pediatric and internal medicine ambulatory practices.

design, setting, and participants. Data for this retrospective cohort study were collected from outpatient visits for common upper
respiratory conditions that should not require antibiotics. The cohort included 448,990 visits between January 2014 and May 2016. Carolinas
HealthCare System urgent care, family medicine, internal medicine and pediatric practices were included across 898 providers and
246 practices.

methods. Prescribing rates were reported per 1,000 visits. Indications were defined using the International Classification of Disease, Ninth
and Tenth Revisions, Clinical Modification (ICD-9/10-CM) criteria. In multivariable models, the risk of receiving an antibiotic prescription was
reported with adjustment for practice, provider, and patient characteristics.

results. The overall prescribing rate in the study cohort was 407 per 1,000 visits (95% confidence interval [CI], 405–408). After adjustment,
adult patients seen by an advanced practice practitioner were 15%more likely to receive an antimicrobial than those seen by a physician provider
(incident risk ratio [IRR], 1.15; 95% CI, 1.03–1.29). In the pediatric sample, older providers were 4 times more likely to prescribe an
antimicrobial than providers aged ≤30 years (IRR, 4.21; 95% CI, 2.96–5.97).

conclusions. Our results suggest that patient, practice, and provider characteristics are associated with inappropriate antimicrobial
prescribing. Future research should target antibiotic stewardship programs to specific patient and provider populations to reduce inappropriate
prescribing compared to a “one size fits all” approach.
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Nearly 47 million unnecessary antibiotic prescriptions are
written each year in the outpatient setting.1 Indications such as
viral upper respiratory infections, acute bronchitis, and
bronchiolitis have clear guidelines that do not support the use
of antibiotics.2,3 Overuse of antibiotics has been the primary
driver for increasing prevalence of multidrug-resistant
bacterial infections that affect vulnerable populations and
contribute to increased mortality.4–7

To combat increasing resistance to available antibiotics, the
White House released a National Action Plan in 2015 that set a
goal of reducing inappropriate outpatient antibiotic use by
50% by 2020.8 Since that time, several studies have been
published that describe baseline prescribing rates in outpatient
practices.9–14 Many of these reports focused on a single out-
patient setting, such as primary care, or used national data
such as the National Ambulatory Health Care Data or the
National Ambulatory Medical Care Survey for their analysis.12

Few studies have included practice types, provider, and patient
characteristics to determine their impact on antimicrobial
prescribing for common indications in the ambulatory
care space.
Understanding characteristics that influence prescribing

rates across different environments, providers, and patients
will inform strategies for effective antimicrobial stewardship
and improve patient care in the outpatient setting. The goal
of this study was to identify patient, provider and practice
characteristics that may contribute to inappropriate antibiotic
prescribing. We targeted 4 clinical conditions where anti-
microbials are not indicated: acute upper respiratory infection
(URI), acute bronchitis, bronchiolitis, and nonsuppurative
otitis media.2,15–17 Several patient factors were included:
indication for the visit, age, race, gender, Charlson comor-
bidity index (CCI), and average number of visits per patient
during the analysis period. At the practice level, characteristics

Affiliations: 1. Center for Outcomes Research and Evaluation, Carolinas HealthCare System, Charlotte, North Carolina; 2. Division of Infectious Disease,
Carolinas Medical Center, Carolinas HealthCare System, Charlotte, North Carolina.

© 2018 by The Society for Healthcare Epidemiology of America. All rights reserved. 0899-823X/2018/3903-0009. DOI: 10.1017/ice.2017.263
Received May 25, 2017; accepted November 2, 2017; electronically published January 30, 2018

infection control & hospital epidemiology march 2018, vol. 39, no. 3

https://doi.org/10.1017/ice.2017.263 Published online by Cambridge University Press

https://doi.org/10.1017/ice.2017.263


included practice type, rural versus urban setting, and year of
visit. Finally, provider level factors included age of provider
and provider type.

methods

Data Description

Carolinas HealthCare System (CHS) is a large, integrated
network of acute-care hospitals, ambulatory care, urgent care,
free-standing emergency departments and skilled nursing
facilities. Between 2014 and 2016, the average annual number
of outpatient visits for common upper respiratory infections
was 377,617 (95% confidence interval [CI], 376,970–378,264).
As an integrated system, sites across the care continuum share
the same electronic medical record (EMR) system where pre-
scriptions and primary, secondary, and tertiary diagnoses for
each outpatient visit are documented. These EMR data are
captured and updated daily in our data warehouse, which is
used for research and quality monitoring purposes.

