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Abstract

The objective was to evaluate the effect of separate interventions on antimicrobial prescribing for uncom-
plicated upper respiratory tract infections. The authors conducted a quasi-experimental pre-post study with
concurrent control groups for each intervention. Academic detailing led to a significant reduction in unnecessary
antibiotic prescribing. However, there was no significant change in antibiotic prescribing in response to edu-
cational mailings to providers or to provider involvement in patient mailings. Organizations that seek to reduce
inappropriate use of antibiotics should use proven approaches, even when they are more expensive. (Population
Health Management 2013;16:22–27)

Introduction

Acute bronchitis and other typically viral upper re-
spiratory tract infections are among the most common

diagnoses in ambulatory adult primary care medical prac-
tice.1 Although there may be a benefit to using antimicrobials
in selected acute bronchitis patients with chronic obstructive
pulmonary disease and asthma,2,3 systematic reviews have
concluded that current evidence supports the existence of
no, or at best limited, clinical benefit of antimicrobials in
otherwise healthy patients.4

Antimicrobial use and overuse results in adverse drug
reactions,5,6 unnecessary drug expenditures,7,8 and contrib-
utes to the development of antimicrobial drug resistance and
risk of antimicrobial-resistant infections.9–11 Of special rele-
vance to outpatients is the rise in penicillin-resistant Strep-
tococcus pneumoniae and the association of prior antimicrobial
use with infections with this pathogen.12 Given these con-
cerns, practice guidelines and editorials recommend against
prescribing antimicrobials for nonspecific respiratory tract
infections such as acute bronchitis.13,14 Although antibiotic
prescribing for acute bronchitis in adults has declined
somewhat in the previous decade, the prevalence of pre-
scribing remains over 50%, and the use of broad-spectrum
antimicrobials actually has increased.15

Few studies have demonstrated the effectiveness of pro-
grams to reduce the use of antimicrobials for acute bronchitis
or other upper respiratory infections. The most successful
intervention has been multidimensional and included a pa-
tient mailing, in-office patient educational materials, the use
of provider opinion leaders, and provider education.16 This
is in keeping with theories of human behavior such as the
PRECEDE model, which suggest that such multidimensional
interventions are most likely to be successful.17 However,
such approaches are prohibitively expensive in many set-
tings, and it is not known which elements of the multidi-
mensional intervention are most important and which may
be unnecessary.

In late 1999, prompted by the results of national data,5 the
investigators performed an internal audit of antimicrobial
use practices at the Clinical Practices of the University of
Pennsylvania (CPUP), and subsequently launched a reme-
diation program as a quality improvement effort. Their ob-
jective was to evaluate the impact of 2 separate interventions
on the prevalence of antimicrobial prescribing for upper
respiratory tract infection: (1) intensive academic detailing
of providers with high rates of antibiotic prescribing, and
(2) provider involvement in patient educational mailings
regarding the inappropriate use of antibiotics for upper
respiratory tract infections.
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Methods

Academic detailing study

Overview. The authors implemented a pre-post study
with an untreated comparison group in the form of a re-
peated cross-sectional design to evaluate the combination of
an academic detailing intervention with patient and provider
education materials. The study was set in the Clinical Care
Associates (CCA) and the CPUP. The CPUP practice pro-
viders are faculty at the University of Pennsylvania; CCA
practices include nonfaculty providers who are affiliated
with the University.

Provider subjects for an intensive intervention group and
a mild intervention group were selected from the CPUP
providers. The 7 CPUP providers with the highest preva-
lence of antibiotic prescribing for acute bronchitis in 1998
were selected for the intensive intervention group. The 7
CPUP providers with the next highest rate of antibiotic
prescribing for acute bronchitis were selected for the mild
intervention group. A no intervention group of 14 providers
were selected from the CCA practices. Although the initial
evaluation and intervention did not include the CCA prac-
tices, the authors selected 14 CCA providers based on the
number of acute bronchitis visits in 1998, matching each one
to the 14 total selected CPUP providers.

Patients of study providers were identified using health
system electronic records. For each provider, the authors
identified 15 patients with a visit for upper respiratory
infection in 1998 (the baseline year) and 15 in 2000 (the
year following the intervention). Individual patients were
included only once. The inclusion diagnoses were: acute
bronchitis (International Classification of Diseases, Ninth Revi-
sion, Clinical Modification [ICD-9-CM] code 466.0); bronchitis,
not otherwise specified (ICD-9-CM code 490); cough (ICD-9-
CM code 786.2); acute pharyngitis (ICD-9-CM code 462); and
acute upper respiratory infection, not otherwise specified
(ICD-9-CM code 465.9).

