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BACKGROUND: A recent clinical trial suggests that
printed (PDS) and computer decision support (CDS) inter-
ventions are safe and effective in reducing antibiotic use in
acute bronchitis relative to usual care (UC).
OBJECTIVE: Our aim was to evaluate the cost-
effectiveness of decision support interventions in reducing
antibiotic use in acute bronchitis.
DESIGN: We conducted a clinical trial-based cost-
effectiveness analysis comparing UC, PDS and CDS for
management of acute bronchitis. We assumed a societal
perspective, 5-year program duration and 30-day time
horizon.
PATIENTS: The U.S. population aged 13–64 years pre-
senting with acute bronchitis in the ambulatory setting.
INTERVENTIONS: Printed and computer decision sup-
port interventions relative to usual care.
MAIN MEASURES: Cost per antibiotic prescription safely
avoided.
KEY RESULTS: In the base case, PDS dominated UC and
CDS, with lesser total costs (PDS: $2,574, UC: $2,768,
CDS: $2,805) and fewer antibiotic prescriptions (PDS:
3.79, UC: 4.60, CDS: 3.95) per patient over 5 years. In
one-way sensitivity analyses, PDS dominated UC across
all parameter values, except when antibiotics reduced
work loss by ≥ 1.9 days or the probability of hospitaliza-
tion within 30 days was≥ 0.9 % in PDS (base case: 0.2 %)
or≤ 0.4% inUC (base case: 1.0%). Thedominance of PDS
over CDS was sensitive both to probability of hospitaliza-
tion and plausible variation in the adjusted odds of anti-
biotic use in both strategies.
CONCLUSIONS: A PDS strategy to reduce antibiotic use
in acute bronchitis is less costly and more effective than
both UC and CDS strategies, although results were sen-
sitive to variation in probability of hospitalization and the
adjusted odds of antibiotic use. This simple, low-cost,
safe, and effective intervention would be an economically
reasonable component of a multi-component approach to
address antibiotic overuse in acute bronchitis.
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INTRODUCTION

Antibiotics are prescribed in > 50 % of ambulatory visits for
colds, upper respiratory tract infections and acute bronchitis,
despite the predominantly viral etiology of these conditions.1,2

This antibiotic overuse is concerning because there is little
evidence that it provides any patient benefit and there is strong
evidence that it contributes to the growth of antibiotic resis-
tance among common bacterial pathogens.3–6

Addressing ambulatory antibiotic overuse for acute respira-
tory tract infections remains a major challenge. Researchers
have deployed an array of interventions to improve antibiotic
targeting and reduce antibiotic overuse; these have only
modestly impacted antibiotic prescribing behavior.7 In gen-
eral, these interventions—which include physician and pa-
tient education, physician reminders, physician audit and
feedback, delayed antibiotic prescriptions, financial incen-
tives and various combinations of the above—appear to
reduce antibiotic overuse by approximately 10 %.8 Yet,
even modestly effective interventions may be economically
reasonable for use if implementation costs are low.9 An
intervention that is safe, at least modestly effective, low
cost and feasible for wide deployment has the potential to
be a cost-effective component of a multi-component qual-
ity improvement approach to reduce antibiotic overuse in
the ambulatory setting.
A recent randomized controlled clinical trial suggests

that printed decision support (PDS) and computer decision
support (CDS) strategies deployed in ambulatory settings
are safe and effective in reducing antibiotic use in ambu-
latory management of acute bronchitis in adolescents and
adults, relative to usual care (UC).10 Yet, little is known
about the cost-effectiveness of these strategies. Here, we
evaluate the cost-effectiveness of PDS and CDS strategies
for safely reducing antibiotic use in ambulatory management
of acute bronchitis.