Using this validated data source, ambulatory visits between
January 1, 2014, and May 31, 2016, were extracted for this study.
These data included any outpatient visit where the patient had
any of the following diagnoses (International Classification of
Disease, Ninth and Tenth Revisions, Clinical Modification [ICD-9/
10-CM] diagnostic categories9,12): acute bronchitis, bronchioli-
tis, nonsuppurative otitis media, or viral URI (Supplementary
Table 1).2,3,12,18–20 These diagnoses were selected to reflect
guidelines indicating that antibiotic prescribing is not appro-
priate.2,15–17 There was no overlap between acute bronchitis,
bronchiolitis, and URI. For our study, URI included pharyngitis,
nasopharyngitis, acute supraglottis, acute epiglottitis, cough, and
acute tracheitis. Bronchitis and bronchiolitis were specified by
acute codes for these indications.

Only oral antibiotic prescriptions were included for this
study. The classes of antibiotics were categorized as follows in
order of frequency: macrolides, penicillins, cephalosporins,
quinolones, and other less frequently prescribed antibiotics (ie,
tetracyclines or lincomycin derivatives). We captured the route
of delivery for the drug prescribed in our data and included
only oral prescriptions written during the outpatient visit.

A total of 448,990 visits were extracted for study inclusion,
which involved 281,315 unique patients seen across 246 practices
and 898 providers. We included urgent care, family medicine,
internal medicine, and pediatrics practices, and we extracted
only visits in which there was any diagnosis of URI, acute
bronchitis, bronchiolitis or nonsuppurative otitis media
(Figure 1). The primary outcome of interest was visit-level
antibiotic prescribing. Prescribing an antibiotic was defined as a
visit where ≥1 antibiotic prescription was written. Prescribing
rates were standardized per 1,000 visits by indication.

Data extracted to support the analyses included several
patient-level characteristics: age, race, gender, Charlson comor-
bidity index at the time of the visit, and primary insurance type.
Providers were divided into 2 categories: (1) advanced practice

providers (APP) that included nurse providers and physician
assistants or (2) physicians holding a medical doctor or doctor of
osteopath degree. The age of the provider at the time of the visit
was also captured. Practice-level factors included the year the visit
occurred and type of practice (internal medicine, family medicine,
urgent care, or pediatrics). The year of the visit was included in the
analyses to control for practice-level changes that were not directly
captured in our model but occurred over time. For example, new
policies may have been implemented or diagnosis shifting may
have occurred that could impact prescribing trends. By including
the calendar year in the model, we adjusted for these changes in
prescribing rates due to policy changes.

Statistical Analyses

All analyses were performed using Stata software version 14.0
(StatCorp, College Station, TX). Standardized prescribing rates
were calculated by obtaining the total number of visits during
which an antimicrobial was prescribed, divided by the total
number of visits for each of the 5 indications, then multiplied by
1,000. Rates were reported across indications by patient demo-
graphics, provider characteristics and practice type (Table 1).
To adjust for factors that could confound prescribing rates

between visits within a single provider, we constructed 2
multivariable models using Poisson regression with robust
errors clustered on providers with incident risk ratios repor-
ted.21–23 The measured outcome was whether an antibiotic was
prescribed at the visit (yes/no). Two models were built to
separate pediatric patients (ages 0–19 years) from adult
patients (20–65 years and older) given the systematic differ-
ences in the care of these 2 populations. Incident risk ratios
(IRRs) were reported to facilitate ease of interpreting the risk
of receiving an antibiotic. Patient, provider, and practice
factors chosen for the models were selected from literature
review and guidelines.3,24–26 Once the factors were selected,

figure 1. Number of patient visits by practice type and diagnosis.
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they were not dropped from our models and the estimates
reported. Clustered errors, using providers as the unit of
clustering, adjusted for similarities in prescribing practices
within individual providers.24

results

The overall prescribing rate for the 4 indications evaluated
(adults and pediatrics) was 407 prescriptions per 1,000 visits

