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Abstract
Background The global health system is improperly using antibiotics. We aimed to examine the effectiveness of implementing a feedback intervention for the
unreasonable control of antibiotic prescriptions.

Methods Relevant literature published in the databases of Pubmed, Google Scholar, Cochrane Central Register of Controlled Trials (CENTRAL), Chinese
Journal Full-text (CNKI), Science Direct, Proquest and Wanfang was searched. Data were independently �ltered and extracted based on the pre-designed
inclusion and exclusion criteria by two reviewers. The Cochrane collaborative bias risk tool was used to evaluate the quality of the included study. RevMan 5.3
software was used for meta-analysis.

Results Nine relevant randomized controlled trials were included in this study, of which 1 was written in Chinese and 8 in English. Tabulation resulted in a total
of 238,196 prescriptions (103,370 in the intervention group and 134,826 in the control group) from seven countries: China, the United States, England, Spain,
Norway, Germany, and France. The meta-analysis showed that the antibiotic prescription rate in the intervention group was signi�cantly lower than that in the
control group after the feedback intervention, and the difference was statistically signi�cant (risk difference = -0.12, 95% CI = -0.16, -0.07, P <0.01). Due to the
large heterogeneity of the results, subgroup analysis was performed according to the study area, whether prescription recommendations were given to doctors
by peer experts, and the intervention mode.

Conclusion Implementing feedback interventions in hospitals can effectively reduce antibiotic prescription rates. Adding multiple feedback interventions to
educational interventions may be a more reasonable control method.

Registrations: This systematic review was registered in PROSPERO, registration number: CRD42020192560.

Background
The discovery of antibacterial drugs is an important milestone in the history of human medical science. The emergence of antibiotics (ATB) has changed the
outcome of infections, thereby extending people's life expectancy1. However, in the past decade, 50% of the world's ATB prescriptions have been misused to
treat coughs and colds, and many of these prescriptions have no indications for ATB use2. Globally, over 700,000 people died in 2020 as a result of overuse
and misuse of ATB and this �gure could rise to 10 million by 2050, surpassing cancer as the leading cause of death3,4.

Previous studies have shown that implementing interventions with doctors can effectively reduce antibiotic misuse and thus curb antibiotic resistance5–7.
Feedback interventions are the act of providing knowledge of the results of a behavior or performance to an individual8. The intervention strategy for antibiotic
prescription began at the end of the 20th century when Janet and colleagues �rst implemented an education and feedback intervention in primary care
hospitals of Canada and achieved remarkable results9. Since then, similar feedback interventions have been implemented in many countries and have initially
formed some effective antibiotic prescription feedback intervention strategies, including individual feedback and educational interventions, educational
seminar and training, audit and feedback interventions, and peer comparison feedback intervention10–14.

To further con�rm the effectiveness of various feedback interventions on antibiotic prescription misuse control, we used the Cochrane systematic review and
meta-analysis methods to evaluate the published results of relevant randomized controlled trials (RCTs) to provide a reference for relevant decision-makers.
Antibiotic prescription rate is the main outcome indicator of feedback intervention to control antibiotic prescription.

Materials And Methods
Protocol and registration

This systematic review was conducted using the PRISMA reporting guidelines15. And registered in PROSPERO, registration number: CRD42020192560.

Inclusion criteria

The inclusion criteria of this study were based on the full-text information available in the English and Chinese literature databases, and also included the
following:

(1) Random sampling;

(2) RCTs of intervention and control groups with measurements collected both before and after the intervention. Due to the limited literature in this research
�eld, there was no requirement that every study be strictly randomized;

(3) Intervention targets were medical personnel with quali�cations to prescribe medicines in medical and health institutions;

(4) The interventions were clearly described;

(5) There were detailed reports on the number of prescriptions included in the analysis or indirect speculation from the literature;

(6) The outcome variable was the antibiotic prescription rate (de�ned as the number of antibiotic prescriptions / total prescriptions × 100%);

(7) The study object was infectious diseases such as the respiratory system.
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Exclusion criteria

(1) Cross-sectional studies

(2) System reviews and letters;

(3) Duplicate studies.

Selection strategy and information sources

A systematic literature search was conducted in PubMed, Google Scholar, Cochrane Central Register of Controlled Trials (CENTRAL), Science Direct, Proquest,
Chinese Journal Full-text (CNKI) and Wanfang database. The search period was from the time of construction of the database to February 1, 2020. We
collected published English and Chinese studies evaluating the effectiveness of antibiotic prescription interventions. Keywords search terms used included
("Antibiotic prescription" or "Antimicrobial prescription") and ("Intervention" or "Feedback intervention") and "Hospital". Data were independently �ltered and
extracted based on the pre-designed inclusion and exclusion criteria.

