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IMPORTANCE Interventions based on behavioral science might reduce inappropriate
antibiotic prescribing.
OBJECTIVE To assess effects of behavioral interventions and rates of inappropriate (not

guideline-concordant) antibiotic prescribing during ambulatory visits for acute respiratory
tract infections.
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DESIGN, SETTING, AND PARTICIPANTS Cluster randomized clinical trial conducted among 47
primary care practices in Boston and Los Angeles. Participants were 248 enrolled clinicians
randomized to receive 0, 1, 2, or 3 interventions for 18 months. All clinicians received
education on antibiotic prescribing guidelines on enrollment. Interventions began between
November 1, 2011, and October 1, 2012. Follow-up for the latest-starting sites ended on April 1,
2014. Adult patients with comorbidities and concomitant infections were excluded.
INTERVENTIONS Three behavioral interventions, implemented alone or in combination:

suggested alternatives presented electronic order sets suggesting nonantibiotic treatments;
accountable justification prompted clinicians to enter free-text justifications for prescribing
antibiotics into patients’ electronic health records; peer comparison sent emails to clinicians
that compared their antibiotic prescribing rates with those of “top performers” (those with
the lowest inappropriate prescribing rates).
MAIN OUTCOMES AND MEASURES Antibiotic prescribing rates for visits with
antibiotic-inappropriate diagnoses (nonspecific upper respiratory tract infections, acute
bronchitis, and influenza) from 18 months preintervention to 18 months afterward, adjusting
each intervention’s effects for co-occurring interventions and preintervention trends, with
random effects for practices and clinicians.
RESULTS There were 14 753 visits (mean patient age, 47 years; 69% women) for
antibiotic-inappropriate acute respiratory tract infections during the baseline period and 16 959
visits (mean patient age, 48 years; 67% women) during the intervention period. Mean
antibiotic prescribing rates decreased from 24.1% at intervention start to 13.1% at intervention
month 18 (absolute difference, −11.0%) for control practices; from 22.1% to 6.1% (absolute
difference, −16.0%) for suggested alternatives (difference in differences, −5.0% [95% CI, −7.8%
to 0.1%]; P = .66 for differences in trajectories); from 23.2% to 5.2% (absolute difference,
−18.1%) for accountable justification (difference in differences, −7.0% [95% CI, −9.1% to −2.9%];
P < .001); and from 19.9% to 3.7% (absolute difference, −16.3%) for peer comparison
(difference in differences, −5.2% [95% CI, −6.9% to −1.6%]; P < .001). There were no
statistically significant interactions (neither synergy nor interference) between interventions.
CONCLUSIONS AND RELEVANCE Among primary care practices, the use of accountable
justification and peer comparison as behavioral interventions resulted in lower rates of
inappropriate antibiotic prescribing for acute respiratory tract infections.
TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT01454947
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O

veruse of antibiotics exposes patients to unnecessary risk of adverse drug events, increases health care
costs, and increases the prevalence of antibioticresistant bacteria.1,2 Most antibiotics prescribed in the United
States are for acute respiratory tract infections, and roughly
half of these prescriptions are intended to treat diagnoses for
which antibiotics have no benefit.3,4 Despite published clinical guidelines and decades of efforts to change prescribing patterns, antibiotic overuse persists.1,2,5,6 Interventions such as
physician and patient education, computerized clinical decision support, and financial incentives have historically produced modest reductions in antibiotic prescription rates for
targeted acute respiratory tract infections.7,8
Changing clinician decision making has been challenging
in acute respiratory visits and other care domains. For example, pay-for-performance has yielded mixed results,9,10 and
traditional alerts and reminders, which can contribute to information overload, are often disruptive and ignored.11 Two
recent studies favored an intervention that did not disrupt
workflow and that appealed to clinicians’ pride in their own
performance.12,13 With this in mind, there is increasing interest in use of behavioral science, including psychology and behavioral economics, to affect policy.14 Researchers are beginning to apply models from these disciplines to identify new
social and cognitive devices to gently nudge clinician decision making while preserving freedom of choice.15 Such approaches are well matched to the goal of encouraging uptake
of effective evidence-based treatments in health care, with
appropriate antibiotic prescribing being one example.
We applied insights from behavioral science to design 3 interventions to reduce the rate of unnecessary antibiotic prescribing during ambulatory visits for acute respiratory tract
infections in a multisite cluster randomized trial.

