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Abstract: Antibiotic resistance remains a crucial global public health problem with excessive and
inappropriate antibiotic use representing an important driver of this issue. Strategies to improve
antibiotic prescription and dispensing are required in primary health care settings. The main purpose
of this review is to identify and synthesize available evidence on the economic impact of educational
interventions to reduce prescription and dispensing of antibiotics among primary health care profes-
sionals. Information about the clinical impact resulting from the implementation of interventions
was also gathered. PubMed, Scopus, Web of Science and EMBASE were the scientific databases
used to search and identify relevant studies. Of the thirty-three selected articles, most consisted of
a simple intervention, such as a guideline implementation, while the others involved multifaceted
interventions, and differed regarding study populations, designs and settings. Main findings were
grouped either into clinical or cost outcomes. Twenty of the thirty-three articles included studies
reporting a reduction in outcome costs, namely in antibiotic cost and associated prescription costs,
in part due to an overall improvement in the appropriateness of antibiotic use. The findings of this
study show that the implementation of educational interventions is a cost-effective strategy to reduce
antibiotic prescription and dispensing among primary healthcare providers.

Keywords: review; microbial drug-resistance; antibiotic prescription; primary healthcare; educational
interventions; economic impact

1. Introduction

Antibiotic resistance is globally recognized as a serious hazard to global public
health [1], associated with negative impacts on health outcomes and expenditure [1]. The
major driver of antimicrobial resistance has been a huge increase in antibiotic use, which
increased by about 91% worldwide, and by 165% in low- and middle-income countries
over the last decades [2,3]. Estimates show that drug-resistant infections will continue to
rise dramatically, and by 2050 it is expected that 10 million deaths will occur each year
and incur economic losses of over USD 100 trillion unless adequate interventions to limit
unnecessary antibiotic use are implemented [1,4].

The prescription and dispensing of most antibiotics occur in primary healthcare
facilities [5,6] which positions the health professionals as crucial stakeholders and partners
in antimicrobial stewardship efforts [7]. Additionally, 25 to 50% of all antibiotics prescribed
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in primary healthcare are proved to be unnecessary, with substantial geographical and
prescriber variability [8–10].

Several educational interventions have been conducted to improve or reduce antibi-
otic use [11–13], such as the distribution of educational materials (printed, electronic, or
audio–visual materials that target the healthcare professional) [14–17], educational meetings
(conferences, lectures, training courses, or workshops) [14–16,18–21], educational outreach
visits (healthcare professionals receiving information from a trained professional in their
practice setting) [16], audit and feedback (any summary of clinical performance of healthcare
over a specified time period provided to the healthcare professional) [14–16,18–23], reminders
(verbal, written, or electronic information intended to prompt a healthcare professional to
recall information, including decision-support systems) [16,17,19,23,24], point-of-care tests
(equipment to provide rapid diagnostic information to help reduce the uncertainty associated
with clinical diagnosis) [15,18,20,21,25–27], communication strategies (any resource targeted
at the healthcare professional that encourages discussion with a patient on management
options) [14,15,20,21,28,29], mass media campaigns and delayed prescription strategy (i.e.,
any resource targeted at the healthcare professional that encourages authorization of a pre-
scription for the patient to collect or use later than the initial consultation if symptoms do not
improve) [16,19,23–25,30].

However, summaries of evidence on the most effective strategies considering their
economic impact in primary healthcare are still lacking in the literature. A proper cost
analysis of the existent educational interventions on antibiotic use in primary healthcare
might provide insight into both the effectiveness and cost outcomes of antibiotic use,
namely direct (medical and non-medical) and indirect (productivity loss, hospitalizations,
etc.) costs, with the potential to be used by health professionals and policymakers [1,31].
Moreover, this information can help to support investments in appropriate, less expensive,
and more beneficial strategies to reduce antibiotic use and, consequently, restrict the
growing antibiotic resistance [1,31].

Thus, this study aimed to identify and synthesize available evidence on the economic
impact of educational interventions to reduce the prescription and dispensing of antibiotics
among physicians and pharmacists in primary healthcare. Furthermore, this review also
gathered information about the clinical impact of educational interventions on the use,
prescription and dispensing of antibiotics in primary healthcare settings.

2. Materials and Methods
2.1. Data Sources and Search Strategy

Searches in the International Prospective Register of Systematic Reviews (PROSPERO)
and PubMed were conducted preceding the design of the present systematic review to
exclude the existence of reviews or protocols with the same purpose as that presented in
this review. No similar studies were found, and the review protocol was registered and is
available at PROSPERO (CRD42022311272) [32]. This systematic review was performed in
accordance with the Preferred Reporting Items for Systematic Review and Meta-analysis
(PRISMA) (the PRISMA checklist can be found in Table S1, Supplementary Material) [33].
A systematic literature search was performed by a researcher on 21 February 2022, on the
following electronic databases: PubMed, Scopus, Web of Science and EMBASE. Monthly
automatic updates from each database were activated to ensure the update of the evidence.
Search terms were based on a combination of keywords and MeSH terms on the review
topic adapted for each database: (Intervention OR education* OR program OR “health
promotion” OR session OR workshop) AND (antibiotic* OR antimicrobial*) AND (eco-
nomic* OR cost* OR spending OR expend*) AND (“primary care” OR “primary health
care” OR “Community Health Services” OR “general practitioner” OR practitioner OR
“Community Pharmacy Services” OR “Pharmaceutical services”). Full search expression
for each database is available in Text S1 (Supplementary Material).
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The search was limited to terms found in titles, abstracts, and keywords. Reference
lists of the selected articles were also scanned for other potentially eligible studies. Authors
were contacted to obtain full texts when needed.

2.2. Study Selection and Eligibility Criteria

The screening process occurred in three steps and was conducted independently by
two researchers (VR and ME): First, articles were excluded based on title, abstract and
keywords. In step 2, full texts of the articles were evaluated to determine eligibility based on
previously defined criteria. Then, in step 3, the selected articles were re-evaluated to assess
their adequacy for data extraction. During the whole screening process, the researchers
consecutively applied the following eligibility criteria:

Studies were included if they: (i) were written in English, Portuguese, French, or
Spanish; (ii) were experimental, quasi-experimental or observational studies; (iii) described
original educational interventions such as communication and education activities, stew-
ardship programs, treatment algorithms, delayed treatment, peer or community oversight,
medication reviews, or any other framework on antibiotic use in primary healthcare (strate-
gies that were merely administrative, applied incentives or coercion were excluded from
this study); (iv) included as target population physicians (general practitioners and all
other specialists) and/or pharmacists; (v) described at least one economic effect measure of
the educational interventions on the prescription behavior of physicians and/or dispensing
behavior of pharmacists in primary healthcare facilities. Studies not conducted in humans
(e.g., in vitro or animal studies), review articles, qualitative studies, magazines, news, re-
search protocols, thesis, reports, dissertations, abstracts, communications, posters, letters
to the editor, unpublished work, editorials, commentaries, books, book chapters without
original data, guidelines, statements, position papers and case studies were excluded.

2.3. Data Extraction and Quality Assessment

Data extraction retrieved information on authors, year, country, study design, study
population, disease, type of intervention, a brief description of the implemented educational
interventions, antibiotic-related outcomes (cost-related and non-cost related) measured,
study time period translated in months and the perspective assessed.

The risk of bias in each study was assessed independently by two researchers (VR
and VN) using the Joanna Briggs Institute (JBI) critical appraisal checklist for economic
evaluations [34,35], since this scale might be applied to studies including economic impact
measures independently of their study design. Disagreements were resolved by consulting
a third author (ME). Additionally, the inter-rater agreement of the quality assessment
performed by the two reviewers was evaluated using Cohen’s kappa [36].

