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Abstract 

Objective Inappropriate prescribing of drugs is associated with unnecessary harms for patients 
and healthcare costs. Interventions to reduce these prescriptions are widely studied, yet the ef-
fectiveness of different types of interventions remains unclear. Therefore, we provide an overview 
regarding the effectiveness of intervention types that aim to reduce inappropriate drug prescrip-
tions, unrestricted by target drugs, population or setting.
Methods For this overview, systematic reviews (SRs) were used as the source for original 
studies. EMBASE and MEDLINE were searched from inception to August 2018. All SRs aiming 
to evaluate the effectiveness of interventions to reduce inappropriate prescribing of drugs 
were eligible for inclusion. The SRs and their original studies were screened for eligibility. 
Interventions of the original studies were categorized by type of intervention. The percentage 
of interventions showing a significant reduction of inappropriate prescribing were reported per 
intervention category.
Key findings Thirty-two SRs were included, which provided 319 unique interventions. Overall, 
61.4% of these interventions showed a significant reduction in inappropriate prescribing of drugs. 
Strategies that were most frequently effective in reducing inappropriate prescribing were multifa-
ceted interventions (73.2%), followed by interventions containing additional diagnostic tests (anti-
biotics) (70.4%), computer interventions (69.2%), audit and feedback (66.7%), patient-mediated 
interventions (62.5%) and multidisciplinary (team) approach (57.1%). The least frequently effective 
intervention was an education for healthcare professionals (50.0%).
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Conclusion The majority of the interventions were effective in reducing inappropriate prescribing 
of drugs. Multifaceted interventions most frequently showed a significant reduction of inappro-
priate prescribing. Education for healthcare professionals is the most frequently included interven-
tion in this overview, yet this category is least frequently effective.

Keywords: inappropriate prescribing, interventions, strategies, effectiveness

Introduction

Inappropriate prescribing of drugs is associated with unnecessary 
healthcare costs and risk of side effects for patients.[1] These side 
effects can lead to harmful consequences such as falls, hospitaliza-
tion and an increased one-year mortality rate.[2] The prevalence of 
inappropriate prescribing of drugs is high. For example, 18.5% 
of elderly and up to 46.5% of the people living in long-term care 
facilities received one or more potentially inappropriate drug.[3, 4] 
Avoiding these inappropriate prescriptions can have a large impact 
on patient outcomes and lead to a substantial reduction in health-
care costs.[5, 6] Inappropriate prescribing is defined as the prescription 
of medication where risk outweighs the benefit, failure to use a safer 
alternative drug, the misuse of a drug including incorrect dosage 
and duration of treatment, use of drugs with significant drug-drug 
and drug-disease interactions and finally the omission of beneficial 
drugs.[7]

The presence of inappropriate prescribing indicates that the 
existence of a clinical practice guideline does not necessarily lead 
to guideline adherence.[8, 9] An example is the increasing prescrip-
tion of acid suppressant medication in children with infant colic 
and gastro-oesophagal reflux (disease).[10, 11] Research indicates that 
proton pump inhibitors should not be prescribed in infants, given 
the lack of evidence for its effectiveness, the side effects and the lack 
of studies that prove its safety in the longer term.[12] This is clearly 
described in (inter)national guidelines and by the U.S. Food and 
Drug Administration.[13–16]

Another example is overprescribing antimicrobial drugs. 
Inappropriate use of antibiotic drugs is correlated to antibiotic 
resistance.[17] The harm of antibiotic resistance is underlined by 
a recent study, which estimated that antibiotic resistance contrib-
uted to the death of 33 110 people in the European Union.[17] Of 
all antibiotic prescriptions, 8.8–23.1% could be considered as in-
appropriate in primary care in England,[18] whereas this is esti-
mated to be up to 76% for some medical conditions in the United 
States.[19]

