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Effects of Behavioral Interventions on Inappropriate
Antibiotic Prescribing in Primary Care 12 Months
After Stopping Interventions
Inappropriate antibiotic prescribing contributes to anti-
biotic resistance and leads to adverse events.1 A cluster-
randomized trial of 3 behavioral interventions2 intended to
reduce inappropriate prescribing found that 2 of the 3 inter-
ventions were effective.3 This study examines the persis-
tence of effects 12 months after stopping the interventions.

Methods | We randomized 47 primary care practices in
Boston, Massachusetts, and Los Angeles, California, and
enrolled 248 clinicians to receive 0, 1, 2, or 3 interventions for
18 months. All clinicians received education on antibiotic
prescribing guidelines. Two behavioral interventions were
electronic health record (EHR)–based: (1) suggested alterna-
tives presented order sets that offered nonantibiotic treat-
ments when clinicians attempted to prescribe antibiotics for
acute respiratory infections (ARIs) and (2) accountable justifi-
cation prompted clinicians to enter free-text written justifica-
tions for prescribing antibiotics for ARIs. The third behavioral
intervention, peer comparison, sent monthly emails to clini-
cians comparing their inappropriate antibiotic prescribing
rates for ARIs to clinicians with the lowest rates.3

Interventions began between November 1, 2011, and
October 1, 2012. Measurements of baseline antibiotic pre-
scribing began 18 months before the start of the intervention
and ended 18 months after intervention stopped. The pri-
mary outcome was the rate of inappropriate antibiotic pre-
scribing among office visits by adult patients for nonspecific
upper respiratory tract infections, acute bronchitis, and
influenza.2 In the study, accountable justification and peer
comparison significantly reduced inappropriate antibiotic
prescribing at the end of the intervention period.3 As a pre-
specified secondary objective, data were collected for 12
months postintervention, ending on April 1, 2015. During the
postintervention period, 5 clinicians left the study and were
excluded from this analysis.

The analysis was a piecewise logistic hierarchical model,
with random effects for practices and clinicians and knots de-
marcating the intervention start and stop dates for each prac-
tice. This model measured the persistence of effects of each
intervention during the postintervention period compared with
practices that did not receive the intervention, adjusting for
exposure to other interventions and practice-level and clini-
cian-level effects. We used Stata (StataCorp), version 14.0, and
considered 2-tailed P values less than .05 significant, unless
otherwise specified. The institutional review board of each par-
ticipating institution approved the study and waived patient
informed consent.

Results | There were 14 753 visits for antibiotic-inappropriate
ARIs during the baseline period, 16 959 during the interven-
tion period, and 7489 during the postintervention period.
During the postintervention period, the rate of inappropriate
antibiotic prescribing decreased in control clinics from
14.2% to 11.8% (absolute difference, −2.4%); increased from
7.4% to 8.8% (absolute difference, 1.4%) for suggested alter-
natives (difference-in-differences, 3.8% [95% CI, −10.3%
to 17.9%]; P = .55); increased from 6.1% to 10.2% (absolute dif-
ference, 4.1%) for accountable justification (difference-
in-differences, 6.5 [95% CI, 4.2% to 8.8%]; P < .001); and in-
creased from 4.8% to 6.3% (absolute difference, 1.5%) for peer
comparison (difference-in-differences, 3.9% [95% CI, 1.1% to
6.7%]; P < .005) (Figure). During the postintervention pe-
riod, peer comparison remained lower than control (P < .001;
1-tailed test), whereas accountable justification was not dif-
ferent from control (P = .99; 1-tailed test).

Discussion | In the 12 months after removing behavioral inter-
ventions, inappropriate antibiotic prescribing for ARIs
increased relative to control practices—whose inappropriate
prescribing rates continued to decrease. However, there was
still a statistically significant difference between peer com-
parison and control practices 12 months after the interven-
tions were removed, possibly because this intervention
did not rely on EHR prompts whose absence might have been
quickly noted by clinicians. Peer comparison might also
have led clinicians to make judicious prescribing part
of their professional self-image. Although these findings dif-
fer from a prior antibiotic-prescribing feedback intervention
that did not have persistent effects,4 peer comparison–
induced improvements have been durable in other nonmedi-
cal domains.5

Limitations of this study are that it only included volun-
teering clinicians from selected practices, and the postinter-
vention follow-up was only 12 months. Persistence of effects
might diminish further as more time passes.

These findings suggest that institutions exploring behav-
ioral interventions to influence clinician decision making
should consider applying them long-term.
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COMMENT & RESPONSE

Elevated Brain Amyloid in Cognitively Normal
Individuals
To the Editor Dr Donohue and colleagues1 found that elevated
brain amyloid levels in cognitively normal individuals, com-
pared with normal brain amyloid levels, were associated with
a higher likelihood of cognitive decline. However, we have
some concerns about the strength of their conclusions based
on the cerebrospinal fluid (CSF) biomarkers analyzed, differ-
ent ratios for the methods of amyloid measurement in each
group, and unclear details of surgical operations.

Figure. Adjusted Rates of Antibiotic Prescribing for Antibiotic-
Inappropriate Acute Respiratory Tract Infection Visits by Intervention

50

40

30

20

10

0
900

Ad
ju

st
ed

 In
ap

pr
op

ria
te

 P
re

sc
rib

in
g 

Ra
te

, %

Days Relative to Intervention Start

Accountable justificationA

Intervention period

Intervention period

Intervention period

100–100–200–300–400–500–600 200 300 400 700600 8000 500

100–100–200–300–400–500–600 200 300 400 700600 8000 500

100–100–200–300–400–500–600 200 300 400 700600 8000 500

Control

Accountable justification

50

40

30

20

10

0
900

Ad
ju

st
ed

 In
ap

pr
op

ria
te

 P
re

sc
rib

in
g 

Ra
te

, %

Days Relative to Intervention Start

Peer comparisonB

Control

Peer comparison

50

40

30

20

10

0
900

Ad
ju

st
ed

 In
ap

pr
op

ria
te

 P
re

sc
rib

in
g 

Ra
te

, %

Days Relative to Intervention Start

Suggested alternativesC

Control

Suggested alternatives

Antibiotic prescribing rates at primary care office visits over time
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. Interventions started at day 0 and ended at day 540.
The plot in Panel A differs slightly during the intervention period from
Panel 2 of the study by Meeker et al3 due to attrition of 5 clinicians, who were
not included in this analysis.
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