2.4. Data Syntheses and Analysis

The primary outcome was antibiotic cost. The results of the studies were summarized
qualitatively and quantitatively. The decision matrix for the economic effects of the edu-
cational interventions had three possible outcomes adapted from a previous study [37]:
(i) reject intervention: the educational intervention resulted in higher antibiotic cost, or had
a higher cost and similar effectiveness, or similar costs and lower effectiveness, or higher
cost and lower effectiveness; (ii) unclear: neither increase nor decrease in antibiotic costs
were reported, or the intervention had lower cost and lower effectiveness, similar cost and
similar effectiveness, or higher cost and higher effectiveness; (iii) favor intervention: the
educational intervention resulted in savings in antibiotic cost, or had lower cost and similar
effectiveness, similar costs and higher effectiveness, or lower cost and higher effectiveness.
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3. Results
3.1. Study Selection and Quality Assessment

Figure 1 presents the literature search flow diagram. The systematic database search
identified 4119 publications. After removing 1689 duplicates, the title, abstract and key-
words were screened for 2430 papers. From these, 74 papers were full text screened. A
total of 33 studies were included. Results of the quality assessment showed that only seven
papers [38–44] presented more than two quality criteria classified as compliant and/or
clear (Table S2 of Supplementary Material). The agreement between the two reviewers was
substantial (k = 0.61, 95% CI 0.49–0.74, p < 0.001) and a final consensus was reached.
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3.2. Study Characteristics

The characteristics of the 33 included studies are shown in Table S3 (Supplementary Ma-
terial). Studies were published between 1996 [38] and 2021 [2,45], and most were conducted
in the USA [38–40,46–50] and the Netherlands [51–54], and were randomized controlled tri-
als [2,41,48,51–63] or pre–post studies [38,39,42,46,50,64,65]. All studies included primary care
physicians or general practitioners (GPs), except for the study by Walker and colleagues that also
included pharmacists [50]. Sample sizes ranged between 2 [38] and 3673 [57] participants. The
most common diseases were respiratory tract infections (RTIs) [39,51,53,55,56,61–63,66], and ei-
ther upper-RTIs (URTI) [39,55,61–63] or lower-RTIs (LRTIs) [51]. Most studies included patients
from all age groups [2,39,43–45,48,50,56–60,65–68], only five included adults [47,49,51,52,55],
four children [53,61–63] and two older adults [38,40–42,46,54,64,69].

3.3. Educational Intervention Types

The most common educational interventions were treatment guideline implementa-
tion [39,43,46,52,61,63] or guideline-based educational activities [41,58,59,62,65]. Some
studies also investigated the effects of academic detailing [49,50,57,60,64,67], individ-
ualized prescription feedback [2,38,45,47,60,67], and training in enhanced communica-
tion skills [51,53,54]. The educational interventions implementation period ranged from
14 days [53] to 8 years [45]. Some studies compared similar periods of different
years [2,38–40,42–44,49,52,53,59,60,64–69], within the same year [63] or both
situations [41,50,57,62]. Only eleven studies [39,42,52,53,56–59,62,66,69] performed a follow-
up analysis. While usual general practice care was used as a comparator in sixteen stud-
ies [2,38,41,47,52,53,55–59,61–65], the implementation of two or more distinct educational
interventions in different study arms was also established as comparator in the articles of
Michaelidis et al. and Naughton et al. [48,60].

3.4. Antibiotic Consumption and Appropriateness of Prescription

The appropriateness of antibiotic prescription and consumption was quantitatively
evaluated in 15 of the included studies [2,39,42–46,49,50,52,57,62,65,67,68]. From these
studies, only two [42,65] reported a decline in appropriate consumption and prescrip-
tion of antibiotics and non-antibiotic therapeutic drugs, and five [2,43,46,50,67] stated no
statistically significant change.

Three of the reviewed studies [52,57,62] specified that the improvement in appropriate
behavior emerges from a reduction of broad-spectrum antibiotics use. Furst et al. [42], who
assessed antibiotic consumption between 1999 and 2012, reported a significantly decreased
consumption of antibiotics, except for β-lactamase-resistant penicillins [42] and also in
restricted and non-restricted antibiotics consumption. Chazan and colleagues [44] showed
a reduction in general antibiotic consumption, more specifically broad-spectrum antibiotic
use in comparison with narrow-spectrum antibiotics. Concordantly, two additional stud-
ies [68] reported a significant decrease in broad-spectrum antibiotics along with an increase
or stable use of narrow-spectrum antibiotics.

Armstrong et al. [46], who exclusively recruited bladder and kidney infection patients,
revealed an increase in the administration of first-line trimethoprim-sulfamethoxazole or
nitrofurantoin as initial antibiotic therapy accompanied by a decreasing consumption of
fluoroquinolones [52].

Finally, Wei et al. [62] stated that to avoid patient complaints and the difficulty in
differentiating between viral and bacterial infections, doctors tended to prescribe antibiotics
even when not supported by the proper guidelines [65,68].

3.4.1. Antibiotic Prescription Rate

A total of 26 studies [2,38,40,43,45,47–67] evaluated the impact of the implementation of
educational interventions in improving the antibiotic prescription rate (APR) across primary
healthcare providers. From these, 18 studies [2,40,45,47–49,51,52,54–59,61–63,66] showed
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statistically significant improvements regarding this outcome and 8 [38,43,50,60,64,65,67] also
referred positive results, although not statistically significant for all the studied variables.

Specifically, the study of Aksoy and colleagues [45] conducted in Turkey over a pe-
riod of eight years including family physicians reported decreased overall APR, mainly
explained by a reduction in the number of boxes, items, and costs of antibiotic prescrip-
tions. Another study [2] revealed that primary healthcare physicians who received a letter
alerting the detection of their high prescription trends, tended to prescribe shorter-term
prescriptions. Butler and colleagues [56] showed a significant reduction in terms of oral
antibiotic dispensing, specifically for macrolides and phenoxymethylpenicillins (penicillin
V), for all age groups and health conditions after implementation of the Stemming the
Tide of Antibiotic Resistance (STAR) educational program when compared to the usual
care. Two additional studies referred a reduction in prescription rates in specific subset of
antibiotics, such as first-line antibiotics [64] and in broad-spectrum antibiotics [62].

Studies by Cals and colleagues [51] and Oppong et al. [54] reported that the reduction
in APR was more pronounced among GPs that received an intervention combining the use
of C-reactive protein (CRP) tests and training aimed at enhancing communication skills.

3.4.2. Costs of Antibiotic Dispensing and Prescription

Antibiotic cost was the primary outcome of this study. The costs of antibiotic prescrip-
tion and dispensing were quantitatively assessed in 29 [2,38–45,48–50,52–59,61–69] out of
the 33 included articles. From these, only three studies [40,50,65] reported a significant
increase in costs, while 26 showed a reduction in antibiotic cost.

Walker and colleagues [50] stated that the increasing utilization of generic first-line
antibiotics was the main cause behind the reduction in cost per claim of antibiotics. Like-
wise, the study of March-López et al. [68] reported that the total spending on antibiotics
showed a significant reduction, after the implementation of a multifaceted antimicrobial
stewardship intervention, principally due to reductions in total spending of quinolones
and amoxicillin/clavulanic acid.

Within the twenty-nine articles that analyzed antibiotic costs, five of them focused
their cost analysis on the route of antibiotic administration, including oral [42,44,56,64,69]
or, simultaneously, oral and intravenous [69] antibiotics.

3.4.3. Antibiotic Treatment Success and Quality-Adjusted Life Years

The success of treatment using antibiotics was evaluated in five studies [39,46,49,52,68],
with only one study [39] reporting positive and significant results.

While the study by Armstrong and colleagues [46] focused their analysis only on bladder
and kidney infections, three other studies analyzed a wider set of pathological conditions,
namely urinary tract infections [68], pharyngotonsillitis [68], and acute respiratory infec-
tions [39,49,68]. Armstrong et al. [46] demonstrated that the overall treatment success rate of
kidney and bladder infections remained essentially unchanged; however, after the treatment
guideline implementation, the highest success rate results were achieved using antibiotics
such as fluoroquinolone and doxycycline groups, respectively. Another study [39] showed
that only 1% of the attending patients with URTI progressed to pneumonia.

Moreover, ten studies [39,46–49,51–54,56] also addressed the number of hospitaliza-
tions and/or re-consultations, the latest including situations of physician home visits and
telephone consultations.

Quality-adjusted life-years (QALYs) were measured in two studies [47,54]. Gong
et al. [47] reported that the three intervention arms (i.e., suggested alternatives; accountable
justifications; and peer comparison) yielded more QALYs at a lower cost when compared
with the control group.

3.5. Economic Effects of the Educational Interventions

The implementation of educational interventions was associated with savings in
antibiotic cost, or lower cost in 30 of the 33 included studies.
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In 22 of the 33 included papers, a cost-analysis (CA) was perfor-
med [2,38–45,49,50,52,55–57,59,64–69], 10 studies performed a cost-effective analysis
(CEA) [47,48,51,53,54,58,60–63] and Armstrong and colleagues conducted a cost-minimization
analysis (CMA) in their study [46] (Table 1). Most of them assessed data from a health ser-
vice perspective [2,39–45,50,51,54–59,61–63,65–69], three from a societal perspe-
ctive [47,48,53] and two studies from a managed care organization perspective [46,64].

All costs mentioned across the included articles were acquired retrospectively, except in
two studies [48,53] that obtained costs from the literature and three other studies [47,49,54]
that collected this data.

