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ABSTRACT

OBJECTIVES

To evaluate whether providing family physicians
with feedback on their antibiotic prescribing
compared with that of their peers reduces antibiotic
prescriptions. To also identify effects on antibiotic
prescribing from case-mix adjusted feedback reports
and messages emphasising antibiotic associated
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SETTING

Primary care physicians in Ontario, Canada

PARTICIPANTS

All primary care physicians were randomly assigned
a group if they were eligible and actively prescribing
antibiotics to patients 65 years or older. Physicians
were excluded if had already volunteered to receive
antibiotic prescribing feedback from another agency,
or had opted out of the trial.

INTERVENTION

A letter was mailed in January 2022 to physicians
with peer comparison antibiotic prescribing feedback
compared with the control group who did not receive
a letter (4:1 allocation). The intervention group was
further randomised in a 2x2 factorial trial to evaluate
case-mix adjusted versus unadjusted comparators,
and emphasis, or not, on harms of antibiotics.

MAIN OUTCOME MEASURES
Antibiotic prescribing rate per 1000 patient visits
for patients 65 years or older six months after

WHAT IS ALREADY KNOWN ON THIS TOPIC

Antibiotic audit and feedback in primary care can be effective, however, previous
literature has produced variable effect sizes

Which design components of a feedback intervention can improve the
effectiveness of this intervention is largely unknown

WHAT THIS STUDY ADDS

A mailed antibiotic feedback letter with peer comparison is effective at reducing
antibiotic prescribing by primary care physicians

Including adjusted metrics for the feedback, or antibiotic harms messaging, did
not result in further reductions in antibiotic prescribing

Antibiotic audit and feedback reports should be a routine quality improvement
initiative for all primary care physicians
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intervention. Analysis was in the modified intention-
to-treat population using Poisson regression.

RESULTS

5046 physicians were included and analysed: 1005

in control group and 4041 in intervention group (1016
case-mix adjusted data and harms messaging, 1006
with case-mix adjusted data and no harms messaging,
1006 unadjusted data and harms messaging, and
1013 unadjusted data and no harms messaging).

At six months, mean antibiotic prescribing rate was
59.4 (standard deviation 42.0) in the control group
and 56.0 (39.2) in the intervention group (relative
rate 0.95 (95% confidence interval 0.94 to 0.96).
Unnecessary antibiotic prescribing (0.89 (0.86 to
0.92)), prolonged duration prescriptions defined as
more than seven days (0.85 (0.83 to 0.87)), and broad
spectrum prescribing (0.94 (0.92 to 0.95)) were also
significantly lower in the intervention group compared
with the control group. Results were consistent at 12
months post intervention. No significant effect was
seen for including emphasis on harms messaging. A
small increase in antibiotic prescribing with case-mix
adjusted reports was noted (1.01 (1.00 to 1.03)).

CONCLUSIONS

Peer comparison audit and feedback letters
significantly reduced overall antibiotic prescribing with
no benefit of case-mix adjustment or harms messaging.
Antibiotic prescribing audit and feedback is a scalable
and effective intervention and should be a routine
quality improvement initiative in primary care.

TRIAL REGISTRATION

ClinicalTrials.gov NCT04594200

Introduction

Antimicrobial resistance is a rising global public health
crisis with an estimated 1.27 million attributable
deaths per year worldwide." Overuse and misuse
of antibiotics are important modifiable drivers of
rising drug resistant infections. Most antibiotics are
prescribed by primary care physicians.

Peer comparison audit and feedback on antibiotic
prescribing is a potentially scalable and effective
intervention. Effective audit and feedback incorporates
behavioural science principles to drive behaviour
change and improve the quality of patient care.
Previously, a three arm trial of an antibiotic feedback
letter mailed to the highest antibiotic prescribing
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physicians in Ontario, Canada, led to a 4% to 5%
reduction in antibiotic prescriptions.’ The effect size
of other trials evaluating antibiotic audit and feedback
to reduce antibiotic prescribing resulted in variable
effect sizes.>” Various unanswered questions remain
regarding the optimal design of audit and feedback,
with relatively few trials comparing different audit
and feedback designs in an attempt to improve the
effect of these interventions.® ® Results from a trial
in Australia showed that feedback including peer
comparison and a graph performed best and reduced
antibiotic prescription rates by 12%."° A trial from
Scotland investigated the effect of behavioural change
messaging and showed no effect of sending three
compared with two reports over the year.™

The drivers of inappropriate antibiotic prescribing
are complex and multifactorial. A knowledge gap is
generally not the primary driver of over-prescribing,
whereas, physician habit, perceived patient
expectations, and fear of consequences, predominate
as themes in the medical literature. Physicians tend to
overestimate the potential benefits of antibiotics and
underestimate the potential harms. Another common
theme in qualitative studies of audit and feedback is
that physicians articulate that the data do not reflect
their unique practice and patient characteristics.'?*®

Our primary objective was to evaluate whether
providing family physicians with feedback on their
antibiotic prescribing, using routinely collected data,
compared with their peers, reduces antibiotic use.
Our secondary objectives were to test whether further
incremental reductions could be made in antibiotic
prescribing by providing two more forms of feedback.
Firstly, we assessed case-mix adjustment in feedback
reports, to address physicians’ perception that the
data do not reflect their unique patient populations.
Secondly, we assessed emphasising harms associated
with antibiotics, to address physicians’ tendency to
underestimate antibiotic harms. We hypothesised
that there would be no interaction between these
modifications and therefore chose a factorial design to
efficiently evaluate our secondary objectives.

