Antibiotic prescription audit and feedback to reduce antibiotic consumption in primary care: A nationwide pragmatic randomized controlled trial
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Key points
Question Does automated quarterly antibiotic prescribing feedback with peer benchmarking over two years reduce antibiotic prescribing in the second year of the intervention in primary care physicians who are the top 75% prescribers of antibiotics (i.e. medium to high prescribers)?
Findings In this randomized trial of 3426 Swiss primary care physicians a 4.2% (95% confidence interval 3.9, 4.6) relative increase in antibiotic prescribing was noted in the cohort during the second year of the intervention (2019) compared to the baseline year in 2017. The median annual antibiotic prescribing rate per 100 consultations was 8.2 (Interquartile range IQR 6.1; 11.4) in the feedback and audit group (n = 1713) and 8.4 (IQR 6.0; 11.8) in the control group (n = 1713) in the second year of the intervention. Relative to the background increase, a statistically not significant -0.11% (-1.17, 0.97) reduction in antibiotic prescribing was found between the intervention and control groups.
Meanings Among medium to high prescribing primary care physicians, antibiotic prescribing audit and feedback did not reduce antibiotic prescribing. 


Abstract 
Importance Antibiotics are commonly prescribed in primary care, increasing the risk of antimicrobial resistance in the population. 
Objective To investigate the impact of quarterly audit and feedback on antibiotic prescribing in medium to high antibiotic prescribing Swiss primary care physicians. 
Design, Setting, and Participants Pragmatic randomized controlled trial in registered primary care physicians and paediatricians in single or small practices. 
Intervention Primary care physicians were randomized in a 1:1 fashion to quarterly antibiotic prescribing audit and feedback with peer benchmarking versus no intervention for an intervention period of 2 years (2018-2019). Anonymized patient-level claims data from three health insurers serving roughly 50% of insures in Switzerland were used for audit and feedback. The intervention group also received evidence-based guidelines for respiratory and urinary tract infection management and community antibiotic resistance information. Physicians in the intervention group were blinded regarding the trial nature and physicians in the control group were not informed of the trial.
Main Outcomes and Measures The same claims data as used for audit and feedback were analysed to assess outcomes. The primary outcome was the antibiotic prescribing rate per 100 consultations during the second year of the intervention. There were eight secondary endpoints. Intention-to-treat analysis was performed using ANCOVA models. 
Results 
3426 physicians were randomised to intervention (n= 1713) and control groups (n= 1713) serving 629 825 and 622 344 patients, respectively, with a total of 4 790 525 consultations in the 2017 baseline year. In the entire cohort, a 4.22% (95% confidence interval 3.86, 4.58) relative increase in the antibiotic prescribing rate was noted during the second year of the intervention compared to the 2017 baseline year. In the intervention group, the median annual antibiotic prescribing rate per 100 consultations in the second year of the intervention was 8.16 (Interquartile range IQR 6.09; 11.43) and in the control group 8.41 (IQR 5.98; 11.78). Relative to the overall increase, a -0.11% (95%CI -1.17, 0.97) lower antibiotic prescribing per 100 consultations was found in the intervention compared to the control group. No relevant reductions in specific antibiotic prescribing rates were noted between groups except for quinolones in the second year of the intervention (-0.94% [95%CI -1.47, -0.41]). 
Conclusion and Relevance Quarterly personalised antibiotic prescribing audit and feedback with peer benchmarking did not reduce antibiotic prescribing in medium to high-prescribing Swiss primary care physicians.
Trial Registration ClinicalTrial.gov Identifier: NCT03379194
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Introduction 
Most antibiotics in human medicine are prescribed in primary care for respiratory and urinary tract infections1-4 contributing to increased population level antibiotic resistance. 5-7
Effective strategies to reduce antibiotic prescribing in primary care, like face-to-face education or communication training of primary care physicians, are resource-intense, costly, challenging to apply on a large scale and may not reach high prescribers not motivated to participate in such interventions.8,9 Therefore, system-wide strategies to improve antibiotic use in primary care are needed. Peer comparison audit and feedback can be an effective tool to modify physician behavior and be applied on a health system level at low-cost intervention for reducing antibiotic prescribing in primary care.10-12 Only a few randomized controlled trials (RCTs) have evaluated audit and feedback interventions for antibiotic prescribing in primary care at the health system level. These trials have produced inconsistent results10,12-14, which may be related to the intensity and type of feedback interventions, different settings and baseline level of prescribing. 
In a nationwide pilot trial in Switzerland, we investigated the feasibility and the effectiveness of quarterly personalized prescription feedback to primary care physicians based on aggregated practice-based claims data11 and did not observe a reduction in antibiotic prescribing in the intervention group. Feedback in our previous trial was based on aggregated information and did not allow ascribing antibiotic prescriptions to individual patients. Thus, patient factors, such as comorbidities, that may influence prescribing behavior and adverse consequences of the intervention could not be adequately considered. 
The main objective of the current trial was to investigate the effect of patient-level claims data audit and feedback with peer benchmarking provided to physicians compared with no intervention on antibiotic prescribing in primary care. Adverse health outcomes (all-cause and infection-related hospitalizations) were a key secondary endpoint. An additional goal was to explore the feasibility to develop a nationwide antibiotic prescribing monitoring program using claims data.