The main direct medical costs assessed in the included studies were expenses as-
sociated with healthcare providers (clinician salaries, out-of-hours care costs, telephone
calls), hospitalization (e.g., physician consultations, laboratory tests and material charges)
and drugs (e.g., treatment, medication, and prescription expenditures). The costs in-
volved in the intervention design and implementation (organizing and administrative
intervention costs, seminars/workshops/online training courses costs, educational materi-
als costs, travel costs, outreach visits costs, and staff costs) were also reported in several
studies [38,43,47–49,51–54,56–58,60,64,69]. The study of Gillespie and colleagues [58] also
highlighted some additional costs related to electronic software needed to support interventions.

A total of 13 different modelling techniques were applied in 16 of the included
studies, namely an econometric model [46], a covariance model [56], a linear [52], lo-
gistic [52,63], and time series-regression model [46], a hierarchical model [54,59], a linear-
mixed [57,67], and function model [42], a generalized estimating equations model [58],
a thirty-year Markov model [47], a cost-effectiveness model [48,60], a generalized linear
model [62] and a multivariate model [65]. Seven studies [47,48,51,53,54,58,63] employed
incremental cost-effectiveness ratio (ICER) to assess the outcome. Net monetary benefit
(NMB) [47,48,51], willingness-to-pay (WTP) [47,48,51,54,58] and return on investment [57]
were other measurements used to assess the cost outcomes.
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Table 1. Summary on the economic effects of the educational interventions.

Author Year, Country Antibiotic-Related Measures (Not Cost-Related)
Type of

Economic
Evaluation

Antibiotics Cost before
Intervention or in the CG

Antibiotics Cost after
Intervention or in the IG

Cost of the
Intervention(s)

Incremental
Cost-Effectiveness
(Change in Costs)

Interpretation

Aksoy et al., 2021 [45]
Turkey

-Reduction in antibiotics prescriptions from 34.94 to
30.25%

-Reduction in antibiotics items from 14.14 to 4.12%
-Reduction in antibiotics boxes from 12.71 to 6.64%

Cost analysis -Antibiotics cost before
intervention: 11.38%

-Antibiotics cost after
intervention:

4.12%
NR Costs savings of 7.26% Favor

intervention

Armstrong 2001 [46]
USA

-Kidney infection: 49% success rate with the
antibiotics treatment guideline compared to 42%

with no guideline (p = 0.59)
-Bladder infection: 72% success rate with the

antibiotics treatment guideline compared to 42%
with no guideline (p = 0.68)

Cost mini-
mization
analysis

Before intervention:
Kidney infection event cost:

452 ± USD 1287~452 ± 1287 ppp
Bladder infection event cost:

125 ± USD 611~125 ± 611 ppp

After intervention: Kidney
infection event cost:

289 ± USD 470~289 ± 470 ppp
Bladder infection event cost:

116 ± USD 400~116 ± 400 ppp

NR

-Decrease of 36% in
health event costs

(p = 0.696)
-Decrease of 7% in health

event costs (p < 0.05)

Favor
intervention

Balcioğlu et al., 2017 [55]
Turkey

APR:
IG (Algorithm group): n = 23 (0.1%)

CG: n = 65 (0.4%)
Cost analysis Prescription cost in CG: TRY

26.9~19.44 ppp
Prescription cost in IG: TRY

15.4~11.13 ppp NR Cost savings of 8.31 ppp Favor
intervention

Butler et al., 2012 [56]
UK

-Reduction of 4.2% (95% confidence interval 0.6% to
7.7%) in total oral antibiotic dispensing per

1000 patients
-No significant differences in hospital admissions

and re-consultation rates between IG and CG

Cost analysis
Antibiotics costs in baseline:
CG: GBP 2254.6~3211.68 ppp
IG: GBP 2199.7~3133.48 ppp

Antibiotics costs in follow-up
CG: GBP 2252.3~3208.40 ppp
IG: GBP 2078.9~2961.40 ppp

Total costs of
intervention: GBP

96,460~137,407.41 ppp

-Cost savings of GBP
120.8~172.08 ppp in the

intervention group
-Decrease of 5.5% (−0.4;

11.4, p = 0.07) in
antibiotic cost

Favor
intervention

Cals et al., 2011 [51]
Netherlands

-IG1 (CRP group): 43 ± 39.1 antibiotics at index
consultation; 3.35 ± 4.54 days of work;

EUR 98 ± 89.1 diary cost
-IG2 (Communication skills training group):
28 ± 33.3 antibiotics at index consultation;

3.37 ± 4.02 days of work; EUR 74 ± 88.1 diary cost
-IG3 (CRP + communication skills training group):

27 ± 23.1 antibiotics at index consultation;
3.39 ± 4.08 days of work; EUR 110 ± 94 diary cost
-CG (Usual care): 80 ± 66.71 antibiotics at index

consultation; 3.37 ± 3.77 days of work;
EUR 104 ± 86.7 diary cost

Cost
effectiveness

analysis
NR NR

Total costs
-IG1: EUR 37.58 ±

45.24~117.22 ±
54.11 ppp

-IG2: EUR 25.61 ±
44.49~30.63 ±

53.22 ppp
-IG3: EUR 37.78 ±

42.08~45.19 ±
50.33 ppp

-CG: EUR 35.96 ±
58.12~43.01 ppp

Incremental
cost-effectiveness ratio:

-IG1: 5.79
-IG2: Dominant

-IG3: 4.15

Favor
intervention

Chazan et al., 2007 [44]
Israel

Seasonal intervention: -change from 27.8 to
23.2 DDD/1000 patients/day in total antibiotics use

-NS difference in the narrow-spectrum antibiotics use
Continuous intervention: -change from 28.7 to

22.9 DDD/1000 patients/day in total antibiotics use
-reduction in broad-spectrum antibiotic use (17.6%)

Cost analysis NR NR NR

-Cost savings of USD
186~186 ppp per

1000/patients/season in
the seasonal intervention

-Cost savings of USD
330~330 ppp per

1000/patients/season in
the continuous

intervention

Favor
intervention
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Table 1. Cont.

Author Year, Country Antibiotic-Related Measures (Not Cost-Related)
Type of

Economic
Evaluation

Antibiotics Cost before
Intervention or in the CG

Antibiotics Cost after
Intervention or in the IG

Cost of the
Intervention(s)

Incremental
Cost-Effectiveness
(Change in Costs)

Interpretation

Coenen et al., 2004 [52]
Netherlands

In IG: -APR, pre-test: 43%; post-test: 27.4%; −15.6%
of change; -Use of recommended antibiotics, pre-test:

40.1%; post-test: 53.8%; −13.6% of change
In CG: -APR, pre-test: 37.8%; post-test: 28.7%; −9.1%
of change; -Use of recommended antibiotics, pre-test:

37.5%; post-test: 37.4%; −0.1% of change

Cost analysis
Medication cost in CG, pre-test:

EUR 21.48~23.66 ppp
post-test: EUR 22.35~24.61 ppp

Medication cost in IG,
pre-test:

EUR 22.35~24.61 ppp
post-test: EUR

16.75~18.75 ppp

NR

Change in medication
cost:

CG: EUR 0.87~0.96 ppp
IG: EUR 6.11~6.73 ppp
Mean difference: −6.76
(95% CI: −12.30; −1.89)

Favor
intervention

Conklin et al., 2009 [64]
Pennsylvania

In kiosk prescribers:
First line APR decreased from 49.1 to 47.0%; median

decrease of 2.3% (SD, 13.0%)
Cost analysis

In non-kiosk prescribers:
Mean antibiotic cost per claim:

USD 33.56~33.56 ppp

In kiosk prescribers:
Mean antibiotic cost per

claim: USD 29.42~29.42 ppp
NR

A median cost decrease
of antibiotic per claim of

USD 3.56~3.56 ppp

Favor
intervention

Dekker et al., 2018 [53]
Netherlands

IG: mean antibiotics of 0.25; 4.5 h of work absence;
0.5 h of non-productivity

CG: mean antibiotics of 0.50; 3.1 h of work absence;
1.5 h of non-productivity

Cost
effectiveness

analysis

-Prescribed medication cost per
child: EUR 8.81~11.31 ppp

-Mean total cost: EUR 207.68
(140–284)~267.28 (18.18; 365.50)

ppp

-Prescribed medication cost
per child: EUR 4.77~6.14 ppp
-Mean total cost: EUR 217.95

(150; 301)~280.50 (193.05;
470.40) ppp

Costs of intervention per
child: EUR 2.9~3.73 ppp

Cost savings per child of
EUR 4.04~5.20 ppp
Mean incremental

cost-effectiveness ratio:
EUR 0.85~1.09 ppp per
percentage decrease in
antibiotic prescription