METHODS

Using TreeAge Pro 2015 software (TreeAge Software Inc.,
Williamstown, MA), we developed a clinical-trial-based cost-
effectiveness analysis in which we evaluated two strategies for
safely reducing antibiotic use in ambulatory management of
acute bronchitis relative to UC: PDS and CDS.10 We assumed
a societal perspective, 5-year program duration and 30-day
time horizon from the time of each office visit. Our cohort was
the U.S. population aged 13–64 years presenting in the ambu-
latory setting with acute cough illness and diagnosed with
acute uncomplicated bronchitis.10 We compared strategies inPublished online April 4, 2015
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terms of cost per antibiotic prescription safely avoided, a
previously described outcome measure that is particularly
useful in evaluating the cost-effectiveness of interventions to
improve the appropriateness of antibiotic prescribing where
the primary goal is to reduce antibiotic use without negatively
impacting patients’ quality or quantity of life.9

The model structure was identical across all three strategies
(Fig. 1). We assumed that each patient presenting to the office
was first evaluated clinically prior to receiving a chest x-ray
(or not), receiving an antibiotic prescription (or not) and
benefitting from a reduction in days of work loss (or not) if
prescribed antibiotics. We assumed that patients could return
to clinic, return to the emergency department, be hospitalized,
or seek no further care within 30 days of the initial presenta-
tion. The primary difference between the three strategies was
the added cost of the interventions and reduced likelihood of
an antibiotic prescription in the PDS and CDS strategies
relative to UC.
In this randomized control-trial-based cost-effectiveness

analysis, we drew parameter values from a recent trial con-
ducted in a fully integrated healthcare delivery system located
in rural Pennsylvania, in an effort to replicate the cost-
effectiveness of UC, PDS and CDS strategies as deployed in
a real world setting (Table 1).10 In the baseline year prior to
intervention deployment, we assumed no difference in the
probability of an empiric antibiotic prescription (75 %) across
the three strategies, despite differences in the baseline proba-
bility of an empiric antibiotic prescription in the trial.Wemade
this modeling choice in an effort to eliminate the impact of
baseline differences in practices’ antibiotic prescribing behav-
ior on the cost-effectiveness of the three strategies, doing so
based on the use of trial-based odds ratios that accounted for
baseline antibiotic prescribing differences.10 We assumed that
the adjusted odds of antibiotic use during each of the 5 years of
the program relative to the baseline year equaled 1.10 (range:
0.85–1.43) in the UC strategy, 0.57 (range: 0.40–0.82) in the
PDS strategy and 0.64 (range: 0.45–0.91) in the CDS strategy,
based on the adjusted trial-based odds of antibiotic use at the
end of the intervention’s first year relative to the baseline
year.10 With a 75 % base case probability of antibiotic pre-
scription, those odds ratios represent the following probabili-
ties of antibiotic prescription in the model: UC 76.7 %, PDS
63.1 %, CDS 65.7 %. We assumed no incremental reductions
in the adjusted odds of antibiotic use in the 5 years of the
program beyond those reported after the first year, an assump-
tion that may bias the analysis against the PDS and CDS
strategies if there are further reductions in antibiotic overuse
in later years, or bias the analysis in favor of these strategies if
there is regression to baseline antibiotic overuse in later years.
We modeled differences in the probabilities of chest radiogra-
phy, return to clinic within 30 days, emergency department
visit within 30 days, and hospitalization within 30 days across
the three strategies based on clinical trial data (Table 1).
We modeled direct medical and non-medical costs per

established guidelines,11 and included the following costs:

the PDS and CDS interventions, chest radiography, antibi-
otics, work loss due to illness, and clinic visits, emergency
department visits, and hospitalizations within 30 days of
presentation (Table 1). In the PDS intervention, we
modeled the costs of physician education in year 1, PDS
posters in year 1 and educational brochures for each
patient across all years.10 We estimated base case exam
room poster cost per patient by dividing the total cost of
purchasing posters ($5 per poster × 177 posters), inflated
to 2013 US dollars by the number of enrolled patients in
the printed decision support during the intervention period
(1001). In the CDS intervention, we modeled the costs of
physician education in year 1, electronic medical record
programming in year 1 and educational brochures for each
patient across all years.10 Base case parameters values for
PDS and CDS intervention costs were based on clinical
trial expenditures (Table 1). We modeled the costs of
physician education in the PDS and CDS strategies by
assuming that each physician spent 1 h on educational
activities in the first year of the intervention at a salary
of $120 per hour.10,12 In the base case, we assumed no
difference in duration of work loss due to illness between
patients receiving and not receiving antibiotics based on
evidence suggesting minimal impact of antibiotics on return to
work, and relaxed this assumption in sensitivity analyses.4 All
costs are listed in 2013 U.S. dollars with prior costs inflated
using the U.S. Consumer Price Index.
We performed a base case cost-effectiveness analysis, one-