Risk of bias assessment

The �rst two authors (YC, ZZC) read the abstracts of all uncertain studies and the full-text of all studies that were still uncertain. A �nal agreement to include
or exclude the studies was done after discussion of the discrepancies. The risk of bias in the included studies was independently assessed according to the
"Cochrane systematic reviewer's manual"16. There are 7 items in the criteria. The bias risk assessment scoring criteria for each study were: “low risk” when all
items were rated “low” or one or two of them “unclear”. If one or more items were rated "high" and more than one "unclear", it was rated as "high risk". RevMan
5.3 software was used to show the risk of biased results. Funnel charts are shown to evaluate publication bias.

Meta-analysis

We conducted a meta-analysis of all the studies selected for the systematic review, and the study objects were the medical records of the intervention group
and the control group after the intervention. The risk difference (RD) of antibiotic prescription rate of the two groups was combined, and the combined effect
value and 95% con�dence interval (CI) were calculated. The T test and Chi-square test statistics were used to assess the level of heterogeneity between the
results (a 0.05), and a �xed-effects model (P>0.05) or a random-effects model (P≤0.05) was consequently used. If there was still signi�cant heterogeneity in
the research results, a subgroup analysis or a descriptive analysis was presented. RevMan 5.3 software was used for meta-analysis.

Results
The search and selection process is shown in Fig. 1. A total of 404 relevant studies were obtained, of which 235 were excluded after reading the title and
abstract. The remaining 169 studies were further screened by reading the full-text, of which 160 were excluded: 114 were treatment or drug intervention trials,
15 were antibiotic cost-bene�t analysis studies, 20 were systematic reviews or cohort studies such as non-RCTs, 4 were duplicate studies, and in 7 studies the
full-text could not be accessed. Finally, 9 studies were included.

The characteristics of the included studies are shown in Table 1. A total of 9 RCTs were included in the study, including 1 published in Chinese and 8 in
English. The 9 studies involved a total of 238,196 prescriptions from 7 countries: China, the United States, England, Spain, Norway, Germany, and France
(103,370 in the intervention group and 134,826 in the control group). Five studies were designed using cluster sampling, 7 were interventions implemented at a
primary hospital, 8 involved respiratory tract infections (RTIs) as the target infection, 3 mentioned that the duration of the intervention was more than 1 year,
while 2 mentioned that the duration of the intervention was less than 1 year.
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Table 1
Basic characteristics of the studies

Author Year Country Sample size included in the
study

(antibiotic prescriptions / total
prescriptions)

Research
design

Hospital
type

Intervention object Duration of
intervention

Bias
risk

Intervention
group

Control group

Dekker A.R.J,
et al 17

2018 England 100/475 175/531 Cluster
sampling

Primary
care
hospital

General practitioners and
patients' families

Unclear low

Altiner A, et
al 18

2007 Germany 289/787 596/920 Cluster
sampling

Primary
care
hospital

General practitioners and
patients

1 months low

Llor C, et al
19

2018 Spain 1200/5381 1707/5578 Random
allocation

Primary
care
hospital

General practitioner Unclear high

Meeker D, et
al 20

2019 USA 2759/16959 3541/14753 Cluster
sampling

Primary
care
hospital

Clinician 18 months low

Ferrat E, et al
21

2016 France 9916/70830 17708/106036 Random
allocation

Suburban
hospital

General practitioner 2 days low

Metlay J.P, et
al 22

2007 USA 1263/3006 1263/2659 Cluster
sampling

Public
hospitals

Clinicians and patients 1 days low

Dyrkorn R, et
al 23

2016 Norway 288/698 213/514 Random
allocation

Primary
care
hospital

General practitioner 2 years,
4 months.

high

Wei XL, et al
24

2018 China 2748/5084 2772/3685 Cluster
sampling

Township
hospitals

Doctor 1 year,
6 months.