Methods 
Study design 
This pragmatic randomized controlled trial targeted primary care physicians in Switzerland with medium to high antibiotic prescription rates and is based on routinely collected individual claims data of the large Swiss health insurers (Sanitas, CSS, and Helsana) providing health care coverage for approximately 50% of Swiss residents of all ages. We used pseudonymized physician and anonymized patient identifiers that were created by data managers of the insurance companies to ensure confidentiality. Claims data were formatted by data managers of health insurers according to a standard protocol that allowed for data import and the identification of the relevant physician population, the generation of the antibiotic prescribing feedback, and the generation of the full claims data set for the final analysis (Figure S2 Appendix). The study protocol was approved by all ethics committees in Switzerland (Leitethikkommission Nordwest- und Zentralschweiz, Project-ID 2017-00888). Details of the trial protocol have been previously published.15 
Participants
We included board-certified primary care physicians and pediatricians with an individual practicing license number “Zentralregisternummer” (ZSR) identified under a unique address who were in top 75% prescribers of antibiotic (i.e. medium to high prescribers) with at least 100 patient contacts per year and identified 3426 from 4888 physicians assessed for eligibility in the claims data set of 2016. License numbers of large group practices and hospital-based ambulatory facilities were excluded but we included practices where more than one physician was working under one license number (Table S10 Appendix). Due to the delayed administrative processing of claims data the 2016 data set was taken for identification of physicians and sample size calculation. 
Physicians in the intervention groups were unaware of the fact of being included in an intervention trial, and physicians in the control group were not informed that their antibiotic prescriptions were monitored for the duration of the trial. 
Randomization and masking
Eligible physicians were randomized to the intervention and control group in a 1:1 ratio using a computer generated algorithm in R (R Core Team 2017).16 Physicians in the intervention groups were formally blinded regarding the fact of being included in an intervention trial, and physicians in the control group were not informed that their antibiotic prescription was monitored for the duration of the trial.  As all trial-relevant data were collected by automated processes for claims data by health insurances, the outcome assessment may also be considered formally blinded.
Procedures
Continuously updated quarterly antibiotic prescription feedbacks contained (i) the personal overall prescription rates and (ii) antibiotic type per 100 consultations and year, (iii) the personal prescription rates for the three months of the same period of the preceding year, each category compared with the prescription rates of peer-physicians. (iv) In addition, each mailing contained a message for action (Details in appendix and reference15). The first mailing was sent on the 22nd of December 2017 and was followed by seven additional quarterly mailings, with the last mailing sent in late September 2019. 
As there is a six months delay in the health insurance billing records, processing the yearly prescription feedbacks were based on the data from the period of nine months before the respective mailing. The first feedback mailing was based on antibiotic prescription rates between April 2016 to March 2017. Quarterly prescription feedbacks were prepared by one trial statistician with no further involvement in the analysis, and printed, packaged and mailed by staff not otherwise involved in the trial.15 
With the first postal mailing, all primary care physicians in the intervention group received an accompanying letter explaining the intervention, a response card for physicians wishing to opt out, and evidence-based guidelines in German and French on antibiotic prescribing for respiratory and urinary tract infections.11,15,17 With the second feedback mailing, information on antibiotic resistance data and its regional distribution from the Swiss Centre for Antibiotic Resistance18 was provided. By the end of the study, 65 practices had closed down and 53 had withdrawn consent to participate further in the study (Figure S3 Appendix). All information material and guidelines were also made available to physicians in the intervention group on a password-protected trial website. 
Outcomes
The primary outcome was the overall antibiotic prescription rate per 100 consultations in the second year of intervention (long-term intervention effect). The secondary outcomes were (1) overall antibiotic use per 100 patient consultations in the first year (short-term intervention effect) (2) and over two years while considering two repeated measurements, over the first and the second year of intervention; (3) use of broad-spectrum antibiotics (quinolones and oral cephalosporines) per 100 patient consultations; (4) all-cause and infection-related hospitalizations15; (5) antibiotic use in three specific patient age groups i) 0 to ≤5 years, ii) 6 to 64 years, iii) ≥65 years. Secondary outcomes (3) to (5) were to be evaluated separately over the second and first years of the intervention. The detail of the calculation of prescription rates are provided in the Appendix.