Methods
Study Design
Details of the study design, randomization scheme, and interventions are summarized below and presented in detail in
the original protocol (available in Supplement 1). The institutional review board of each participating institution approved all study procedures and waived informed consent for
patients.

Settings
We recruited 49 primary care practices from 3 health systems
using 3 different electronic health records (EHRs) in 2 geographically distinct regions: Massachusetts (Partners HealthCare: 22 practices affiliated with Brigham and Women’s Hospital or Massachusetts General Hospital) and Southern
California (AltaMed Medical Group, 22 practices; The Children’s Clinic, 5 practices [the latter also sees a high volume of
adult patients]). Participating practices served different patient populations. The majority of patients at the Southern California practices were Hispanic, with a high proportion living
at or below 200% of the federal poverty level, whereas the patients served by the Massachusetts practices were predomijama.com
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nantly white/non-Hispanic, with a wider income range. Race/
ethnicity was assessed as part of the standard collection of
demographic data from EHRs, and harmonized using Observational Medical Outcomes Partnership standards for race/
ethnicity reporting.16
Practices were excluded prior to randomization if none of
their clinicians had at least 5 antibiotic-inappropriate acute respiratory tract infection visits annually. Two of the practices
did not meet inclusion criteria, leaving 47 practices for randomization. All sites required clinicians to prescribe medications through their EHRs.

Enrollment
Clinicians were recruited via email and enrolled through an online education module covering acute respiratory tract infection diagnosis and treatment guidelines, information about the
interventions, and any expected changes to their EHRs
(details in the original protocol, available in Supplement 1); clinicians provided electronic informed consent at module
completion. Some organizations allowed payment to individual clinicians for their participation; others instead requested payment to practices. Payment for study participation was $1200 per clinician, regardless of intervention
assignment or antibiotic prescribing rates.

Outcome Measures
The primary study outcome was the antibiotic prescribing rate
for antibiotic-inappropriate acute respiratory tract infection
visits and no concomitant reason for antibiotic prescribing.
Antibiotic-inappropriate diagnoses included nonspecific upper respiratory tract infections, acute bronchitis, and influenza (International Classification of Diseases, Ninth Revision
[ICD-9] codes 460, 464, 464.0, 464.00, 464.1, 464.10, 464.2,
464.20, 464.4, 464.50, 465, 465.0, 465.8, 465.9, 466, 466.0,
466.1, 466.11, 466.19, 487, 487.1, 487.8, 490). We excluded visits with diagnosis codes for acute pharyngitis or acute rhinosinusitis because guidelines permit antibiotic prescription
when certain criteria are met, and we lacked data necessary
to identify this antibiotic-appropriate subset.17,18
A visit for an antibiotic-inappropriate acute respiratory tract
infection was eligible for outcome inclusion if (1) the patient
was 18 years or older, (2) the clinician and practice were enrolled in the study, (3) the visit occurred during the 18-month
baseline or 18-month intervention period, and (4) the patient
had no visit for acute respiratory tract infection within the prior
30 days. Visits were excluded when patients had medical comorbidities that were acute respiratory tract infection guideline exclusions (eg, chronic lung disease; for full list of excluded diagnoses, see original protocol [Appendix E: Code Set
Definitions] in Supplement 1) or patients had concomitant visit
diagnoses indicating presence of other, potentially antibioticappropriate, infections (eg, cellulitis, acute sinusitis).

Data Abstraction
Each participating site created an extract from its EHR or billing
records of the data elements necessary to compute the outcome
measures for all patients with acute respiratory tract infections.
These records were transferred to the University of Southern Cali(Reprinted) JAMA February 9, 2016 Volume 315, Number 6
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fornia, where study staff checked data quality and transformed
the data into a standard model (Observational Medical Outcomes
Partnership Common Data Model, version 3).16