low

Qiu JG, et al
25

2016 China 107/150 143/150 Random
allocation

Grade two
hospital

Doctor Unclear high

Interventions of included studies

Table 2 shows the categories of interventions included in the studies. Eight of the 9 studies involved educational interventions for doctors, including online
training using email or web pages, short-term interactive educational seminars, short-term �eld training sessions, and antibiotic guidelines for information
dissemination measures, of which 5 studies comprehensively used more than 2 educational interventions. Interventions for doctors also included
communication between experts and peers, prescription audit, prescription recommendations, and ranking of doctors' prescription rates in the same
department. Among the studies of doctors' interventions, 4 studies involved patients and their families, including the distribution of lea�ets and brochures on
the rational use of antibiotics, the installation of multimedia education systems in waiting rooms, and the use of �yers and posters.
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Table 2
Categories of interventions included in the 9 studies

Author (year) Health care workers   Patient or family m

  Educational intervention Communication Prescription
audit

Prescription
recommendations
from experts†

Peer
comparison

  Brochure Flyers
and
posterOnline

training
Distribution
of
educational
materials

On-site intervention*  

Short-
term
interactive

education
seminar

Short-
term
�eld
training

 

Dekker
ARJ
(2018)

√           √     √  

Altiner
A
(2007)

        √           √

Llor C
(2018)

  √ √ √     √     √ √

Meeker
D
(2016)

√           √ √      

Ferrat E
(2016)

    √ √              

Metlay
JP
(2007)

  √ √ √     √     √ √

Dyrkorn
R
(2016)

    √                

Wei XL
(2018)

  √   √   √          

Qiu JG
(2016)

  √ √ √ √ √          

*On-site intervention is a kind of subgroup analysis of intervention measures in this study, including short-term interactive education seminar or short-term �e
which is a type of educational intervention.

†Prescription recommendations are the type of subgroup analysis of interventions in this study, and are recommendations for replacement or non-antibiotic p
from peer experts.

Risk of bias

Seven studies were rated as having a low risk of bias while 2 were rated as having a high risk of bias. Figure 2 shows the risk of bias assessment for each
criterion. Among the 9 studies, 319,23,25 in the “Random Sequence Generation” section were determined to have a high risk of bias as none of them described
the sampling method. One study19 was identi�ed as having a high risk of bias in the "Other Offsets" section due to a lack of random sampling.

Evaluation of publication bias

Figure 3 shows an inverted funnel chart, which has poor symmetry and suggests a high level of publication bias.

Meta-analysis

Figure 4 shows a meta-analysis and forest plot of antibiotic prescription samples. The heterogeneity test showed that the results of antibiotic prescription
interventions were signi�cantly different (χ² = 599.42, P  0.00001, I² = 99%), so a random-effects model was chosen. The results of the combined analysis
showed that the risk difference was signi�cant and favored the experimental group (RD = -0.12, 95% CI = -0.16, -0.07, P < 0.01). The rate of antibiotic
prescriptions in these studies signi�cantly decreased after the implementation of feedback intervention. However, as there was signi�cant heterogeneity (I2 = 
99%), a sensitivity analysis and subgroup analysis was conducted.

Subgroup analysis

After the sensitivity analysis, a subgroup analysis was conducted according to the study area, whether it was a multidimensional intervention, and whether the
doctors were given prescription recommendations by peer eperts to explore the causes of heterogeneity.

Study area
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Table 3 presents results of the subgroup analysis by study area. The Asian region (I² = 0%) showed a low degree of heterogeneity, the Americas region (I² =
62%) showed moderate heterogeneity, while the European region (I² = 98%) showed high heterogeneity. Antibiotic prescription rates in Asia, America, and
Europe were reduced due to various interventions, and the effectiveness of interventions in Asia was signi�cantly higher than that in other regions.

Table 3
Results of subgroup analysis by study area

Region Number of studies Homogeneity test   Effect estimate

χ² P I²   RD (95% CI) Z P-value

Asia 2 0.46 0.5 0   -0.21 (-0.23, -0.19) 22.02 < 0.01

America 2 2.66 0.1 0.62   -0.07 (-0.09, -0.05) 6.39 < 0.01

Europe 5 171.24 0.01 0.98   -0.10 (-0.16, -0.04) 3.16 0.02

Intervention mode

Table 4 shows the results of the subgroup analysis by mode of intervention (on-site vs off-site). Studies involving on-site interventions (I² = 0%) showed low
heterogeneity, and those with off-site interventions (I² = 97%) showed high heterogeneity. Both on-site and off-site interventions reduced the antibiotic
prescription rates, and the effects of off-site interventions were signi�cantly larger than on-site interventions. The forest maps of various intervention modes
are shown in Figs. 8 and 9.

