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LEARNING OBJECTIVES

• Explain the need for outpatient antimicrobial stewardship
• Describe outpatient antimicrobial stewardship 

interventions that have been effective
• Propose what is needed to further improve outpatient 

antibiotic prescribing







WHY OUTPATIENT STEWARDSHIP?

“…because that’s where the money is.”
- Willie Sutton, criminal (1901-1980)

- >90% of antibiotic exposure in outpatients



• IMS Health Xponent database
• 262.5 million antibiotic prescriptions dispensed in 2011
• 842 prescriptions per 1000 persons
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(See the Editorial Commentary by Metlay on pages 1317–8.)

Background. Appropriate antibiotic prescribing is an essential strategy to reduce the spread of antibiotic resis-
tance. US prescribing practices have not been thoroughly characterized. We analyzed outpatient antibiotic prescrib-
ing data to identify where appropriate antibiotic prescribing interventions could have the most impact.

Methods. Oral antibiotic prescriptions dispensed during 2011 were extracted from the IMS Health Xponent da-
tabase. The number of prescriptions and census denominators were used to calculate prescribing rates. Prescription
totals were calculated for each provider specialty. Regression modeling was used to examine the association between
socioeconomic and population health factors and prescribing rates.

Results. Healthcare providers prescribed 262.5 million courses of antibiotics in 2011(842 prescriptions per 1000 per-
sons). Penicillins andmacrolides were the most common antibiotic categories prescribed. Themost commonly prescribed
individual antibiotic agent was azithromycin. Family practitioners prescribed the most antibiotic courses (24%). The pre-
scribing rate was higher in the South census region (931 prescriptions per 1000 persons) than in the West (647 prescrip-
tions per 1000 persons; P < .001); this pattern was observed among all age groups, including children ≤2 and persons
≥65 years of age. Counties with a high proportion of obese persons, infants and children ≤2 years of age, prescribers per
capita, and females were more likely to be high prescribing by multivariable analysis (adjusted odds ratio, >1.0).

Conclusions. Efforts to characterize antibiotic prescribing practices should focus on the South census region and
family practitioners. Further understanding of the factors leading to high prescribing among key target populations
will inform appropriate prescribing interventions.

Keywords. anti-bacterial agents; antibiotic; inappropriate prescribing.

The discovery of antibiotics remains one of the most
important scientific advances in human health, but
the proportion of infections caused by antibiotic-
resistant bacteria is increasing, and new resistance
patterns continue to emerge. In 2013, the Centers for
Disease Control and Prevention released a report that

characterized the burden of antibiotic resistance; an es-
timated 2 million antibiotic-resistant illnesses and
23 000 deaths occur each year in the United States [1].
Whereas the threat of antibiotic resistance continues
to grow, development of new antibiotics has lagged
dangerously behind [2, 3]. Minimizing the impact of
antibiotic resistance requires a multifaceted approach
that ensures the availability of effective antibiotics and
vaccines, access to rapid and reliable diagnostics, imple-
mentation of infection prevention strategies, and appro-
priate antibiotic use. Antibiotic use is the most important
factor contributing to the spread of resistance [4, 5]. Pro-
moting appropriate antibiotic prescribing is an essential
strategy to combat antibiotic resistance [6].
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income and the proportion with a 4-year college education were
evaluated using thirds with the bottom third as the referent. The
proportion female was categorized using quartiles with the bot-
tom quartile as the referent. We decided how to categorize var-
iables (eg, quartiles) based on the distribution of data for each
variable.

We performed separate multivariable modeling for each in-
dependent variable (exposure) and the dichotomized depen-
dent variable, treating the other independent variables as
potential confounders. First, we performed univariate regres-
sion analysis to determine unadjusted odds ratio between the
exposure and antibiotic prescribing. For the multivariable anal-
ysis, we considered a variable a confounder if there was a change
of ≥10% in the odds ratio of the exposure variable [20]. Unad-
justed and adjusted odds ratios and 95% confidence intervals
were computed using SAS software (version 9.3; SAS Institute).

RESULTS

Healthcare providers prescribed 262.5 million courses of outpa-
tient antibiotics in 2011, for a prescribing rate of 842 prescrip-
tions per 1000 persons (Table 1). Penicillins were the most
common antibiotic category prescribed, followed closely by
macrolides. The most commonly prescribed antibiotic agent
was azithromycin at a rate just slightly higher than amoxicillin.

Among children, healthcare providers prescribed 73.7 million
courses of antibiotics for a prescribing rate of 889 prescriptions
per 1000 persons. Penicillins were the most commonly pre-
scribed antibiotic category, and amoxicillin was the most com-
monly prescribed agent (Table 1). Infants and children ≤2 years
of age were prescribed antibiotics at a higher rate than other age
groups (1287 prescriptions per 1000 persons aged ≤2 years vs
1018 and 691 prescriptions per 1000 persons aged 3–9 or 10–19
years, respectively; both P < .001).

Among adults (patients aged ≥20 years), healthcare providers
prescribed 182.7 million courses of antibiotics, for a prescribing
rate of 789 prescriptions per 1000 persons. Macrolides were the
most commonly prescribed antibiotic category, and azithromycin
was the most commonly prescribed agent. Persons ≥65 years of
age were prescribed antibiotics at the highest rate among adults
(1048 prescriptions per 1000 persons aged ≥65 years vs 685
and 790 prescriptions per 1000 persons aged 20–39 or 40–64
years; both P < .001). Prescribing was markedly higher for female
than for male patients (Table 1), particularly among the ≥20 year
old age group (female patients, 990 prescriptions per 1000 per-
sons; male patients, 596 prescriptions per 1000 persons; P < .001).

Numbers of prescriptions varied considerably by provider
specialty (Table 2). As anticipated, primary care providers pre-
scribed the most courses. Among primary care providers, family
practitioners prescribed the highest overall number of antibiotic
courses, followed by pediatricians and internists. Of the

remaining specialties, dentists prescribed the most courses,
representing 10% of all prescriptions. When the number of pre-
scriptions written per provider was assessed within each spe-
cialty, dermatologists had the highest prescribing rate per
provider (724 prescriptions per provider in 2011; Table 2).

When we considered geographic variation in prescribing,
overall prescribing rates were consistently highest in the South
census region, compared with other regions of the country
(Table 1). Among US states, Kentucky had the highest overall
prescribing rate (1281 prescriptions per 1000 persons) and
Alaska had the lowest (348 prescriptions per 1000 persons;
P < .001) (Figures 1A–D).

Among infants and children ≤2 years of age, the prescribing
rate in the South census region (1605 per 1000 persons) was
much higher than the rates in the Northeast (1093 per 1000
persons) and West (855 per 1000 persons) (both P < .001;
Figure 1B). Among US states, Louisiana had the highest pre-
scribing rate in this age group (2197 prescriptions per 1000

Table 2. Antibiotic Courses Prescribed and Prescriptions Per
Provider in 2011, by Provider Specialty

Provider
Specialty

Prescriptions, No.
in Millions (%)

Providers,
No.

Prescriptions per
Provider, Rate

All Providers 262.5 911 814 289
Persons <20 y 73.8 (29) . . . . . .
Persons ≥20 y 182.8 (71) . . . . . .

Family practice 64.1 (24) 96 073 667
Persons <20 y 12.9 (21) . . . . . .
Persons ≥20 y 49.7 (79) . . . . . .

Dermatology 8.2 (3) 11 329 724
Pediatrics 32.4 (12) 54 228 598
Otolaryngology 4.1 (2) 9536 430
Emergency
medicine

13.8 (5) 32 346 427

Internal
medicine/
pediatrics

1.4 (1) 3329 421

Internal medicine 32.1 (12) 83 841 383
Physician
assistants

17.5 (7) 63 467 276

Infectious
diseases

1.3 (1) 6166 211

Dentistry 25.6 (10) 122 706 208
Obstetrics/
gynecology

6.7 (3) 37 590 178

Nurse
practitioners

19.5 (7) 109 741 178

Surgery (general) 6.9 (3) 69 536 99
Pediatric
subspecialty

0.8 (<1) 8273 97

Medical
subspecialty

6.9 (3) 74 424 93

Other 8.2 (3) 113 783 72
Urology 6.0 (2) 10 131 59
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income and the proportion with a 4-year college education were
evaluated using thirds with the bottom third as the referent. The
proportion female was categorized using quartiles with the bot-
tom quartile as the referent. We decided how to categorize var-
iables (eg, quartiles) based on the distribution of data for each
variable.

We performed separate multivariable modeling for each in-
dependent variable (exposure) and the dichotomized depen-
dent variable, treating the other independent variables as
potential confounders. First, we performed univariate regres-
sion analysis to determine unadjusted odds ratio between the
exposure and antibiotic prescribing. For the multivariable anal-
ysis, we considered a variable a confounder if there was a change
of ≥10% in the odds ratio of the exposure variable [20]. Unad-
justed and adjusted odds ratios and 95% confidence intervals
were computed using SAS software (version 9.3; SAS Institute).

RESULTS

Healthcare providers prescribed 262.5 million courses of outpa-
tient antibiotics in 2011, for a prescribing rate of 842 prescrip-
tions per 1000 persons (Table 1). Penicillins were the most
common antibiotic category prescribed, followed closely by
macrolides. The most commonly prescribed antibiotic agent
was azithromycin at a rate just slightly higher than amoxicillin.

Among children, healthcare providers prescribed 73.7 million
courses of antibiotics for a prescribing rate of 889 prescriptions
per 1000 persons. Penicillins were the most commonly pre-
scribed antibiotic category, and amoxicillin was the most com-
monly prescribed agent (Table 1). Infants and children ≤2 years
of age were prescribed antibiotics at a higher rate than other age
groups (1287 prescriptions per 1000 persons aged ≤2 years vs
1018 and 691 prescriptions per 1000 persons aged 3–9 or 10–19
years, respectively; both P < .001).

Among adults (patients aged ≥20 years), healthcare providers
prescribed 182.7 million courses of antibiotics, for a prescribing
rate of 789 prescriptions per 1000 persons. Macrolides were the
most commonly prescribed antibiotic category, and azithromycin
was the most commonly prescribed agent. Persons ≥65 years of
age were prescribed antibiotics at the highest rate among adults
(1048 prescriptions per 1000 persons aged ≥65 years vs 685
and 790 prescriptions per 1000 persons aged 20–39 or 40–64
years; both P < .001). Prescribing was markedly higher for female
than for male patients (Table 1), particularly among the ≥20 year
old age group (female patients, 990 prescriptions per 1000 per-
sons; male patients, 596 prescriptions per 1000 persons; P < .001).