Favor
intervention

Farris et al., 1996 [38]
USA

1st study period
-change in APR: −9.5%

-change in amoxicillin ratio: −5.5%
2nd study period

-change in APR: −3.2%
-change in amoxicillin ratio: −12.1%

Cost analysis NR

Average cost per prescription:
1st study period, USD

40.54~40.54 ppp
2nd study period, USD

41.08~41.08 ppp

USD 3700~3700 ppp

Cost savings: USD
3784~3784 ppp

Net savings: USD
84~84 ppp

Favor
intervention

Figueiras et al., 2020 [57]
Spain

% of reduction in IG relative to CG:
-Reduction of −4.23 (95% CI: −5.26; −3.21) DDD in

antibiotics for systemic use;
-Reduction of −6.51 (95% CI: −7.92; −5.22) DDD in

penicillins;
-Reduction of −3.89 (95% CI: −6.18; −1.65) DDD in

cephalosporins;
-Reduction of −3.45 (95% CI: −5.23; −1.70) DDD in

macrolides, lincosamides and streptogramins
-Reduction of −0.47 (95% CI: −2.37; 0.93) DDD in

quinolones;
Reduction of −8.97 (95% CI: −13.99; −4.12) in

consumption ratio of broad-to narrow-spectrum
antibiotics

Cost analysis NR NR
Total cost of

intervention: 105. EUR
834~168.79 ppp

Savings in absolute
direct costs of −4.33%
(95% CI: −5.38; −3.29)

Savings in cost per
physician of −4.33%

(95% CI: −5.38; −3.29)
Savings in direct costs
per 1000 inhabitants
−4.46 (95% CI: −5.54;

−3.4)%
Total direct cost savings
of EUR 697.38 (−861.79;
−533.22)~−1112.25

(−1374.47; −850.43) ppp

Favor
intervention

Furst et al., 2015 [42]
Slovenia Antibiotics prescriptions decreased 53% Cost analysis NR NR

Cost of the intervention
EUR 325,000~

591,596.64 ppp + EUR
500,000~840,336.13 ppp

Cost savings in
antibiotics of

EUR 13.1 million~
22.02 million ppp

Favor
intervention
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Table 1. Cont.

Author Year, Country Antibiotic-Related Measures (Not Cost-Related)
Type of

Economic
Evaluation

Antibiotics Cost before
Intervention or in the CG

Antibiotics Cost after
Intervention or in the IG

Cost of the
Intervention(s)

Incremental
Cost-Effectiveness
(Change in Costs)

Interpretation

Gillespie et al., 2016 [58]
Ireland

-IG1 (Arm A): 78.6% antimicrobial prescriptions;
EUR 84.2 (SD: 24.6) of cost per consultation; 68.2%

first-line antimicrobials
-IG2 (Arm B): 75.8% antimicrobial prescriptions;

EUR 88.7 (SD: 24.3) of cost per consultation; 66.5%
first-line antimicrobials

-CG: 66.5% prescriptions; EUR 67 (SD: 26.1) of cost
per consultation; 44.1% first-line antimicrobials

Cost
effectiveness

analysis

Antimicrobial prescriptions cost
per consultation in CG: EUR 5.3

(SD: 4.0)~6.68 (SD: 5.04) ppp

Antimicrobial prescriptions
cost per consultation:

-IG1: EUR 5.1 (SD: 3.4)~6.42
(SD: 4.28) ppp

-IG2: EUR 5.2 (SD: 3.5)~6.55
(SD: 4.41) ppp

Cost related to
intervention set-up,
audit and feedback

-IG1: EUR 16.3~20.53
ppp per consultation
-IG2: EUR 16.4~20.65
ppp per consultation

ICERs per % increase in
first-line antimicrobial
prescription for UTI:

-IG1: EUR 64.2 (95% CI:
22.0, 121.8)~80.86 (95% CI:

27.71; 153.40) ppp
-IG2: EUR 105.4 (95% CI:

46.6, 241.7)~132.75 (95% CI:
58.69; 304.41) ppp

Favor
intervention

Gong et al., 2019 [47]
USA

-CG: 14.68 QALYs; Intervention cost of
178.21$~178.21 ppp

-IG1 (suggested alternatives): 14.73 QALYs;
Intervention cost of USD 173.22~173.22 ppp

-IG2 (accountable justifications): 14.74 QALYs;
Intervention cost of USD 172.82~172.82 ppp

-IG3 (peer comparison): 14.74 QALYs; Intervention
cost of USD 172.52~172.52 ppp

Cost
effectiveness

analysis
NR NR

Cost of
implementation-IG1:

1.91 (0–5.73)
-IG2 3.82 (0–9.55)
-IG3 0.95 (0–3.82)

Overall budget impact:
-CG: USD17.82

million~17.82 million ppp
-IG1: USD 17.32

million~17.32 million ppp
-IG2: USD 17.28

million~17.28 million ppp
-IG3: USD 17.25

million~17.25 million ppp

Favor
intervention

Hux et al., 1999 [41]
Canada

IG: pre, 67.2%; post, 69.8% in first-line antibiotics
CG: pre, 68.5%; post, 66.8% in first-line antibiotics

(p < 0.001)
Cost analysis

Median antibiotic cost in CG:
pre, CAD 10.78~8.77 ppp; post,

CAD 14.15~11.52

Median antibiotic cost in IG:
pre, CAD 11.50~9.36 ppp;
post, CAD 11.55~9.41 ppp

NR
No savings in median

antibiotic cost in the IG
and an increase in CG cost

Unclear

Lanbeck et al., 2016 [69]
Sweden

IG:
7193 days at the hospital; 108 deaths; 180 patients

readmitted within 28 days.
CG: 7402 days at hospital; 117 deaths; 203 patients

readmitted within 28 days.

Cost analysis

Oral antibiotic treatment cost:
SEK 94,367~10,695.57 ppp

Intravenous antibiotic
treatment cost: SEK

690,440~78,254.56 ppp

Oral antibiotic treatment cost:
SEK 46,850~5309.99 ppp

Intravenous antibiotic
treatment cost: SEK

616,264~69,847.44 ppp

Cost of intervention:
SEK 161,990~18,359.97

ppp

Cost savings in oral
antibiotic of SEK

47,517~5385.58 ppp
Cost savings in

intravenous antibiotic of
SEK 74,176~8407.12 ppp

Favor
intervention

Le Corvoisier et al., 2013
[59]

France

IG: Reduction in antibiotics prescriptions from
15.2 ± 5.4% to 12.3 ± 5.8% (−2.8% [95% CI: −3.8;

1.9]; p < 0.001)
CG: Increase in antibiotics prescriptions from 15.3
± 6.0% to 16.4 ± 6.7% (+1.1% [95% CI; 0.4; 1.8],

p < 0.01)

Cost analysis

Cost of antibiotic prescriptions
in CG: EUR 393 (95% CI: 201;
585)~429.04 (95% CI: 219.43;

638.65) ppp

Cost of antibiotic
prescriptions in IG: -EUR 313
(95% CI: −512; −113)~341.70
(95% CI: −558.95; −123.36)

ppp

NR
Significant reduction (EUR
80~87.34 ppp) in antibiotic
prescription cost (p < 0.001)

Favor
intervention

Madridejos-Mora et al.,
2004 [67]

Spain

Antibiotics over prescription:
-IG (individualised feedback group):

Pre, 16.4 (SD: 7.27); Post, 16.4 (SD: 6.15); p = 0.986
-CG (minimal intervention group): Pre, 15.7 (SD:

8.44); Post, 13.7 (SD: 6.81); p = 0.006

Cost analysis

Antibiotics cost in CG: Pre, 3.18
(SD: 1.59) EUR/inhabitant~4.15

(SD: 2.08) ppp/inhabitant
Post, 3.25(SD: 1.31)

EUR/inhabitant~4.24 (SD: 1.71)
ppp/inhabitant

Antibiotics cost in IG: Pre,
2.94 (SD: 1.89)

EUR/inhabitant~3.84 (SD:
2.47) ppp/inhabitant
Post, 2.49 (SD: 1.42)

EUR/inhabitant~3.25 (SD:
1.85) ppp/inhabitant

NR

Significant reduction (EUR
−0.45~0.59

ppp/inhabitant) in
antibiotic prescription cost

(p = 0.004)

Favor
intervention
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Table 1. Cont.