way and probabilistic sensitivity analyses to examine the
robustness of model results to parameter variation. In the
probabilistic sensitivity analysis, we simultaneously varied
all parameters over their maximum ranges, generally varying
probabilities over beta distributions and durations, and
costs over gamma distributions (Table 1).10,12–19 In tradi-
tional cost-effectiveness analyses, interventions are often
compared in terms of cost per quality-adjusted life year
(QALY) saved, and the societal willingness-to-pay (WTP)
threshold is often assumed to be $50,000–$100,000 per
QALY saved.20 In our analysis, which compared strategies
in terms of cost per antibiotic safely avoided, we assumed
that the societal WTP threshold equaled $43 per antibiotic
safely avoided, based on prior estimates of the downstream
societal costs of antibiotic resistance attributable to an
antibiotic prescription.9 The underlying concept is that
society should be willing to pay $43 to safely avoid an
antibiotic prescription, because the total downstream societal
costs of antibiotic resistance attributable to an antibiotic pre-
scription equal $43.

RESULTS

In the base case analysis, the PDS strategy dominated both the
UC and CDS strategies, with lesser total costs (PDS: $2,574,
UC: $2,768, CDS: $2,802) and fewer antibiotic prescriptions
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(PDS: 3.79, UC: 4.60, CDS: 3.95; Table 2) per patient over
5 years.
In one-way sensitivity analyses, the PDS strategy dominat-

ed the UC strategy across all tested parameter values, except
when antibiotics reduced the duration of work loss by ≥
1.9 days (base case: 0.0 days), or the probability of hospital-
ization within 30 days was ≥ 0.9 % in the PDS strategy (base
case: 0.2 %) or ≤ 0.4 % in the UC strategy (base case: 1.0 %;

Table 3). The PDS strategy dominated the CDS strategy across
all tested parameter values, except when the adjusted odds of
antibiotic use during the intervention period relative to base-
line was ≥ 0.64 in the PDS strategy (base case: 0.57) or ≤ 0.57
in the CDS strategy (base case: 0.64), or the probability of
hospitalization within 30 days was ≥ 0.9% in the PDS strategy
(base case: 0.2 %) or ≤ 0.4 % in the CDS strategy (base case:
1.1 %). The threshold parameter values for the adjusted odds

Figure 1. Cost-effectiveness model comparing usual care, printed decision support, and computer decision support strategies for safely reducing
antibiotic use in acute bronchitis. CDS: computer decision support, PDS: printed decision support, CXR: chest x-ray, ED: emergency

department. For sake of brevity, each probability node (depicted as a circle) is assumed to be attached in duplicate to each branch to the left of
that probability node.

Table 1. Parameter Values for Base Case, One-Way and Probabilistic Sensitivity Analyses

Description Base Range Distribution Source

Probabilities
Empiric antibiotics in yr 0 prior to intervention 75 % Not varied Not varied 10
Adjusted odds of antibiotics during intervention

Relative to baseline, yrs 1–5
Usual care (UC) 1.10 0.85–1.43 Uniform 10
Printed decision support (PDS) 0.57 0.40–0.82 Uniform 10
Computerized decision support (CDS) 0.64 0.45–0.91 Uniform 10

Chest x-ray
UC 4.2 % 0 %–10 % Beta 10
PDS 3.2 % 0 %–10 % Beta 10
CDS 4.9 % 0 %–10 % Beta 10

Return to clinic within 30-days
UC 7.6 % 0 %–15 % Beta 10
PDS 7.1 % 0 %–15 % Beta 10
CDS 8.3 % 0 %–15 % Beta 10

Emergency department within 30 days
UC 0.2 % 0–3 % Beta 10
PDS 1.2 % 0–3 % Beta 10
CDS 0.0 % 0–3 % Triangular 10

Hospitalization, within 30 days
UC 1.0 % 0–3 % Beta 10
PDS 0.3 % 0–3 % Beta 10
CDS 1.1 % 0–3 % Beta 10

Durations
Hours of education per physician, PDS and CDS, yr 1 1.0 0.5–1.5 Triangular 10
Days of work loss due to illness and seeking care, no antibiotics 3.0 Not varied Not varied 4, Estimate
Decrease in days of work loss with antibiotics 0.0 −1.0–1.0 Gamma 4, Estimate