Numbers of prescriptions varied considerably by provider
specialty (Table 2). As anticipated, primary care providers pre-
scribed the most courses. Among primary care providers, family
practitioners prescribed the highest overall number of antibiotic
courses, followed by pediatricians and internists. Of the

remaining specialties, dentists prescribed the most courses,
representing 10% of all prescriptions. When the number of pre-
scriptions written per provider was assessed within each spe-
cialty, dermatologists had the highest prescribing rate per
provider (724 prescriptions per provider in 2011; Table 2).

When we considered geographic variation in prescribing,
overall prescribing rates were consistently highest in the South
census region, compared with other regions of the country
(Table 1). Among US states, Kentucky had the highest overall
prescribing rate (1281 prescriptions per 1000 persons) and
Alaska had the lowest (348 prescriptions per 1000 persons;
P < .001) (Figures 1A–D).

Among infants and children ≤2 years of age, the prescribing
rate in the South census region (1605 per 1000 persons) was
much higher than the rates in the Northeast (1093 per 1000
persons) and West (855 per 1000 persons) (both P < .001;
Figure 1B). Among US states, Louisiana had the highest pre-
scribing rate in this age group (2197 prescriptions per 1000
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income and the proportion with a 4-year college education were
evaluated using thirds with the bottom third as the referent. The
proportion female was categorized using quartiles with the bot-
tom quartile as the referent. We decided how to categorize var-
iables (eg, quartiles) based on the distribution of data for each
variable.

We performed separate multivariable modeling for each in-
dependent variable (exposure) and the dichotomized depen-
dent variable, treating the other independent variables as
potential confounders. First, we performed univariate regres-
sion analysis to determine unadjusted odds ratio between the
exposure and antibiotic prescribing. For the multivariable anal-
ysis, we considered a variable a confounder if there was a change
of ≥10% in the odds ratio of the exposure variable [20]. Unad-
justed and adjusted odds ratios and 95% confidence intervals
were computed using SAS software (version 9.3; SAS Institute).

RESULTS

Healthcare providers prescribed 262.5 million courses of outpa-
tient antibiotics in 2011, for a prescribing rate of 842 prescrip-
tions per 1000 persons (Table 1). Penicillins were the most
common antibiotic category prescribed, followed closely by
macrolides. The most commonly prescribed antibiotic agent
was azithromycin at a rate just slightly higher than amoxicillin.

Among children, healthcare providers prescribed 73.7 million
courses of antibiotics for a prescribing rate of 889 prescriptions
per 1000 persons. Penicillins were the most commonly pre-
scribed antibiotic category, and amoxicillin was the most com-
monly prescribed agent (Table 1). Infants and children ≤2 years
of age were prescribed antibiotics at a higher rate than other age
groups (1287 prescriptions per 1000 persons aged ≤2 years vs
1018 and 691 prescriptions per 1000 persons aged 3–9 or 10–19
years, respectively; both P < .001).

Among adults (patients aged ≥20 years), healthcare providers
prescribed 182.7 million courses of antibiotics, for a prescribing
rate of 789 prescriptions per 1000 persons. Macrolides were the
most commonly prescribed antibiotic category, and azithromycin
was the most commonly prescribed agent. Persons ≥65 years of
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representing 10% of all prescriptions. When the number of pre-
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income and the proportion with a 4-year college education were
evaluated using thirds with the bottom third as the referent. The
proportion female was categorized using quartiles with the bot-
tom quartile as the referent. We decided how to categorize var-
iables (eg, quartiles) based on the distribution of data for each
variable.
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RESULTS

Healthcare providers prescribed 262.5 million courses of outpa-
tient antibiotics in 2011, for a prescribing rate of 842 prescrip-
tions per 1000 persons (Table 1). Penicillins were the most
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monly prescribed agent (Table 1). Infants and children ≤2 years
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P < .001) (Figures 1A–D).

Among infants and children ≤2 years of age, the prescribing
rate in the South census region (1605 per 1000 persons) was
much higher than the rates in the Northeast (1093 per 1000
persons) and West (855 per 1000 persons) (both P < .001;
Figure 1B). Among US states, Louisiana had the highest pre-
scribing rate in this age group (2197 prescriptions per 1000

Table 2. Antibiotic Courses Prescribed and Prescriptions Per
Provider in 2011, by Provider Specialty

Provider
Specialty

Prescriptions, No.
in Millions (%)

Providers,
No.

Prescriptions per
Provider, Rate

All Providers 262.5 911 814 289
Persons <20 y 73.8 (29) . . . . . .
Persons ≥20 y 182.8 (71) . . . . . .

Family practice 64.1 (24) 96 073 667
Persons <20 y 12.9 (21) . . . . . .
Persons ≥20 y 49.7 (79) . . . . . .

Dermatology 8.2 (3) 11 329 724
Pediatrics 32.4 (12) 54 228 598
Otolaryngology 4.1 (2) 9536 430
Emergency
medicine

13.8 (5) 32 346 427

Internal
medicine/
pediatrics

1.4 (1) 3329 421

Internal medicine 32.1 (12) 83 841 383
Physician
assistants

17.5 (7) 63 467 276

Infectious
diseases

1.3 (1) 6166 211

Dentistry 25.6 (10) 122 706 208
Obstetrics/
gynecology

6.7 (3) 37 590 178

Nurse
practitioners

19.5 (7) 109 741 178

Surgery (general) 6.9 (3) 69 536 99
Pediatric
subspecialty

0.8 (<1) 8273 97

Medical
subspecialty

6.9 (3) 74 424 93

Other 8.2 (3) 113 783 72
Urology 6.0 (2) 10 131 59

US Outpatient Antibiotic Prescribing • CID 2015:60 (1 May) • 1311

 at U
niversity of Pennsylvania Library on A

ugust 23, 2015
http://cid.oxfordjournals.org/

D
ow

nloaded from
 

Clinical Infectious Diseases 2015;60(9):1308–16



ANTIBIOTIC USE:  OUTPATIENT CHILDREN
Chai G et al. Pediatrics 2012;130:23-31



Hicks L et. Al. NEJM April 11, 2013



US Sweden

All 833 388

quinolones 105 25

macrolides 185 12

cephalosporins 117 12

Ternhag A. NEJM 2013;369:1175-1176.
Hicks LA et al. NEJM 2010;368:1461-2

OUTPATIENT ANTIBIOTIC PRESCRIBING (Rx/1000)



US Sweden

All 833 388

quinolones 105 25

macrolides 185 12

cephalosporins 117 12

Ternhag A. NEJM 2013;369:1175-1176.
Hicks LA et al. NEJM 2010;368:1461-2

OUTPATIENT ANTIBIOTIC PRESCRIBING (Rx/1000)



Age US Sweden

0-2 1,365 462

3-9 1,021 414

10-19 677 252

20-39 669 296

40-64 797 339

>65 1020 556

Ternhag A. NEJM 2013;369:1175-1176.
Hicks LA et al. NEJM 2010;368:1461-2

OUTPATIENT ANTIBIOTIC PRESCRIBING (Rx/1000)





• 32% of CDI are community-associated
• reducing antibiotic prescribing rates by 10% among persons ≥20 

years old was associated with a 17% decrease in CDI
• reductions in prescribing penicillins and amoxicillin/clavulanate were 

associated with the greatest decreases in CA-CDI rates

Dantes et. al. Open Forum Infectious Diseases. 2015



RESISTANCE ASIDE…

• 5%–25% diarrhea
• 1 in 1000 visit emergency department for adverse effect 

of antibiotic
• comparable to insulin, warfarin, and digoxin

• 1 in 4000 chance that an antibiotic will prevent serious 
complication from ARTI

Shehab N. CID 2008:47; Linder JA. CID 2008:47







Hersh Pediatrics 2011;128;1053

ANTIBIOTIC USE FOR ARTIs

• 21% of all ambulatory visits for 
children receive an antibiotic RX

• 72% for ARTI



although prescribing rate for ARTIs has declined 
significantly, this has been modest, and …

• antibiotic use for ARTIs remains common
• most are caused by viruses 
• use of broader-spectrum antibiotics for ARTI has 

increased
• the most commonly prescribed individual antibiotic agent 

was azithromycin Grijalva JAMA 2009;302(7):758-766
Hersh Pediatrics 2011;128;1053
Hicks LA et al. NEJM 2010;368:1461-2

IS THERE ROOM FOR IMPROVEMENT?





OFF-GUIDELINE ANTIBIOTIC PRESCRIBING

Excluding:  preventive visits, CCC, antibiotic allergy, prior antibiotics
Standardized by:  age, sex, race, Medicaid Gerber et al., JPIDS, 2014

!



Barnett and Linder. JAMA. 2014;311(19):2020-2022

Copyright 2014 American Medical Association. All rights reserved.

NAMCS/NHAMCS, including a waiver of the requirement for
patient informed consent.

We strove to include visits that would be eligible for the
HEDIS measure.5 We included NAMCS/NHAMCS new prob-
lem visits made by adults aged 18 to 64 years to primary care
physicians, general medicine clinics, or EDs from 1996 to 2010
with any diagnosis of acute bronchitis (International Classifi-
cation of Diseases, Ninth Revision, code 466.0). We excluded
patients who were admitted to the hospital or visits associ-
ated with chronic pulmonary disease, immunodeficiency, can-
cer, or concomitant infectious diagnoses. We classified anti-
biotics, the main outcome, as either extended macrolides or
other.

We calculated standard errors for all results using logistic
regression and the survey package in R (version 3.0.1, R Proj-
ect for Statistical Computing). We considered 2-sided P val-
ues less than .05 as significant. To increase reliability, we com-
bined data into 3-year periods.

Results | There were 3153 sampled acute bronchitis visits meet-
ing our inclusion and exclusion criteria between 1996 and 2010.
The overall antibiotic prescription rate was 71% (95% CI, 66%-
76%) and increased between 1996 and 2010 (adjusted odds ra-
tio per 10-year period, 1.75 [95% CI, 1.06-2.90]; P = .03) (Table).
There was a statistically significant increase in antibiotic pre-
scribing in EDs (Figure). Physicians prescribed extended mac-
rolides at 36% (95% CI, 32%-41%) of acute bronchitis visits and
extended macrolide prescribing increased from 25% of visits
in 1996-1998 to 41% in 2008-2010 (P = .01). Other antibiotics
were prescribed at 35% (95% CI, 30%-39%) of visits, and most
commonly were fluoroquinolones, aminopenicillins, and
cephalosporins. The antibiotic prescribing rate for other anti-
biotics did not change significantly over time (48% of visits in
1996-1998 to 35% of visits in 2008-2010; P = .55).

Discussion | Despite clear evidence, guidelines, quality mea-
sures, and more than 15 years of educational efforts stating that
the antibiotic prescribing rate should be zero, the antibiotic pre-
scribing rate for acute bronchitis was 71% and increased dur-

ing the study period. Physicians continue to prescribe expen-
sive, broad-spectrum antibiotics.