Author Year, Country Antibiotic-Related Measures (Not Cost-Related)
Type of

Economic
Evaluation

Antibiotics Cost before
Intervention or in the CG

Antibiotics Cost after
Intervention or in the IG

Cost of the
Intervention(s)

Incremental
Cost-Effectiveness
(Change in Costs)

Interpretation

March-Lopez et al., 2020
[68]

Spain

-A decrease from 26.99 to 22.41% (−4.57%; p < 0.05)
in antibiotic consumption

-An increase from 31.32 to 32.35% (+1.04%; p < 0.05)
in narrow-spectrum antibiotics

Cost analysis
Total antibiotic spending in

2016 (control): EUR
905,700.76~1,444,498.82 ppp

Total antibiotic spending in
2018 (sustainability phase):

EUR 793,765.89~
1,265,974.31 ppp

NR

Cost savings in
antibiotic spending:

EUR 111,934.87~
178,524.51 ppp

Favor
intervention

McNulty et al., 2000 [43]
UK

-IG (workshop group): a reduction of −2458 (−3.4%)
in antibiotics units; a reduction of −139 (−0.9%) in
narrow-spectrum antibiotics; a reduction of −1612

(−15.4%) in broad-spectrum antibiotics
-CG (non-workshop group): a reduction of −1209
(−2.2%) in antibiotics units; a reduction of −1248

(−11.7%) in narrow-spectrum antibiotics; an increase
of 561 (6.5%) in broad-spectrum antibiotics

Cost analysis

CG: an increase of GBP
8710~12,354.61 ppp (3.8%) in

antibiotics units; a reduction of
-GBP 1160~1645.39 ppp

(−10.8%) in narrow- spectrum
antibiotics; an increase of GBP
7100~10,070.92 ppp (8.8%) in
broad-spectrum antibiotics

IG: a reduction of -GBP
3400~4822.70 ppp (−3.4%) in
antibiotics units; an increase

of GBP 220~312.06 ppp
(1.5%) in narrow- spectrum
antibiotics; a reduction of
GBP 8330~11,815.60 ppp

(−9.3%) in broad-spectrum
antibiotics

NR

-Cost savings in
antibiotic units of 3.8%

(NS)
-Cost savings in
broad-spectrum

antibiotics of −9.3%
(p < 0.001)

-Cost increase in
narrow-spectrum
antibiotics of 1.5%

(p = 0.016)

Favor
intervention

Me’emary et al., 2009
[66] Syria

-CG (baseline survey group): 86.5% of antibiotic
prescriptions; SYP 356,223~NA ppp of total

antibiotics cost
-IG (impact survey group): 62.8% of antibiotic

prescriptions; SYP 157,182~NA ppp of total
antibiotics cost

Cost analysis CG: 66.5% of total antibiotics
cost

IG: 55.1% of total antibiotics
cost NR

Cost savings of −17.1%
(p < 0.001) in antibiotics

cost

Favor
intervention

Michaelidis et al., 2015
[48]
USA

-IG1 (printed decision support): 3.78 antibiotic
prescriptions per 5 cases of disease; <1.9 days of

work loss compared to CG;
-IG2 (computerized decision support): 3.94 antibiotic

prescriptions per 5 cases of disease
-CG (usual care): 4.60 antibiotic prescriptions per 5

cases of disease

Cost
effectiveness

analysis
NR NR

-IG1: USD 2574~
2574 ppp

-IG2: USD 2802~
2802 ppp

-CG: USD 2768~
2768 ppp

The IG1 showed to be
the most cost-effective

strategy to reduce
antibiotic use,

specifically safely
avoiding antibiotics

prescriptions of −0.16
and −0.82 (incremental
effectiveness) compared

to IG2 and CG

Favor
intervention

Naughton et al., 2008
[60]

Ireland

Immediate response:
-IG1 (postal bulletin group): decrease of −0.02

(−0.04; −0.001) in APR; increase of 0.02 (0.002; 0.05)
in first-line antibiotics; decrease in second-line

antibiotics of −0.03 (−0.05; −0.01) in co-amoxiclav
and −0.02 (−0.03; −0.007) in cephalosporins

-IG2 (academic detailing group): decrease of −0.02
(−0.03; −0.001) in APR; increase of 0.05 (0.01; 0.09) in

first-line antibiotics; decrease in second-line
antibiotics of −0.03 (−0.05; −0.01) in co-amoxiclav

and −0.02 (−0.03; −0.003) in cephalosporins

Cost
effectiveness

analysis
NR NR

Total cost of
implementation in IG1

was EUR
210,000~222,457.61 ppp

with a cost per GP
practice of EUR
175~185.38 ppp

Total cost of
implementation in IG2

was EUR
1,868,000~1,978,814 ppp

with a cost per GP
practice of EUR

1556~1648.31 ppp

The cost-effectiveness
ratio for the IG1 was

EUR 88~93.22 ppp per
%change in practice
compared with EUR
778~824.15 ppp for
academic detailing

Favor
intervention
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Table 1. Cont.

Author Year, Country Antibiotic-Related Measures (Not Cost-Related)
Type of

Economic
Evaluation

Antibiotics Cost before
Intervention or in the CG

Antibiotics Cost after
Intervention or in the IG

Cost of the
Intervention(s)

Incremental
Cost-Effectiveness
(Change in Costs)

Interpretation

O’Connor et al., 1999
[39]
USA

-Pre-guideline: 24% using antibiotics and 76% not
using antibiotics

-Post-guideline: 16% using antibiotics and 84% not
using antibiotics

Cost analysis Pre-guideline cost of initial care:
USD 37.8~37.8 ppp

Post-guideline cost of initial
care: USD 36.2~36.2 ppp NR Net savings of 4.2% (NS) Favor

intervention

Oppong et al., 2018 [54]
Belgium, Netherlands,

Poland, Spain, UK

-EG1 (CRP group): 222 (33.64%) antibiotic
prescriptions; 0.0651 QALYs;

-EG2 (Communication skills group): 303 (40.95%)
antibiotic prescriptions; 0.0651 QALYs;

-EG3 (CRP + communication skills group): 242
(34.13%) antibiotic prescriptions; 0.0648 QALYs

-CG (Usual care): 307 (59.61%) antibiotic
prescriptions; 0.065 QALYs;

Cost
effectiveness

analysis

Antibiotic cost:
-CG: EUR 27.96~41.24 ppp

Antibiotic cost:
-EG1: EUR 49.34~72.77 ppp
-EG2: EUR 39.56~58.35 ppp
-EG3: EUR 60.32~88.97 ppp

Cost of delivering the
intervention:

-EG1: EUR 11.42 (SD:
7.45)~16.84 (SD: 10.99)

ppp
-EG2: EUR 5.62 (SD:

3.69)~8.29 (SD: 5.44) ppp
-EG3: EUR 13.43 (SD:
8.53)~19.81 (SD: 12.58)

ppp

-EG3: ICER of EUR
338.89~499.84 ppp

-EG1: ICER of EUR
176.53~260.37 ppp
-EG2: ICER of EUR

68.80~101.47 ppp
All per percentage

reduction in antibiotic
prescription when
compared with CG

Favor
intervention

Ornstein et al., 1999 [40]
USA

CG (non-cost information in prescriptions): 23.85%
of antibiotics prescriptions

EG (cost information in prescriptions): 21.59% of
antibiotics prescriptions

p = 0.001

Cost analysis
CG: USD 14.51~14.51 ppp mean

antibiotic prescription cost;
15.85% total prescription costs

EG: USD 16.85~16.85 ppp
mean antibiotic prescription

cost; 16.15% total
prescription costs

The mean cost per
contact:

CG: 12.49 ±
29.35 $~12.49 ±

29.35 ppp
EG: 13.03 ±

30.06 $~13.03 ±
30.06 ppp

NS difference

An increase (USD
2.34~2.34 ppp) in mean

antibiotic cost (p = 0.002)
and in % of total

antibiotic cost

Reject
intervention

Pittenger et al., 2014 [49]
USA

-A decrease of −29.4% in APR per ARI episode
(absolute decrease −16.5 %points, 95% CI: −20.5;

−12.5; p < 0.001)
-A decrease of −9.4% in number of ARI episodes

(p = 0.25)
-A decrease of −17.0% in ARI primary care visits

(p = 0.035)

Cost analysis NR NR

Cost of academic
detailing per year was

USD 35,192 (33,315;
37,069)~35,192 (33,315;

37,069) ppp

Cost savings related to
the intervention
-from the payer

perspective:
-avoided antibiotic

prescription per year:
USD 21,539 (16,317;

26,763)~21,539 (16,317;
26,763) ppp

-total annual cost: USD
178,000~178,000 ppp
-from the healthcare

perspective:
-visits avoided per year:

USD 156,806 (152,358;
160,384)~156,806

(152,358; 160,384) ppp
-Antibiotic costs avoided

per year: USD 21,539
(16,317; 26,763)~21,539

(16,317; 26,763) ppp

Favor
intervention
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Table 1. Cont.