(95% CI, 405–408) (Table 1). In the unadjusted analysis, the
highest rate of inappropriate prescribing was for acute bron-
chitis at 703 prescriptions per 1,000 visits (95% CI, 700–706)
(Table 1). Family medicine practices had more visits for acute
bronchitis than other practice types, while pediatric practices
had the most visits for URI (supplementary table 3). For visits
with a bronchitis diagnosis for which an antibiotic prescription
was written, the most frequently prescribed antibiotic classes
were macrolides (59.9%) followed by penicillins (17.2%),

table 1. Antimicrobial Prescribing Rates per 1,000 Visits by Indicationa

Mean Antimicrobial Prescriptions per 1,000 Visits (95% CI)

Viral URI Bronchitis Bronchiolitis
Nonsuppurative
Otitis Media

Overall
Indications

Practice Type
Urgent care 381 (377–385) 739 (733–745) 358 (315–400) 384 (366–403) 471 (468–475)
Family medicine 376 (373–379) 678 (674–682) 364 (335–393) 274 (262–286) 475 (472–478)
Internal medicine 407 (403–411) 651 (645–657) 540 (474–606) 248 (230–267) 469 (465–472)
Pediatrics 201 (199–203) 801 (795–807) 259 (249–270) 463 (452–474) 279 (277–282)

Provider Level
Physician 556 (554–559) 866 (863–869) 706 (689–723) 620 (610–631) 657 (655–659)
Advanced care provider 843 (838–847) 936 (932–940) 953 (935–971) 840 (821–859) 876 (873–879)

Age (pediatric)
0–2 y 190 (187–193) 548 (535–562) 236 (226–245) 474 (460–489) 227 (225–230)
3–9 y 227 (224–230) 857 (850–864) 447 (407–487) 483 (466–500) 319 (316–323)
10–19 y 260 (255–265) 835 (827–843) 726 (657–795) 362 (359–385) 373 (368–377)

Age (adult)
20–39 y 426 (422–431) 732 (725–739) 546 (466–626) 289 (271–306) 508 (504–512)
40–64 y 440 (436–444) 692 (688–697) 580 (527–632) 255 (241–269) 523 (520–526)
≥ 65 y 401 (396–405) 635 (629–641) 502 (436–567) 230 (209–251) 483 (480–487)

Race
White 347 (344–350) 706 (702–711) 296 (279–314) 361 (349–373) 440 (438–443)
African American 267 (261–272) 686 (675–697) 241 (213–270) 376 (345–408) 353 (348–358)
Asian 179 (164–194) 764 (720–807) 220 (132–309) 397 (288–506) 257 (241–272)
Other 214 (207–221) 702 (698–705) 287 (275–299) 346 (306–385) 394 (393–396)

Year of Visit
2014 321 (318–323) 704 (700–709) 247 (231–263) 291 (280–303) 411 (408–413)
2015 315 (312–317) 706 (701–710) 302 (288–316) 389 (378–400) 406 (404–408)
2016 299 (295–304) 690 (683–697) 303 (282–324) 454 (438–470) 396 (392–400)

Patient’s Insurance Provider at Time of Visit
Managed care 325 (322–327) 733 (730–737) 277 (264–290) 350 (341–359) 418 (416–420)
Medicaid 240 (237–243) 711 (703–719) 275 (261–289) 487 (470–504) 310 (307–313)
Medicare 394 (389–399) 626 (620–632) 519 (454–584) 223 (202–245) 477 (473–480)
Commercial 343 (334–352) 758 (745–770) 324 (264–384) 368 (332–403) 456 (449–464)
Self-pay 344 (333–356) 678 (662–695) 314 (242–386) 450 (398–503) 448 (438–457)
Other 281 (245–318) 488 (439–537) 280 (100–459) 363 (157–569) 292 (269–314)