Interventions
Suggested alternatives was an EHR-based intervention most
closely resembling traditional clinical decision supports and
order sets. Diagnoses of acute respiratory tract infection triggered a pop-up screen stating that “Antibiotics are not generally indicated for [this diagnosis]. Please consider the following prescriptions, treatments, and materials to help your
patient,” followed by a list of alternatives (see original protocol [Appendix F: Example of Suggested Alternatives Order Set]
in Supplement 1), each with streamlined order entry options
for over-the-counter and prescription medications (eg, decongestants) and letter templates excusing patients from work.
The suggested alternatives intervention drew from the behavioral insight that prescribers may infer that a suggested
(nonantibiotic) alternative ought to be considered, thus reducing the likelihood that an antibiotic would be prescribed.19
Accountable justification was also an EHR-based intervention. An EHR prompt asked each clinician seeking to prescribe
an antibiotic to explicitly justify, in a free text response, his or
her treatment decision. The prompt also informed clinicians
that this written justification would be visible in the patient’s
medical record as an “antibiotic justification note” and that if
no justification was entered, the phrase “no justification given”
would appear. Encounters could not be closed without the clinician’s acknowledgment of the prompt, but clinicians could
cancel the antibiotic order to avoid creating a justification note,
if they chose. The accountable justification alert was triggered for both antibiotic-inappropriate diagnoses and potentially antibiotic-appropriate acute respiratory tract infection
diagnoses (eg, acute pharyngitis).
The accountable justification intervention was based on
prior findings that accountability improves decision making
accuracy and that public justification engenders reputational
concerns.20-23 To preserve their reputations, clinicians should
be more likely to act in line with injunctive norms24—that
is, what one “ought to do” as recommended by clinical
guidelines.25
Peer comparison was an email-based intervention. Clinicians were ranked from highest to lowest inappropriate prescribing rate within each region using EHR data. Clinicians with
the lowest inappropriate presc ribing rates (the topperforming decile) were told via monthly email they were “Top
Performers” (see original protocol [Appendix G: Sample Peer
Comparison Email Text] in Supplement 1). The remaining clinicians were told that they were “Not a Top Performer” in an
email that included the number and proportion of antibiotic
prescriptions they wrote for antibiotic-inappropriate acute respiratory tract infections, compared with the proportion written by top performers.
Peer comparison was distinct from traditional audit-andfeedback interventions in its comparison with top-performing
peers instead of average-performing peers and its delivery of
positive reinforcement to top performers—a strategy shown
elsewhere to sustain performance.26-28
564

Intervention Triggers
The suggested alternatives and accountable justification interventions were triggered by clinician entry of antibiotic orders for antibiotic-inappropriate acute respiratory tract infections and those for which antibiotics were potentially (but not
necessarily) appropriate: acute rhinosinusitis and acute pharyngitis. The peer comparison intervention included only antibiotic-inappropriate acute respiratory tract infections. All
3 interventions were suppressed for patients who had comorbidities constituting guideline exclusions.

Randomization
We randomized practices to receive 0, 1, 2, or 3 interventions
in a 2 ×2 × 3 factorial design to avoid within-practice contamination between clinicians, blocking on geographic region (in
part, to balance study allocation by EHR) to achieve balance for
evaluation of main effects.29 This factorial design enabled investigation of potential interactions between intervention effects, while preserving the ability to estimate the main effects
of each intervention individually. Randomization programming
was conducted with the R statistical programming package
(R Foundation for Statistical Computing; https://www
.r-project.org/foundation/).

Implementation
Dates for intervention implementation differed between practice organizations, owing to differences in clinician recruitment procedures and EHR-specific development times for intervention features. Interventions began between November
2011 and October 2012 and lasted for 18 months in each practice. For the latest-starting practices, follow-up ended on April
1, 2014. A study timeline is presented in the eFigure in
Supplement 2.