Many different barriers for reducing inappropriate pre-
scribing have been identified, such as patient expectations, clinical 
uncertainty, inadequate information management, administrative 
complaints, financial disincentives, negative staff attitudes and 
anxiety to change practice.[20] Numerous interventions have been 
developed to overcome these perceived barriers. The impact of 
these interventions is described in various systematic reviews 
(SRs), focusing on specific settings, interventions or patient popu-
lations.[21–24] However, the comparative effectiveness of interven-
tions for reducing inappropriate prescribing is unclear. Therefore, 
we aimed to identify effective intervention types for reducing in-
appropriate prescribing, without restrictions regarding setting, 
type of drugs or targeted population. This could guide health-
care professionals and policymakers towards the most suitable 
approach for their own initiatives in reducing inappropriate pre-
scribing of drugs.

Method

For this overview, SRs were used as a source for original studies. The 
review protocol was registered in the PROSPERO database (regis-
tration number CRD42016038131). In addition to the protocol, 
original studies of the SRs were included for analyses of the effect-
iveness of interventions. Results are reported based on PRISMA 
guidelines.[25]

Data sources and search strategy
In collaboration with a medical information specialist, we developed 
a search strategy for EMBASE and MEDLINE. The search strategy 
consisted of synonyms for inappropriate prescribing combined with 
a filter for systematic reviews. The full search strategy is described 
in Supplementary Appendix 1. The databases were searched from 
inception to August 2018. In addition, the reference lists of included 
SRs were checked for eligible articles.

Eligibility criteria
SRs were eligible for inclusion if the aim of the review was to 
evaluate the effectiveness of interventions to reduce inappropriate 
prescribing, or potentially inappropriate prescribing. This had to 
be stated in the objectives or method section. All types of interven-
tions were eligible if targeted at healthcare professionals, patients 
or the general public, either at an individual or organizational level. 
All types of outcomes regarding unnecessary or inappropriate pre-
scribing were accepted, but outcomes of individual interventions 
had to be reported. No restrictions were made concerning patient 
characteristics, medical conditions and settings. We defined SRs as 
literature reviews written by more than one author, in which the au-
thors reported the search terms, searched in two or more databases 
and reported a table of included studies. Reviews that did not fulfil 
these criteria and reviews of low methodological quality (AMSTAR 
score 3 or less) were excluded.[26–28] No language restrictions were 
applied.

Subsequently, we screened the original studies that were included 
in the SRs, following the PICO structure as presented in Table 1. 
The aim of the original studies had to be the implementation of 
one or more intervention(s) to reduce (potentially) inappropriate 
prescribing of medication. The intervention had to be explicitly de-
scribed, and outcomes had to be reported as the prevalence of (po-
tentially) inappropriate prescribing before and after the intervention, 
or compared to a control group. The study was excluded if the inter-
vention or outcomes were not clearly described in the SR, and the 
original study was not available to clarify this. There were no restric-
tions regarding the study design of the original studies.

Selection of the SRs and original studies
Duplicate references were removed, and the title and abstract of 
the remaining references were screened for potential relevance. 
The inclusion criteria were applied to the full texts of the SRs. 
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The selection process was carried out by a team of reviewers; each 
article was checked by at least two independent reviewers (NS, HV, 
ML, DK, SVD). Inclusion of the original studies was conducted by 
two reviewers (DK and SVD) after duplicate studies were removed. 
Disagreement was resolved by discussion.

Methodological quality of the SRs
The methodological quality of the SRs was assessed using the 
AMSTAR instrument by at least two reviewers independently (NS, 
HV, ML, DK, SVD).[26, 27] Consensus was reached by discussion be-
tween the reviewers.

Data extraction
For each included SR the following information was extracted by 
one reviewer and checked for accuracy by a second reviewer: ob-
jective, inclusion criteria, search date, population, setting, type of 
interventions, outcomes, number of included studies and partici-
pants, risk of bias of the included SR, results of the studies, quality 
of the evidence and conclusion. All original studies of the SRs were 
extracted. Subsequently, the interventions of original studies and 
their outcomes were listed.