Age of Provider
≤30 y 99 (87–111) 324 (281–367) 21 (0–51) 295 (179–410) 141 (128–154)
31–40 y 283 (280–286) 635 (628–642) 198 (180–217) 380 (364–395) 356 (353–359)
41–50 y 317 (314–320) 684 (680–689) 297 (283–311) 327 (315–339) 401 (398–403)
51–60 y 370 (366–373) 693 (688–698) 374 (352–396) 405 (391–420) 471 (468–474)
>60 289 (285–293) 650 (643–656) 255 (228–282) 387 (369–405) 404 (401–408)

Overall visits N/A N/A N/A N/A 407 (405–408)
Overall indications 315 (313–317) 703 (700–706) 284 (275–294) 368 (361–375) N/A

NOTE. NA, not available.
aStandardization of prescribing rates = (total visits where antimicrobial was prescribed/total visits) × 1,000.
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quinolones (14.5%), cephalosporins (8.0%), and other (0.4%)
(supplementary Table 1). Across all antibiotic classes, the 3
most frequently prescribed antibiotics were azithromycin
(46.6%) followed by amoxicillin (18.1%), and amoxicillin-
clavulanate (11.8%). Penicillins were the most frequently
prescribed antibiotic for nonsuppurative otitis media (62.5%)
and bronchiolitis (51.0%). Azithromycin was most frequently
prescribed for URI in adults and for acute bronchitis in
pediatric patients (Supplementary Table 4).

Across all practice types the rates of prescribing were greater
for APPs compared to physician providers (Table 1). At the
practice level, family medicine practices had the highest rate of
prescribing, while pediatric practices had the lowest rate. There
was a 133.4% increase in the antibiotic prescribing rate across

all indications for patients aged 0 to 64 years (227–523 per
1,000 visits) (Table 1 pediatric and adult overall rates). Pre-
scribing rates began to decline for patients aged > 64 years.
In the adjusted analyses for the pediatric sample, the risk of

receiving an antimicrobial at a visit increased as patient age
increased (Table 2). For example, patients 3–9 years of age had
a 25% greater risk of receiving an antimicrobial than those
aged 0–2 years (IRR, 1.25; 95% CI, 1.19–1.32), and this rate
increased further for those aged 10–19 years (Table 2).
African-American and Asian pediatric patients were less likely
than white patients to receive an antibiotic at a visit (Table 2).
Pediatric patients with commercial insurance plans were 10%
more likely to receive an antibiotic prescription than those
with managed care plans (IRR, 1.10; 95% CI, 1.00–1.22).

table 2. Pediatrics Poisson Regression Model with Provider Clustered Errors

95% CI

Variable IRR Robust SE Low High P Value

Patient Factors
Indication for Antimicrobial (ref. upper respiratory infection)
Bronchitis 3.32 0.21 2.94 3.76 <.001a

Bronchiolitis 1.38 0.12 1.16 1.63 <.001a

Nonsuppurative otitis media 2.13 0.19 1.79 2.54 <.001a

Age category (ref. 0–2 y)
3–9 y 1.25 0.03 1.19 1.32 <.001a

10–19 y 1.31 0.05 1.22 1.41 <.001a

Male (ref. female) 0.99 0.01 0.97 1.01 .218
Race (ref. white)
African American 0.86 0.03 0.80 0.92 <.001a

Asian 0.69 0.04 0.61 0.78 <.001a

Other 0.99 0.01 0.96 1.02 .515
Charlson comorbidity score at time of visit 1.02 0.02 0.99 1.05 .247
Payer (ref. managed care)
Medicaid 1.04 0.05 0.95 1.15 .385
Commercial 1.10 0.05 1.00 1.22 .049a