Statistical analysis
Details of the sample size calculation are provided elsewhere.15 We calculated monthly and annual medians for the number of antibiotic prescriptions per 100 consultations with associated interquartile ranges per physician license number (the unit of analysis) for the baseline year (2017) and the intervention periods (2018-2019). The primary and secondary outcomes were modeled using ANCOVA19, with the intervention as a factor of interest, baseline antibiotic prescription rates in 2017 and comorbidities (immunosuppression like conditions, metabolic disorders, cardiovascular disease, neurological disorders, respiratory diseases, and other conditions) as covariates, and an interaction term for the intervention with time. We report the coefficient estimates in percentage change in prescriptions per 100 consultations with the respective 95% CI.
Effects for an overall time of intervention (twenty-four months) period was assessed with a linear mixed model including the intervention, time (baseline, twenty-four months), and an interaction term for the intervention with time. From the model including the same covariates as the primary analysis and randomized physicians as random effects, we derived mean percentage changes from baseline for the intervention and control groups. Due to the skewed nature of antibiotic prescription rates, we log-transformed rates and back-transformed model estimates with log-log model formulations. 
The number of hospitalizations (overall and infection-related) were modeled using Poisson regressions including the intervention as a factor of interest and all covariates from the primary analysis. Finally, we conducted stratified analyses by age groups as for the primary analysis over the respective periods (details are provided in the appendix). To report some of the baseline characteristics (Table 1), we used patient-level data but for modelling the data were aggregated on the physician ZSR license number.
All analyses followed CONSORT guidelines using intention-to-treat principles based on the final dataset, which became available in fall 2020.20-22 We also conducted a per-protocol analysis and three post-hoc sensitivity analyses by excluding physicians who were identified as outliers for antibiotic-related endpoints at baseline, first year and second year of the intervention, by excluding practices of one to three or more than three physicians working under the same license number. Statistical analyses were performed using R (R Core Team 2017).16 The trial is registered at clinicalTrial.gov (NCT03379194). 
Role of the funding resource
The study was funded by National Research Program 72 on Antimicrobial Resistance of the Swiss National Science Foundation. The funder of the study had no role in study design, data collection, data analysis, data interpretation, or writing of the report.