Our analysis has limitations. First, the sample size for some
estimates was small. Second, the surveys do not capture care
provided outside of clinic visits. Third, the surveys capture lim-
ited clinical information, restricting our ability to identify ex-
clusionary factors. Fourth, as an analysis of visits, an indi-
vidual patient could theoretically be included more than once,
although this is unlikely given the sampling design.

Avoidance of antibiotic overuse for acute bronchitis should
be a cornerstone of quality health care. Antibiotic overuse for
acute bronchitis is straightforward to measure. Physicians,
health systems, payers, and patients should collaborate to cre-
ate more accountability and decrease antibiotic overuse.
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Figure. Antibiotic Prescribing for Acute Bronchitis in the United States by Site of Care, 1996-2010
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Letters

RESEARCH LETTER

Antibiotic Prescribing for Adults With Acute
Bronchitis in the United States, 1996-2010
Acute bronchitis is a cough-predominant acute respiratory ill-
ness of less than 3 weeks’ duration. For more than 40 years,
trials have shown that antibiotics are not effective for acute
bronchitis.1 Despite this, between 1980 and 1999, the rate of
antibiotic prescribing for acute bronchitis was between 60%
and 80% in the United States.2 During the past 15 years, the
Centers for Disease Control and Prevention (CDC) has led ef-
forts to decrease antibiotic prescribing for acute bronchitis.3,4

Since 2005, a Healthcare Effectiveness Data and Information
Set (HEDIS) measure has stated that the antibiotic prescrib-
ing rate for acute bronchitis should be zero.5

To estimate the association with ongoing CDC efforts and
the implementation of the HEDIS measure, we evaluated the

change in antibiotic prescribing rates for acute bronchitis in the
United States between 1996 and 2010.

Methods | The National Ambulatory Medical Care Survey and
National Hospital Ambulatory Medical Care Survey (NAMCS/
NHAMCS) are annual, nationally representative, multistage
probability surveys of ambulatory care in the United States.6

The NAMCS/NHAMCS collect information about physicians,
outpatient practices, and emergency departments (EDs), as well
as visit-level data including patient demographics, reasons for
visits, diagnoses, and medications. Physicians, office staff, and
US Census Bureau representatives collect information (includ-
ing information about patient race/ethnicity to enable assess-
ment of health care disparities) on visit record forms. Each visit
in the NAMCS/NHAMCS is weighted to allow extrapolation to
national estimates. The National Center for Health Statistics
institutional review board approved the protocols for the

Table. Visits and Antibiotic Prescribing for Adults With Acute Bronchitis in the United States, 1996-2010

Acute Bronchitis Visits

Any Antibiotic
Unweighted
(n = 3153)

Weighted
Proportion
(95% CI), %

Prescribed
(95% CI),%a

Adjusted OR
(95% CI)b

Year, per decade 1.75 (1.06-2.90)

Age group, y

18-44 2037 58 (54-63) 71 (65-76) 1 [Reference]

45-64 1116 42 (37-46) 71 (65-78) 0.99 (0.64-1.53)

Sex

Female 1918 60 (55-64) 70 (65-76) 1 [Reference]

Male 1235 40 (36-45) 72 (65-78) 0.95 (0.64-1.40)

Race

White 2379 82 (78-86) 72 (67-77) 1 [Reference]

Black 672 12 (9-15) 71 (64-79) 0.96 (0.56-1.63)

Otherc 102 6 (3-9) 51 (35-66) 0.39 (0.16-0.95)

Insurance

Private 1480 62 (57-67) 71 (66-77) 1 [Reference]

Medicare 190 5 (3-7) 74 (66-82) 1.16 (0.57-2.34)

Medicaid 595 11 (9-14) 63 (55-71) 0.73 (0.39-1.37)

Uninsured or other 888 22 (18-26) 73 (67-79) 1.25 (0.83-1.89)

Specialty or setting

Primary cared 971 74 (71-77) 72 (65-78) 1 [Reference]

Emergency department 2182 26 (23-29) 69 (65-72) 0.86 (0.57-1.29)

Region

Northeast 525 15 (11-19) 70 (61-79) 1 [Reference]

Midwest 877 27 (22-34) 72 (61-83) 1.16 (0.60-2.21)

South 1240 41 (33-48) 73 (66-80) 1.14 (0.64-2.04)

West 511 17 (12-21) 65 (54-75) 0.87 (0.46-1.63)

Population density

Rural 463 15 (8-23) 68 (58-79) 1 [Reference]

Urban 2690 85 (77-92) 71 (66-77) 1.23 (0.61-2.49)

Abbreviation: OR, odds ratio.
a Indicates the proportion of patients

with acute bronchitis in each
category (row %) who received any
antibiotic.

b Based on a logistic regression model
that includes all variables shown.
Calendar year was modeled using
each year during the study period.
To facilitate interpretation, the
result is the adjusted odds of
antibiotic prescribing per 10-year
interval.

c Included Asian, Native
Hawaiian/Pacific Islander, American
Indian/Alaska Native, or more than
1 race.

d Included primary care physicians
(family practice, general practice,
internal medicine, and pediatrics)
from the National Ambulatory
Medical Care Survey and general
medical practices from the National
Hospital Ambulatory Medical Care
Survey.
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• diagnosis-specific rates of total and appropriate antibiotic prescribing 
determined based on national guidelines and regional variation

• 30% overall reduction suggested
• 50% for ARTIs



HOW CAN WE DO THIS?





ANTIMICROBIAL STEWARDSHIP

• ASPs recommended for hospitals
• most antibiotic use occurs in the outpatient setting
• is outpatient “stewardship” achievable?



ANTIMICROBIAL STEWARDSHIP

• Core Strategies
• prior authorization
• prospective audit & 

feedback
• formulary restriction

• Supplemental Strategies
• education
• clinical guidelines
• IV to PO conversion
• dose optimization
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• prior authorization
• prospective audit & 
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• formulary restriction

• Supplemental Strategies
• education
• clinical guidelines
• IV to PO conversion
• dose optimization



WHAT HAS BEEN DONE?



CLINICAL DECISION SUPPORT



• 3-arm cluster RCT: 33 primary care practices within integrated health 
care system

• 11 sites: print-based decision support
• 11 sites: computer-assisted (EHR) decision support 
• both intervention sites also received clinician and patient education
• 11 control sites 

LESS IS MORE

ORIGINAL INVESTIGATION

A Cluster Randomized Trial of Decision Support
Strategies for Reducing Antibiotic Use
in Acute Bronchitis
Ralph Gonzales, MD, MSPH; Tammy Anderer, PhD, CRNP; Charles E. McCulloch, PhD;
Judith H. Maselli, MSPH; Frederick J. Bloom Jr, MD; Thomas R. Graf, MD; Melissa Stahl, MPH;
Michelle Yefko; Julie Molecavage; Joshua P. Metlay, MD, PhD

Background: National quality indicators show little
change in the overuse of antibiotics for uncomplicated
acute bronchitis. We compared the effect of 2 decision
support strategies on antibiotic treatment of uncompli-
cated acute bronchitis.

Methods: We conducted a 3-arm cluster randomized
trial among 33 primary care practices belonging to an in-
tegrated health care system in central Pennsylvania. The
printed decision support intervention sites (11 prac-
tices) received decision support for acute cough illness
through a print-based strategy, the computer-assisted de-
cision support intervention sites (11 practices) received
decision support through an electronic medical record–
based strategy, and the control sites (11 practices) served
as a control arm. Both intervention sites also received cli-
nician education and feedback on prescribing practices,
as well as patient education brochures at check-in. An-
tibiotic prescription rates for uncomplicated acute bron-
chitis in the winter period (October 1, 2009, through
March 31, 2010) following introduction of the interven-
tion were compared with the previous 3 winter periods
in an intent-to-treat analysis.

Results: Compared with the baseline period, the per-
centage of adolescents and adults prescribed antibiotics
during the intervention period decreased at the printed
decision support intervention sites (from 80.0% to 68.3%)

and at the computer-assisted decision support interven-
tion sites (from 74.0% to 60.7%) but increased slightly
at the control sites (from 72.5% to 74.3%). After con-
trolling for patient and clinician characteristics, as well
as clustering of observations by clinician and practice site,
the differences for the intervention sites were statisti-
cally significant from the control sites (P=.003 for con-
trol sites vs printed decision support intervention sites
and P=.01 for control sites vs computer-assisted deci-
sion support intervention sites) but not between them-
selves (P=.67 for printed decision support intervention
sites vs computer-assisted decision support interven-
tion sites). Changes in total visits, 30-day return visit rates,
and proportion diagnosed as having uncomplicated acute
bronchitis were similar among the study sites.

Conclusions: Implementation of a decision support strat-
egy for acute bronchitis can help reduce the overuse of
antibiotics in primary care settings. The effect of printed
vs computer-assisted decision support strategies for pro-
viding decision support was equivalent.

Trial Registration: clinicaltrials.gov Identifier:
NCT00981994

JAMA Intern Med. 2013;173(4):267-273.
Published online January 14, 2013.
doi:10.1001/jamainternmed.2013.1589

T HE OVERUSE OF ANTIBIOT-
ics for acute respiratory
tract infections (ARIs) is
an important contributor
to worsening trends in

antibiotic-resistance patterns among
community-acquired pathogens. In the
United States among persons 5 years
and older, ARIs in 2006 accounted for
8% of all visits to ambulatory practices
and emergency departments and for
58% of all antibiotics prescribed in
these settings.1 Particularly relevant to
reducing total antibiotic use are bron-
chitis, the common cold, and nonspe-

cific upper respiratory tract infections
because most of these illnesses have a
viral origin and do not benefit from
antibiotic treatment.2,3 About 30% of

office visits for the common cold and
for nonspecific upper respiratory tract
infections, as well as up to 80% of all
visits for bronchitis, are treated with
antibiotics in the United States each
year.4-7 Although antibiotic prescribing
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visits at PDS intervention sites, CDS intervention sites,
and control sites demonstrated modest differences among
study arms during the baseline period (all except fever
and tachypnea were statistically significant given the large
sample size) (Table). Comparing baseline and interven-
tion years within study arms, statistically significant
changes (P! .05) were observed for several variables (cli-
nician type, clinician specialty, smoking status, and pro-
portion of visits with fever or tachypnea), which we sub-
sequently included in the multivariable analysis of the
intervention effects.