Table 4
Results of subgroup analysis by intervention mode

Intervention mode Number of studies Homogeneity test   Effect estimate

χ² P I²   RD (95% CI) Z P-value

On-site 2 0.78 0.38 0   -0.03 (-0.03, -0.02) 15.46 < 0.01

Off-site 7 239.72 0.01 0.97   -0.15 (-0.20, -0.09) 5.47 < 0.01

Prescription recommendations by experts

Table 5 shows the results of the subgroup analysis by prescription recommendations. Studies in which the doctors were given prescription recommendations
from peer experts (I² = 47%) showed low heterogeneity, while studies in which doctors were not given prescription recommendations (I² = 98%) were highly
heterogeneous. Antibiotic prescription rates and the intervention effect for interventions in which the doctors were given prescription recommendations were
signi�cantly higher than those that were not. A forest map for grouping prescriptions is shown in Figs. 10 and 11.

Table 5
Results of subgroup analysis by prescription recommendation by experts

Doctor’s behavior Number of studies Homogeneity test   Effect estimate

χ² P I²   RD (95% CI) Z P-value

Prescription recommendations 4 5.65 0.13 47%   -0.08 (-0.08, -0.07) 20.17 < 0.01

No prescription recommendations 5 478.93 0.01 99%   -0.15 (-0.27, -0.03) 2.49 0.01

Discussion
Antibiotics are one of the most widely used drugs in the world. The utilization rate of antibiotics is an important indicator to judge whether medical staff use
drugs appropriately. The misuse of antibiotics will not only damage the health of patients, but also cause a huge waste of medical resources26. Therefore,
while maintaining policy continuity, the health sector should further regulate the use of antibiotics in medical institutions, improve medical facilities and
equipment, optimize the overall medical level, and curb the misuse of antibiotics at the source. At the same time, it is also necessary to improve training and
education policies for medical personnel, encourage doctors to learn more relevant theoretical knowledge, improve the level of medical technology, and
strengthen the understanding of the use of antibiotics in order to reduce the rate of misuse of antibiotics. Medical institutions should provide more lectures on
the health knowledge of the harms of antibiotic misuse and publicize the harms of antibiotic misuse and other relevant knowledge, so that patients and their
families can also deepen their understanding of antibiotics, strictly follow the doctor's advice for medication, and reduce the amount of antibiotics used by
themselves. It is hoped that through our research, some effective measures for antibiotic prescription control will be proposed to future researchers.

This study systematically evaluated the intervention measures of antibiotic prescription rates and their implementation effect in 9 relevant studies. The meta-
analysis results showed that the antibiotic prescribing rate of the pre-group antibiotic intervention was signi�cantly lower than that of the control group (RD =
-0.12, 95% CI = -0.16, -0.07, P < 0.01). Results of the meta-analysis showed a high degree of heterogeneity (I² = 99%), thus the results could not be combined,
Therefore, subgroup analyses were conducted to explore the reasons for the heterogeneity. Although subgroup analysis showed that heterogeneity could be
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partially eliminated by grouping at different levels, many studies still showed high heterogeneity. This suggests that interventions may also have more
complex implicit in�uencing factors or interactions.

From the subgroup analysis by study area, the impact of the intervention was greatest in Asian countries, with a signi�cant reduction in antibiotic prescription
rates. Qiu25 and Wei27 used a similar multivariate feedback intervention (Table 2) while the European studies were highly heterogeneous. Among them, the
study of Dyrkorn from Norway (RD = 0.00, 95% CI = -0.06, 0.05) showed that the effect of the intervention on antibiotic prescription rates was not signi�cant23.
That study recruited physicians to conduct a peer education program on antibiotic prescribing for respiratory infections. The program consisted of three 45
minute interactive educational sessions for the intervention group to learn national guidelines. Compared to the control group, the intervention group followed
the national guidelines more, the antibiotic utilization rate of penicillin V increased and the utilization rate of macrolides decreased, but there was no
signi�cant difference in the total antibiotic prescription rate between the intervention group and the control group. The other study was conducted by Ferrat
E21 in France. Due to the large sample size, we conducted a sensitivity analysis on the two articles from Europe (I2 was reduced from 99–0%). Both of these
articles adopted on-site intervention measures, so we divided the 9 sudies into the two subgroups: whether or not they used on-site interventions.