Methods

Design

We conducted a pragmatic randomised controlled
trial of mailed antibiotic audit and feedback reports
to primary care physicians with an embedded 2x2
factorial experiment in Ontario, Canada.'® The
trial was considered pragmatic because the design
was created to directly inform policy and decision
making.!” We evaluated the effectiveness of our audit
and feedback intervention under usual conditions
across the province. Eligible physicians and outcomes
were identified through existing, routinely collected
administrative data. The study protocol has been
previously published and registered (NCT04594200).*¢

Participants and setting
Ontario is Canada’s most populous province
(population 14.5 million in 2022). Residents can see
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a physician without incurring out of pocket costs for
the visit. However, medications are only publicly
funded for some patients, including all patients 65
years and older. Our data only includes publicly
funded medications; therefore, this study was limited
to community dwelling patients aged 65 years and
older. We have previously shown a strong correlation
between physician prescribing for patients of this age
and their overall antibiotic prescribing (Spearman’s r
for men were 0.80 and women were 0.84).°

Ontario Health is the government agency that
oversees administration of the provincial healthcare
system. As part of their quality improvement activities,
primary care physicians can voluntarily sign up for
MyPractice reports, which, since 2021, have included
antibiotic prescribing indicators. At the time of this
trial, approximately 4000 primary care physicians
received these reports. To avoid duplication, physicians
who had previously signed up for MyPractice reports
were excluded from this trial. We also excluded
physicians who had opted out of a previous feedback
trial in Ontario,” physicians with fewer than 100
unique patient visits to patients 65 years or older
in the most recent year, or in two of the three prior
years, and physicians with fewer than 10 antibiotic
prescriptions to patients 65 years or older in the most
recent year, or two of the three prior years. Data from
these physicians would not have been sufficient for
meaningful feedback. Finally, one month before the
trial, an introductory letter was sent to all eligible
physicians with the opportunity to opt out.

Interventions

We developed the intervention audit and feedback
reports using an iterative process. Team members
with expertise in audit and feedback, design science,
behavioural science, trial design, patient care, and
antibiotic prescribing met to develop prototype
reports. Prototype reports were then informally
reviewed by physician colleagues who belonged to the
target audience. Physicians’ comments and reactions
were brought back to the group and informed iterative
revisions of the reports.

Physicians in the control group were not notified
that they were in a study, aside from the opt-out
letter, and did not receive any audit and feedback on
antibiotics. All eligible physicians in the intervention
group were randomly assigned to receive case-mix
adjusted feedback, harms messaging, neither, or
both. Physicians in the intervention group received
a mailed letter to their primary office location in
January 2022. The same letter was sent out again in
February 2022 in an attempt to increase engagement
with the intervention. The letters included three years
of data (from 1 March 2018 to 28 February 2021) on
total antibiotic prescribing to their patients aged 65
years or older. The letter also provided the median
antibiotic prescribing rate and the lowest quartile met
by other primary care physicians in Ontario, which
was described in the report as an achievable target.
Our previous work identified that the average primary
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care physician could safely reduce their antibiotic
prescribing by at least 24%.® Antibiotic audit and
feedback interventions are discouraged from using the
mean as the sole comparator to avoid regression to the
mean.'® We also provided physicians with their data
for the proportion of their antibiotic prescriptions that
were more than seven days and a table of recommended
antibiotic durations for common infections. These
elements were based on the success of a previous trial.”
The report included a graph, education on appropriate
antibiotic prescribing and durations, evidence
informed communication strategies as well as tools
from Choosing Wisely Canada to help to improve
antibiotic prescribing. The letter was co-signed by
Ontario’s Chief Medical Officer of health, the president
of the Ontario College of Family Physicians, and the
chair of Choosing Wisely Canada (supplementary
appendix 1).

We embedded a 2x2 factorial trial in the intervention
arm to efficiently evaluate the independent effects
of each factor in the absence of any hypothesised
interaction. For physicians randomly assigned
to the case-mix adjusted letter, we standardised
their antibiotic prescribing rate using hierarchical
regression modelling, which incorporated their
number of patient visits per year, as well as patient age,
sex, socioeconomic status, comorbidities, and practice
setting. On the letter’s first page, it was emphasised to
physicians that their data were adjusted to represent
a fair comparison to physicians with similar patients
and practice characteristics. Physicians not in the
adjusted group received feedback on their raw
antibiotic prescribing rate compared with that of
their peers. We anticipated that this modification
would address physician’s lack of acceptance of audit
and feedback that did not adequately capture their
patient and practice complexity.”> For physicians
randomly assigned to receive harms messaging, we
included an infographic highlighting the frequency
of side effects and harms associated with antibiotics.
This infographic highlighted the 30% risk of side
effects from antibiotic use, the doubling of bacterial
resistance rates, and predicted rising mortality from
drug resistant infections in the future (supplementary
appendix 1). The physicians who were randomly
assigned to the non-harms group only received an
infographic on the lack of benefits from unnecessary
antibiotic prescribing. We anticipated that this
modification would address the perceived imbalance
of risks from unnecessary antibiotic prescribing.'® The
various versions of the intervention are available in
supplementary appendix 1.1¢