Costs
Physician education per hour, PDS and CDS, yr 1 $120 $80–$160 Gamma 12
Educational brochure per patient, PDS and CDS, yrs 1–5 $0.05 $0.03–$0.30 Gamma 13
Exam room poster per patient, PDS, yr 1 $0.96 $0.48–$5.76 Gamma 13
Medical record programming per patient, CDS, yr 1 $18 $9–$27 Gamma 13
Chest x-ray $31 $10–$100 Gamma 14
Antibiotics $30 $5–$100 Gamma 15, Estimate
Work loss per day due to illness and seeking care $136 $96–$176 Gamma 16
Clinic visit $107 $57–$157 Gamma 17
Emergency department visit $680 $280–$1,080 Gamma 18
Hospitalization $5,424 $4,424–$6,424 Gamma 19
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of antibiotic use in the PDS and CDS strategies were consid-
ered plausible in the setting of clinical trial data, suggesting no
significant difference in the adjusted odds of antibiotic use
between PDS and CDS strategies. The PDS strategy cost less
than the societal WTP threshold of $43 per antibiotic safely
avoided across all tested parameter values, except when the
probability of hospitalization within 30 days was ≤ 0.2 % in
the UC strategy (base case: 1.0%), ≥ 1.0% in the PDS strategy
(base case: 0.3 %) or ≤ 0.3 % in the CDS strategy (base case:
1.1 %). The analysis was not sensitive to variation in the costs
of physician education or patient educational brochures in the
PDS and CDS strategies, posters in the PDS strategy, or
electronic medical programming in the CDS strategy. Nor
was the analysis sensitive to the probabilities or costs of chest
x-ray, return office visit, or emergency department visit.
In a probabilistic sensitivity analysis, the probability of the

PDS strategy being preferred at a societal WTP threshold of
$43 per antibiotic safely avoided was 61.7 % (Fig. 2). The
PDS strategy was preferred across all societal WTP thresholds
from $0 to $100 per antibiotic safely avoided.
In the clinical trial upon which this analysis was based, no

statistically significant differences were observed in antibiotic
prescriptions, clinical resource utilization, or patient outcomes
between the PDS and CDS strategies. In a secondary sensitiv-
ity analysis, we assumed no differences in the adjusted odds of
antibiotic use in the PDS and CDS strategies (0.60 in both).
Here, we found that PDS and CDS strategies were equally
effective, with PDS costing $220 less than CDS per patient
over 5 years ($2,580 vs. $2,800).

DISCUSSION

A PDS strategy to safely reduce antibiotic use in ambulatory
management of acute bronchitis is less costly and more effective
than UC and CDS strategies, although results were sensitive to
plausible variation in probability of hospitalization and the ad-
justed odds of antibiotic use across strategies. This study adds to
our understanding of the economic value of interventions to
safely reduce antibiotic overuse in management of acute respi-
ratory tract infections, such as acute bronchitis, where antibiotic
overuse persists despite minimal evidence of patient benefit.4,8

Our results suggest that a simple, low cost, safe, and modestly

effective intervention to reduce antibiotic overuse in acute bron-
chitis is likely to be cost saving. This finding is in concordance
with prior work suggesting that ‘antibiotic-restrictive’ strategies
for management of acute bronchitis21 and acute respiratory tract
infections,9 in general, are likely to be cost-effective, provided
that there is no impact of antibiotic restriction on clinical out-
comes. Both the PDS and CDS interventions evaluated here
compare favorably to education, audit and feedback and delayed
antibiotic prescription interventions with regard to effectiveness,
cost and ease of deployment.8 Given that the PDS strategy only
reduced antibiotic overuse by 11.7 % and that antibiotics con-
tinue to be prescribed for > 70 % of patients presenting with
acute bronchitis despite evidence of minimal clinical benefit, a
PDS intervention is unlikely to be the definitive solution for the
intractable problem of antibiotic overuse for acute bronchi-
tis.4,8,10 Yet, in the setting of evidence suggesting that multi-
component strategies are more effective than single-component
strategies in reducing antibiotic overuse, our findings suggest
that a PDS intervention would represent one economically rea-
sonable component of a multi-component approach to address
antibiotic overuse in the ambulatory setting.7

Table 2 Base Case Cost-Effectiveness Analysis of Three Strategies For Safely Reducing Antibiotic Use in the Ambulatory Management of
Patients Aged 13–64 Years Presenting with Acute Bronchitis