Results
Of 4888 physicians assessed for eligibility 3426 were randomised to the intervention (n=1713) and control groups (n=1713), with 1591 and 1579 physicians being available for analysis for the second year of the intervention (Figure 1). Physicians in the intervention and control groups at baseline in 2017 served 629 825 and 622 344 patients and prescribed 212 933 and 211 825 antibiotics for a total of 2 402 119 and 2 388 406 consultations. 55 physicians opted out of the intervention (Figure S3 Appendix). Patients’ characteristics were well balanced between study groups (Table 1). 
Median annual antibiotic prescription rates per 100 consultations in the year preceding the trial were 8.41 (IQR 6.30; 11.46) in the intervention group and 8.35 (IQR 6.35; 11.64) in the control group. Prescription rates per 100 consultations, in the second and first year, were in the intervention group 8.16 (IQR 6.09; 11.43) and 8.32 (IQR 6.17; 11.69) and in the control group 8.41 (IQR 5.98; 11.78) and 8.51 (IQR 6.27; 11.99). Monthly median prescription rates are provided in Figure 2. 
In comparison to the year 2017 prior to the intervention, a 4.22% (3.86, 4.58) increase in the antibiotic prescription rate was noted during the intervention phase in the entire cohort (Table S1 Appendix). Relative to these increased prescription rates in 2017 a small statistically non-significant -0.11% (-1.17, 0.97) reduction in antibiotic prescriptions per 100 consultations was found in the feedback group compared to the control group in the second year of the intervention (primary endpoint). During the first year and the entire trial period, antibiotic prescription rates in the intervention group slightly and additionally increased by  0.54% (-0.12, 1.21) and 0.50% (-0.22, 1.29) when compared with the control group (Figure 3). Findings were similar when restricting the analysis to practices with less than three physicians working under one license number (Table S8 Appendix). 
Prescription rates for specific antibiotics were also increased during the intervention period when compared to the baseline year (Table S2 Appendix). Relative to these increased rates small relative reductions in antibiotic prescriptions were noted in the feedback compared to the control group during both years of the intervention, these reductions were all not statistically significant with the exception of quinolone prescriptions during the second year of the intervention (-0.94% (-1.47, -0.41))  (Figure 4). No statistically significant differences in antibiotic prescription rates were noted between the feedback and control groups for all pre-specified age-related subgroup analyses (Table S2 Appendix). Estimates from the per-protocol analysis likewise showed no reductions in antibiotic prescriptions between both groups (Table S9 Appendix). Also, no differences in infection-related and overall hospitalization rates were found between both groups during all observation periods (Table S7 Appendix). 