Author Year, Country Antibiotic-Related Measures (Not Cost-Related)
Type of

Economic
Evaluation

Antibiotics Cost before
Intervention or in the CG

Antibiotics Cost after
Intervention or in the IG

Cost of the
Intervention(s)

Incremental
Cost-Effectiveness
(Change in Costs)

Interpretation

Schwartz et al., 2021 [2]
Canada

Total antibiotic prescriptions (Relative risk):
-IG1 (mailed letter on antibiotic initiation) versus CG

(no letter): 0.96 (0.92; 1.01), p = 0.06
-IG2 (mailed letter on antibiotic duration) versus CG:

0.95 (0.91; 1.00), p = 0.01
-IG1 versus IG2: 0.99 (0.96; 1.02), p = 0.42

-IG1 and EG2 versus CG: 0.96 (0.92; 1.00), p = 0.02
Prolonged-duration prescriptions (>7 days) (Relative

risk):
-IG1 versus CG: 0.98 (0.93; 1.03), p = 0.42
-IG2 versus CG: 0.92 (0.87; 0.97), p < 0.001
-IG1 versus IG2: 0.94 (0.90; 0.98), p = 0.001

-IG1 and IG2 versus CG: 0.95 (0.91; 1.00), p = 0.02

Cost analysis NR

Antibiotic costs (Relative
risk):

-IG1 versus CG: 0.97 (0.92;
1.02), p = 0.19

-IG2 versus CG: 0.94 (0.89;
0.99), p = 0.01

-IG1 versus IG2: 0.97 (0.93;
1.00), p = 0.03

-IG1 and IG2 versus CG: 0.96
(0.91; 1.00), p = 0.03

NR

The initiation letter (IG1)
had no statistically
significant effect.

Compared with CG, the
duration letter (IG2)
resulted in 42 fewer

antibiotic prescriptions,
24 fewer

prolonged-duration
prescriptions, and CAD
771~599.07 ppp in drug
cost savings on average

per PCP over 12 months.

Favor
intervention

Walker et al., 2004 [50]
USA

In 1998: 1.17 of antibiotics; 13.6% of total drugs
volume

In 1999: 1.08 of antibiotics; 12.1% of total drugs
volume

A reduction of −8.1%.

Cost analysis

In 1998: USD 19.38~19.38 ppp
mean antibiotic cost per claim;

7.9% of total cost; USD
16.46~16.46 ppp mean

antibiotic cost per prescription

In 1999: USD 15.09~15.09
ppp mean antibiotic cost per
claim; 6.1% of total cost; USD

14.04~14.04 ppp mean
antibiotic cost per

prescription

NR

The average antibiotic
cost per claim decreased

14.7%;
The average antibiotic

cost per claim decreased
22.1%;

The decrease in the cost
per claim for antibiotics

resulted from an
increase in the use of

generic first-line
antibiotics

Favor
intervention

Wei et al., 2017 [61]
China

IG (educational intervention) versus CG:
-a reduction of −30% (−43 to −17) in the APR;

-an increase of 2% (−1 to 5) in the multiple APR;
-an increase of 5% (−10 to 20) in broad-spectrum

APR;
-a reduction of −8% (−20 to 5) in the intravenous

APR.

Cost
effectiveness

analysis

CG:
Antibiotic cost >

Individual-Baseline: USD 0.5
(0.4)~0.5 (0.4) ppp

Endline: USD 0.5 (0.4)~
0.5 (0.4) ppp

Cluster–Baseline: USD 0.7
(0.07)~0.7 (0.07) ppp

Endline: USD 0.7 (0.06)~0.7
(0.06) ppp

IG:
Antibiotic cost >

Individual-Baseline: USD 0.6
(0.4)~0.6 (0.4) ppp Endline:
USD 0.3 (0.4)~0.3 (0.4) ppp

Cluster–Baseline: 0.7
(0.04)$~0.7 (0.04) ppp

Endline: USD 0.7 (0.05)~0.7
(0.05)

NR

No significant effect of
the intervention on the
full prescription cost

[adjusted mean
difference: 0.01 (−0.03 to

0.05)]
The mean antibiotic cost
was significantly lower

in the IG than in CG,
although the crude
results showed no

significant difference

Reject
intervention
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Table 1. Cont.

Author Year, Country Antibiotic-Related Measures (Not Cost-Related)
Type of

Economic
Evaluation

Antibiotics Cost before
Intervention or in the CG

Antibiotics Cost after
Intervention or in the IG

Cost of the
Intervention(s)

Incremental
Cost-Effectiveness
(Change in Costs)

Interpretation

Wei et al., 2019 [62]
China

After the intervention (Antimicrobial stewardship
programme >

-Reduction in the APR of −49%points (95% CI: −63;
−35, p < 0.0001);

-A modest reduction in the broad-spectrum APR
(−12%points (95% CI: −21; −4);

After the follow-up>
-Reduction in the antibiotic prescription rate of −36%

points (95% CI: −55; −17, p < 0.0001);
-A moderate reduction in the broad-spectrum APR

(−20% points (95% CI: −34; −6).

Cost
effectiveness

analysis

Antibiotic cost in CG
Baseline: USD 0.5 (±0.4)~0.5

(±0.4) ppp
Post intervention: USD 0.5

(±0.4)~0.5 (±0.4) ppp
Post follow-up: USD 0.5
(±0.4)~0.5 (±0.4) ppp

Antibiotic cost in IG
Baseline: USD 0.6 (±0.4)~0.6

(±0.4) ppp
Post intervention: USD 0.3

(±0.4)~0.3 (±0.4) ppp
Post follow-up: USD 0.4
(±0.4)~0.4 (±0.4) ppp

NR

-After the intervention, a
reduction in the cost of

antibiotics per
prescription of −0.35

(95% CI: −0.45;
−0.25)$~−0.35 (95% CI:

−0.45; −0.25) ppp
-After the follow-up, a
reduction in the cost of

antibiotics of −0.26 (95%
CI: −0.38;

−0.13)$~−0.26 (95% CI:
−0.38; −0.13) ppp

Favor
intervention

Wensing et al., 2004 [65]
Germany

-APR
EG> baseline: 83.1%; post-intervention: 76.7%
CG> baseline: 86.1%; post-intervention: 75.8%

-Recommended Antibiotics
EG> baseline: 46.3%; post-intervention: 47.2%
CG> baseline: 43.6%; post-intervention: 44.6%

Cost analysis

Antibiotic costs per
prescription:

CG> baseline: EUR 21.6~24.69
ppp

Post-intervention: EUR
20.9~23.89 ppp

Antibiotic costs per
prescription:

EG> baseline: EUR
22.5~25.71 ppp

Post-intervention: EUR
21.2~24.23 ppp

NR

The intervention effect
on antibiotic cost was a

decrease of EUR
−0.92~1.05 ppp

(p < 0.20)

Favor
intervention

Zang et al., 2018 [63]
China

CG> APR: 70 (SD: 14); 4.79 (SD: 1.64) of total
healthcare cost;

EG> APR: 40 (SD: 19); 5.16 (SD: 1.94) of total
healthcare cost;

Difference of −29 (95% CI: −42; −16, p < 0.001) in
APR and 1.02 (95% CI: −0.36; 2.4; p > 0.05)

Cost
effectiveness

analysis

Cost per %point decrease in
APR in CG: USD 4.83~4.83 ppp

Cost per %point decrease in
APR in EG > USD 5.33~

5.33 ppp
Incremental cost per

percentage point reduction in
APR: USD 1.02 (−0.36;

2.4)~1.02 (−0.36; 2.4) ppp

USD 390.65 (SD:
145.68)~390.65

(SD 145.68) ppp per
facility, including

doctors training and
information resources

for patients

The APR in the IG
reduced by 29.23%

points at an additional
cost of USD 1.02 (−0.36;

2.4)~1.02 (−0.36; 2.4)
ppp per patient

compared to the CG,
producing an ICER of

USD 0.03~0.03 ppp per
%point reduction in APR

Favor
intervention

NS, non-significant; CI, confidence interval; +, plus; SD, standard deviation; Quality-adjusted life years (QALYs); CRP, C-reactive protein; %, percentage; APR, antibiotic prescription rate;
IG, intervention group; CG, control group; DDD, defined daily doses; ppp, purchasing power parities; NA, not available; GP, general practitioner.
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4. Discussion

This study systematically reviewed the economic impact of educational interventions
implemented to significantly improve or reduce antibiotic prescription and dispensing
among physicians and pharmacists in primary healthcare settings.

4.1. Antibiotic Consumption and Prescription

Overall, educational interventions were demonstrated to have a positive impact in both
the conscientious consumption of antibiotics and appropriateness of antibiotic prescription
and dispensing in primary healthcare provider prescriptions. Evidence from the thirty-
three included articles showed that one of the major aims of educational interventions is to
guide antibiotic prescription, which predominantly culminate in favorable outcomes, either
by decreasing the overall amount of antibiotic prescriptions or by improving prescription
quality. This positive impact on the appropriateness of antibiotic prescriptions, in primary
healthcare settings, is in accordance with the existing literature [70,71]. The appropriate
antibiotic prescription was associated with short- and long-term cost reduction, since
it promoted cost reductions associated with less hospitalizations, second-line inpatient
antibiotic use and non-antibiotic drug costs (i.e., equipment, workload, etc.), for instance,
resulting in improvements in morbidity and mortality [57].