Statistical Analysis
Our primary analysis was based on the approach of Gerber et
al12: we used a piecewise hierarchical model with a knot at
month 0 (the intervention start date) to model trajectories of
the log odds of the main outcome for the control group and each
intervention group, starting 18 months before each intervention began and ending after 18 months of intervention exposure,
and including random effects for practices and clinicians. The
estimates of interest were intervention × time interaction terms,
which represented changes in prescribing trajectories, relative
to contemporaneous controls, that occurred when each intervention began. This model measured the effects of each intervention in comparison with all practices that did not receive the
intervention, adjusting for exposure to other interventions and
practice- and clinician-level effects to account for time-invariant
characteristics (eg, specific EHR product used). We did not
adjust for patient characteristics, which were measured after
clinicians were exposed to the interventions and could be concomitant with outcome. Instead, we relied on block randomization to equate groups on patient characteristics.
To display findings on the original scale of the data, we generated monthly marginal predictions and confidence intervals from this model corresponding to the control condition
and each intervention individually. Confidence intervals for
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differences between control and intervention (ie, for intervention effects) were bootstrapped with 1000 replications.
We performed sensitivity analyses to test for interactions
between interventions by expanding the main effects model
to include interaction terms for each combination of interventions and comparing this fully interacted model to the original main model using a Wald test.30 We also evaluated interaction terms individually using a similar approach.
With an expected 2252 or more visits per intervention
group, a priori calculations indicated 80% power to detect a
7% absolute reduction in antibiotic prescribing (less than the
8.9% median effect in prior efforts to improve antibiotic quality improvement)8 at the .05 level of significance, assuming a
baseline prescribing rate of 50% and intrapractice correlation
coefficient of 0.05. These expected visit counts and correlation coefficients were based on preintervention analyses, using
data from the Boston and Los Angeles sites.
To investigate the possibility that interventions led to diagnosis shifting (ie, changes in clinicians’ diagnostic coding
habits), we used the approach of our main models to test
whether potentially antibiotic-appropriate acute respiratory
tract infection diagnoses (eg, pneumonia, chronic sinusitis) increased as a proportion of all acute respiratory tract infection
diagnoses.31
In sensitivity analyses, we fit a simple difference-indifferences model estimating changes in the primary outcome associated with each intervention, treating the entire
18-month intervention period as a binary variable, without
accounting for prescribing trajectories.
Elements of our analytic approach (specifically, using an
18-month baseline period and piecewise hierarchical modeling technique in the main analyses, performing the interaction effect sensitivity analysis, and performing the simple difference-in-differences model sensitivity analyses) were
modified from our original analysis plan based on feedback
received during the peer review process.
Under the direction of an independent data and safety
monitoring board, we evaluated patient safety. For antibioticinappropriate visits in which no antibiotic was prescribed, we
assessed return visits within 30 days for the presence of
complications potentially attributable to untreated bacterial
infections (eTable 1 in Supplement 2). We conducted chart reviews on a 20% random sample of such cases to determine
whether prescription of antibiotics at the initial visit would have
prevented the complication.
We performed a complete case analysis. There were no
missing values of the main outcome, and we did not impute
missing covariate values (which were missing in approximately 3% of records). We analyzed data using Stata MP version 12.1 (StataCorp) and considered 2-sided P values less than
.05 significant.

Results
Sample Characteristics
Of 353 clinicians invited, 248 (70%) agreed to participate
(Figure 1). On average, enrolled clinicians were 48 years old,
jama.com
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and most were women (Table 1). Among patients who had a
qualifying visit during the 18-month intervention period, the
mean age was 48 years, 33% were men, 87% were white, 32%
were Hispanic, and 59% had private insurance (patient characteristics during the baseline period are available in eTable 2
in Supplement 2).
During the study, there were 125 333 visits for any diagnosis of acute respiratory tract infection. Of these, 31 712 visits
(14 753 during baseline period, 16 959 during intervention
period) met criteria for outcome evaluation.

Antibiotic Prescribing
Mean antibiotic prescribing rates decreased from 24.1% at intervention start to 13.1% at intervention month 18 (absolute difference, −11.0%) for control practices; from 22.1% to 6.1% (absolute difference, −16.0%) for suggested alternatives (difference
in differences, −5.0% [95% CI, −7.8% to 0.1%]; P = .66 for differences in trajectories); from 23.2% to 5.2% (absolute difference, −18.1%) for accountable justification (difference in differences, −7.0% [95% CI, 9.1% to −2.9%]; P < .001); and from
19.9% to 3.7% (absolute difference, −16.3%) for peer comparison (difference in differences, −5.2% [95% CI, −6.9% to −1.6%];
P < .001) (Figure 2; full regression results available in eTable
3 in Supplement 2).
There were no statistically significant interactions between interventions, and the fully interacted model failed to
improve goodness-of-fit over the main effects model (eTable
4A and 4B in Supplement 2). The results of sensitivity analyses treating the entire 18-month baseline and intervention periods as dummy variables (eTable 5 in Supplement 2) were similar to the main analysis (Figure 2; eTable 3 in Supplement 2).
Unadjusted qualifying visit counts and prescribing rates before and during the intervention for each study group are available in Table 2.

Diagnosis Shifting
Relative to control, none of the interventions was statistically
significantly associated with changes over time in the proportion of antibiotic-appropriate acute respiratory tract infection
diagnoses among visits for any acute respiratory tract infection diagnosis (ie, there was no evidence of diagnosis shifting;
full regression results available in eTable 6 in Supplement 2).