Self-pay 1.03 0.03 0.97 1.10 .313
Other 0.64 0.09 0.48 0.84 .002a

Average number of visits per patient 1.03 0.01 1.02 1.04 <.001a

Practice Factors
Practice type (ref. urgent care, pediatrics)
Family medicine, pediatrics 0.92 0.08 0.78 1.08 .283
Pediatrics 0.84 0.07 0.70 1.00 .045a

Year of visit (ref. 2014)
2015 0.98 0.02 0.93 1.02 .301
2016 0.97 0.04 0.90 1.05 .495

Practice in metropolitan service area 1.19 0.10 1.00 1.40 .046a

Provider Factors
Provider level (ref. physician)
Advanced practice practitioner 1.18 0.16 0.91 1.55 .216

Age of provider (ref. ≤30 y)
31–40 y 2.97 0.52 2.11 4.19 <.001a

41–50 y 3.61 0.66 2.52 5.18 <.001a

51–60 y 4.21 0.75 2.96 5.97 <.001a

>60 y 2.96 0.50 2.12 4.13 <.001a

NOTE. IRR, incident risk ratio.
aSignificance level, P<.05.
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However, patients with other methods of payments that inclu-
ded worker’s compensation plans, homeless without insurance,
and community grant coverage were 36% less likely to receive an
antibiotic prescription (IRR, 0.64; 95% CI, 0.48–0.84).

At the practice level, pediatric practices were 16% less likely
to prescribe an antimicrobial than urgent care practices (IRR,
0.84; 95% CI, 0.70–1.00). Practices seeing pediatric patients
and residing in an urban setting prescribed more antibiotics
than those in rural settings (Table 2).

Among providers, the risk of a patient receiving an anti-
biotic increased as the provider’s age increased up to age 61
across all indications (Table 1). When adjusted in the pediatric

sample, providers aged 51–60 years at the time of the visit were
4 times more likely to prescribe an antimicrobial compared to
providers aged ≤30 years (IRR, 4.21; 95% CI, 2.96–5.97), but
the risk began to decrease for providers aged ≥60 years (IRR,
2.96; 95% CI, 2.12–4.13) (Table 2).
In the adult adjusted model, patient age and race were asso-

ciated with prescribing (Table 3). Patients aged 40–64 years were
4% more likely to receive an antibiotic than patients aged 20–39
years (IRR, 1.04; 95% CI, 1.02–1.05). All other races were less
likely to receive an antibiotic than white patients (Table 3).
Patients with Medicaid, Medicare or other payment methods
were also less likely to receive an antimicrobial compared to

table 3. Adults Poisson Regression Model with Provider Clustered Errors

95% CI

Variable IRR Robust SE Low High P Value

Patient Factors
Indication for antimicrobial (ref. upper respiratory infection)
Bronchitis 1.60 0.04 1.53 1.68 <.001a

Bronchiolitis 1.30 0.10 1.12 1.52 .001a

Nonsuppurative otitis media 0.60 0.03 0.55 0.66 <.001a

Age (ref. 20–39 y)
40–64 y 1.04 0.01 1.02 1.05 <.001a

≥ 65 y 1.03 0.02 1.00 1.06 .037a

Male (ref. female) 1.00 0.01 0.99 1.02 .507
Race (ref. white)
African American 0.85 0.02 0.82 0.89 <.001a

Asian 0.85 0.03 0.79 0.92 <.001a

Other 0.95 0.01 0.93 0.97 <.001a

Charlson comorbidity score at time of visit 0.99 0.00 0.98 0.99 <.001a

Payer (ref. managed care)
Medicaid 0.91 0.02 0.87 0.96 <.001a

Medicare 0.95 0.01 0.92 0.97 <.001a

Commercial 1.05 0.02 1.00 1.09 .043a

Self-Pay 0.96 0.04 0.88 1.06 .435
Other 0.65 0.05 0.57 0.75 <.001a

Average number of visits per patient 0.96 0.01 0.95 0.97 <.001a

Practice Factors
Practice type (ref. urgent care, adults)
Family medicine, adults 0.96 0.05 0.86 1.07 .458
Internal medicine adults 0.90 0.05 0.80 1.00 .060