Allocation

An epidemiologist who was not otherwise involved
in the study generated the allocation sequence.
Randomisation was a simple random sampling method
without replacement, with no block size specification
or clustering. Randomisation was done simultaneously
for all eligible physicians, stratified by participation
in a previous trial from Ontario in 2018, which was
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limited to high antibiotic prescribers only.> Physicians
were randomly assigned 4:1 (intervention:control),
and 1:1:1:1 within the intervention arm to each of the
two factors described above (adjusted or unadjusted
and harms or no harms), giving four experimental
conditions.

Outcomes and data sources

The primary outcome was antibiotic prescribing rate
defined as the total number of systemic oral antibiotic
prescriptions per 1000 patient visits in patients
aged 65 years or older from the time of mailing the
intervention to six months after intervention. The
antibiotic prescribing rate was selected as the primary
outcome because accurate measurement was possible,
the rate is known to drive antimicrobial resistance,
and over prescribing of antibiotics is present in this
population; therefore, an opportunity exists to safely
reduce overall antibiotic use.'® ?° Secondary outcomes
included the number of likely unnecessary antibiotic
prescriptions per 1000 patient visits (table S1), the
number of antibiotic prescriptions of more than seven
days per 1000 patient visits, and the number of broad-
spectrum antibiotic prescriptions per 1000 patients
visits (table S2). Unnecessary antibiotic prescriptions
were defined as having a physician International
Classification of Diseases 9th edition billing claim in
the Ontario Health Insurance Plan database for one or
more codes for a condition that rarely or never requires
antibiotics (eg, asthma, common cold, and bronchitis).
This list was derived from previous research (table
$1).'® We initially planned to include total antibiotic
days of treatment as an outcome, however, since this
metric is a combination of antibiotic prescribing rate
and duration we omitted it because we felt no new
information would be gained. In a secondary analysis,
outcomes were measured from letter mailing to 12
months of follow-up. The data for all outcomes were
derived from routinely collected administrative data
at ICES (formerly, the Institute for Clinical Evaluative
Sciences), an independent, non-profit research
institute whose legal status under Ontario’s health
information privacy law allows it to collect and analyse
health care and demographic data without consent
for health system evaluation and improvement.
Antibiotic prescription data were from the Ontario
Drug Benefit database which is more than 99%
accurate.’! Additional ICES databases used include
the Ontario Health Insurance Plan database to identify
physician visits, the Registered Person Database
to identify patient demographics, the Canadian
Institutes for Health Information Discharge Abstract
Database to identify patient admission to hospital and
comorbidities, and the ICES Physician Database to
identify prescriber characteristics. These datasets were
linked using unique encoded identifiers and analysed
at ICES. We evaluated the intervention fidelity through
phone calls to a random sample of 3% (ie, 135) of
physicians in the intervention group (up to two phone
call attempts per physician) after February 2023 when
data collection ended.
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Sample size

We anticipated that we would have data for
approximately 6000 eligible physicians and an average
of 784 patient visits per physician over six months.
Assuming in the control arm an antibiotic prescribing
rate of 40 per 1000 patient visits and a between-cluster
coefficient of variation of 75%, we would meet at least
80% power to detect a 7.5% relative reduction in the
antibiotic prescribing rate comparing the intervention
to usual care in a 4:1 allocation, using a two sided test
for the difference between two Poisson rates.

Statistical analysis

We conducted a modified intention-to-treat analysis.
We excluded outliers at the 99th percentile for antibiotic
prescribing rate at baseline after randomisation from
each arm to eliminate data errors from implausibly
high numbers of antibiotic prescriptions attributed to
a small number of physicians.”®> We analysed the data
at the level of the physician using Poisson regression.
The dependent variable was the number of antibiotic
prescriptions and the model was offset by the log of
the physician’s total patient visits. To improve power
and efficiency the models were further adjusted for
the following prespecified covariates: the log of the
baseline antibiotic prescribing rate (15 January 2021
to 14 January 2022), physician’s sex, years since
medical school graduation, and our stratification
variable of whether the physician was enrolled in a
previous Ontario trial. A second exploratory model
included terms for the presence or absence of each
factor (case-mix adjusted data or harms messaging).>
We hypothesised a priori that no interaction would be
shown between factors and to avoid an increased risk
of type I error, we did not perform a two stage analysis
evaluating for interaction effects.?> We conducted an at-
the-margins analysis by estimating the effects of each
factor compared with physicians not receiving that
factor. We added a post-hoc analysis that included an
interaction term between factors to test our hypothesis
of no multiplicative interaction. We then added a
post-hoc inside-the-table sensitivity analysis of the
embedded trial as four separate groups. Intervention
effects were expressed using relative risks and 95%
confidence intervals (CIs). Prespecified subgroup
analyses of the primary outcome were conducted
stratified on physician years in practice (<11 years, 11-
24 years, or 225 years), sex, neighbourhood income
quintile of practice, tertiles of the number of patient
visits, tertiles of proportions of rostered patient visits
(the number of patient visits for the physicians’ own
patients divided by all patient visits), tertiles of the
proportion of patient visits of people aged greater than
85 years, rural versus urban practice location, tertiles
of baseline antibiotic prescribing rates, and tertiles
of baseline antibiotic prescribing rates from virtual
patient visits. The significance of subgroup differences
was assessed by including the interaction between
the subgroup variable and the treatment effect in the
statistical model. We did not account for multiple
hypothesis testing because these subgroup analyses
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were considered exploratory. The data were analysed
using SAS Enterprise Guide 9.4.