Strategy Costa Incr. Cost Effectivenessb Incr. Effectivenessc ICERd

Printed Decision Support $2,574 3.78
Usual Care $2,768 $194 4.60 −0.82 Dominatede

Computer Decision Support $2,802 $34 3.94 −0.16 Dominatede

aCumulative 5-year societal cost per five cases of acute bronchitis
bCumulative 5-year number of antibiotic prescriptions per five cases of acute bronchitis
cIncremental effectiveness; represents the incremental number of antibiotic prescriptions safely avoided
dIncremental cost-effectiveness ratio; represents the incremental societal cost per antibiotic prescription safely avoided
eDominated: other strategies are more effective and less costly (i.e., Printed Decision Support)

Table 3. One-way Sensitivity Analyses Showing Only those
Parameters that, when Varied Across their Maximum Range,

Caused the Printed Decision Support (PDS) Strategy to No Longer
Dominate the Usual Care (UC) or Computer Decision Support

(CDS) Strategies, or the Incremental Cost-Effectiveness Ratio of the
PDS Strategy to be Greater than the Societal Willingness-to-Pay

Threshold of $43 per Antibiotic Safely Avoided

Parameter Base
case

PDS dominates PDS ICER
< $43 per
antibiotic
avoided

UC CDS

Adjusted odds of antibiotics use during
Intervention relative to baseline period, yr 1–5

†PDS 0.57 Always <0.64 Always
‡CDS 0.64 Always >0.57 Always

Decrease in days of
work loss with
antibiotics

0.0 <1.9 Always Always

Hospitalization, within 30 days
*UC 1.0 % >0.4 % Always >0.2 %
†PDS 0.3 % <0.9 % <0.9 % <1.0 %
‡CDS 1.1 % Always >0.4 % >0.3 %

*UC usual care
.PDS printed decision support
-CDS computer decision support
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This analysis has several strengths. First, we found that the
PDS strategy was preferred over UC, despite incorporating
conservative assumptions that tended to bias the analysis in
favor of UC. For instance, we chose not to model adverse
events associated with antibiotic use, a modeling decision that
would have biased the analysis in favor of strategies that
reduce antibiotic use (i.e., the PDS and CDS strategies). In
addition, we assumed no further incremental reductions in
antibiotic overuse in later years of the intervention beyond
those reported in the first year of the intervention in the trial.10

Second, our finding that the PDS strategy was preferred over
UC was robust to parameter variation in sensitivity analyses.
Finally, PDS was still preferred over CDS, based on lower
cost, when no differences in effectiveness or outcomes were
assumed between these two strategies.
This analysis also has limitations. First, because this cost-

effectiveness analysis was based on results from a recent
randomized controlled trial evaluating UC, PDS and CDS
strategies in a fully integrated healthcare delivery system
located in rural Pennsylvania with an existing electronic med-
ical record system, our results may not be generalizable to
other U.S. contexts where there are, for instance, different
baseline levels of antibiotic prescribing or different legacy
interventions already in place in an effort to reduce antibiotic
overuse in management of acute respiratory tract infections
such as acute bronchitis.10 Second, the cost-effectiveness of
the PDS strategy was sensitive to the reduction in days of work
loss associated with antibiotic use. The results of our one way
sensitivity analysis suggest that the PDS strategy no longer
dominated UC when antibiotics reduced the duration of work
loss by ≥ 1.9 days. However, results from a recent meta-
analysis evaluating the impact of antibiotic use on clinical
outcomes in patients with acute bronchitis suggest that this
antibiotic-associated reduction in the duration of work loss is
relatively unlikely.4

In summary, this analysis suggests that a simple, low-cost,
safe, and modestly effective PDS strategy to reduce antibiotic
overuse in acute bronchitis is less costly and more effective in
safely reducing antibiotic overuse in the management of acute
bronchitis than UC and CDS strategies, although this finding
was sensitive to plausible variation in probability of hospital-
ization and the adjusted odds of antibiotic use across strate-
gies. Given the persistent problem of antibiotic overuse in the
management of many self-limited, predominantly viral respi-
ratory tract infections, and the greater effectiveness of multi-
component interventions to reduce this antibiotic use, this
analysis suggests that PDS should be considered an econom-
ically reasonable component of a multi-component approach
to safely limit antibiotic overuse in ambulatory settings.
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