Nevertheless, the inappropriate use and prescription of antibiotics are not always easy to
reverse since, in many cases both clinicians’ and patients’ attitudes may present barriers to the
implementation of good practices. The absence of patient awareness on the hazards caused by
antibiotic-resistance, lack and/or ineffective communication between prescribers, patients and
pharmacists, the pressure by patients towards physicians to prescribe antibiotics, the clinicians’
fear of patients worsening, and the expectations of practitioners and patients may represent
barriers to provision of the correct prescription and dispensing of antibiotics [2,60,62,70,72].
The study of Wei et al. [62] reported examples of reasons provided by doctors to maintain their
antibiotic prescription trends, namely difficulty in differentiating between viral and bacterial
infections and to avoid patient complaints.

Generally, antibiotic use is higher in more deprived areas, explained by factors such
as the lack of regulations to prevent the over-the-counter sale of antibiotics, the limited
availability of essential diagnostic procedures, the inadequate training of healthcare profes-
sionals, and the high burden of illness and comorbidities [73]. However, the literature also
showed extremely high values of antibiotic prescription and dispensing in high-income
countries, namely in primary healthcare facilities where most antibiotics are supplied [72].
In the study of Aksoy and colleagues [45], a reduction or maintenance in antibiotic prescrip-
tion behavior was described; however, the overall drug prescription raised significantly. In
comparative terms, it would be interestingly to verify this trend (i.e., reduction in antibiotic
prescription and simultaneous increase in prescription of the overall drugs), in the other
included studies; however, this analysis was not possible since none of the other included
studies evaluated the same outcomes.

As mentioned before, the antibiotic prescription quality showed to be a crucial fac-
tor in the improvement of antibiotic prescription practice. However, prescribers tended
to favor long-term prescriptions, therapies combining multiple antibiotics with similar
pharmacological characteristics, as well as prescription of broad-spectrum antibiotics, all
factors negatively associated with poor prescription quality, and, indirectly, with antibiotic-
resistance [6,74]. Three studies [52,57,62] out of the included papers stressed the importance
of reducing the use of broad-spectrum antibiotics for improving quality of antibiotic pre-
scription. Concordantly, two additional studies [44,68] reported a significant decrease in the
use of broad-spectrum antibiotics in favor of narrow-spectrum antibiotics, which [43,44,68]
showed to be an appropriate alternative [43,44,68], since therapy with narrow-spectrum
antibiotics is associated with a lower risk of drug-related adverse effects and a higher
health-related quality of life [74,75]. Other concerns associated with antibiotic misuse were
prescription without clinical indication and improper consumption associated with the
choice of a suitable molecule and dosage of therapy according to patients’ characteristics
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and location of infection [73]. To sum up, despite the efforts to increase appropriate prescrip-
tion attitudes among primary physicians using educational interventions, several studies
demonstrated that additional changes/interventions are still required since prescription
values remain above the desirable goals [38,42,43,50,53,60,64,65,67].

4.2. Antibiotic Cost and Costs of Antibiotic Prescription

The cost of the prescribed medicines is one of the most important drug utiliza-
tion indicators allowing the assessment of rational use of drug performance by clin-
icians [76]. Within the scope of this review, two of the major outcomes analyzed in
twenty-nine [2,38–45,48–50,52–59,61–69] of the included studies were the changes in antibi-
otic cost and costs of antibiotic prescription and dispensing. To reduce antibiotic costs and
associated costs, one of the strategies currently adopted is the availability of generic first-line
antibiotics that resulted in significant cost savings over their branded and broader-spectrum
counterparts [62]. This finding is also supported by the study of March-Lopez et al. [68]
who reported a significant reduction in the total spending on antibiotics due to reductions
in total spending on broad-spectrum antibiotics, and by Walker and colleagues [50] who
stated that the reduction in the cost per claim of antibiotics was mainly triggered by the
increasing utilization of generic first-line antibiotics. This is in line with previous literature
reporting that the use of broad-spectrum antibiotics, which are commonly more expensive,
and alteration in clinicians’ prescription practices, namely the prescription of second-line
antibiotics, are considered some of the main drivers behind extra costs in healthcare [77].

In addition to monetary effects, directly related to antibiotics and their associated
costs, inappropriate antibiotic prescriptions and dispensing also have negative effects on
productivity [77,78]. Productivity losses are related to the amount of work time lost, due to
lack and/or non-productivity as a result of reduced concentration, as well as the expected
number of additional hours needed to conclude the regular amount of work [53,77]. The
studies of Calls et al. [51] and Dekker et al. [53] were unique in that they considered
productivity loss, with Dekker and colleagues reporting that the productivity loss of
parents represented the highest costs regarding the intervention group, whereas Calls et al.
did not observe any significant difference. These societal benefits of interventions are
crucial and should thus not be underestimated. Nevertheless, only three studies [47,48,53]
assessed data from a societal perspective.

4.3. Educational Interventions

Treatment guideline implementation [39,43,46,52,61,63] and guideline-based educa-
tional activities [58,59,62,65] were the most implemented interventions throughout the
included studies. A systematic review regarding the impact of guideline adherence re-
garding antibiotic prescription stated that, in general educational interventions focused
on adherence to guidelines are enough to improve the quantity and quality of prescrip-
tions [79]. However, the implementation of more complex interventions, i.e., multifaceted
interventions, comprehending individualized prescription feedback [2,38,45,47,60,67], aca-
demic detailing [49,50,57,60,64,68] and training in enhanced communication skills [51,53,54]
were also often applied in primary healthcare settings. Communication skills training and
strategies to communicate clinical information were also adopted strategies to persuade
clinicians to change their practice performance [43,51,53,54,56,62].

4.4. Economic Effects of the Educational Interventions

Educational interventions showed to be of most relevance, especially for policymakers,
regarding enhancement of prescription and dispensing, among physicians and pharmacists
in primary healthcare settings, and for promoting cost savings [57].

Despite being stated in the literature that CEA is one of the most reliable
tools of process and economic analysis [80], more than half of the included
studies [2,38–45,49,50,52,55–57,59,64–69] implemented a CA. CEA is an extremely use-
ful method in terms of direct comparison of different interventions with identical out-



Antibiotics 2022, 11, 1186 17 of 22

comes [80,81]. When compared to other methods of analysis it presents the benefit of
bringing into focus the relative advantages and disadvantages of implementing several
interventions from both cost and clinical perspectives, since it allows, simultaneously, the
identification of the intervention that confers more benefits to patients, and that provides
more cost savings for health systems to help inform policy decisions [81].

As seen within the papers that performed a CEA, there is ample variation in the
reported outcomes measured (ICER, WTP, NMB) throughout the included economic evalu-
ation studies, that in conjunction with other methodological discrepancies are responsible
for impeding, in a certain mode, the utility of data on the effectiveness and costs in the
ongoing practice in primary healthcare facilities. Return on investment, another measure of
cost outcome and a method of cost–benefit analysis, allows the measurement of educational
intervention costs and the financial recovery of these interventions estimated as a net bene-
fit, i.e., the total benefit minus the total cost, over total cost [82]. Figueiras et al.’s study [57]
was the only that reported the return on investment as a measure of cost outcomes. Never-
theless, this type of economic analysis frequently neglects the patients’ health, since it is
based on temporary recovery. Thus, to surpass this limitation, it is crucial to adopt other
outcome measures, that consider the quality of life in patients who experienced the clinical
outcomes, enabling comparisons between economic evaluations [82]. QALY is an example
of one of those effectiveness-standardized outcome measures that were implemented by
Oppong et al. [54] and Gong et al. [47].

Resistance patterns, which may diverge according to the geographical regions, and
the financial difficulties of healthcare systems represent huge challenges to the imple-
mentation of cost-effectiveness interventions among countries and to apply knowledge
translation to current clinical practice [82]. Furthermore, evidence for the cost-effectiveness
of implementing educational interventions still requires further exploration since although
numerous studies [39,42,52,53,56–59,62,66,69] have been performed with the application
of a follow-up analysis to check the middle- and long-term effects of the intervention, the
evidence is not yet consistent on this topic.