Data analysis
In order to compare the effectiveness of different types of interven-
tions, we used the results of the included studies of the systematic 
reviews. If the intervention showed a significant (P < 0.05) reduction 
in inappropriate prescribing, it was defined as effective and therefore 
successful. The significance had to be stated in numbers or described 
by the authors, otherwise, the effect was labelled as ‘not reported’. 
All studies that did not include statistical analysis, were considered 
as ‘not significant’ in the analysis. All interventions were categor-
ized by type, which was based on the EPOC taxonomy[29]: additional 
diagnostic testing, audit and feedback, computer interventions, 
education for healthcare professionals, patient-mediated interven-
tions, multidisciplinary (team) approach, multifaceted interventions 
and other interventions. Interventions including both education for 
healthcare professionals and feedback were classified in the interven-
tion category ‘Audit and feedback’ because we considered education 
an integral part of audit and feedback. Computer interventions in-
cluded computerized alerts, recommendations and decision support 
systems. The setting of the intervention was categorized by type: 
hospital, outpatient setting and long-term care facility. Outpatient 
settings included primary care, care provided in medical clinics and 
community pharmacies. Long-term care facilities included health-
care homes, elderly homes, nursing homes and residential homes.

Results

Our search resulted in 4066 references after de-duplication. Out of 
134 articles that were assessed in full-text, 32 systematic reviews 
met our inclusion criteria. A  flow diagram is presented in Figure 
1. The included systematic reviews are listed in Table 2 and, with 

more detail, in Supplementary Appendix 2. The results of the meth-
odological quality assessment of the SRs with the AMSTAR instru-
ment are presented in Supplementary Appendix 3. We extracted 
513 original studies from the systematic reviews, which studied 
546 interventions. After removing duplicate interventions (n = 167) 
and interventions of studies that did not meet our inclusion criteria 
(n = 59), we were able to identify 319 unique interventions (Figure 
2). All interventions are listed in more detail in Supplementary 
Appendix 4. The significance was reported for 299 interventions, 
20 interventions that did not report a statistical analysis were con-
sidered as not significant. The results per intervention category are 
presented in Table 3 and Figure 3.

Overall, 61.4% (196/319) of the interventions significantly re-
duced inappropriate prescribing, 32.3% (103/319) of the inter-
ventions did not lead to a significant reduction, and there was 
no significance reported for 6.3% (20/319) of the interventions. 
Intervention types that most often significantly reduced inappro-
priate prescribing were multifaceted interventions (73.2%, 30/41) 
and interventions containing an additional diagnostic test (70.4%, 
19/27). In the other categories, percentages of interventions that sig-
nificantly reduced inappropriate prescribing were 69.2% (36/52) 
for computer interventions, 66.7% (16/24) for audit and feedback, 
62.5% (20/32) for patient-mediated interventions, 57.1% (32/56) 
for a multidisciplinary (team) approach, and 50.0% (35/70) for edu-
cation for healthcare professionals. In the category of other inter-
ventions, various types of interventions were placed, which resulted 
in small numbers of intervention types and mixed results. This is 
further explained in the description below.

In a hospital setting, 76.6% (59/77) of the interventions were 
significantly effective, compared to 57.7% (112/194) of the inter-
ventions in an outpatient setting and 52.1% (25/48) of the inter-
ventions conducted in long-term care facilities. Antibiotics were the 
most frequently targeted drugs with 140 interventions in outpatient 
settings, 26 interventions in hospitals, and four interventions in a 
long-term care facility. There was some variation in the percentage 
of significantly effective interventions over time: 58.8% (30/51) for 
interventions published before 2000, 62.0% (103/166) for interven-
tion published between 2000–2010, and 61.8% (63/102) for inter-
ventions published after 2010. Details per intervention category are 
described below.