Compared with the baseline period, the percentage
of adolescents and adults prescribed antibiotics for un-
complicated acute bronchitis during the intervention pe-
riod decreased at the PDS intervention sites (from 80.0%
to 68.3%) and CDS intervention sites (from 74.0%
to 60.7%) but increased slightly at the control sites (from
72.5% to 74.3%). After controlling for patient tempera-
ture, respiratory rate, smoking status, clinician type, cli-
nician specialty, and clustering of observations by clini-
cian and by practice site, the differences for the
intervention sites were statistically significant from the
control sites (P = .003 for control sites vs PDS interven-
tion sites and P = .01 for control sites vs CDS interven-
tion sites) but not between themselves (P = .67 for PDS
intervention sites vs CDS intervention sites) (Figure 3).
The adjusted odds ratios for antibiotic treatment during
the intervention period compared with the baseline pe-
riod were 0.57 (95% CI, 0.40-0.82) for PDS interven-
tion sites, 0.64 (95% CI, 0.45-0.91) for CDS interven-
tion sites, and 1.10 (95% CI, 0.85-1.43) for control sites.

To produce reliable estimates of prescription rates, we
also measured changes in antibiotic prescription rates
of individual clinicians in each group with a sufficient
volume of patient visits during the baseline and inter-
vention periods ("10 visits each period). This subset
of clinicians accounted for 81.8% of the total visits. The
mean change in antibiotic prescription rates of these cli-
nicians in the baseline and intervention periods was simi-
lar to the change based on the patient-level analysis
(Figure 4). However, a significant proportion (about
one-third) of clinicians reduced antibiotic prescription
rates by more than 20% at both types of intervention sites.

Return visit rates (an office visit #30 days from an in-
cident visit for uncomplicated acute bronchitis) in-
creased modestly at all study sites and were not signifi-
cantly different among study sites (Table). The proportion
of patients diagnosed as having uncomplicated acute bron-
chitis at the incident visit who were subsequently diag-
nosed as having pneumonia at a return visit was low
(range, 0.5%-1.5%). Similarly, subsequent emergency de-
partment visits and hospital admissions were rare across
all sites and periods.

We recorded 11 827 occasions when an electronic alert
fired during the check-in process (ie, for a chief symptom
of cough). On 4789 occasions, the patients were given an
educational brochure about appropriate antibiotic use.
To place these electronic alert firings into context, during
thisperiodtheCDSinterventionsitesprovidedcareto12 082
adolescent and adult patients who were diagnosed as hav-
inganARI,and2582patientswerediagnosedashavingany
type of bronchitis. For SmartSet use, the EHR system re-

corded 819 occasions when the SmartSet was opened, rep-
resenting 26 of 43 clinicians on staff at the CDS interven-
tion sites during the intervention period.

COMMENT

In this cluster randomized trial comparing the effective-
ness of different implementation strategies for deliver-
ing clinical algorithm–based decision support for acute
cough illness, we found that printed and computer-
assisted approaches were equally effective at improving
antibiotic treatment of uncomplicated acute bronchitis.
No significant differences were observed in alteration of
return visits between the baseline and intervention pe-
riods or among the study arms, suggesting that the ap-
plication of the clinical algorithm and the resulting de-
crease in antibiotic treatment were not associated with
adverse clinical consequences. In aggregate, these find-
ings support the wider dissemination and use of this clini-
cal algorithm to help reduce the overuse of antibiotics
for acute bronchitis in primary care.

Our results demonstrate that conventional (noncom-
puterized) methods of implementing decision support for
specific treatment decisions may be as effective as ap-
proaches that use computerized decision support, al-
though this single finding cannot be generalized to all
decision support interventions. Review of the electronic
utilization data shows that the CDS approach was not
heavily used by the physicians at those sites and may have
contributed to the fact that it did not lead to greater lev-
els of improvement compared with the traditional print-
based decision support. A study20 using a CDS tool simi-
lar to that used in our study (but targeting all ARIs instead
of just cough illness) showed little use and no overall ef-
fect on antibiotic prescribing behavior, whereas an ARI
decision support tool delivered through personal digital
assistant devices resulted in improvement in another
study.21 The key finding from our study is that, when
coupled with other traditional patient and physician edu-
cation materials, both PDS and CDS strategies can achieve
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Figure 3. Effect of decision support strategies on antibiotic prescription rates
for adolescents and adults diagnosed as having uncomplicated acute
bronchitis. Error bars for each estimate reflect 95% CIs.
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EDUCATION OF CLINICIANS AND PATIENTS



• cluster RCT in 16 MA communities (1998 to 2003)
• clinician guideline dissemination, small-group education, frequent 

updates and educational materials, and prescribing feedback
• parents received educational materials by mail and in primary care 

practices, pharmacies, and child care settings
• using health-plan data, measured changes in antibiotics dispensed 

among children aged 3 to �72 months

Pediatrics. 2008;121;e15-e23

ARTICLE

Impact of a 16-Community Trial to Promote
Judicious Antibiotic Use in Massachusetts
Jonathan A. Finkelstein, MD, MPHa,b, Susan S. Huang, MD, MPHa,c, Ken Kleinman, ScDa, Sheryl L. Rifas-Shiman, MPHa,
Christopher J. Stille, MD, MPHd, James Daniel, MPHe, Nancy Schiff, MPHf, Ron Steingard, MDg, Stephen B. Soumerai, ScDa,
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Boston, Massachusetts; dDepartment of Pediatrics and Meyers Primary Care Institute and gDepartments of Psychiatry and Pediatrics, University of Massachusetts Medical
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ABSTRACT

OBJECTIVES.Reducing unnecessary antibiotic use, particularly among children, contin-
ues to be a public health priority. Previous intervention studies have been limited by
size or design and have shown mixed results. The objective of this study was to
determine the impact of a multifaceted, community-wide intervention on overall
antibiotic use for young children and on use of broad-spectrum agents. In addition,
we sought to compare the intervention’s impact on commercially and Medicaid-
insured children.

METHODS.We conducted a controlled, community-level, cluster-randomized trial in 16
nonoverlapping Massachusetts communities, studied from 1998 to 2003. During 3
years, we implemented a physician behavior-change strategy that included guideline
dissemination, small-group education, frequent updates and educational materials,
and prescribing feedback. Parents received educational materials by mail and in
primary care practices, pharmacies, and child care settings. Using health-plan data,
we measured changes in antibiotics dispensed per person-year of observation among
children who were aged 3 to !72 months, resided in study communities, and were
insured by a participating commercial health plan or Medicaid.

RESULTS. The data include 223 135 person-years of observation. Antibiotic-use rates at
baseline were 2.8, 1.7, and 1.4 antibiotics per person-year among those aged 3 to
!24, 24 to !48, and 48 to !72 months, respectively. We observed a substantial
downward trend in antibiotic prescribing, even in the absence of intervention. The
intervention had no additional effect among children aged 3 to !24 months but was
responsible for a 4.2% decrease among those aged 24 to !48 months and a 6.7%
decrease among those aged 48 to !72 months. The intervention effect was greater
among Medicaid-insured children and for broad-spectrum agents.

CONCLUSIONS.A sustained, multifaceted, community-level intervention was only mod-
estly successful at decreasing overall antibiotic use beyond substantial secular trends.
The more robust impact among Medicaid-insured children and for specific medica-
tion classes provides an argument for specific targeting of resources for patient and
physician behavior change.

REDUCING ANTIBIOTIC OVERUSE, particularly among children, has been identified
as a public health priority since the mid-1990s.1,2 The rapid increase in resistance

among common bacterial pathogens, such as Streptococcus pneumoniae,3–6 is widely
believed to be fueled by high rates of antibiotic use, much of which is unnecessary.7–11

Because of the communicability of bacterial pathogens, the consequences of resis-
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Secular Trends and Intervention Impact
Overall, antibiotic-use rates in year 1 of the study (base-
line) were 2.8, 1.7, and 1.4 dispensings per person-year
in the 3 age groups, 3 to !24, 24 to !48, and 48 to !72
months, respectively, and were similar among interven-
tion and control communities (Table 2). Baseline use
rates were slightly higher among children with Medicaid
insurance compared with those with commercial insur-
ance (P ! .001). Because of these baseline differences in
antibiotic use and knowledge between parents of Med-
icaid- and commercially insured children,27 we present
both overall analyses and subanalyses stratified accord-
ing to insurance type.

Figure 1 displays yearly crude antibiotic-prescribing
rates, stratified by insurance type and age group, to show
year-to-year variability, secular trends, and the magni-
tude of the unadjusted intervention effect. Among all
insurance groups, we observed a significant downward
trend in antibiotic use, even in control communities,
among those aged 3 to !24 months (P ! .001) and those
aged 24 to !48 months (P ! .001). More year-to-year
variability is seen among children aged 48 to !72
months, with a small decrease observed for non–Medic-
aid-insured children (P " .02) but none for Medicaid-
insured children (P " .73).

Table 2 provides both the crude rates in the first
baseline study year and the adjusted percentage change
in antibiotic prescribing during intervention years 3 to 5,
accounting for clustering of data within communities
and for potential confounders. For the population over-
all (including both Medicaid- and commercially insured
children), in the youngest age group (3 to !24 months)
we observed dramatic (#20%) adjusted decreases in
antibiotic use in both control and intervention commu-
nities during the 5-year study period. We observed no
effect of our intervention in this age group. In contrast,
among children aged 24 to !48 months, we observed a
4.2% intervention effect (P ! .01), and among children

aged 48 to !72 months, we observed a 6.7% interven-
tion effect (P ! .001) in the population overall.

The intervention effect was greater among Medicaid-
insured children compared with commercially insured
children. For example, among those insured by Medic-
aid, the decrease in antibiotic prescribing attributable to
the 3-year intervention was 4.5% among children aged
3 to !24 months (P " .01), 5.5% among those aged 24
to !48 months (P " .01), and 9% among those aged 48
to !72 months (P ! .01). In contrast, among commer-
cially insured children, a significant intervention effect
of 5.1% was observed among children aged 48 to !72
months (P " .01) but not for the other age groups.