A diagnosis of chronic bronchitis (ICD-9-CM code 491.*)
or emphysema (ICD-9-CM codes 492.*, 518.1, 518.2) at any
time in the patient’s recorded history served as an exclusion
criterion, as did any of the study diagnoses within 60 days
prior to the index visit, to avoid visits associated with pri-
mary treatment failure. In addition, a diagnosis of acute or
chronic sinusitis (ICD-9-CM codes 461.*, 473.*) or pneumonia
(ICD-9-CM codes 481.*, 482.*, 483.*, 484.*, 485.*, 486.*) within
60 days prior to the index visit also served as an exclusion
criterion.

Intervention. The intensive intervention group received
academic detailing. A pharmacist and an opinion leader in
antibiotic use (director of the hospital Antimicrobial
Stewardship Program) together met with each intensive in-
tervention provider (6 in person, 1 by telephone). During
these interventions, published literature and the provider-
specific evaluation results were presented. The providers
were provided with 2 sets of patient-oriented printed edu-
cational materials. The first was a ‘‘prescription pad,’’ de-
veloped by the Centers for Disease Control and Prevention,
which contains space for the provider to indicate symp-
tomatic treatment modalities. The second consisted of pads
of patient information sheets explaining the need to refrain
from antibiotic use in the setting of acute bronchitis; the

patient information sheets were adapted from material used
in a previous study.16 The educational materials used for the
intensive intervention group were mailed to all CPUP pro-
viders in the mild intervention group in October of 1999.

Outcome. The study outcome was the proportion of
visits for acute bronchitis or upper respiratory infection for
which there was prescription of at least 1 antibacterial anti-
biotic either during an office visit or during a telephone
consultation for which the visit was a follow-up. A clinical
research pharmacist abstracted data from medical records at
each practice site using a structured form.

Statistical analysis. First, the prevalence of antibiotic
prescribing by each provider intervention group at each time
point (pre vs. post) was described. The authors then sought
to estimate the differences in the impact of the intervention
using observations made at 2 points in time (ie, does each
intervention lead to a greater reduction in antibiotic pre-
scribing than a comparator group?). To estimate this effect, a
generalized linear model was used with time and interven-
tion groups as main effects, and a time-by-intervention in-
teraction term. The regression model was fit using robust
estimation methods that account for correlation among
providers.9

Patient mailing intervention study

Overview. The authors implemented a repeated cross-
sectional design with an untreated control group to evaluate
the effect of a provider-approved patient educational mailing
on the prevalence of antimicrobial prescribing by providers.
The design repeated observations at the physician level but
was cross-sectional in that at each time period the patients,
who served as the units of analysis, differed.

Twenty CPUP providers were selected to be the inter-
vention group: providers in practice during all of 2000–2003
(the study period) who had the highest number of visits for
the inclusion diagnoses. These physicians also were required
to be in a practice subgroup that used the health system’s
ambulatory electronic medical record system (EpicCare; Epic
Systems Corporation, Verona, WI). The 7 providers who
received academic detailing in the prior study were ex-
cluded. The 20 CCA providers with the highest number of
inclusion diagnosis visits during the study period were se-
lected for the control group. If there were not 20 providers
available within CPUP or CCA who had been in the practice
during the entire study period, other providers (and their
patients) were included if they had data from at least 1
preintervention and 1 intervention observation period.

For each of these providers, the authors identified 15
patients—or as many as available if fewer than 15—with a
visit for an upper respiratory infection excluding the period
when the interventions took place (September to January)
from 2000 through 2003. Thus, for each provider, they se-
lected 15 patients for each from February 1, 2001 to August
31, 2001 and from February 1, 2000 to August 31, 2000 (the
preintervention periods), and patients for each during each
of the 2 post-intervention periods: from February 1, 2002 to
August 31, 2002, and from February 1, 2003 to August 31,
2003. Inclusion and exclusion ICD-9-CM diagnoses were the
same as described for the academic detailing study. Patients
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may have been selected for more than 1 point in time during
the study, but were excluded if their selected visits included
providers in both the intervention and control groups. An
additional eligible patient replaced each patient who was
excluded. If there were more than 15 eligible patient visits for
a provider during one of the sampling periods, then 15
patients were randomly selected from the identified eligible
patients for that provider and period.

Interventions. Between September 1, 2001 and January 1,
2002, an educational brochure, titled ‘‘Head & Chest Colds,’’
as well as an explanatory letter signed by the patient’s pro-
vider was mailed to patients who received an upper respi-
ratory infection diagnosis during a provider visit to a CPUP
practice in the prior 2 years. A second mailing was sent be-
tween September 1, 2002 and January 1, 2003 to patients who
had one of these diagnoses in the prior year. The second
mailing only included patients with eligible visits to a pro-
vider in CPUP who was using the health system’s ambula-
tory electronic medical record. For all mailings, the provider
was given the option of selecting some or all patients in their
practice who should not receive these materials. If the pro-
vider preferred, the director of the Antimicrobial Steward-
ship Program signed the letter instead of the patient’s
provider. In addition, intervention group providers had
previously received 2 sets of patient-oriented printed edu-
cational materials (as described in the academic detailing
study).