From the subgroup analysis by intervention mode, the reduction of antibiotic prescription rates in studies using off-site interventions was signi�cantly greater
than that among studies using in-site interventions. This may be explained by the short intervention duration implemented in the two studies by Dyrkorn23 and
Ferrat21 (1 day and 2 days respectively), although the duration of data collection was 2 years and 4 months, and 4 years and 6 months, respectively. Although
the effects of the intervention were signi�cant, whether these effects were caused by the intervention would be di�cult to determine. The Llor19 study also
found little or no effect on prescribing behavior over a short period of time for physicians to provide antibiotic education materials, prescription audits, and
prescription recommendations. Therefore, the effect of single or short-term intervention on doctors was limited, and long-term and diversi�ed interventions
were needed to effectively reduce the prescription rates of antibiotics.

The effect of interventions in which doctors were given prescription recommendations by peer experts was better than not those in which doctors were not
given prescription recommendations, and the reduction in antibiotic prescribing rates was statistically signi�cant for this subgroup.

In summary, multiple feedback interventions were used in most of the included studies. Therefore, the hospitals should strengthen the education and training
related to antibiotic prescribing behaviors of doctors, and organize medical staff to delve deep into the rules and regulations of antibiotics, and make full use
of pharmacology, pharmacokinetics, pharmacodynamics, and other relevant knowledge to issue prescriptions28,29. On this basis, various feedback
interventions can be added, such as communication between experts and peers, prescription audits, and ranking of doctors in the same department. In
addition, interventions can improve the awareness of patients and their families toward antibiotics, such as providing them with brochures and lea�ets,
displaying posters in the waiting rooms, installing a multimedia education system in wating areas, and encouraging patients to communicate more with their
physicians about the use of antibiotics. Dekker17, Llor19, and Metlay22 adopted certain intervention measures for patients and their families based on
educational intervention measures for medical staff. Altiner18 intervened patients and their families based on using feedback intervention for medical staff,
and the degree of reduction of antibiotic utilization was signi�cantly higher than other studies. Therefore, according to education and training interventions,
feedback interventions were used to in�uence the prescribing behavior of doctors and improve the cognition of patients and their families about antibiotics.
This multivariate behavioral feedback intervention might be a more rational approach to antibiotic prescription control. In terms of policymaking, health
administration departments should introduce laws, regulations, and relevant policies on the administration of antibiotics to strictly control the use of
antibiotics. These departments can take strong administrative interventions against the unreasonable use of antibiotics, for example, patients or consumers
could only obtain antibiotics from the pharmacies based on prescriptions, and doctors can prescribe antibiotics in a hierarchical manner.

Our study has certain limitations. First, only nine studies could be included, therefore there is a possibility of publication bias. However, some studies were not
included due to incomplete data. Thislimitations may have reduced the objectivity of the results to a certain extent. Second, there are different degrees of
quality differences in the design of the included studies, which may have affected our results. Third, the nine studies were conducted in 7 countries. The
policies and management systems of antibiotic use are different among countries, thus there was a risk of information bias. Lastly, there was still a high
degree of heterogeneity of some data in the subgroup analyses indicating that there were still other unknown factors affecting the results.

Conclusion
This study found that implementing feedback interventions in hospitals can effectively reduce antibiotic prescription rates and promote the rational use of
antibiotics. However, due to the above limitations, we can only prove that adding multiple feedback interventions to education interventions may be a more
reasonable control method. In the future, more studies need to be included to obtain more accurate information.

Abbreviations
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CI: Con�dence interval;
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RCTs: Randomized Controlled Trials;

RTIs: Respiratory tract infections
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Figure 1

PRISMA screening �ow chart
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Figure 2

Risk of bias summary

Figure 3

Inverted funnel plot of the effects of interventions on doctors' antibiotic prescription rates
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Figure 4

Meta-analysis results and forest plot of antibiotic prescription rates for 9 studies

Figure 5

ThMeta-analysis and forest plot of antibiotic prescription rates in Asia

Figure 6

Meta-analysis and forest plot of antibiotic prescription rates in the Americas
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Figure 7

Meta-analysis and forest plot of antibiotic prescription rates in Europe

Figure 8

Meta-analysis and forest plot of antibiotic prescription rates in on-site interventions

Figure 9

Meta-analysis and forest plot of antibiotic prescription rates in off-site interventions

Figure 10

Meta-analysis and forest plot of antibiotic prescription rates in studies involving doctors receiving prescription advice from peer expert
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Figure 11

Meta-analysis and forest plot of antibiotic prescription rates in studies involving doctors not receiving prescription advice from peer experts
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