Patient and public involvement

This trial was funded through the Canadian Institutes
for Health Research’s strategy for patient oriented
research. Patient representatives were engaged at the
grant development stage and patient insights were
solicited on the overall study and intervention design
(as described in our protocol for this trial).!® Patients
were involved in providing feedback during the
iterative process of designing the feedback reports. For
example, patient representatives helped to refine the
language used in the section of the feedback reports
that emphasised communication tips that physicians
could use to explain to patients why antibiotics are
not recommended. The experiences of our patients
engaged through this project were previously detailed
in a podcast.*

Results

We identified 15438 physicians within our
administrative datasets with the specialty of general
practice or family medicine. After excluding physicians
who were inactive, with low numbers of visits or
antibiotic prescriptions to the patient population,
and those already signed up for feedback from
Ontario Health, 6466 physicians were eligible. We
were unable to include 1016 of these due to missing
identification numbers or address information. An opt
out introductory letter was mailed to 5450 physicians
and 353 (6.5%) opted out of the trial or had an invalid
address. 5097 physicians were randomly assigned to
a group and 4076 assigned to the intervention group
were mailed the intervention. After excluding 1% of
outliers based on baseline antibiotic prescribing rate,
data for 5046 physicians were analysed (fig 1).

Overall, the physician characteristics and baseline
prescribing practices in each group were well balance
(table 1). The average physician’s age was 50.6 years
in the intervention group and 51.2 years in the control
group. More than half of physicians were male and
almost half were in practice for 25 years or more.
The average baseline prescribing rate by antibiotic
prescriptions per 1000 patient visits was 63.5
(standard deviation 36.3) in the intervention group
and 64.6 (38.9), in the control group.

The antibiotic prescribing rate was lower in the
intervention group compared with the control group
at 0-6 months and 0-12 months post intervention (fig
2). After six months of follow-up, the mean antibiotic
prescribing rate of the intervention group compared
with the control group was significantly lower (56.0
(39.2) v 59.4 (42.0) per 1000 patient visits; relative
rate 0.95 (95% CI 0.94 to 0.96))(table 2). Mean patient
visits per physician during the six month intervention
period were 612.7 (527.4) for the intervention
group and 626.6 (547.4) for the control group. The
intervention also was significantly lower for antibiotic
prescribing that was likely unnecessary (ie, for viral
illnesses) (7.5 v 8.6 per 1000 patient visits, 0.89 (0.86
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All primary care physicians (general practice or family medicine)

158 Small cell sizes <6

Excluded

2649 Inactive physicians (<44 days of work per year)
1317 Physicians with <100 patients >65 years of age in 2 or 3 years
2319 Physicians who prescribed <10 antibiotics to patients >65 years of age in 2 or 3 years

Eligible primary care physician cohort

Physicians already signed up for antibiotic prescribing feedback reports

t 6466

Primary care physician cohort eligible for feedback

Not linkable or missing address or antibiotic data

(BED

Primary care physician with linkable data to include

Physicians opting out or mail returned to sender

Eligible primary care physicians randomised

{
i 1021]

Control group

)

Intervention group

{

)

Adjusted data Adjusted data Unadjusted data Unadjusted data
and harms and no harms and harms and no harms
information information information information
Wi 16 (i 10 (i 14] i 6] (i 5]
1% outliers 1% outliers 1% outliers 1% outliers 1% outliers
v
Analysed Analysed Analysed Analysed Analysed

Fig 1| Consort diagram of study inclusion and exclusion criteria

to 0.92)), antibiotic prescribing rate for long duration
prescriptions (13.7 v 16.5, 0.85 (0.83 to 0.87)),
and antibiotic prescribing rate for broad-spectrum
prescriptions (26.0 v 28.4, 0.94 (0.92 to 0.95)). We
observed similar results when including antibiotic
prescriptions dispensed between baseline and 12
months of follow-up (0.96 (0.95 to 0.97)) (table S3).