Safety
The rate of return visits for possible bacterial infections within
30 days following visits for acute respiratory tract infection
(both antibiotic-inappropriate and potentially antibioticappropriate) in which antibiotics were not prescribed was
0.43% (95% CI, 0.25% to 0.70%) among control practices. There
was a statistically significantly higher rate of such return visits in the accountable justification plus peer comparison group
(1.41% [95% CI, 1.06% to 1.85%]) (eTable 7 in Supplement 2).
No other intervention group (including the group applying all
3 interventions simultaneously) had a statistically significantly higher rate of such return visits.
Among return visits, study physicians and an independent data safety and monitoring board reviewed a random
sample of 33 cases across all study groups. For 12 cases, it
(Reprinted) JAMA February 9, 2016 Volume 315, Number 6
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Figure 1. Flow of Participants in a Trial of Antibiotic Prescribing
49 Primary care practices assessed
for eligibility (355 clinicians)
27 Los Angeles region
22 Boston region
2 Practices excluded (not enough
qualifying visits; 2 clinicians)

47 Practices randomized

(continued below)

6 Practices randomized to receive
control
6 Practices received intervention
as randomized

6 Practices randomized to receive
suggested alternatives
6 Practices received intervention
as randomized

7 Practices randomized to receive
accountable justification
7 Practices received intervention
as randomized

4 Practices randomized to receive
peer comparison
4 Practices received intervention
as randomized

45 Clinicians approached
27 Clinicians enrolled (mean number
of clinicians per practice, 4.5 [SD,
3.01]; median, 4 [range, 1-10])

55 Clinicians approached
42 Clinicians enrolled (mean number
of clinicians per practice, 7 [SD,
3.09]; median, 6.5 [range, 4-12])

46 Clinicians approached
35 Clinicians enrolled (mean number
of clinicians per practice, 5 [SD,
6.45]; median, 3 [range, 1-19])

24 Clinicians approached
20 Clinicians enrolled (mean number
of clinicians per practice, 5 [SD,
2.16]; median, 5.5 [range, 2-7])

3 Clinicians excluded (lost to
follow-up)

4 Clinicians excluded (lost to
follow-up)

3 Clinicians excluded (lost to
follow-up)

1 Clinician excluded (lost to
follow up)

6 Practices included in primary
analysis (27 clinicians)
2095 Visits with antibiotic-inappropriate
diagnoses (mean No. of visits per
clinician, 77.6; median, 71
[range, 1-209])

6 Practices included in primary
analysis (41 clinicians)
2388 Visits with antibiotic-inappropriate
diagnoses (mean No. of visits per
clinician, 58.2; median, 41
[range, 1-234])

7 Practices included in primary
analysis (35 clinicians)
1979 Visits with antibiotic-inappropriate
diagnoses (mean No. of visits per
clinician, 56.5; median, 25
[range, 5-189])

4 Practices included in primary
analysis (20 clinicians)
1620 Visits with antibiotic-inappropriate
diagnoses (mean No. of visits per
clinician, 81; median, 83
[range, 4-214])

47 Practices randomized
(continued)
6 Practices randomized to receive
suggested alternatives +
accountable justification
6 Practices received intervention
as randomized

6 Practices randomized to receive
suggested alternatives + peer
comparison
6 Practices received intervention
as randomized

6 Practices randomized to receive
suggested alternatives + accountable
justification + peer comparison
6 Practices received intervention
as randomized

45 Clinicians approached
34 Clinicians enrolled (mean number
of clinicians per practice, 5.6
[SD, 3.98]; median, 5.5
[range, 1-11])

57 Clinicians approached
35 Clinicians enrolled (mean number
of clinicians per practice, 5.8
[SD, 8.23]; median, 2 [range, 1-22])

38 Clinicians approached
27 Clinicians enrolled (mean number
of clinicians per practice, 4.5
[SD, 1.64]; median, 5 [range, 2-6])

1 Clinician excluded (lost to
follow-up)

3 Clinicians excluded (lost to
follow-up)

1 Clinician excluded (lost to
follow-up)

5 Clinicians excluded
3 Lost to follow-up
2 Withdrew

6 Practices included in primary
analysis (34 clinicians)
2131 Visits with antibiotic-inappropriate
diagnoses (mean No. of visits per
clinician, 62.6; median, 39
[range, 2-284])