In year 1, first-line penicillins (penicillin and amoxi-
cillin) accounted for slightly more than half (51%) of all
antibiotic use. The fraction of antibiotic dispensings ac-
counted for by each class was similar across age groups,
with broad-spectrum macrolides (primarily azithromy-
cin) accounting for 12%, 14%, and 13% in the 3 age
groups, respectively. Because the educational interven-
tion for physicians encouraged use of narrow-spectrum
agents when appropriate,7 we examined the interven-
tion impact on the prescribing of second-line penicillins
(primarily amoxicillin-clavulanate) and second-line
macrolides (primarily azithromycin; Table 3). The inter-
vention was responsible for a decrease in second-line
penicillin use of 9.2% (P " .03) and 21.3% (P ! .0001)
among all children aged 24 to !48 months and 48 to
!72 months, respectively. The intervention impact for
this class was most consistent among Medicaid-insured
children, with intervention effects of 9.0% (P " .04),
14.3% (P " .02), and 22.7% (P ! .01) in the 3 age
groups, respectively. The intervention decreased second-
line macrolide use in all 3 age groups. The 3-year inter-
vention was responsible for a 6.7% decrease among
children aged 3 to !24 months (P " .02), 12.7% among
those aged 24 to !48 months (P ! .01), and 22.5%
among those aged 48 to !72 months (P ! .0001). For

TABLE 2 Impact of Community-Level Intervention According to Age Group and Insurance Type

Parameter Control Intervention Intervention
Impactc

P

Unadjusted Rate,
Baseline Year 1a

Adjusted %
Changeb

Unadjusted Rate,
Baseline Year 1a

Adjusted %
Changeb

Overall
3 to !24 mo 2.8 $20.7 2.9 $21.2 $0.5 .69
24 to !48 mo 1.7 $10.3 1.7 $14.5 $4.2 !.01
48 to !72 mo 1.4 $2.5 1.4 $9.3 $6.7 !.0001

Medicaid
3 to !24 mo 3.0 $16.1 3.0 $20.6 $4.5 .01
24 to !48 mo 1.8 $12.9 1.8 $18.4 $5.5 .01
48 to !72 mo 1.4 $1.7 1.4 $10.7 $9.0 !.01

Commercial
3 to !24 mo 2.7 $23.5 2.8 $21.0 2.6 .11
24 to !48 mo 1.6 $8.8 1.6 $11.5 $2.7 .17
48 to !72 mo 1.3 $2.8 1.4 $7.9 $5.1 .01

a Unadjusted rates were calculated as the sum of all antibiotic dispensings divided by the sum of person-years observed.
b Adjusted percentage change over all 3 intervention years (study years 3–5, September 1, 2000, to August 31, 2003) from generalized linear
mixedmodels, accounting for clustering by community, baseline prescribing rate, differences in baseline trend (year 1 to 2), secular trend during
the intervention period, and gender. Insurance type (Medicaid versus commercial) was included as a covariate in the model for overall effect.
c Difference in adjusted percentage change between intervention and control communities.
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AUDIT AND FEEDBACK



• cluster-RCT of 18 practices, 170 clinicians
• common EHR
• focused on antibiotic choice for encounters for bacterial infections with 

established guidelines
• streptococcal pharyngitis
• acute sinusitis
• Pneumonia

• (all should get penicillin or amoxicillin)
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ANTIBIOTICS ARE THE MOST COM-
mon prescription drugs given
to children.1 Although hospi-
talized children frequently re-

ceive antibiotics,2 the vast majority of an-
tibiotic use occurs in the outpatient
setting, roughly 75% of which is for acute
respiratory tract infections (ARTIs).3

Unnecessary prescribing for viral AR-
TIs is well documented3-8 and has been
declining.7-9 However, inappropriate
prescribing also occurs for bacterial
ARTIs, particularly when broad-
spectrum antibiotics are used to treat
infections for which narrow-spectrum
antibiotics are indicated and recom-
mended.1,3,6,8,9 The American Acad-
emy of Pediatrics (AAP) recommends
penicillin or amoxicillin as first-line
agents for streptococcal pharyngitis,
acute sinusitis, and pneumonia10,11;
however, roughly 50% of children re-
ceive broader-spectrum antibiotics for
these common infections.3 Antimicro-

Author Affiliations are listed at the end of this
article.
Corresponding Author: Jeffrey S. Gerber, MD, PhD,

Division of Infectious Diseases, The Children’s Hos-
pital of Philadelphia, 3535 Market St, Ste 1518, Phila-
delphia, PA 19104 (gerberj@email.chop.edu).

Importance Antimicrobial stewardship programs have been effective for inpa-
tients, often through prescribing audit and feedback. However, most antimicrobial use
occurs in outpatients with acute respiratory tract infections (ARTIs).

Objective To evaluate the effect of an antimicrobial stewardship intervention on an-
tibiotic prescribing for pediatric outpatients.

Design Cluster randomized trial of outpatient antimicrobial stewardship comparing
prescribing between intervention and control practices using a common electronic health
record. After excluding children with chronic medical conditions, antibiotic allergies,
and prior antibiotic use, we estimated prescribing rates for targeted ARTIs standard-
ized for age, sex, race, and insurance from 20 months before the intervention to 12
months afterward (October 2008–June 2011).

Setting and Participants A network of 25 pediatric primary care practices in Penn-
sylvania and New Jersey; 18 practices (162 clinicians) participated.

Interventions One 1-hour on-site clinician education session (June 2010) followed
by 1 year of personalized, quarterly audit and feedback of prescribing for bacterial and
viral ARTIs or usual practice.

Main Outcomes and Measures Rates of broad-spectrum (off-guideline) antibi-
otic prescribing for bacterial ARTIs and antibiotics for viral ARTIs for 1 year after the
intervention.

Results Broad-spectrum antibiotic prescribing decreased from 26.8% to 14.3% (ab-
solute difference, 12.5%) among intervention practices vs from 28.4% to 22.6% (ab-
solute difference, 5.8%) in controls (difference of differences [DOD], 6.7%; P=.01
for differences in trajectories). Off-guideline prescribing for children with pneumonia
decreased from 15.7% to 4.2% among intervention practices compared with 17.1%
to 16.3% in controls (DOD, 10.7%; P! .001) and for acute sinusitis from 38.9% to
18.8% in intervention practices and from 40.0% to 33.9% in controls (DOD, 14.0%;
P=.12). Off-guideline prescribing was uncommon at baseline and changed little for
streptococcal pharyngitis (intervention, from 4.4% to 3.4%; control, from 5.6% to
3.5%; DOD, "1.1%; P=.82) and for viral infections (intervention, from 7.9% to 7.7%;
control, from 6.4% to 4.5%; DOD, "1.7%; P=.93).

Conclusions and Relevance In this large pediatric primary care network, clinician
education coupled with audit and feedback, compared with usual practice, improved
adherence to prescribing guidelines for common bacterial ARTIs, and the intervention
did not affect antibiotic prescribing for viral infections. Future studies should examine
the drivers of these effects, as well as the generalizability, sustainability, and clinical
outcomes of outpatient antimicrobial stewardship.

Trial Registration clinicaltrials.gov Identifier: NCT01806103
JAMA. 2013;309(22):2345-2352 www.jama.com

Author Video Interview available at
www.jama.com.
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INTERVENTION:  TIMELINE

12 months of
audit/feedback

20 months
baseline data

On-site education

Feedback reports





Start audit and feedback

Gerber et al. JAMA.2013;309(22):2345



Start audit and feedback
End of audit and feedback
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Start audit and feedback
End of audit and feedback
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WHAT DO CLINICIANS THINK?



Julia Szymczak, PhD



QUALITATIVE ANALYSES
• most did not believe that their prescribing behavior 

contributed to antibiotic overuse
• reported frequently confronting parental pressure, 

sometimes acquiescing to:
• appear competent
• avoid losing patients to other practices that would “give 

them what they want”

Szymczak, ICHE, 2014, vol. 35, no. s3 



“We have lots of parents who come in and they 
know what they want. They don’t care what we 
have to say. They want the antibiotic that they want 
because they know what is wrong with their child.”

Szymczak, ICHE, 2014, vol. 35, no. s3 



CLINICIAN PERCEPTIONS

• interviewed 10 physicians, 306 parents
• physician perception of parental expectations for antimicrobials was 

the only predictor of prescribing antimicrobials for viral infections
• when they thought parents wanted antimicrobial:

• 62% vs. 7% prescribed antibiotic

Mangione-Smith et al. Pediatrics 1999;103(4)



WHAT DO PARENTS THINK?



WHAT DO PARENTS WANT?

• direct parental request for antibiotics in 1% of cases
• parental expectations for antibiotics were not associated with 

physician-perceived expectations
• parents who expected antibiotics but did not receive them were more 

satisfied if the physician provided a contingency plan
• failure to meet parental expectations regarding communication 

events during the visit was the only significant predictor of parental 
satisfaction (NOT failure to provide expected antimicrobials)

Mangione-Smith et al. Arch Pediatr Adolesc Med 2001;155:800-806



PARENT PERCEPTIONS

• survey of 1500 Massachusetts parents in 2013
• high level of trust in physicians

• 5 focus groups (31 parents) – knowledge/attitudes surrounding 
antibiotic use in 2011:

• concerned about antibiotic resistance
• expressed desire to use antibiotics only when necessary
• it appears that parents have become more informed and 

sophisticated regarding appropriate uses of antibiotics

Finkelstein, Clin Peds. 2014:53(2); Vaz, Pediatrics. 2015:136(2)



WHAT DO PARENTS THINK?

• interviewed >100 parents of kids presenting with ARTIs 
from waiting rooms 

• parents did not plan to demand an antibiotic for their child
• deferred to medical expertise about the need for antibiotic 

therapy, contrary to what pediatricians report
• parents are aware of the downsides of antibiotics and may be 

willing to partner to improve appropriate use

Szymczak, ID Week, San Diego, 2015



COMMUNICATION

• parent and clinician surveys after 1,285 pediatric ARTI 
visits to 28 pediatric providers from 10 Seattle practices

• positive treatment recommendations (suggesting actions 
to reduce child’s symptoms) were associated with 
decreased risk of antibiotic prescribing

Mangione-Smith et al. Ann Fam Med 2015;13:221-227



• 246 practices, 4264 patients, 6 European countries
• training in enhanced communication skills:

• gathering information on patient concerns/expectations
• exchange of information on symptoms, natural disease course
• Tx; agreement of a management plan

• communication training led to a >30% reduction in 
antibiotic prescribing for ARTI
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 Eff ects of internet-based training on antibiotic prescribing 
rates for acute respiratory-tract infections: a multinational, 
cluster, randomised, factorial, controlled trial
Paul Little, Beth Stuart, Nick Francis, Elaine Douglas, Sarah Tonkin-Crine, Sibyl Anthierens, Jochen W L Cals, Hasse Melbye, Miriam Santer, 
Michael Moore, Samuel Coenen, Chris Butler, Kerenza Hood, Mark Kelly, Maciek Godycki-Cwirko, Artur Mierzecki, Antoni Torres, Carl Llor, 
Melanie Davies, Mark Mullee, Gilly O’Reilly, Alike van der Velden, Adam W A Geraghty, Herman Goossens, Theo Verheij, Lucy Yardley, 
on behalf of the GRACE consortium

Summary 
Background High-volume prescribing of antibiotics in primary care is a major driver of antibiotic resistance. Education 
of physicians and patients can lower prescribing levels, but it frequently relies on highly trained staff . We assessed 
whether internet-based training methods could alter prescribing practices in multiple health-care systems.