Multifaceted interventions (n = 41)
Multifaceted interventions included two or more aspects in the 
applied strategy. Thirty-nine interventions contained an educa-
tional facet, targeted at patients and/or healthcare professionals. 
One intervention consisted of a change in disease management, in-
cluding extended visits of a physician and a pharmacist visit, and 
one intervention was a utilization control program. Inappropriate 
antibiotic prescribing was targeted in 31 interventions. The most 
common combination was patient education and education for 
healthcare professionals (n  =  14). Thirty-seven interventions were 
conducted in an outpatient setting, two interventions were con-
ducted in a long-term care facility and two in a hospital. In 73.2% 

Table 1  PICO structure

P All patients, unrestricted by characteristics, medical conditions or setting

I All types of interventions aiming to reduce (potentially) inappropriate prescribing of all types of drugs 
C Any control group or pre-intervention group
O All types of outcomes regarding unnecessary or inappropriate prescribing
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(30/41) of the multifaceted interventions, a significant reduction of 
inappropriate prescribing was measured. Thirty interventions were 
targeted at both patients and healthcare professionals, of which 
76.7% (23/30) showed a significant reduction of inappropriate pre-
scribing. The combination of patient education and education for 
healthcare professionals were significantly effective in 64.3% (9/14) 
of the interventions. Providing feedback as one aspect of a strategy 
was significantly effective in 72.7% (8/11) of the interventions.

Additional diagnostic testing (n = 27)
All interventions in this category targeted inappropriate antibiotic 
prescribing, either by starting antibiotic treatment less often or 
shortening the duration of the treatment. All interventions included 
tests for one or more infection parameter(s) or implemented rapid 
testing for influenza or streptococcus. In 70.4% (19/27) of the inter-
ventions with additional diagnostic testing, a significant reduction of 
inappropriate antibiotic prescribing was reported. In outpatient set-
tings, this was in 66.7% (10/15) of the interventions and in hospital 
settings in 75.0% (9/12) of the interventions.

Computer interventions (n = 52)
Interventions in this category included computerized alerts and re-
commendations and computer decision support systems. A total of 
52 computer interventions were studied and of which 69.2% (36/52) 

significantly reduced inappropriate prescribing. Of 30 interventions 
that were applied in hospitals, 16 interventions were computerized 
alerts, eight interventions were computer-generated recommenda-
tions and six interventions contained a computer decision support 
system that was studied. Computer interventions were mainly imple-
mented to reduce inappropriate prescribing due to drug-drug inter-
actions, double prescriptions, inappropriate dosing and drug-allergy 
interactions. In hospital settings, 80.0% (24/30) of the interventions 
were reported to significantly reduce inappropriate prescriptions. 
In outpatient settings, 20 interventions were studied, of which 15 
interventions concerned the implementation of a computer decision 
support system and five interventions implementation of computer-
ized alerts or recommendations. Of all computer interventions in 
outpatient settings, 50.0% (10/20) was significantly effective in re-
ducing inappropriate prescribing. Two interventions were conducted 
in long-term care facilities and both significantly reduced inappro-
priate prescribing.

Audit and feedback (n = 24)
Audit and feedback were used in 24 interventions, of which 22 
interventions were combined with education for clinicians. Twenty-
two interventions were conducted in an outpatient setting, one in 
a hospital and one in a long-term care facility. Twenty-one inter-
ventions were targeted at antibiotic treatment. Of all interventions, 
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Figure 1  Flow diagram inclusion of systematic reviews
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66.7% (16/24) resulted in a significant reduction of inappropriate 
prescribing. Both interventions that provided feedback without edu-
cation did not significantly reduce inappropriate prescribing of anti-
microbial drugs.

Patient-mediated interventions (n = 32)
This category included patient education, mass media campaigns 
and delayed prescribing. All patient-mediated interventions were 
targeted at outpatients or the general public. The majority of the 
interventions focused on reducing antibiotic use (n  =  27). Of all 
patient-mediated interventions, 62.5% (20/32) showed a significant 
reduction in inappropriate prescribing of drugs. Patient education 
resulted in a significant reduction of drug prescription in 52.9% 
(9/17) of the interventions. Mass media campaigns were all targeted 
at antibiotics and were significantly effective in 71.4% (5/7) of the 
interventions. Delayed prescribing is defined as providing the patient 
with a prescription with advice on when to use it. All delayed pre-
scriptions were prescriptions for antibiotic treatment. In 75.0% (6/8) 
of the interventions using delayed prescribing, a significant reduction 
was seen in antimicrobial drugs usage.