6 Practices included in primary
analysis (35 clinicians)
2014 Visits with antibiotic-inappropriate
diagnoses (mean No. of visits per
clinician, 57.5; median, 37
[range, 6-233])

6 Practices included in primary
analysis (25 clinicians)
2240 Visits with antibiotic-inappropriate
diagnoses (mean No. of visits per
clinician, 89.6; median, 76
[range, 1-269])

6 Practices included in primary
analysis (26 clinicians)
2492 Visits with antibiotic-inappropriate
diagnoses (mean No. of visits per
clinician, 95.8; median, 75.5
[range, 1-298])

was unlikely that an antibiotic would have been helpful if
prescribed at the index visit (eg, “cold symptoms” with clear
chest and no fever at return visit); for 8 cases, there was
uncertainty (eg, patient returned with a diagnosis of pneumonia, but no chest radiograph was obtained at the index or
return visit); and for 13 cases, antibiotics might have been
helpful (eg, a patient with influenza diagnosis at initial visit
was hospitalized for pneumonia 1 week later; return-visit
diagnoses associated with these 13 cases are available in
eTable 8 in Supplement 2).
566

6 Practices randomized to receive
accountable justification + peer
comparison
6 Practices received intervention
as randomized

43 Clinicians approached
28 Clinicians enrolled (mean number
of clinicians per practice, 4.6
[SD, 4.36]; median, 2.5
[range, 1-12])

Discussion
We designed, implemented, and evaluated 3 behavioral interventions to curtail overuse of antibiotics for acute respiratory
tract infections. We found that 2 socially motivated interventions—accountable justification and peer comparison—
resulted in statistically significant reductions in inappropriate antibiotic prescribing, while suggested alternatives, which
lacked a social component, had no statistically significant
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Table 1. Sample Characteristics During the 18-Month Intervention Period

No. of practices

Overall
47

Suggested
Alternatives
6

Accountable
Justification
7

Peer
Comparison
4

Suggested
Alternatives
+ Accountable
Justification
6

Suggested
Alternatives
+ Peer
Comparison
6

Accountable
Justification
+ Peer
Comparison
6

Suggested
Alternatives
+ Accountable
Justification
+ Peer
Comparison
6

27 (11)

42 (17)

35 (14)

20 (8)

34 (14)

35 (14)

27 (11)

28 (11)

47 (12)

49 (10)

49 (9)

46 (9)

48 (9)

51 (11)

48 (10)

46 (9)

Control
6

Clinician Characteristics
No. of clinicians,
No. (%)
Age,
mean (SD), y
Men, No. (%)
Time since first
licensure,
mean (SD), y
Time since first
licensure,
median (IQR), y
Clinician type,
No. (%)
Internal
Medicine
Family
Medicine
Other PCP

248
48 (10)
91 (37)

14 (52)

12 (29)

13 (37)

20 (10)

21 (11)

21 (10)

21 (10)

18
(12.5-27)

16
(13-30)

20.5
(14-29)

21
(14-28)

8 (40)
18 (7)

17.5
(12-24)

10 (29)

10 (29)

12 (44)

12 (46)

20 (9)

20 (11)

19 (11)

19 (10)

17
(12-26)

18
(12-29)

16
(12-31)

18.5
(13-27)

150 (60)

17 (62)

24 (57)

27 (77)

10 (50)

21 (62)

25 (71)

13 (48)

13 (50)

32 (13)

3 (11)

5 (12)

1 (3)

6 (30)

5 (15)

2 (6)

6 (22)

4 (15)

16 (6)

2 (7)

5 (12)

1 (3)

0

1 (3)

0

4 (15)

3 (12)

48 (19)

5 (19)

8 (19)

6 (17)

4 (20)

7 (20)

8 (23)

4 (15)

6 (23)

0.66
(0.32)
0.67
(0.41-0.97)

0.80
(0.24)
0.84
(0.68-1.0)

0.64
(0.38)
0.69
(0.29-1.0)

171 (69)

18 (67)

27 (64)

29 (83)

Southern
77 (31)
California
Patient Characteristics

9 (33)

15 (36)

6 (17)

48 (17)

49 (15)

48 (17)

5567 (33)

727 (35)

675 (28)

Physician
assistant or
nurse
practitioner
Per-clinician
FTE during
intervention
Mean (SD)a
Median (IQR)
No. of clinicians
by region,
No. (%)
Massachusetts