Methods After a baseline audit in October to December, 2010, primary-care practices in six European countries were 
cluster randomised to usual care, training in the use of a C-reactive protein (CRP) test at point of care, in enhanced 
communication skills, or in both CRP and enhanced communication. Patients were recruited from February to 
May, 2011. This trial is registered, number ISRCTN99871214.

Results The baseline audit, done in 259 practices, provided data for 6771 patients with lower-respiratory-tract infections 
(3742 [55·3%]) and upper-respiratory-tract infections (1416 [20·9%]), of whom 5355 (79·1%) were prescribed 
antibiotics. After randomisation, 246 practices were included and 4264 patients were recruited. The antibiotic 
prescribing rate was lower with CRP training than without (33% vs 48%, adjusted risk ratio 0·54, 95% CI 0·42–0·69) 
and with enhanced-communication training than without (36% vs 45%, 0·69, 0·54–0·87). The combined intervention 
was associated with the greatest reduction in prescribing rate (CRP risk ratio 0·53, 95% CI 0·36–0·74, p<0·0001; 
enhanced communication 0·68, 0·50–0·89, p=0·003; combined 0·38, 0·25–0·55, p<0·0001).

Interpretation Internet training achieved important reductions in antibiotic prescribing for respiratory-tract infections 
across language and cultural boundaries.

Funding European Commission Framework Programme 6, National Institute for Health Research, Research 
Foundation Flanders.

Introduction
Physicians prescribe antibiotics for many patients with 
acute uncomplicated lower-respiratory-tract infections, 
which are among the most common acute presentations 
in primary care.1–3 Most of these infections are viral, and 
evidence from systematic reviews4 and other studies5,6 
suggest only slight benefi t is achieved from the pre-
scription of antibiotics. Thus, rationalisation of antibiotic 
use in the treatment of lower-respiratory-tract infections 
in primary care is a priority in the prevention of anti-
biotic resistance.7

C-reactive protein (CRP) has predictive value for 
pneumonia.8,9 In the IMPAC3T study,10 training of 
physicians in CRP testing lowered the rate of antibiotic 
prescribing by 20%. These fi ndings were supported in a 
later study.11 The usefulness of training in consultation 
skills requires clarifi cation10 because there is limited 
evi dence for eff ects on symptom control10,12,13 and 
whether a particular approach to training can be used 
in diff erent settings.

Interactive workshops for health-care professionals 
and education of patients are likely to lower the rate of 

antibiotic prescribing.12,14,15 The IMPAC3T study10 showed 
that the training of physicians in advanced com-
munication skills by seminar role-playing and peer 
feedback on consultation transcripts reduced antibiotic 
prescribing rates by 20%. The STAR programme involves 
fi ve stages of web-based training in advanced communi-
cation skills that include recording of reactions to 
scenarios, sharing of accounts of clinical experience, and 
expert-led face-to-face seminars. This approach led to 
a 4% reduction in global antibiotic use over 1 year in 
practices across Wales.16 Nevertheless, because such out-
reach interventions are generally performed by small 
groups of highly trained staff  based at research centres of 
excellence, the generalisability of delivery and the poten-
tial eff ects on real-world practice are questionable. Novel 
techniques are, therefore, needed to lead to changes at 
national and international levels. Internet training has 
the advantage that it can be disseminated widely at low 
cost and does not require highly trained outreach facili-
tators to be on site. In one study of internet training for 
general practitioners, the use of an interactive booklet 
for consultations with children attending for acute 
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Introduction
Physicians prescribe antibiotics for many patients with 
acute uncomplicated lower-respiratory-tract infections, 
which are among the most common acute presentations 
in primary care.1–3 Most of these infections are viral, and 
evidence from systematic reviews4 and other studies5,6 
suggest only slight benefi t is achieved from the pre-
scription of antibiotics. Thus, rationalisation of antibiotic 
use in the treatment of lower-respiratory-tract infections 
in primary care is a priority in the prevention of anti-
biotic resistance.7

C-reactive protein (CRP) has predictive value for 
pneumonia.8,9 In the IMPAC3T study,10 training of 
physicians in CRP testing lowered the rate of antibiotic 
prescribing by 20%. These fi ndings were supported in a 
later study.11 The usefulness of training in consultation 
skills requires clarifi cation10 because there is limited 
evi dence for eff ects on symptom control10,12,13 and 
whether a particular approach to training can be used 
in diff erent settings.

Interactive workshops for health-care professionals 
and education of patients are likely to lower the rate of 

antibiotic prescribing.12,14,15 The IMPAC3T study10 showed 
that the training of physicians in advanced com-
munication skills by seminar role-playing and peer 
feedback on consultation transcripts reduced antibiotic 
prescribing rates by 20%. The STAR programme involves 
fi ve stages of web-based training in advanced communi-
cation skills that include recording of reactions to 
scenarios, sharing of accounts of clinical experience, and 
expert-led face-to-face seminars. This approach led to 
a 4% reduction in global antibiotic use over 1 year in 
practices across Wales.16 Nevertheless, because such out-
reach interventions are generally performed by small 
groups of highly trained staff  based at research centres of 
excellence, the generalisability of delivery and the poten-
tial eff ects on real-world practice are questionable. Novel 
techniques are, therefore, needed to lead to changes at 
national and international levels. Internet training has 
the advantage that it can be disseminated widely at low 
cost and does not require highly trained outreach facili-
tators to be on site. In one study of internet training for 
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NON-CLINICAL DRIVERS
OF ANTIBIOTIC PRESCRIBING?

Gerber et al., Pediatrics 2013;131:677–684

Linder, JAMA Internal Medicine 2014;174(12)

• perceived parental pressure
• presence of trainees
• time of day
• patient race
• practice location

Roumie CL et al., Am J Med. 2005;118(6):614-648

Handy LK, ID Week 2015



Handy LK, ID Week 2015

• 10,414 children Dx
with pneumonia

• 30 practices
• 41% amoxicillin
• 43% azithromycin



HUMAN BEHAVIOR AND PRESCRIBING

• behavioral determinants and social 
norms influence antibiotic prescribing

• therefore, different levers that shape 
clinician behavior need to be considered 
at the point of care, where the decision 
to prescribe is made



NOVEL SOCIO-BEHAVIORAL STRATEGIES



• QI interventions often neglect psychosocial and professional factors 
that may affect clinical decisions

• intervention that takes advantage of clinicians’ desire to be 
consistent with their public commitments

• simple, low-cost behavioral “nudge” in form of a public commitment 
device: a poster-sized letter signed by clinicians and posted in their 
examination rooms indicating their commitment to reducing 
inappropriate antibiotic use for ARTIs 

Copyright 2014 American Medical Association. All rights reserved.

Nudging Guideline-Concordant Antibiotic Prescribing
A Randomized Clinical Trial
Daniella Meeker, PhD; Tara K. Knight, PhD; Mark W. Friedberg, MD, MPP; Jeffrey A. Linder, MD, MPH;
Noah J. Goldstein, PhD; Craig R. Fox, PhD; Alan Rothfeld, MD; Guillermo Diaz, MD; Jason N. Doctor, PhD

IMPORTANCE “Nudges” that influence decision making through subtle cognitive mechanisms
have been shown to be highly effective in a wide range of applications, but there have been
few experiments to improve clinical practice.

OBJECTIVE To investigate the use of a behavioral “nudge” based on the principle of public
commitment in encouraging the judicious use of antibiotics for acute respiratory infections
(ARIs).

DESIGN, SETTING, AND PARTICIPANTS Randomized clinical trial in 5 outpatient primary care
clinics. A total of 954 adults had ARI visits during the study timeframe: 449 patients were
treated by clinicians randomized to the posted commitment letter (335 in the baseline period,
114 in the intervention period); 505 patients were treated by clinicians randomized to
standard practice control (384 baseline, 121 intervention).

INTERVENTIONS The intervention consisted of displaying poster-sized commitment letters in
examination rooms for 12 weeks. These letters, featuring clinician photographs and
signatures, stated their commitment to avoid inappropriate antibiotic prescribing for ARIs.

MAIN OUTCOMES AND MEASURES Antibiotic prescribing rates for antibiotic-inappropriate ARI
diagnoses in baseline and intervention periods, adjusted for patient age, sex, and insurance
status.

RESULTS Baseline rates were 43.5% and 42.8% for control and poster, respectively. During
the intervention period, inappropriate prescribing rates increased to 52.7% for controls but
decreased to 33.7% in the posted commitment letter condition. Controlling for baseline
prescribing rates, we found that the posted commitment letter resulted in a 19.7 absolute
percentage reduction in inappropriate antibiotic prescribing rate relative to control (P = .02).
There was no evidence of diagnostic coding shift, and rates of appropriate antibiotic
prescriptions did not diminish over time.

CONCLUSIONS AND RELEVANCE Displaying poster-sized commitment letters in examination
rooms decreased inappropriate antibiotic prescribing for ARIs. The effect of this simple,
low-cost intervention is comparable in magnitude to costlier, more intensive
quality-improvement efforts.

TRIAL REGISTRATION clinicaltrials.gov identifier: NCT01767064

JAMA Intern Med. 2014;174(3):425-431. doi:10.1001/jamainternmed.2013.14191
Published online January 27, 2014.
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S ystems that depend on trusted professionals typically rely
on rational models of human decision making. In health
care, for example, we assume that the decisions of clini-

cians are based on scientific knowledge about best practices ap-
propriately applied to each individual patient’s needs;we refer
to this as the rational model of clinician decision making.
However, clinician decisions often diverge from the rational
model of decision making, even when practice guidelines ex-
ist and are widely accepted. An alternative model suggests that
clinician decisions are influenced by psychosocial factors such
as perceived demand from patients, desire to conform to be-
havior of peers, concern over the opinion or approval of one’s
associates, and—importantly—the need to act in ways that are
consistent with one’s previous public commitments.1-5 Some of

these factors may contribute to overuse of medical care; oth-
ers may be leveraged to reverse this tendency.

Despite published clinical guidelines for diagnosis6 and
treatment7,8 of acute respiratory infections (ARIs) and de-
cades of admonitions and clinical interventions, inappropri-
ate antibiotic prescribing for ARIs persists.9-11 Each year, adults
in the United States receive 41.2 million antibiotic prescrip-
tions for ARIs at a cost of $1.1 billion.12 Half of these prescrip-
tions are inappropriate, since they are prescribed to treat ARIs
for which there is no evidence of benefit.13 There are multiple
reasons for this inappropriate antibiotic prescribing behav-
ior, including “defensive prescribing,” unawareness of diag-
nostic guidelines (eg, those allowing clinicians to accurately
distinguish between pneumonia and acute bronchitis),8 pa-
tient demand, and workplace culture. None of these com-
mon rationalizations constitutes a valid justification for revis-
ing prevailing prescription guidelines.14-16 Inappropriate
antibiotic prescribing increases costs of care, causes adverse
drug reactions, and, most distressingly, accelerates the evo-
lution of antibiotic-resistant bacteria.17

To encourage more judicious use of antibiotics, we de-
signed an intervention that takes advantage of clinicians’ de-
sire to be consistent with their public commitments. We devel-
oped a simple, low-cost behavioral “nudge”18 in the form of a
public commitment device: a poster-sized letter signed by cli-
nicians and posted in their examination rooms indicating their
commitment to reducing inappropriate antibiotic use for ARIs.