Multidisciplinary (team) approach (n = 56)
In this category, interventions consisted of a specialist (e.g. pharma-
cist or specialist geriatric care) performing a medication review or 
forming or re-forming a multidisciplinary team. Overall, a multidis-
ciplinary approach showed a significant reduction in inappropriate 
prescribing in 57.1% (32/56) of the interventions. A team approach 
resulted in a significant reduction of inappropriate prescribing in 
68.8% (11/16) of the interventions and a medication review by a 
specialist in 52.5% (21/40) of the interventions. In most interven-
tions in outpatient settings, a pharmacist conducted the medication 
review to reduce polypharmacy. This led to a significant reduction of 
inappropriate prescriptions in 27.8% (5/18) of the interventions. In 
long-term care facilities and hospitals, both forming a multidiscip-
linary team and a pharmacist reviewing medication were studied. 
In respectively 58.8% (10/17) and 81.0% (17/21) of the multidis-
ciplinary interventions a significant reduction of inappropriate pre-
scribing was observed.

Education for healthcare professionals (n = 70)
The category education for healthcare professionals contains the 
most interventions (n = 70) of all categories. Education for health-
care professionals was significantly effective in reducing inappro-
priate prescribing in 50.0% (35/70) of the interventions. In long-term 
care facilities, education for healthcare professionals was effective in 
36.4% (8/22) of the interventions, in outpatient settings in 52.4% 
(22/42) and in hospital settings in 83.3% (5/6). Educational inter-
ventions for healthcare professions working in hospitals and out-
patient were mostly targeted at antibiotic prescribing, respectively 
6/6 and 28/42.

Other (n = 17)
Seventeen interventions could not be listed in the defined categories. 
Medication review tools as intervention resulted in a significant re-
duction of inappropriate prescribing in 80.0% (4/5). Interventions 
in which a decision support tool was used, reduced prescription of 
inappropriate drugs in 33.3% (2/6). Other significantly effective 
interventions were the introduction of a request form for intra-
venous immunoglobulin (n  =  1), and extra patient administration 
(n = 1). Interventions without a significant reduction were: tapering 

medication (n = 1), feedback with epidemiological data (n = 1) and 
reporting renal function (n = 2).

Discussion

In this study, we presented an overview of the effectiveness of inter-
ventions aiming to reduce inappropriate prescribing of medication. 
Overall, 61.4% of the included interventions were reported to re-
sult in a significant reduction of inappropriate prescribing. Most fre-
quently effective were multifaceted interventions and interventions 
with additional diagnostic testing. Educational interventions solely 
targeted at healthcare professionals were most studied, yet those 
resulted least frequently in a significant reduction of inappropriate 
prescribing.

For antimicrobial drugs, additional diagnostic testing and multi-
faceted interventions showed to be most frequently effective in re-
ducing inappropriate prescriptions. These strategies could therefore 
be used to tackle the growing problem of antibiotic resistance. This 
is also reflected in another review for additional diagnostic testing.[58] 
However, the overuse of diagnostic tests should be taken into con-
sideration, since some medical conditions are clinical diagnoses, and 
consequently laboratory testing is not recommended by guidelines.[59, 

60] Therefore, in some cases in outpatient settings, multifaceted inter-
ventions may be preferred. It should be noted that our data did not 
include multifaceted interventions targeting antibiotic prescribing in 
hospitals. Additional diagnostic testing, however, did show positive 
results for reducing inappropriate antibiotic prescription in hospitals.