Cost-effectiveness presents an example of an economic health evaluation that is crucial
for policymakers and healthcare providers to formulate the best decisions regarding alter-
native methods of action, since in addition to accessing health benefits, i.e., effectiveness, it
also allows the evaluation of relevant information about the costs needed to implement
educational interventions [37]. Considering the three possible outcomes, favor intervention,
unclear and reject intervention, previously identified in the study of Munn et al. [37], three
studies [40,41,61] did not report favoring of interventions. Possible explanations for this
finding were the selection of unsuitable control arms (e.g., historical controls), the reduced
impact, as less than expected of the implemented interventions, the inadequate practice
settings where interventions were implemented and the lack of sensitive prescribing habits
regarding cost information.

The findings of this study did not allow us to identify the most cost-effective strategy
for improving or reducing antibiotic prescription and dispensing in primary healthcare.
However, overall, the implemented educational interventions seemed to result in sig-
nificantly positive cost and clinical outcomes via the adoption of appropriate antibiotic
prescription and dispensing practices in primary healthcare settings.

4.5. Strengths and Limitations

This systematic review was associated with some limitations that merit discussion.
Firstly, publication bias might have affected our findings. As previously stated, four

scientific databases (PubMed, Scopus, Web of Science, EMBASE) were selected for searching
potential selection of studies. Thus, grey literature, that includes a wide range of documents
difficult to search and retrieve, such as studies with null findings, abstracts, and other
unpublished documents were not included. However, the defined inclusion criteria allowed
the coverage of a wide range of studies with different settings and designs.
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Secondly, our findings were limited by the level of heterogeneity within the included
studies, observed in the different study designs, data collection methods, statistical cost
analysis methodologies and ways of presenting cost values. To overcome this limitation,
we transformed all costs into Purchasing Power Parities (ppp) and this allowed us to
equalize the purchasing power of different currencies, by eliminating the differences in
price levels across countries. The high heterogeneity also hindered us from drawing
closer comparisons between costs and performing a meta-analysis. Additionally, some
common issues observed across the analyzed papers were the lack of randomization of the
study population and/or the absence of a control group, resulting in a reduced ability to
determine whether the results were due to the educational intervention or external factors.
The imbalance between participants, i.e., more primary care physicians than pharmacists,
may have also limited generalization of results. Another limitation is associated with the
timeline of some of these studies, since twenty-two of the revised papers, did not perform
or report follow-up results, so it is not possible to conclude whether the interventions
were effective over middle- and long-term periods. Finally, most of the included studies
did not report sociodemographic characteristics of the physicians/pharmacists and the
few [2,40,41,44,52,55–57,59,61–63,67] that reported did not explore correlations with the
trends of antibiotic prescription, dispensing and cost.

Despite these limitations, we may highlight the extensive, rigorous, and systematic search
across the four distinct databases (PubMed, Scopus, Web of Science, EMBASE) following
well-established and updated guidelines for conducting systematic reviews [33,83], which
might be considered the main strength of this study.

5. Conclusions

Our results suggest that educational interventions were associated with improvements
in the overall prescription rate, dispensing, and consumption of antibiotics as well as
significant reduction in antibiotic costs. These results support the need for public health
actions to qualify primary healthcare providers, principally in low- and middle-income
countries, through the implementation of cost-effective educational interventions to re-
duce the prescription and dispensing of antibiotics in primary healthcare settings and a
consequent decrease in the associated healthcare costs.
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42. Fürst, J.; Čižman, M.; Mrak, J.; Kos, D.; Campbell, S.; Coenen, S.; Gustafsson, L.L.; Fürst, L.; Godman, B. The Influence
of a Sustained Multifaceted Approach to Improve Antibiotic Prescribing in Slovenia during the Past Decade: Findings and
Implications. Expert Rev. Anti-Infect. Ther. 2015, 13, 279–289. [CrossRef]

43. McNulty, C.A.M.; Kane, A.; Foy, C.J.W.; Sykes, J.; Saunders, P.; Cartwright, K.A.V. Primary Care Workshops Can Reduce and
Rationalize Antibiotic Prescribing. J. Antimicrob. Chemother. 2000, 46, 493–499. [CrossRef]

44. Chazan, B.; zur Turjeman, R.B.; Frost, Y.; Besharat, B.; Tabenkin, H.; Stainberg, A.; Sakran, W.; Raz, R. Antibiotic Consumption
Successfully Reduced by a Community Intervention Program. Isr. Med. Assoc. J. 2007, 9, 16–20.

45. Aksoy, M.; Isli, F.; Kadi, E.; Varimli, D.; Gursoz, H.; Tolunay, T.; Kara, A.; Unal, S.; Alp Mese, E. Evaluation of More than One
Billion Outpatient Prescriptions and Eight-Year Trend Showing a Remarkable Reduction in Antibiotic Prescription in Turkey: A
Success Model of Governmental Interventions at National Level. Pharmacoepidemiol. Drug Saf. 2021, 30, 1242–1249. [CrossRef]

46. Armstrong, E.P.A. Clinical and Economic Outcomes of an Ambulatory Urinary Tract Infection Disease Management Program.
Am. J. Manag. Care 2001, 7, 269–280. [PubMed]

47. Gong, C.L.; Zangwill, K.M.; Hay, J.W.; Meeker, D.; Doctor, J.N. Behavioral Economics Interventions to Improve Outpatient
Antibiotic Prescribing for Acute Respiratory Infections: A Cost-Effectiveness Analysis. J. Gen. Intern. Med. 2019, 34, 846–854.
[CrossRef]

http://doi.org/10.1001/jama.2016.0275
http://doi.org/10.1370/afm.1659
http://doi.org/10.1370/afm.1090
http://doi.org/10.1002/14651858.CD010130.pub2
http://doi.org/10.3399/bjgp13X674477
http://doi.org/10.1093/jac/dkm254
http://doi.org/10.1002/14651858.CD010907.pub2
http://doi.org/10.1136/bmj.f1493
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022311272
http://doi.org/10.1016/j.jclinepi.2021.02.003
https://jbi.global/critical-appraisal-tools
http://doi.org/10.1097/XEB.0000000000000063
http://doi.org/10.2307/2529310
http://doi.org/10.1186/s12874-017-0468-4
http://doi.org/10.1023/A:1016007024394
http://doi.org/10.1001/archfami.8.2.118
http://doi.org/10.1586/14787210.2015.990381
http://doi.org/10.1093/jac/46.3.493
http://doi.org/10.1002/pds.5311
http://www.ncbi.nlm.nih.gov/pubmed/11258144
http://doi.org/10.1007/s11606-018-4467-x


Antibiotics 2022, 11, 1186 21 of 22

48. Michaelidis, C.I.; Kern, M.S.; Smith, K.J. Cost-Effectiveness of Decision Support Strategies in Acute Bronchitis. J. Gen. Intern. Med.
2015, 30, 1505–1510. [CrossRef]

49. Pittenger, K.; Williams, B.L.; Mecklenburg, R.S.; Blackmore, C.C. Improving Acute Respiratory Infection Care through Nurse
Phone Care and Academic Detailing of Physicians. J. Am. Board Fam. Med. 2015, 28, 195–204. [CrossRef]

50. Walker, S.; Willey, C.W. Impact on Drug Costs and Utilization of a Clinical Pharmacist in a Multisite Primary Care Medical Group.
J. Manag. Care Pharm. 2004, 10, 345–354. [CrossRef]

51. Cals, J.W.L.; Ament, A.J.H.A.; Hood, K.; Butler, C.C.; Hopstaken, R.M.; Wassink, G.F.; Dinant, G.J. C-Reactive Protein Point of
Care Testing and Physician Communication Skills Training for Lower Respiratory Tract Infections in General Practice: Economic
Evaluation of a Cluster Randomized Trial. J. Eval. Clin. Pract. 2011, 17, 1059–1069. [CrossRef]

52. Coenen, S.; van Royen, P.; Michiels, B.; Denekens, J. Optimizing Antibiotic Prescribing for Acute Cough in General Practice: A
Cluster-Randomized Controlled Trial. J. Antimicrob. Chemother. 2004, 54, 661–672. [CrossRef]

53. Dekker, A.R.J.; van der Velden, A.W.; Luijken, J.; Verheij, T.J.M.; van Giessen, A. Cost-Effectiveness Analysis of a GP- and
Parent-Directed Intervention to Reduce Antibiotic Prescribing for Children with Respiratory Tract Infections in Primary Care. J.
Antimicrob. Chemother. 2019, 74, 1137–1142. [CrossRef]

54. Oppong, R.; Smith, R.D.; Little, P.; Verheij, T.; Butler, C.C.; Goossens, H.; Coenen, S.; Jowett, S.; Roberts, T.E.; Achana, F.; et al.
Cost-Effectiveness of Internet-Based Training for Primary Care Clinicians on Antibiotic Prescribing for Acute Respiratory Tract
Infections in Europe. J. Antimicrob. Chemother. 2018, 73, 3189–3198. [CrossRef] [PubMed]
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