Methods
The randomized trial involved patient and clinician dyads from
5 Los Angeles community clinics. All study procedures were
reviewed and approved by the University of Southern Califor-
nia institutional review board prior to study commence-
ment. Participating clinicians provided informed consent; pa-
tient informed consent was waived. Clinicians were identified
as potential study participants if they met the following eligi-
bility requirements: (1) they were medical professionals li-
censed to prescribe medications (including antibiotics), and
(2) they treated adult patients (age ≥18 years). Eligible clini-
cians were given an overview of the study and offered partici-
pation during a standard monthly clinic meeting. Interested
clinicians were informed (1) that they would be randomly as-
signed to 1 of 2 groups, a signed-commitment-poster inter-
vention group or a no-poster control group and (2) that all cli-
nicians, regardless of group, would have their baseline and
intervention antibiotic prescribing data analyzed as part of the
study. We observed patients who met the following inclusion
criteria during the study timeframe: (1) they were 18 years or
older, and (2) they experienced a visit encounter with a study
clinician involving an ARI diagnosis for which antibiotics might
or might not have been appropriate (Table 1).7

The study timeframe included a complete 1-year flu cycle.
This included a three-quarter baseline period followed by
poster implementation during peak cold and flu season. Ran-
domization was initiated in February 2012. Using clinic rec-
ords from a 12-month period (September 2010 to August 2011),

Table 1. Study Diagnosis Codes for Antibiotic-Inappropriate and
Antibiotic-Appropriate ARI Diagnosesa

ICD-9 Code Diagnosis
Inappropriateb

460.x Acute nasopharyngitis

465.8 Acute laryngitis without obstruction

465.0 Acute laryngopharyngitis

466.x Acute bronchitis

465.8 Acute upper respiratory tract infections of other multiple
sites

465.9 Acute upper respiratory tract infections not otherwise speci-
fied

490.x Bronchitis not specified as acute or chronic

462.xx Nonstreptococcal pharyngitis

487.1 Influenza with other respiratory manifestations

Appropriatec

786.2 Cough

486 Pneumonia, organism not otherwise specified

461.9 Acute sinusitis not otherwise specified

382.9 Otitis media not otherwise specified

473.9 Chronic sinusitis not otherwise specified

463 Acute tonsillitis

034.0 Streptococcal sore throat

382.01 Acute suppurative otitis media with spontaneous rupture of
eardrum

491.21 Obstructive chronic bronchitis with (acute) exacerbation

382.00 Acute suppurative otitis media without spontaneous rupture
of eardrum

461 Acute sinusitis

491.9 Chronic bronchitis not otherwise specified

472.1 Chronic pharyngitis

381.4 Nonsuppurative otitis media, not specified as acute or
chronic

475 Peritonsillar abscess

382.4 Unspecified suppurative otitis media

Abbreviations: ARI, acute respiratory infection; ICD-9, International
Classification of Diseases, Ninth Revision.
a Classifications of diagnoses as appropriate/inappropriate are based on the

principles of antibiotic use in the treatment of ARIs.
b Diagnoses for which antibiotics are not recommended, used to calculate

inappropriate prescribing rates.
c Diagnoses for which antibiotics are appropriate, or possibly appropriate (as in

cough), used to assess diagnostic shift in coding practices as a result of the
commitment-poster intervention.
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Antibiotics, like penicillin, fight infections due to bacteria … but these 
medicines can cause side effects like skin rashes, diarrhea, or yeast 
infections. If your symptoms are from a virus and not from bacteria, you 
won’t get better with an antibiotic, and you could still get these bad side 
effects.

Antibiotics also make bacteria more resistant to them. This can make 
future infections harder to treat. This means that antibiotics might not 
work when you really need them. Because of this, it is important that 
you only use an antibiotic when it is necessary …

Your health is very important to us. As your doctors, we promise to treat 
your illness in the best way possible. We are also dedicated to avoid 
prescribing antibiotics when they are likely to do more harm than good. 

Copyright 2014 American Medical Association. All rights reserved.

S ystems that depend on trusted professionals typically rely
on rational models of human decision making. In health
care, for example, we assume that the decisions of clini-

cians are based on scientific knowledge about best practices ap-
propriately applied to each individual patient’s needs;we refer
to this as the rational model of clinician decision making.
However, clinician decisions often diverge from the rational
model of decision making, even when practice guidelines ex-
ist and are widely accepted. An alternative model suggests that
clinician decisions are influenced by psychosocial factors such
as perceived demand from patients, desire to conform to be-
havior of peers, concern over the opinion or approval of one’s
associates, and—importantly—the need to act in ways that are
consistent with one’s previous public commitments.1-5 Some of

these factors may contribute to overuse of medical care; oth-
ers may be leveraged to reverse this tendency.

Despite published clinical guidelines for diagnosis6 and
treatment7,8 of acute respiratory infections (ARIs) and de-
cades of admonitions and clinical interventions, inappropri-
ate antibiotic prescribing for ARIs persists.9-11 Each year, adults
in the United States receive 41.2 million antibiotic prescrip-
tions for ARIs at a cost of $1.1 billion.12 Half of these prescrip-
tions are inappropriate, since they are prescribed to treat ARIs
for which there is no evidence of benefit.13 There are multiple
reasons for this inappropriate antibiotic prescribing behav-
ior, including “defensive prescribing,” unawareness of diag-
nostic guidelines (eg, those allowing clinicians to accurately
distinguish between pneumonia and acute bronchitis),8 pa-
tient demand, and workplace culture. None of these com-
mon rationalizations constitutes a valid justification for revis-
ing prevailing prescription guidelines.14-16 Inappropriate
antibiotic prescribing increases costs of care, causes adverse
drug reactions, and, most distressingly, accelerates the evo-
lution of antibiotic-resistant bacteria.17

To encourage more judicious use of antibiotics, we de-
signed an intervention that takes advantage of clinicians’ de-
sire to be consistent with their public commitments. We devel-
oped a simple, low-cost behavioral “nudge”18 in the form of a
public commitment device: a poster-sized letter signed by cli-
nicians and posted in their examination rooms indicating their
commitment to reducing inappropriate antibiotic use for ARIs.

Methods
The randomized trial involved patient and clinician dyads from
5 Los Angeles community clinics. All study procedures were
reviewed and approved by the University of Southern Califor-
nia institutional review board prior to study commence-
ment. Participating clinicians provided informed consent; pa-
tient informed consent was waived. Clinicians were identified
as potential study participants if they met the following eligi-
bility requirements: (1) they were medical professionals li-
censed to prescribe medications (including antibiotics), and
(2) they treated adult patients (age ≥18 years). Eligible clini-
cians were given an overview of the study and offered partici-
pation during a standard monthly clinic meeting. Interested
clinicians were informed (1) that they would be randomly as-
signed to 1 of 2 groups, a signed-commitment-poster inter-
vention group or a no-poster control group and (2) that all cli-
nicians, regardless of group, would have their baseline and
intervention antibiotic prescribing data analyzed as part of the
study. We observed patients who met the following inclusion
criteria during the study timeframe: (1) they were 18 years or
older, and (2) they experienced a visit encounter with a study
clinician involving an ARI diagnosis for which antibiotics might
or might not have been appropriate (Table 1).7

The study timeframe included a complete 1-year flu cycle.
This included a three-quarter baseline period followed by
poster implementation during peak cold and flu season. Ran-
domization was initiated in February 2012. Using clinic rec-
ords from a 12-month period (September 2010 to August 2011),

Table 1. Study Diagnosis Codes for Antibiotic-Inappropriate and
Antibiotic-Appropriate ARI Diagnosesa

ICD-9 Code Diagnosis
Inappropriateb

460.x Acute nasopharyngitis

465.8 Acute laryngitis without obstruction

465.0 Acute laryngopharyngitis

466.x Acute bronchitis

465.8 Acute upper respiratory tract infections of other multiple
sites

465.9 Acute upper respiratory tract infections not otherwise speci-
fied

490.x Bronchitis not specified as acute or chronic

462.xx Nonstreptococcal pharyngitis

487.1 Influenza with other respiratory manifestations

Appropriatec

786.2 Cough

486 Pneumonia, organism not otherwise specified

461.9 Acute sinusitis not otherwise specified

382.9 Otitis media not otherwise specified

473.9 Chronic sinusitis not otherwise specified

463 Acute tonsillitis

034.0 Streptococcal sore throat

382.01 Acute suppurative otitis media with spontaneous rupture of
eardrum

491.21 Obstructive chronic bronchitis with (acute) exacerbation

382.00 Acute suppurative otitis media without spontaneous rupture
of eardrum

461 Acute sinusitis

491.9 Chronic bronchitis not otherwise specified

472.1 Chronic pharyngitis

381.4 Nonsuppurative otitis media, not specified as acute or
chronic

475 Peritonsillar abscess

382.4 Unspecified suppurative otitis media

Abbreviations: ARI, acute respiratory infection; ICD-9, International
Classification of Diseases, Ninth Revision.
a Classifications of diagnoses as appropriate/inappropriate are based on the

principles of antibiotic use in the treatment of ARIs.
b Diagnoses for which antibiotics are not recommended, used to calculate

inappropriate prescribing rates.
c Diagnoses for which antibiotics are appropriate, or possibly appropriate (as in

cough), used to assess diagnostic shift in coding practices as a result of the
commitment-poster intervention.
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Discussion

The most prevalent models for quality improvement have been
audit with feedback and pay for performance, informed by HE-
DIS (Healthcare Effectiveness Data and Information Set) and
other quality measures. Audit with feedback assumes that
knowledge of poor performance either by administrators or cli-
nicians themselves will result in changes to delivery or new
behaviors that improve performance. Pay for performance as-
sumes that incentive payments (or penalties) can be used to
overcome practices that do not improve quality of care, and
changes in measured performance are often the result of cod-
ing practices rather than improved quality.23,24 These models
rely largely on the assumption that clinicians, as rational ac-
tors, respond to incentives or simple feedback that perfor-
mance needs improvement while neglecting psychosocial and
professional factors that may affect clinical decisions. Find-
ings from the present study support an alternative model sug-
gesting that clinicians are influenced by interpersonal factors
within the context of patient care—in particular, a desire to re-
main consistent with a prior public commitment. To our knowl-
edge, the present intervention is the first attempt to apply the
principle of commitment and consistency to the domain of cli-
nician prescribing behavior.