Age,
mean (SD), y
Men, No. (%)

0.62
(0.30)
0.58
(0.42-0.84)

0.80
(0.19)
0.80
(0.67-1.0)

0.66
(0.29)
0.68
(0.49-0.87)

0.50
(0.27)
0.50
(0.32-0.59)

0.79
(0.24)
0.85
(0.56-1.0)

0.54
(0.38)
0.50
(0.18-0.90)

12 (60)

27 (79)

31 (89)

13 (48)

14 (50)

8 (40)

7 (21)

4 (11)

14 (52)

14 (50)

53 (17)

47 (16)

50 (17)

48 (17)

49 (17)

43 (17)

830 (42)

511 (32)

617 (29)

631 (31)

753 (34)

823 (33)

Race, No. (%)b
White
Black
Asian
Other
race/unknown
Hispanic or
Latino
ethnicity
Insurance type,
No. (%)b
Medicare
State or county
subsidizedc
Private

14 415
(87)
834 (5)

1770
(88)
78 (4)

1990
(86)
118 (5)

1759
(90)
96 (5)

1347
(85)
100 (6)

1796
(85)
117 (6)

1740
(86)
158 (8)

1995
(91)
49 (2)

2018
(84)
118 (5)

767 (5)

74 (4)

83 (4)

50 (3)

97 (6)

145 (7)

56 (3)

87 (4)

175 (7)

516 (3)

94 (4)

109 (5)

48 (2)

39 (3)

47 (2)

56 (3)

49 (3)

83 (4)

5383 (32)

738 (35)

721 (30)

502 (25)

418 (26)

408 (19)

817 (41)

850 (38)

929 (37)

2340 (14)

255 (13)

336 (15)

377 (19)

187 (12)

358 (17)

250 (13)

334 (16)

243 (10)

3894 (24)

543 (27)

518 (24)

211 (11)

283 (18)

455 (22)

542 (27)

691 (32)

651 (27)

9737 (59)

1207 (60)

1285 (59)

1276 (65)

1036 (68)

1245 (59)

1147 (57)

1092 (51)

1449 (59)

22 (1)

34 (2)

99 (5)

27 (2)

50 (2)

58 (3)

30 (1)

94 (4)

Self-pay
414 (3)
or other
No. of qualifying 16 959
visits

2095

2388

1979

1620

2131

2014

2240

2492

Abbreviations: FTE, full-time equivalent; IQR, interquartile range; PCP, primary
care practice.

b

Cell counts may not sum to total because of missing values. Covariates were
missing in approximately 3% of observations.

a

c

Includes Medicaid and other public payers.

Intervention full-time equivalent was calculated using number of hours in
clinic per week during the 18-month intervention period.
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Figure 2. Adjusted Rates of Antibiotic Prescribing at Primary Care Office Visits for Antibiotic-Inappropriate Acute Respiratory Tract Infections Over Time
A Accountable justification
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Accountable justification

50
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Prescribing rates for each intervention are marginal predictions from hierarchical regression models of intervention effects, adjusted for concurrent exposure to
other interventions and clinician and practice random effects. Error bars indicate 95% CIs. Model coefficients are available in eTable 3 in Supplement 2.

Table 2. Unadjusted Visit Counts and Antibiotic Prescribing Rates for Antibiotic-Inappropriate Acute Respiratory Tract Infections
During the Baseline and Intervention Periods, by Study Group

Suggested
Alternatives
+ Peer
Comparison

Accountable
Justification
+ Peer
Comparison

Suggested
Alternatives
+ Accountable
Justification
+ Peer
Comparison

Suggested
Alternatives

Accountable
Justification

Peer
Comparison

Suggested
Alternatives
+ Accountable
Justification

1866
Visits for
antibioticinappropriate acute
respiratory tract
infections, No.

2132

1491

1236

1977

1511

2362

2178

692

1057

497

433

702

368

782

558

Control
Baseline Period

Inappropriate
antibiotic
prescriptions, No.
Rate of
inappropriate
antibiotic
prescribing, %
(95% CI)a

37.1
(34.9-39.3)

49.6
(47.5-51.7)

33.3
(30.9-37.7)

35.0
(32.4-37.7)

35.5
(33.4-37.6)

24.4
(22.2-26.5)

33.1
(31.2-35.0)

25.6
(23.8-37.5)