Education for healthcare professionals is the most applied inter-
vention in our results, nevertheless, only 50.0% of the interventions 
in this category was successful. The limited effectiveness of this 
intervention is in accordance with an earlier study[61] and could be 
explained by different mechanisms. For example, the lack of know-
ledge may not be the main underlying problem for inappropriate 
prescribing, other factors are more dominant in the context of in-
appropriate prescribing,[62] the education was of low quality or was 
not repeated sufficiently.[24, 50, 61] However, if education targeted at 
healthcare professionals is combined with feedback, it tends to be 
effective more often. This may be explained by the theory that feed-
back provides insight into one’s own routines, which is, after aware-
ness, the next step towards behavioural change.[63]

Furthermore, our results suggested that patients are an important 
factor in inappropriate prescribing. To illustrate, interventions tar-
geted at patients are more often successful than education for health-
care professionals. Moreover, interventions targeting both patients 
and healthcare professionals are more frequently effective in re-
ducing inappropriate prescribing, compared to interventions that are 
not targeted at patients. The finding that patients have an important 
role is supported by other literature as well.[64–66] Therefore, we sug-
gest considering targeting patients as a facet of an intervention to 
reduce inappropriate prescribing.

Notable differences were reported in the effectiveness of inter-
ventions between interventions conducted in hospitals, outpatient 
settings and long-term care facilities in all intervention categories. 
Interventions in hospitals tend to be successful more often compared 
to interventions conducted in outpatient settings. Contributable fac-
tors could include study design (including sample size), quality of 
the study, design of the intervention or defined outcome measures. 
For example, studies in long-term care facilities relatively often had 
a randomized controlled design, compared to studies performed in 
a hospital setting (Supplementary Appendix 4). The differences in 
effectiveness between settings may also be explained by the degree 
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to which the intervention was integrated into the daily practice of 
healthcare professionals.[40] Interventions in outpatient settings often 
demanded more effort and/or extra steps of the healthcare profes-
sionals.[55] For example, in interventions with a multidisciplinary 
approach in an outpatient setting often a pharmacist participated 
as a medication reviewer. This collaboration was not further inte-
grated into the daily activities,[67] whereas in hospital settings in-
tegration  was often enhanced by the use of pre-existing routine 
meetings.[68, 69] This also applied to computer interventions: in hos-
pital settings, alerts automatically popped up, contrary to the manu-
ally controlled systems often used in outpatient settings.[55, 70, 71]

Implications for practice
This review provides an overview of different types of interventions 
to reduce inappropriate prescribing. We did not find an intervention 
type that was effective in all settings. This suggests that interventions 
should be tailored to the context, by targeting barriers and facilitators. 
However, based on our results, we do suggest conducting interven-
tions with multiple facets. Moreover, we suggest to only use education 
for healthcare professionals as part of a multifaceted strategy.

Strengths and limitations
To our knowledge, this is the first review presenting an overview 
of interventions to reduce inappropriate prescribing of drugs, un-
restricted by target drugs, population or setting. A few limitations 

should be reported. First, this paper reports whether the intervention 
in the original study significantly reduced inappropriate prescribing 
of drugs. Due to heterogeneity in reported outcome measures, a 
meta-analysis could not be performed. By defining an intervention 
as ‘successful’ if it significantly reduced inappropriate prescribing, 
some nuances about the clinical impact of the effect are likely over-
looked. In addition, whether an intervention significantly reduces in-
appropriate prescribing, depends on the sample size and the choice 
of outcome measures. Second, the inclusion of the original studies 
in this review depended on the inclusion criteria of the systematic 
reviews. This resulted in sets of included studies based on a specific 
intervention, patient population or drug. Although we may have 
missed interventions that are not included in systematic reviews, this 
review presents a wide range of intervention types and many inter-
ventions. Therefore, this may not influence representativeness. Third, 
the methodological quality was only assessed for systematic reviews 
and not for underlying studies.