Relative to standard-practice control, we found a signifi-
cant decrease in unnecessary antibiotic prescribing rates for
patients treated by clinicians who signed and posted a letter
in their examination rooms emphasizing a commitment to
avoid inappropriate antibiotic prescribing for ARIs. The pre-
sent study moves beyond other randomized trials that relied
on examination room posters in the absence of intensive edu-
cational interventions. Studies using posters alone to target an-
tibiotic prescribing,25 and colorectal cancer screening have had
weak or negative results.26,27 Furthermore, unlike quality-
improvement inter ventions based on financ ial
incentives,24,28,29 we found no evidence that these improve-
ments were driven by changes in clinician coding practices, and
we observed no tendency for the intervention to decrease pre-
scribing for appropriate conditions over the 12-week expo-
sure period. Furthermore, the intervention had a sustained ef-
fect during each month of the intervention period. Prior
systematic reviews have found that passive methods to im-
prove quality of care were less effective than approaches that
involved active engagement such as educational efforts; but
active engagement is typically expensive and has lower

uptake.30 Our results show that active engagement in the form
of public commitment need not involve extensive demands on
provider time.

The results here are consistent with results in other ap-
plied research areas using public commitments to change be-
havior. Social psychology research suggests that individuals
who make public commitments to specific behaviors are more
likely to follow through with these expressed intentions.2,4,31

For example, in a classic study,8 participants more success-
fully resisted pressure to agree with a group in providing an
incorrect answer to an easy test question if the participants had
publicly provided the correct answer before hearing from the
other group members than if they had not done so. Public com-
mitment has been shown to increase recycling,32-34 heighten
participation in hotel towel reuse programs,35 boost mon-
etary contributions to organizations serving the disabled,36 and
enhance the likelihood of voting in an upcoming election.37 In-
deed, public commitment has been found to be more effec-
tive than education as a tool for prompting greater personal
motivation to perform a behavior.1-3

Two psychological factors seem to drive the effective-
ness of public commitments. First, people place a high value
on consistency and follow through with their public commit-
ments to avoid disapproval by their peers.5 Second, publicly
committing to a behavior prompts people to later justify that
behavior and identify the behavior with their self-image, which
may enhance personal dedication to performing that
behavior.35,38,39

In recent decades, the fields of psychology and behav-
ioral economics have steadily accumulated evidence contra-
dicting the rational model of clinician behavior. In spite of this
evidence, interventions continue to be grounded largely in the
rational model, with most clinical interventions focusing on
education, awareness training, electronic alerts or remind-
ers, and financial incentives. For example, basic alerts and re-
minders assume that the clinician will make optimal choices
if he or she remembers what constitutes optimal behavior at
the time a decision is made. Unfortunately, rationally grounded
interventions have not been particularly effective.40 Thus, in-
vestigation of novel approaches is warranted41 as part of a larger
strategy to better understand and favorably influence clini-
cian behavior.42,43

In an era of shared decision making, health care interven-
tions that engage patients are critical in changing behavior. Pa-
tient responses to the posted commitment letters may also have
played a role in the success of our intervention. Previous stud-

Table 4. Changes in Adjusted Ratesa of Inappropriate Antibiotic Prescribing for ARIs

Characteristic

Poster Condition Control Condition

Baseline Final Measurement Baseline Final Measurement
Inappropriate prescribing rate, % (95% CI) 43.5 (38.5 to 49.0) 33.7 (25.1 to 43.1) 42.8 (38.1 to 48.1) 52.7 (44.2 to 61.9)

Absolute percentage change, baseline to final
measurement (95% CI)

−9.8 (0.0 to −19.3) 9.9 (0.0 to 20.2)

Difference in differences between poster condition
and control (95% CI)

−19.7 (−5.8 to −33.04)b

Abbreviation: ARI, acute respiratory infection.
a Adjusted for demographic characteristics and insurance status.

b P=.02 for the difference.
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S ystems that depend on trusted professionals typically rely
on rational models of human decision making. In health
care, for example, we assume that the decisions of clini-

cians are based on scientific knowledge about best practices ap-
propriately applied to each individual patient’s needs;we refer
to this as the rational model of clinician decision making.
However, clinician decisions often diverge from the rational
model of decision making, even when practice guidelines ex-
ist and are widely accepted. An alternative model suggests that
clinician decisions are influenced by psychosocial factors such
as perceived demand from patients, desire to conform to be-
havior of peers, concern over the opinion or approval of one’s
associates, and—importantly—the need to act in ways that are
consistent with one’s previous public commitments.1-5 Some of

these factors may contribute to overuse of medical care; oth-
ers may be leveraged to reverse this tendency.

Despite published clinical guidelines for diagnosis6 and
treatment7,8 of acute respiratory infections (ARIs) and de-
cades of admonitions and clinical interventions, inappropri-
ate antibiotic prescribing for ARIs persists.9-11 Each year, adults
in the United States receive 41.2 million antibiotic prescrip-
tions for ARIs at a cost of $1.1 billion.12 Half of these prescrip-
tions are inappropriate, since they are prescribed to treat ARIs
for which there is no evidence of benefit.13 There are multiple
reasons for this inappropriate antibiotic prescribing behav-
ior, including “defensive prescribing,” unawareness of diag-
nostic guidelines (eg, those allowing clinicians to accurately
distinguish between pneumonia and acute bronchitis),8 pa-
tient demand, and workplace culture. None of these com-
mon rationalizations constitutes a valid justification for revis-
ing prevailing prescription guidelines.14-16 Inappropriate
antibiotic prescribing increases costs of care, causes adverse
drug reactions, and, most distressingly, accelerates the evo-
lution of antibiotic-resistant bacteria.17

To encourage more judicious use of antibiotics, we de-
signed an intervention that takes advantage of clinicians’ de-
sire to be consistent with their public commitments. We devel-
oped a simple, low-cost behavioral “nudge”18 in the form of a
public commitment device: a poster-sized letter signed by cli-
nicians and posted in their examination rooms indicating their
commitment to reducing inappropriate antibiotic use for ARIs.

Methods
The randomized trial involved patient and clinician dyads from
5 Los Angeles community clinics. All study procedures were
reviewed and approved by the University of Southern Califor-
nia institutional review board prior to study commence-
ment. Participating clinicians provided informed consent; pa-
tient informed consent was waived. Clinicians were identified
as potential study participants if they met the following eligi-
bility requirements: (1) they were medical professionals li-
censed to prescribe medications (including antibiotics), and
(2) they treated adult patients (age ≥18 years). Eligible clini-
cians were given an overview of the study and offered partici-
pation during a standard monthly clinic meeting. Interested
clinicians were informed (1) that they would be randomly as-
signed to 1 of 2 groups, a signed-commitment-poster inter-
vention group or a no-poster control group and (2) that all cli-
nicians, regardless of group, would have their baseline and
intervention antibiotic prescribing data analyzed as part of the
study. We observed patients who met the following inclusion
criteria during the study timeframe: (1) they were 18 years or
older, and (2) they experienced a visit encounter with a study
clinician involving an ARI diagnosis for which antibiotics might
or might not have been appropriate (Table 1).7

The study timeframe included a complete 1-year flu cycle.
This included a three-quarter baseline period followed by
poster implementation during peak cold and flu season. Ran-
domization was initiated in February 2012. Using clinic rec-
ords from a 12-month period (September 2010 to August 2011),

Table 1. Study Diagnosis Codes for Antibiotic-Inappropriate and
Antibiotic-Appropriate ARI Diagnosesa

ICD-9 Code Diagnosis
Inappropriateb

460.x Acute nasopharyngitis

465.8 Acute laryngitis without obstruction

465.0 Acute laryngopharyngitis

466.x Acute bronchitis

465.8 Acute upper respiratory tract infections of other multiple
sites

465.9 Acute upper respiratory tract infections not otherwise speci-
fied

490.x Bronchitis not specified as acute or chronic

462.xx Nonstreptococcal pharyngitis

487.1 Influenza with other respiratory manifestations

Appropriatec

786.2 Cough

486 Pneumonia, organism not otherwise specified

461.9 Acute sinusitis not otherwise specified

382.9 Otitis media not otherwise specified

473.9 Chronic sinusitis not otherwise specified

463 Acute tonsillitis

034.0 Streptococcal sore throat

382.01 Acute suppurative otitis media with spontaneous rupture of
eardrum

491.21 Obstructive chronic bronchitis with (acute) exacerbation

382.00 Acute suppurative otitis media without spontaneous rupture
of eardrum

461 Acute sinusitis

491.9 Chronic bronchitis not otherwise specified

472.1 Chronic pharyngitis

381.4 Nonsuppurative otitis media, not specified as acute or
chronic

475 Peritonsillar abscess

382.4 Unspecified suppurative otitis media

Abbreviations: ARI, acute respiratory infection; ICD-9, International
Classification of Diseases, Ninth Revision.
a Classifications of diagnoses as appropriate/inappropriate are based on the

principles of antibiotic use in the treatment of ARIs.
b Diagnoses for which antibiotics are not recommended, used to calculate

inappropriate prescribing rates.
c Diagnoses for which antibiotics are appropriate, or possibly appropriate (as in

cough), used to assess diagnostic shift in coding practices as a result of the
commitment-poster intervention.
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Suggested alternatives
• antibiotics are generally not indicated for this”

Accountable justification
• free text, or “no justification given”

Peer comparison
• top decile “top performer” or “not top performer” 



INTERVENTION 3: PEER COMPARISON
“You are a Top Performer”

You are in the top 10% of clinicians. You wrote 0 prescriptions out of 
21 acute respiratory infection cases that did not warrant antibiotics.

“You are not a Top Performer”
Your inappropriate antibiotic prescribing rate is 15%. Top performers' 
rate is 0%. You wrote 3 prescriptions out of 20 acute respiratory 
infection cases that did not warrant antibiotics.





SUMMARY 

• antibiotic prescribing in the ambulatory setting is common and has 
only slightly improved in certain areas over time

• many investigators and public health entities have implemented 
promising strategies to improve use, such as education, audit with 
feedback, and decision support

• socio-behavioral approaches, such as improving communication and 
holding clinicians accountable can also be effective



WHAT WE NEED
• Widespread implementation of the approaches we already have
• mechanism for tracking antibiotic use for benchmarking/feedback

• overall antibiotic use; by condition/setting to identify targets
• antibiotic choice (FQ, macrolides, 3rd ceph)

• additional targets:
• duration of Tx (UTI, CAP, AOM)
• hospital discharge (OPAT, oral)
• Emergency Department
• ambulatory surgery



THANK YOU

gerberj@chop.edu