In our prespecified subgroup analyses, no
significant differences were reported in the
intervention effectiveness among subgroups of

physician’s sex, neighbourhood income group, patient

thelbmj | BMJ2024;385:2079329 | doi: 10.1136/bmj-2024-079329

visit volume, rural versus urban practice setting,
and antibiotic prescribing for virtual visits (fig 3 and
table S4). Physicians with high baseline antibiotic
prescribing had significantly larger reductions in
antibiotic prescribing effect sizes compared with lower
antibiotic prescribing physicians (Pieraction=0-018). In
the sensitivity analysis that stratified the cohort by
whether the patient was rostered to the prescribing
physician, we observed similar results in both groups
(table S5). We broke down the analysis by quarter post-
hoc. The intervention effect in quarter one for relative
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Table 1 | Baseline characteristics of included physicians and patients 65 years of age and older from 15 January 2021 to 14 January 2022

Unadjusted data Adjusted data
No harms messaging With harms messaging No harms messaging With harms messaging All letters Control

Physician characteristics (n=1013) (n=1006) (n=1006) (n=1016) (n=4041) (n=1005)
Male, no (%) 552 (54.5) 549 (54.6) 582 (57.9) 537 (52.9) 2220 (54.9) 580 (57.7)
Female, no (%) 461 (45.5) 457 (45.4) 424 (42.1) 479 (47.1) 1821 (45.1) 425 (42.3)
Mean age (SD) 50.2 (12.7) 50.7 (12.7) 50.7 (13.0) 50.7 (12.5) 50.6 (12.7) 51.2(12.8)
No of years in practice:

1-10 192 (19.0) 190 (18.9) 191 (19.0) 180 (17.7) 753 (18.6) 175 (17.4)

11-24 330 (32.6) 321 (31.9) 335 (33.3) 332 (32.7) 1318 (32.6) 312 (31.0)

225 491 (48.5) 495 (49.2) 480 (47.7) 504 (49.6) 1970 (48.8) 518 (51.5)
Neighbourhood income quintile of practice*:

1 (low) 286 (28.2) 265 (26.3) 287 (28.5) 284 (28.0) 1122 (27.8) 293 (29.2)

2 230(22.7) 260 (25.8) 238 (23.7) 255 (25.1) 983 (24.3) 236 (23.5)

3 170 (16.8) 190 (18.9) 166 (16.5) 178 (17.5) 704 (17.4) 184 (18.3)

4 179 (17.7) 155 (15.4) 161 (16.0) 166 (16.3) 661 (16.4) 163 (16.2)

5 (high) 148 (14.6) 136 (13.5) 153 (15.2) 131 (12.9) 568 (14.1) 129 (12.8)
Total patient visits, mean (SD) 1299.3 (1057.6) 1209.8 (963.1) 1276.5 (1024.3) 1225.1(1179.5) 1252.7 (1059.7) 1276.0 (1087.3)
No of patient visits for rostered patients, ~ 66.6 (35.4) 64.7 (36.6) 65.0 (36.4) 66.3 (34.8) 65.7 (35.8) 66.2 (35.6)
mean (SD)t
No of patient visits in the emergency 9.7 (26.3) 12.0 (29.0) 10.2 (26.8) 9.3 (25.5) 10.3 (27.0) 10.1 (27.0)
department, mean (SD)#
No of rostered patients >85 years, mean (SD) 10.7 (9.3) 10.9 (11.5) 11.1 (10.9) 10.8 (10.1) 10.9 (10.5) 11.1 (10.3)
Antibiotic prescribing rate per 1000 62.6 (36.0) 64.0 (36.1) 62.7 (36.0) 64.6 (37.0) 63.5 (36.3) 64.6 (38.9)

patient visits, mean (SD)

Virtual patient visits, mean (SD)

635.0 (684.9) 609.5 (667.4)

634.4 (671.7)

575.3(692.7) 613.5(679.5) 630.1(722.7)

Mean antibiotic prescribing rate per 1000 40.1 (35.6)
virtual (video or phone) visits (SD)

44.0 (54.1) 39.0 (33.3)

41.4 (39.8) 41.1 (41.5) 44.3 (66.6)

SD=standard deviation.

*Three physicians had missing neighbourhood income data.
tPatients can be formally or informally registered to a physicians roster. The numerator is the number of patient visits by rostered patients and the denominator is all patient visits.
$Physician visits in an emergency department per 100 total patient visits.

s
N
o

-
o
o

[N}
o

Antibiotic prescriptions
per 1000 patient visits
@

S

risk was 0.94 (95% CI 0.93 to 0.96) and in quarter four
was 0.98 (0.96 to 0.99) (table S6).

In the embedded factorial trial, our primary analysis
assuming no interaction found that physicians
receiving adjusted data had a 1% relative increase in
antibiotic prescribing (relative risk 1.01 (95% CI 1.00
to 1.03)) (table 2) but those receiving harms messaging
had similar outcomes to those who did not (1.00
(0.99 to 1.01)). A significant interaction was noted
between factors in the factorial trial (P<0.001). The
results from the sensitivity analysis as a four arm trial
are presented in table S7. The results were consistent
with our primary finding of no significant decreases in
antibiotic prescribing outcomes for either intervention
(table S7).

—— Control
Intervention

Intervention

40] FMAM] JASOND ) FMAM] JASOND J FMAM] JASOND ) FMAM] JASOND )

2020 2021 2022
Month

Fig 2 | Monthly antibiotic prescribing rates per 1000 patient visits, by intervention
group, January 2019 to January 2023

6

Of 135 randomly sampled physicians in the
intervention group that we called after sending the
debriefletter, 76 (56%) could not be reached, 18 (13%)
confirmed receipt of the feedback letter, and 41 (30%)
either did not receive or were unsure if they received
the intervention.