Discussion 
In this nationwide claims data-based pragmatic trial primary care physicians and paediatricians with the highest prescription rates in Switzerland were randomized to regular prescribing feedback, the provision of community-based antibiotic resistance data and evidence-based guidelines for respiratory and urinary tract infections, or controls not receiving any information. For the primary endpoint, the overall antibiotic prescription rate in the second year of the intervention, a very small - from a public health perspective not relevant - reduction of antibiotic prescription rates was noted. All pre-specified subgroup analyses showed also no difference between the two groups with the exception of a roughly 1% difference in quinolone prescriptions between the intervention and the control groups during the second year of the intervention. 
Several smaller trials that were conducted in selected general practices used antibiotic prescription feedback in combination with personalized expert feedback23, academic detailing24, a practice accreditation programme25 or in combination with decision support systems12,26,27, and found a relative reduction in antibiotic prescriptions of about 5%. Some of these trials recruited motivated primary care physicians already engaged in education programs to reduce antibiotic prescriptions or were offered financial incentives for trial participation26. Only a few trials used routine prescription feedback for high antibiotic prescribers in primary care on the health system level addressing the entire primary care physician community. In a trial in the UK, a 3.3% reduction in antibiotic prescriptions over 6 months was found when a single letter from England’s Chief Medical Officer with information on high prescription rates was sent to the top 20% of antibiotic prescribers.10 In a Canadian trial, the same intervention approach was used in the 25% top prescribers in Ontario and a 3.4% reduction over 12 months was found which was not statistically significant. 14 In a trial from New Zealand, a single letter providing peer antibiotic comparison found only reduced antibiotic use in high but not in low prescribers.28 Another trial from Australia provided antibiotic prescription feedback twice over 6 months in unselected rural practices and found no difference in antibiotic prescribing.13 
The negative findings from this trial are in contrast with results from the UK and Canadian trials which both included practices system-wide. First, antibiotic prescription rates in the UK trial were about 30% higher than in the present trial. 10,14 The Canadian trial was based on drug sales data with no denominator information. The present trial included - for reasons of sample size - about 80% of eligible practices and represents a more heterogeneous group of practices in terms of antibiotic prescribing patterns. Switzerland has one of the lowest antibiotic consumption rates among European countries. 29-31 Thus, it seems difficult to further reduce antibiotic prescribing with our chosen approach in a setting with already low prescription rates, although we know that prescriptions of antibiotics in primary care for upper respiratory and urinary tract infections are still too high32 and the spread of multidrug resistance remains a problem in particular for gram-negative bacteria expressing extended-spectrum betalactamases.18, 33 Our trial has several limitations. Due to the long processing time of claims data by health insurer’s prescription feedback was sent to physicians with a delay of 6 months making it likely less relevant or more difficult to interpret in the actual clinical situation. 34 Swiss claims data does not contain any diagnostic information from primary care, and therefore it was not possible to provide feedback on the appropriateness of antibiotic prescriptions. Legal issues in regard to the privacy of health data are major obstacles to overcome this data deficit in Switzerland. Social scientists emphasize the social normative aspects when aiming at behavior change in antibiotic stewardship interventions and the necessity to link peer comparisons to ‘appropriately top-prescribers’. 34 We chose an average prescription benchmark rather than top prescribing practices as a reference to acknowledge prescribing variations due to differences in the case mix and the lack of diagnostic data for the reason of antibiotic prescriptions. Other investigators have advocated the use of top prescribers as a reference standard. 34 Finally, our trial does not cover the entire Swiss population.
A relative increase in antibiotic prescriptions of 4% was noted in both years of the intervention concerning the baseline in 2017. The Swiss Ministry of Health also reported higher rates of influenza-like illnesses and invasive H. influenzae infections during the intervention period 2018/19 when compared to 2017.35 This illustrates the importance to evaluate feedback interventions for antibiotic prescribing over sufficiently long periods to accurately account for seasonality effects. 
Strengths of this trial are the formal blinding of physicians and data analysis, the conduct of an ITT and per-protocol analysis, the completeness and external validity of our data, and the use of non-aggregated patient-level claims data for certain endpoints. In our statistical approach - contrary to previous trials 10,14  - we integrated baseline prescription data, abstained from excluding practices with extreme prescription data, and included co-variates to address the patient case mix. Due to the large sample, all our estimates include small confidence intervals. Finally, we were able to explore the theoretical harm from the intervention by the analysis of hospitalization data. 
In conclusion, quarterly detailed claims data-based prescription feedback to primary care physicians did not reduce antibiotic prescriptions during a two years intervention in the Swiss primary health care setting with already low antibiotic use when compared to other European countries. Whether health system-wide antibiotic stewardship programs with more individually tailored information on the appropriateness of antibiotic prescriptions, eventually combined with individual physician targeted incentives, might achieve further antibiotic use reductions has to be evaluated in future trials. Such trials, however, will need much more detailed routinely collected diagnostic and laboratory patient data.
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Figures and Tables
Figure 1 Flow diagram of primary care physicians and pediatrician’s disposition (ITT)
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Figure 2 Median (IQR) of antibiotic prescription rates per month
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Figure 3 Change of prescription rates per 100 consultations by physicians in the intervention vs. the control group in the second year of the intervention (ITT) relative to the baseline year 2017

	Prescribing for specific populations or specific antibiotics
	% (95 CI)
	Feedback          Control

	All patients*
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	-0.11 (-1.17, 0.97)
	

	
	-0.14 (-1.20, 0.94)
	

	0-5 years
	
	

	
	-0.75 (-1.98, 0.50)
	

	
	-0.64 (-1.85, 0.59)
	

	6-65 years
	
	

	
	<0.01 (-1.01, 1.02)
	

	
	0.01 (-1.00, 1.03)
	

	>65 years
	
	

	
	0.39 (-0.60, 1.40)
	

	
	0.46 (-0.53, 1.46)
	

	Macrolides
	
	

	
	0.04 (-0.53, 0.60)
	

	
	0.03 (-0.53, 0.59)
	