Year of visit (ref. 2014)
2015 1.02 0.02 0.99 1.05 .273
2016 1.00 0.02 0.96 1.05 .988

Practice in metropolitan service area 1.36 0.12 1.15 1.61 <.001a

Provider Factors
Provider level (ref. physician)
Advanced practice practitioner 1.15 0.07 1.03 1.29 .014a

Age of provider (ref. ≤30 y)
31–40 y 1.83 0.45 1.13 2.96 .014a

41–50 y 1.88 0.46 1.16 3.03 .010a

51–60 y 1.92 0.47 1.19 3.11 .008a

>60 y 1.80 0.45 1.11 2.93 .018a

NOTE. IRR, incident risk ratio.
aSignificance level, P<.05.
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those with managed care plans (Table 3). For adults seen in a
metropolitan area, the risk of receiving an antibiotic was 36%
greater than in rural practices (IRR, 1.36; 95% CI, 1.15–1.61).
However, the type of practice was not associated with anti-
microbial prescribing for adult visits.

After adjusting for patient and practice factors, APPs were
15% more likely to prescribe an antibiotic than physician
providers (IRR, 1.15; 95% CI, 1.03–1.29) in adult patients
(Table 3), but this did not hold true for pediatric visits
(Table 2). The age of the prescribing provider was associated
with an increased risk of prescribing an antibiotic and was
similar in the pediatric sample (Table 3).

discussion

Antimicrobial stewardship in the acute inpatient care setting
has demonstrated effectiveness in decreasing inappropriate
antibiotic utilization over the last 20 years and has been asso-
ciated with decreasing antimicrobial resistance.26–29 Studies have
identified multiple interventions that have been part of success-
ful inpatient stewardship, such as front-end restriction or
post-prescription review and feedback.29,30 In contrast to the
outpatient setting, inpatient stewardship focuses on a somewhat
static patient population; patients are admitted for several days
and can be followed over time to evaluate clinical progress, to
review culture data, and to conduct interventions.31

Antimicrobial stewardship in the outpatient setting seeks to
address a population that differs in acuity, microbiologic
etiology, and patient characteristics. While outpatients are
typically less acutely ill than inpatients, national data demon-
strate that the volume of antibiotics used in the outpatient
setting is much greater, with up to 30% of all outpatient
antibiotic prescriptions deemed unnecessary and up to 50%
inappropriate for the indication.20,32 Traditional interventions
used in the inpatient setting cannot be practically applied to
outpatient stewardship.33 Because of these differences, the
large (and diverse) population of patients that need to be
reached, and limited resources available for outpatient anti-
microbial stewardship programs, clear evidence is needed to
determine which patient populations should be targeted for
interventions that can be easily implemented and will yield the
greatest reduction in inappropriate prescribing.

A good starting point for identifying how to reduce inap-
propriate outpatient prescribing is to evaluate diagnoses for
which antibiotics are rarely, if ever, indicated. We chose 4
common conditions that do not routinely require antibiotics:
acute bronchitis, bronchiolitis, nonsuppurative otitis media,
and URI. While these conditions are commonly seen across all
outpatient practices, our findings demonstrate that variation
in prescribing patterns exists and is associated with several
patient, practice, and provider characteristics. The breadth of
this study, which included evaluation of prescribing rates for
more than 448,990 patient visits, is a key strength that sup-
ported the detailed analysis to detect these differences.