Outcome. The outcome was the proportion of visits
for acute bronchitis or upper respiratory infection with
prescription of an antibiotic. Among visits with antibiotic
prescriptions, the authors also examined whether the anti-
microbial(s) prescribed were broad or narrow spectrum.
Antimicrobials considered broad spectrum were azi-
thromycin, clarithromycin, amoxicillin-clavulanate, fluor-
oquinolones, and 2nd and 3rd generation cephalosporins.15

All other antimicrobials were classified as narrow spectrum.
Data were abstracted from the electronic medical record for
intervention group (CPUP) providers, and from on-site
paper medical records for control (CCA) providers. Trained
research assistants abstracted the medical records using a
structured data abstraction form.

Statistical analysis. The authors first described the
prevalence of the outcome (antibiotic prescribing in eligible
visits) for each observation period for the intervention and
control groups. They then used a piecewise generalized

linear regression model.18,19 Regression models were fit
using robust estimation methods that account for correlation
within each provider.20 A mixed effects logistic regression21

was used for the primary method of analysis, with a random
intercept for provider and a random slope for time. This
model permitted estimating the key estimate (ie, the time by
intervention interaction term), while allowing variation
across providers in both the baseline rate of prescribing
(intercept) and the degree of change over time (slope).

In secondary analyses, the authors examined the effect of
the intervention on the prescription of broad- vs. narrow-
spectrum antibiotics. Analyses were performed using SAS v
9.1 (SAS Institute, Inc., Cary, NC). The University of Penn-
sylvania Institutional Review Board approved these studies.

Results

Academic detailing study

The number of patients for each intervention group, and
measure of association of the intervention with the preva-
lence of antibiotic prescribing are shown in Table 1. There
was a significant reduction in the prevalence of antibiotic
prescribing in the academic detailing (intensive intervention)
group from before to after the intervention (43% to 33%).
This association was consistently present when examining
the change in prescribing over time for the intensive inter-
vention group alone, when comparing the high intervention
group to no intervention, and when controlling for potential
confounders in the latter analysis.

In contrast, there was no significant change in antibiotic
use over time in the no intervention (control) group, the mild
intervention group (patient-oriented educational materials
only), nor when the control and mild intervention groups
were combined.

Patient mailing intervention study

In the intervention group, there were a total of 1344
patient visits over the 4 observation periods. The interven-
tion group had 48 providers from 2 practices. The control
group had 22 providers from 13 practices. The baseline
(preintervention) prevalence of antibiotic prescribing was
much lower in the intervention group than the control group
(Table 2). Although there was a slight reduction in antibiotic
prescribing over time in the intervention group, it started
before the intervention and was not significantly associated
with the intervention. The prescribing rates pre-post for the
intervention group were 18.9% versus 14.2% (4.7% decrease)

Table 1. Effect of Academic Detailing on Antibiotic Prescribing

Effect of Intervention

Comparison to control
(no intervention), ROR (CI)

Intervention
Providers

(n)
Patients,

pre/post (n)
Change over time

within group, OR (CI) Unadjusted Adjusted*

Academic detailing 7 119/103 0.49 (0.26–0.89) 2.60 (1.23–5.48) 2.80 (1.32–5.95)
Patient mailings 7 91/91 0.76 (0.38–1.51) 1.67 (0.74–3.79) 1.66 (0.73–3.80)
None 14 188/216 1.27 (0.82–1.94) — —

*Adjusted for sex, smoking, and antibiotic prescription.
CI, 95% confidence interval; OR, odds ratio; ROR, ratio of ORs.
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while for the control group they were 57.8% versus 58.6%
(1.2% increase). These changes observed in the control and
intervention groups were not significantly different from
each other ( P = 0.133).

In secondary analyses, among visits during which antibi-
otics were prescribed, there was no change in the use of
broad versus narrow-spectrum antibiotics associated with
the intervention (data not shown). Interestingly, wide vari-
ation was found in the prevalence of antibiotic prescribing
between individual providers and between practices (Fig. 1).

Discussion

We found that academic detailing together with a 1-time
mailing of patient-oriented educational materials to providers—
but not the mailing of patient-oriented educational materials
alone—was associated with a reduction in unnecessary an-

timicrobial prescribing for upper respiratory infections. In a
separate study in the same setting, repeated provider-
approved patient education mailings did not result in lower
antibiotic prescribing for the providers involved. We also
noted a wide variation in the prevalence of antibiotic pre-
scribing between different provider practices and different
providers.