Conclusion

This study showed that 61.4% of the interventions reported a sig-
nificant reduction in inappropriate prescribing of drugs. The most 
frequently effective interventions were multifaceted strategies and 
additional diagnostic testing. Education for healthcare professionals 
is the most frequently included intervention in this overview, yet 
this category is least frequently effective in reducing inappropriate 
prescribing. Further research should focus on defining favourable 
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contexts for interventions to improve the effectiveness of these 
interventions.

Supplementary Material

Supplementary data are available at Journal of Pharmaceutical 
Health Services Research online.
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Table 3  Interventions per category and reduction of inappropriate prescribing

Intervention category Focus of inappropriate 
prescribing

Description of interventions Interventions 
with significant 
reduction/total (%)

Interventions with 
significant reduction/ 
total (%) per setting

Multifaceted 
interventions  

(n = 41)

Antibiotic prescribing 
(n = 31)  

Other (n = 10)

One or more educational aspect(s) in the 
intervention (n = 39)  

Organizational interventions (n = 2)  
 Most common combination: Patient 

education and education for 
healthcare professionals (n = 14)

30/41 (73.2%) Hospital: 1/2 (50.0%)  
Outpatient: 28/37 (75.7%)  
LTC: 1/2 (50.0%)

Additional 
diagnostic testing  

(n = 27)

Antibiotic prescribing 
(n = 27)

Testing one or more infection 
parameter(s) (n = 22)  

Rapid testing: influenza (n = 1)  
Rapid testing: streptococcus (n = 4)

19/27 (70.4%) Hospital: 9/12 (75%)  
Outpatient: 10/15 (66.7%)  
LTC: None

Computer 
interventions  

(n = 52)

Drug interactions, 
allergies, dosing, 
double prescriptions, 
contraindications 
(n = 38)  

Antibiotic prescribing 
(n = 14)

Computer alerts and recommendations 
(n = 29)  

Computer decision support (n = 23)

36/52 (69.2%) Hospital: 24/30 (80.0%)  
Outpatient: 10/20 (50.0%)  
LTC: 2/2 (100%)

Audit and feedback  
(n = 24)

Antibiotic prescribing 
(n = 21)  

Polypharmacy (n = 1)  
Benzodiazepine (n = 2)

Audit and feedback with education 
clinician (n = 22)  

Audit and feedback (n = 2)

16/24 (66.7%) Hospital: 0/1 (0.0%)  
Outpatient: 15/22 (68.2%)  
LTC: 1/1 (100%)

Patient-mediated 
interventions  

(n = 32)

Antibiotic prescribing 
(n = 27)  

Other (n = 5)

Patient education (n = 17)  
Mass media campaigns (n = 7)  
Delayed prescribing (n = 8)

20/32 (62.5%) Hospital: None  
Outpatient: 20/32 (62.5%)  
LTC: None

Multidisciplinary 
(team) approach  

(n = 56)

Various (re)forming a multidisciplinary team  
(n = 16)  
Medical review by specialist (e.g. 

pharmacist, geriatrician) other than 
prescriber  

(n = 40)

32/56 (57.1%) Hospital: 17/21 (81.0%)  
Outpatient: 5/18 (27.8%)  
LTC: 10/17 (58.8%)

Education for 
healthcare 
professionals  

(n = 70)

Antibiotic prescribing 
(n = 38)  

Other (n = 32)

Various types of educational meetings 
and trainings (n = 70)

35/70 (50.0%) Hospital: 5/6 (83.3%)  
Outpatient 22/42 (52.4%)  
LTC: 8/22 (36.4%)

Other  
(n = 17)

Various Review tools (n = 5)  
Decision support (n = 6)  
Tapering PPI (n = 1)  
Request form (n = 1)  
Providing epidemiological data (n = 1)  
Extra notes in medical record (n = 1)  
Reporting renal function (n = 2) 

8/17 (47.1%) Hospital: 3/5 (60.0%)  
Outpatient: 2/8 (25.0%)  
LTC: 3/4 (75.0%)

CRP, C-reactive protein; LTC, long term care facility; PPI, proton pomp inhibitor
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