Some of our findings were consistent across practice settings.
For example, acute bronchitis was the most common indication
for which an antibiotic was prescribed. The most common drug
prescribed for bronchitis was azithromycin in both adult and
pediatric populations. Previous studies and our results suggest
that patient and provider education on appropriate prescribing
for bronchitis, including guidance on correct use of azithromycin,
may be an effective way to reduce prescribing rates.26,34–37

Our analysis found that patient age was strongly associated
with the rates of antimicrobial prescribing even after adjusting
for other factors, such as comorbidities, gender, race, and
indication. The study results demonstrated that, as patient age
increased, the risk of receiving an antimicrobial for any of the 4
indications also rose to age 64, with IRRs increasing by age
category in both adult and pediatric models (Tables 2 and 3).
After age 64, the rates declined (Table 3). The underlying
reason for this association could not be not identified in this
study. Based on previous studies and on qualitative work in
progress, we hypothesize that working-age patients may pres-
sure providers to prescribe antibiotics based on their mis-
understanding of which illnesses will improve with antibiotic
treatment and on their need to return quickly to work and
family responsibilities.38,39 These patient dynamics and the
pressure they place on provider decisions need to be better
understood. In-depth qualitative research could assess this
hypothesis and help elucidate the interactions between provi-
ders and patients of varying ages that lead to unnecessary
prescribing. This information is essential to informing effec-
tive antibiotic stewardship interventions.
Many publications have evaluated patient characteristics

and attitudes surrounding antimicrobial prescribing.36,38,39

However, we found that provider characteristics may also
impact prescribing rates. A study conducted in urgent care,
emergency, and primary care outpatient clinics of the Veterans
Affairs Health System found significant variation by provider
in prescribing for acute respiratory illnesses, but it did not
evaluate provider-specific factors, such as age and level of
training.40 Our results showed significant variation based on
provider age, with younger providers prescribing fewer inap-
propriate antibiotics than older providers.
In the present study, we also found higher levels of inap-

propriate prescribing by APPs compared to other providers for
the adult patient population. For pediatric patients, higher
prescribing rates were not associated with APPs. Our findings
are similar to other previously published literature which have
also found increased associations with prescribing by APPs,
especially for acute respiratory tract infections.9 Future
national stewardship efforts should target education and
antimicrobial stewardship interventions for APPs as their role
in patient care continues to grow.9 Unlike other recent studies,
we found that prescribing rates were also higher in urban
versus rural practice settings, after adjusting for other vari-
ables.41 Our patient population is limited to the southeastern
region of the United States, which has been well documented
to have the highest prescribing rates.20,41 Further evaluation is
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needed to better identify socioeconomic factors contributing
to prescribing in outpatient population.

We detected variation in prescribing rates by patient race.
In both pediatric and adult samples, white patients received
significantly more antibiotics than other races. These study
results are consistent with those in many other studies, for
both pediatric and adult populations.42–44 Several studies have

demonstrated that antibiotics are underprescribed for black
adults, but the reasons for this are not fully understood.45,46

This study had several limitations. First, while data were
analyzed at the visit level, administrative billing data were used
to identify visits where any of the 4 indications were present as
a diagnosis for a single visit. This strategy assumed that the
antibiotic was given for the indication identified, which may

figure 3. Prescribing rates per 1000 patient visits by diagnosis and provider type.

figure 2. Prescribing rates per 1000 patient visits by practice type and diagnosis.
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have affected the accuracy of prescribing rates. Although we
also recognize limitations when using billing codes to define
the study cohort, we followed prior strategies used by multiple
publications to identify our visits to include in the analysis.20,47

Despite these limitations, our study results are consistent with
previously published work reporting that acute bronchitis is a
frequent indication for antibiotic misuse.10,48 Additionally,
our findings support prior results that identified higher anti-
biotic prescribing rates for APPs than for physician providers.9

Our study identified variation in patient-, provider-, and
practice-level factors associated with inappropriate antibiotic
prescribing. Antibiotics are not recommended for any of the
indications selected for inclusion in this study.2,15,16,49

Understanding the factors that impact prescribing is critical
to determining how to reduce the misuse of antibiotics. A “one
size fits all” approach to antibiotic stewardship interventions
may not be the best strategy to meet aggressive goals for
reducing inappropriate prescribing. This study suggests that
opportunities exist to tailor interventions to specific settings of
care, provider types, and patient characteristics that could be
more effective and efficient in improving appropriate pre-
scribing and, ultimately, in reducing antibiotic resistance.
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