Academic detailing22 has been found to reduce unneces-
sary antibiotic prescribing in the setting of a multidimen-
sional intervention,16 led to narrower spectrum antibiotic use
for upper respiratory infections,23 and reduced use of tar-
geted broad-spectrum antibiotics in the inpatient setting.24

Our study extends these findings to demonstrate that 1-time
academic detailing alone (without additional education ses-
sions or feedback on performance) can reduce unnecessary
prescribing for acute bronchitis and other upper respiratory
infections for which antibiotics are not indicated.

Table 2. Antibiotic Prevalence by Intervention Group and Time in the Patient Mailing Study

Time Period (year)

Intervention

Group
Preintervention

2000 2001 2002 2003

Control
Number of visits with an antibiotic prescribed 191 174 187 186
Total number of visits for an upper respiratory tract infection 320 312 317 320
Prevalence of antibiotic use 59.7% 55.8% 59.0% 58.1%

Intervention
Number of visits with an antibiotic prescribed 60 47 61 50
Total number of visits for an upper respiratory tract infection 254 312 386 392
Prevalence of antibiotic use 23.6% 15.1% 15.8% 12.8%

FIG. 1. Variability in baseline prevalence of
antibiotic prescribing by individual providers in
the control and intervention groups.
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The success of educational interventions appears to
depend on their intensity, with the most success for multi-
dimensional interventions that include academic detailing,
then with mixed results for small group educational sessions
and auditing with feedback.25 Use of printed provider edu-
cational materials has not been successful in reducing anti-
biotic use. However, the generalizability of these studies to
the current prescribing environment in Western countries is
not clear because 2 were performed in 1983,26,27 and 1 was
performed in Sri Lanka more than 20 years ago.28 The find-
ing from our first study that a single mailing to providers
(the mild intervention) did not result in behavioral change
confirms the findings from prior studies.

Our study of patient-directed mailings addressed a hy-
pothesized factor in antibiotic overuse: patient expectation
for antibiotics.29,30 Although this effort was not successful,
other patient educational interventions have had success. For
example, in a prior study, patients with acute bronchitis were
less likely to fill an antibiotic prescription if they also were
given an informational leaflet.31 However, our intervention
did not provide educational materials at the time of the
provider visit, which may have reduced its effectiveness.

In a post hoc analysis, we found wide variation in anti-
biotic prescribing for different practices and for different
individuals within practices. To our knowledge, this finding
has not been described. Although prior studies found that
antibiotic (or broad-spectrum antibiotic) prescribing for up-
per respiratory infections differed by provider specialty,15,32

our findings suggest that additional unmeasured provider
factors may be important.

In the patient mailing intervention study, we found much
lower baseline antibiotic prescribing rates among providers
in the intervention group (selected from faculty at the Uni-
versity of Pennsylvania) compared with the control group
(nonfaculty providers affiliated with the University). These
differences suggest that the intervention and control groups
differed in important ways at baseline, with the intervention
group much closer to following evidence-based practices
regarding antibiotic use. It is notable that even with this
much lower baseline antibiotic prescribing rate, there was a
further decrease among the providers in the intervention
group, although the reduction did not reach statistical sig-
nificance when compared with the control group.

Our studies have several potential limitations. One poten-
tial limitation is that the frequency of antimicrobial use in both
the exposed and control groups may have declined because of
contamination of the unexposed group by aspects of the in-
tervention. This would lead us to conclude that the inter-
vention was less effective than it actually was. Selection bias
would occur if the intervention group providers were more
likely to respond to prescribing interventions (or nonstudy
influences on prescribing such as media coverage of public
health campaigns to decrease antimicrobial prescribing) than
control group providers. However, both groups of practices
are in the same metropolitan area and associated with the
same academic institution. Our statistical power to detect
modest differences in the study of patient mailings was lim-
ited, as reflected in the 95% confidence intervals associated
with each measure of association. Finally, it is unclear how
well these findings would generalize to nonacademic settings.

In summary, we found that academic detailing, but not
provider educational mailings nor provider-approved pa-

tients mailings, led to decreased antibiotic prescribing for
upper respiratory infections. We also found that there was
marked variation in the prevalence of antibiotic prescribing
likely not accounted for by provider specialty. Hospitals
should continue to consider the use of academic detailing
rather than less time-intensive but likely ineffective inter-
ventions such as provider and patient mailings. Further in-
vestigations are needed to identify interventions to decrease
antibiotic use, which may include identifying, describing,
and targeting clinicians with high prescribing rates, recog-
nizing the wide variability in the behaviors of individual
physicians.
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