	Other β-Lactams
	

	
	-0.71 (-1.93, 0.53)
	

	
	-0.74 (-1.95, 0.50)
	

	Quinolones
	
	

	
	-0.94 (-1.47, -0.41)
	

	
	-1.04 (-1.57, -0.52)
	

	                                                                                         Between-group differences, %

	*For each category the first line is the base model (treatment variable adjusted to baseline prescription rate) and the second is the multivariable model adjusted to the predefined comorbidities

















Figure 4 Change of prescription rate per 100 consultations by physicians in the intervention vs. the control group in the first year of the intervention (ITT) relative to the baseline year 2017

	Prescribing for specific populations or specific antibiotics
	% (95 CI)
	      Feedback           Control

	All patients*
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	0.54 (-0.12, 1.21)
	

	
	0.53 (-0.13, 1.20)
	

	0-5 years
	
	

	
	-0.30 (-1.47, 0.88)
	

	
	-0.22 (-1.38, 0.96)
	

	6-65 years
	
	

	
	-0.21 (-0.91, 0.50)
	

	
	-0.21 (-0.90, 0.52)
	

	>65 years
	
	

	
	-0.56 (-1.24, 0.13)
	

	
	-0.53 (-1.22, 0.16)
	

	Macrolides
	
	

	
	-0.12 (-0.61, 0.37)
	

	
	-0.14 (-0.62, 0.35)
	

	Other β-Lactams
	

	
	-0.56 (-1.73, 0.63)
	

	
	-0.62 (-1.79, 0.56)
	

	Quinolones
	
	

	
	0.04 (-0.43, 0.53)
	

	
	-0.03 (-0.5, 0.45)
	

	                                                                                 Between-group differences, %

	* For each category the first line is the base model (treatment variable adjusted to baseline prescription rate) and the second is the multivariable model adjusted to the predefined comorbidities







Table 1 Baseline characteristics (using data from Baseline year 2017)

	
	Statistic
	Total
	Intervention
	Control

	Number of patients
	n (%)
	1252169 (100%)
	629825 (50.30%)
	622344 (49.70%)

	 
	Median (Q1, Q3)
	337 (236, 480)
	338 (233, 482.25)
	336 (238, 475)

	Patients’ age
	
	
	
	

	   Ages <=5 years
	n (%)
	187557 (14.98%)
	95468   (7.63%)
	92089   (7.35%)

	   Ages 6 – 64 years
	n (%)
	711234 (56.8%)
	358622   (28.63%)
	352612   (28.16%)

	   Ages >= 65 years
	n (%)
	353378 (28.22%)
	175735 (14.04%)
	177643 (14.19%)

	Gender
	
	
	
	

	   Females
	n (%)
	686633 (54.84%)
	344098 (27.48%)
	342535 (55.04%)

	Patients with comorbidities*
	 
	
	

	   Immunsuppression like conditions1
	n (%)
	1400627 (100%)
	699822 (49.96%)
	700805 (50.04%)

	   Metabolic disorders

	n (%)
	1270058 (100%) 
	635431 (50.03%)
	634627 (49.97%)

	   Cardiovascular disease, and
   Neurological disorders
	n (%)
	2523931 (100%)
	1260454 (49.94%)
	1263477 (50.06%)

	   Respiratory disease
	n (%)
	834878   (100%)
	417552   (50.01%)
	417326    (49.99%)

	   Other2
	n (%)
	2836897 (100%)
	1419263 (50.3%)
	1417634 (49.97%)

	
	
	
	
	

	Number of consultations
 (Baseline year 2017)
 
 
	n (%)
	4790525 (100%) 
	2402119 (50.14%)
	2388406 (49.86%)

	
	Mean (SD)
	1447.73 (805.88)
	1454.07 (817.13)
	1441.4 (794.71)

	
	Median (Q1, Q3)
	1283 (869, 1861)
	1301 (872.5, 1859.25)
	1271 (865, 1862)

	1 Classification according to pharmacy cost groups
2 Psychiatric disorders, gastric acid-related disorders, and iron deficiency anaemia
* Multiple comorbidities per patient are possible
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