Discussion

Principal findings

In this large, pragmatic randomised controlled trial
with more than 5000 primary care physicians, a
mailed letter to physicians led to a significant 5%
relative reduction in overall antibiotic prescribing
rate compared with physicians in the control group.
We observed improvements in antibiotic prescribing
on all outcomes evaluated including an 11% relative
reduction in unnecessary antibiotic prescriptions,
15% relative reduction in antibiotic durations more
than seven days, and a 6% relative reduction on broad-
spectrum antibiotic prescribing.

Comparison with other studies

These results are consistent with a previous trial
from Ontario,> as well as most other audit and
feedback interventions on antibiotic prescribing in
primary care.* > 1° 11 2 26 Some audit and feedback
interventions in Europe have been ineffective with no
significant change in antibiotic prescribing.? ¢ 7 Two
main explanations are likely for this discrepancy.
Firstly, some jurisdictions with negative studies had
significantly lower baseline antibiotic prescribing

doi: 10.1136/bmj-2024-079329 | BMJ 2024;385:e079329 | thebmj
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Table 2 | Comparison of outcomes of antibiotic prescribing rates at six months for the primary analysis and factorial

trial. Values are mean (SD) unless stated otherwise
Prescribing rate per 1000 visits

Outcomes Antibiotics overall

Control v intervention

Unnecessary Antibiotics Long duration antibiotics Broad spectrum antibiotics

Pre-intervention:

Control 55.2 (35.2) 5.5 (5.8) 15.7 (14.4) 25.1(19.5)

Intervention 54.1 (33.1) 5.4 (5.9) 15.2 (14.3) 24.3(17.7)
Six months post-intervention:

Control 59.4 (42.0) 8.6 (9.9) 16.5 (16.1) 28.4(25.1)

Intervention 56.0 (39.2) 7.5(9.2) 13.7 (15.5) 26.0 (21.7)

Relative rate* (95% Cl)

0.95 (0.94 t0 0.96) 0.89 (0.86 to 0.92)

0.85 (0.83 t0 0.87) 0.94 (0.92 t0 0.95)

Case-mix adjusted v standard feedback

Pre-intervention:

Standard 54.4 (33.1) 5.3 (5.7) 14.9 (13.3) 24.3(17.5)

Case-mix adjusted 53.9 (33.1) 5.4 (6.1) 15.5 (15.3) 24.2(17.9)
Six months post intervention:

Standard 56.0 (36.9) 7.4 (9.0) 13.2 (14.3) 25.9 (20.4)

Case-mix adjusted 55.9 (41.3) 7.6 (9.5) 14.1 (16.3) 26.2 (23.0)

Relative rate* (95% Cl) 1.01 (1.00t0 1.03)

1.01 (0.98 to 1.04)

1.03 (1.01 to 1.06) 1.02 (1.01 to 1.04)

Harms v no harms messaging

Pre-intervention:

No harms 53.6 (32.4) 5.4 (5.7) 15.1 (14.0) 24.1(17.7)

Harms 54.7 (33.8) 5.4 (6.1) 15.4 (14.7) 24.4 (17.8)
Six months post intervention:

No harms 55.7 (39.1) 7.6 (8.9) 13.6 (15.0) 25.8 (21.7)

Harms 56.3 (39.2) 7.4 (9.6) 13.7 (15.8) 26.2 (21.8)

Relative rate* (95% Cl)

1.00 (0.99 t0 1.01) 0.99 (0.96 to 1.02)

1.00 (0.98 t0 1.02) 1.01 (0.99 to 1.03)

Cl=confidence interval; SD=standard deviation.

*Models adjusted for baseline prescribing rates, stratification variable from previous feedback trial, physician’s sex, and physician years in practice.

rates, suggesting less opportunity for change.”” The
second reason is likely related to the design of the
intervention. A theory put forward by Linder and
Fox is that feedback designed to be more subtle and
avoid offending physicians may be too vague to
elicit the desired behaviour change.’® Best practice
recommendations have been published on optimizing
audit and feedback of antibiotics in primary care.?’
Antibiotic audit and feedback should be simple and
include a single central figure.'® Prescribers should
be able to understand the data within seconds and
connect the data directly to a desired action. Data
that are too subtle, complex, provide multiple metrics
or multiple comparators are less likely to be used by
physicians and will not drive behaviour change.?>°
Our attempts to maximize the effects of audit and
feedback through design modifications did not lead to
measurable differences in the embedded factorial trial.
A common concern of audit and feedback recipients
is that the data do not adequately reflect their specific
patient and practice characteristics.'> 1> Our attempt
to address this common concern through case-mix
adjustment did not reduce antibiotic prescribing
and paradoxically may have led to small increases in
antibiotic use. Providing more complex data could
possibly have led to lower engagement with the
intervention and less behaviour change. Another
possible explanation is that including the case-mix
adjustment paradoxically reinforced the cognitive
bias that their patients’ may be different, which led
to increased prescribing. These results should be

thelbmj | BMJ2024;385:2079329 | doi: 10.1136/bmj-2024-079329

interpreted cautiously as the effect sizes were very
small and of uncertain clinical significance.