2095
Visits for
antibioticinappropriate acute
respiratory tract
infections, No.

2388

1979

1620

2131

2014

2240

2492

502

722

324

311

341

139

340

249

Intervention Period

Inappropriate
antibiotic
prescriptions, No
Rate of
inappropriate
antibiotic
prescribing, %
(95% CI)
a

24.0
(22.1-25.8)

30.2
(28.4-32.1)

16.4
(14.7-18.0)

19.2
(17.3-21.1)

6.9
(5.8-8.0)

15.2
(13.7-16.7)

10.0
(8.8-11.2)

Confidence intervals are exact 95% CIs based on the cumulative density function of the binomial distribution.

effect. There were no statistically significant interactions between interventions; therefore, applying these interventions
simultaneously might have additive effects on antibiotic
prescribing.
The intervention effects that we observed represent reductions in inappropriate prescribing beyond those attributable to an educational module or observation alone (the Hawthorne effect), which were both applied in the control
condition. We believe these effect sizes (5.2 to 7.0 percentage
points) are clinically significant, especially when measured
against control clinicians who were motivated to join a trial,
568

16.0
(14.5-17.6)

knew they were being monitored, and who had relatively low
antibiotic prescribing rates at baseline.32-34
Insights from behavioral science may have enhanced the
effectiveness of interventions. Our peer comparison intervention performed favorably in comparison with traditional
audit-and-feedback.35 Previous studies have shown modest
effects36 or null effects37 when justification interventions
lacked public accountability (ie, lacked mechanisms to publicly display clinicians’ written justifications). In contrast, our
justification intervention included such a mechanism: the
“antibiotic justification note.”
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All 3 interventions involved modest changes to the practice
environment (ie, “nudges”); none restricted clinicians’ choice
of treatment or changed how clinicians were paid. For some primary care practices, the peer comparison intervention might
be the simplest and most pragmatic of these interventions, since
it requires no modification of the EHR. However, the peer comparison intervention depends on producing valid performance
measures, which can be challenging when data are unavailable
or individual-clinician sample sizes are small. The accountable
justification intervention, although it requires EHR modification, does not have these drawbacks and can, in theory, be applied to any clinical decision (since clinicians should always be
able to articulate a decision-making rationale).
There was little evidence of potential harm associated with
any of the 3 interventions. Although the study group applying
both the accountable justification and peer comparison interventions had a modestly higher rate of return visits for diagnoses of concern (approximately 1.4% of visits, compared with
0.4% in the control group), no other intervention group (including the group applying all 3 interventions simultaneously)
was associated with higher rates of such return visits. We did
not assess potential harms associated with prescribing antibiotics unnecessarily; such harms are most likely when inappropriate prescribing rates are highest (ie, when no intervention is
applied). However, as with other efforts to change clinical practice, continual monitoring of patient outcomes is advisable.
Our study has limitations. First, the number of clinicians
within each cluster was small. Although a high proportion of
invited clinicians chose to participate, some did not, which may
limit generalizability. Similarly, trial findings might not generalize to primary care practices dissimilar to those enrolled.
Second, results are dependent on EHR and billing data, which
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are imperfect for performance measurement—although in the
present context they have demonstrated validity.38
Third, logistic and other nonlinear regression methods may
lead to effect sizes biased toward the null in randomized studies when important covariates are omitted.39,40 Fourth, although
interactions were not significant, combining nudges in some
cases could have attenuated the effects we observed (eg, if prescribing rates hit a “floor”). Therefore, our results might underestimate the independent effects of each individual intervention.
Fifth, our safety analyses were limited to return visits to
the clinical organizations studied (possibly underestimating
intervention risks) and did not investigate harms caused by unnecessary antibiotics (possibly underestimating risks of not
applying the interventions). Sixth, we did not distinguish
between narrower- and broader-spectrum antibiotics.
Seventh, we did not measure heterogeneity of intervention effects by type of practice, clinician, or EHR product.
Eighth, we could not directly measure differences in clinicians’ coding habits between types of practice settings. Ninth,
persistence of effects is unknown. Last, elements of our analytic approach were determined post hoc, based on guidance
during the peer review process. Effect estimates from these
post hoc analyses had the same direction and statistical
significance as our prespecified analyses.

Conclusions
Among primary care practices, the use of accountable justification and peer comparison as behavioral interventions resulted in lower rates of inappropriate antibiotic prescribing for
acute respiratory tract infections.
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