Regarding harms information, data show that
physicians frequently perceive an imbalance in
risks by underestimating the harms of unnecessary
antibiotic prescribing and overestimating the risks
of not prescribing antibiotics.'? 3! A previous trial
emphasising harms related to opioid prescribing led
to significant reductions in opioid use.’> However,
despite additional emphasis on antibiotic harms,
further improvements in antibiotic prescribing were
not observed in our study. A possible explanation for
this finding is that our infographic did not adequately
address this risk perception to promote behaviour
change beyond the feedback of data and other
messaging within the letter. A theory informed process
will explore the possible reasons that behaviour did not
change and will be published separately. We observed
an unanticipated statistically significant interaction
effect in the factorial trial between case-mix adjusted
feedback and harms messaging emphasis. The clinical
significance of this observation is unclear and post-
hoc analyses were similar; however, results from the
factorial analysis should be interpreted cautiously.

Policy implications

Based on this work, as well as other published
literature, we believe antibiotic audit and feedback
should be a required routine quality improvement
initiative in primary care funded by governments
or insurers responsible for funding healthcare
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Baseline, mean (SD)

Six months, mean (SD)

Outcome Control Intervention Control Intervention Adjusted rate Adjusted rate
ratio (95% CI) ratio (95% CI)
Years in practice
<11 68.1(36.3) 61.5(31.7) 73.5(47.9) 63.8(38.7) L 0.94(0.91t00.97)
11-24 57.434.4) 57.6(34.2) 63.2(40.7) 59.0(41.7) —_— 0.92(0.90t0 0.94)
225 51.8(34.7) 50.8(32.3) 55.1(40.6) 52.7(37.5) —_— 0.96 (0.95t0 0.98)
Sex
Female 52.5(30.2) 54.4(32.9) 56.8(36.8) 56.0(39.6) —_—— 0.96 (0.94 t0 0.98)
Male 56.5(37.4) 54.0(33.1) 60.7 (44.3) 55.9(38.9) —_— 0.94 (0.93t0 0.96)
Neighbourhood income quintile of physician practice
1 (low) 53.2(37.5) 53.4(34.2) 57.0(43.5) 55.1(41.2) —_—— 0.96 (0.94 t0 0.98)
2 56.0(35.3) 54.0(30.9) 60.4 (40.1) 55.6(36.8) L g 0.94(0.92t00.97)
3 55.2(32.0) 52.6(34.6) 59.9(38.5) 53.9(38.2) —_—— 0.95(0.92t0 0.98)
4 51.2(30.5) 54.8(31.4) 579(41.2) 57.5@7.0) —_—— 0.91(0.89t0 0.94)
5 (high) 66.3(38.0) 57.6(33.9) 66.8(47.9) 59.5(41.9) > 0.97(0.94t0 1.01)
Visit volume
2 (high) 47.6 (31.4) 45.5(27.9) 51.7(36.4) 47.7(30.6) —_— 0.94(0.92 t0 0.95)
1 (medium) 61.8(35.2) 64.7(34.3) 69.3(40.5) 66.3(38.5) —_— 0.96 (0.94 t0 0.98)
0 (low) 78.0(39.7) 74.0(38.2) 82.7(59.6) 78.5(63.2) L 0.97 (0.94 to 1.00)
Continuity score
2 (high) 48.7(30.1) 49.7(29.3) 54.4(38.5) 51.2(32.5) —_— 0.93(0.91t0 0.95)
1 (medium) 55.4(35.9) 52.4(30.0) 57.3(38.9) 54.1(33.2) —_— 0.97(0.96 t0 0.99)
0 (low) 64.6 (39.1) 63.2(39.9) 72.3(50.00 66.8(53.3) * 0.94(0.92 t0 0.96)
Percent of patient population over age 85
2 (high) 54.0(35.9) 54.0(32.4) 56.0(41.2) 56.1(38.4) —_— 0.98 (0.96 to 1.00)
1 (medium) 55.2(35.00 53.4(31.9) 61.2(42.3) 55.3(39.3) —_— 0.92(0.90t0 0.94)
0 (low) 56.9(34.5) 52.7(35.2) 62.1(42.5) 56.6(39.8) —_—— 0.94(0.92 t0 0.96)
Rural practice
Yes 78.6 (41.4) 75.0(34.0) 84.7(51.0) 78.1(43.2) — 0.95(0.94 t0 0.96)
No 53.5(34.2) 52.7(32.5 57.8(40.8) 54.4(38.3) L 0.96 (0.93 to 1.00)
Baseline abx prescribing rate
2 (high) 105.5(32.0) 100.8 (26.0) 112.7 (46.1) 100.4 (44.9) — 0.93(0.92t0 0.95)
1 (medium) 56.4(8.4) 56.4(8.5) 61.0(22.4) 58.9(21.2) —_—— 0.97(0.95t0 0.98)
0 (low) 2700.5) 26.809.9) 30.9(15.00 29.6(15.8) —_—— 0.96 (0.94 t0 0.98)
Baseline abx prescribing rate from virtual visits
2 (high) 80.2(35.00 77.8(29.5) 85.4(43.9) 78.5(37.7) —_— 0.94 (0.93t0 0.96)
1 (medium) 46.5(21.4) 47.4(23.2) 51.0(26.5) 49.8(29.8) —_— 0.96 (0.94 t0 0.98)
0 (low) 38.4(33.5 39.2(33.2) 42.0(41.4) 41.1(39.8) —_—— 0.94(0.92t0 0.97)
I I
0.85 0.90 0.95 1.00 1.05

Intervention better

Fig 3 | Forest plot of stratified results for antibiotic prescribing rate at six months. Abx=antibiotic

Control better

systems. All prescribers can benefit from access to
their antibiotic prescribing data, if implemented
thoughtfully using audit and feedback best practice
recommendations to optimize patient care.”* Our
stratified analyses support that audit and feedback is
effective across different physician groups (eg, age and
sex), and practice types (eg, urgent care centres where
physicians tend to see non-rostered patients as well
as those with high and low baseline prescribing levels
of rostered patients). Encouragingly, this intervention
also appeared effective across neighbourhood income

levels, supporting the role of audit and feedback to
improve equitable access to appropriate antibiotic use.

Strengths and limitations of this study

Our observed effect size was modest given the limited
engagement from clinicians in reviewing the feedback
reports. Inaprevious study from Ontario, approximately
a third of physicians opened the letter.” In this study,
we sent the same letter twice, one month apart, in an
attempt to increase engagement. Unfortunately, we
were unable to engage more than one third of mailed
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recipients. Previous studies that have increased the
number of mailings, or modified introductory emails,
have had no or minimal impact.’* > However, our
significant findings were observed despite this low
engagement with the intervention. Further research
on ways to improve engagement with feedback reports
should be a priority because this change may result in
larger effect sizes.

Further research is needed into implementing co-
interventions such as public education, communication
interventions, point-of-care testing, and other quality
improvement initiatives implemented and evaluated
alongside audit and feedback to further reduce
unnecessary antibiotic prescribing in primary care. A
previous trial demonstrated the effectiveness of a simple
table on antibiotic durations to reduce the duration of
antibiotic prescriptions.? Prolonged antibiotic durations
are likely very amenable to change because these are
a knowledge gap for some physicians.>* However, the
reasons driving antibiotic initiation for respiratory tract
infections are substantially more complex,'? and will
require more complex solutions through engagement
of multiple stakeholders and prescribers. Future studies
should focus on assessing the cost-effectiveness of
antibiotic audit and feedback interventions in primary
care. This research will aid in reducing unnecessary
antibiotic use and improve resource allocation in
publicly funded healthcare systems.

This trial has some notable limitations. The
intervention was implemented during the covid-19
pandemic with substantial changes in the burden
and timing of respiratory illnesses and healthcare
seeking behaviours. The intervention was delivered
soon after the early winter peak in antibiotic
prescribing, which subsequently increased during the
intervention, likely due to the resurgence of respiratory
infections following a large decrease during the
covid-19 pandemic.” 3¢ The generalizability to a
post-pandemic setting is uncertain. However, our
findings are consistent with several studies from
different times and jurisdictions. We excluded primary
care physicians who have already volunteered for
electronic prescribing feedback (which includes
antibiotic indicators) making these results particularly
generalizable to primary care physicians not already
engaged in audit and feedback. The pragmatic nature
of our trial make it generalizable to other countries
with primary care systems that, like Canada’s, offer
care that is free at point of access. We chose not to
cluster randomise by practice and contamination was
possible across study arms. However, physicians in the
control group for the primary analysis had no access
to their data and therefore any contamination would
have biased the results towards the null. Physicians
within one practice may have been randomised to
different factors with the potential for contamination.
Our study was not specifically powered for the factorial
analysis and the results from this embedded trial
should be considered exploratory and interpreted
cautiously. Our primary outcome was overall antibiotic
prescribing rate because we were unable to accurately

thelbmj | BMJ2024;385:2079329 | doi: 10.1136/bmj-2024-079329
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determine the appropriateness of all prescriptions with
administrative data. Previous research from Ontario
identified that approximately 25% of antibiotic
prescriptions written by primary care physicians are
unnecessary, suggesting substantial opportunity for
safe reduction in use.*® It is less likely that necessary
antibiotic would be withheld and our secondary
analysis supports that the observed reduction in use
was likely driven by less unnecessary antibiotic use.
A previous study did not identify any harms with a
12% reduction in antibiotic use in primary care.?” Our
data were limited to patients 65 years or older and
may not apply to all patient populations. However, we
have previously showed strong correlations between
antibiotic prescribing by family physicians in Ontario
to patients 65 years or older and overall prescribing.®
Finally, the results of previous literature, including this
study, are largely limited to high income countries and
further research in low and middle income countries
on antibiotic audit and feedback is needed.

Conclusions

Mailed antibiotic audit and feedback letters led to
significant reductions in antibiotic prescribing by
primary care physicians. This intervention is scalable
to large populations of prescribers with the potential
to reduce inappropriate antibiotic use, improve the
quality of patient care, and slow the emergence of drug
resistant infections. Antibiotic prescribing feedback
should be a routine quality improvement expectation
in primary care.
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