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Background.  Peer comparison audit and feedback has demonstrated effectiveness in improving antibiotic prescribing practices, 
but only a minority of prescribers view their reports. We rigorously tested 3 behavioral nudging techniques delivered by email to 
improve report opening.

Methods.  We conducted a pragmatic randomized controlled trial among Ontario long-term care prescribers enrolled in an on-
going peer comparison audit and feedback program which includes data on their antibiotic prescribing patterns. Physicians were 
randomized to 1 of 8 possible sequences of intervention/control allocation to 3 different behavioral email nudges: a social peer com-
parison nudge (January 2020), a maintenance of professional certification incentive nudge (October 2020), and a prior participation 
nudge (January 2021). The primary outcome was feedback report opening; the primary analysis pooled the effects of all 3 nudging 
interventions.

Results.  The trial included 421 physicians caring for >28 000 residents at 450 facilities. In the pooled analysis, physicians opened 
only 29.6% of intervention and 23.9% of control reports (odds ratio [OR], 1.51 [95% confidence interval {CI}, 1.10–2.07], P = .011); 
this difference remained significant after accounting for physician characteristics and clustering (adjusted OR [aOR], 1.74 [95% CI, 
1.24–2.45], P = .0014). Of individual nudging techniques, the prior participation nudge was associated with a significant increase in 
report opening (OR, 1.62 [95% CI, 1.06–2.47], P = .026; aOR, 2.16 [95% CI, 1.33–3.50], P = .0018). In the pooled analysis, nudges 
were also associated with accessing more report pages (aOR, 1.28 [95% CI, 1.14–1.43], P < .001).

Conclusions.  Enhanced nudging strategies modestly improved report opening, but more work is needed to optimize physician 
engagement with audit and feedback.

Clinical Trials Registration.  NCT04187742.
Keywords.  antibiotic treatment; drug prescribing; long-term care; nudging; peer comparison audit and feedback.

Antibiotic prescribing is challenging in long-term care (LTC) 
facilities. About half of antibiotic prescriptions to LTC resi-
dents are unnecessary or inappropriate [1–3]. Total antibiotic 
use varies 10-fold across LTC facilities, and residents of fa-
cilities with high antibiotic use experience more antibiotic-
related harms than those residing in low-use facilities [4]. 

This variability in antibiotic use is driven by prescriber 
habits, rather than resident characteristics [5]. Prescribers ex-
hibit sustained personal preferences for initiating antibiotics, 
selecting specific agents, and using prolonged durations of 
treatments; these differences are not explained by resident 
case mix [5].

Antimicrobial stewardship can be effective in reducing anti-
biotic overuse in LTC facilities, but most interventions are labor 
intensive with unclear sustainability [6]. However, we have 
demonstrated that using peer comparison audit and feedback 
to make physicians aware of their personal prescribing habits is 
a feasible and scalable approach to improve antimicrobial pre-
scribing in LTC [7]. In an analysis of 1238 physicians caring for 
96 185 LTC residents, we demonstrated that audit and feedback 
was associated with a modest reduction in use of prolonged-
duration antibiotics. This translated into annual reductions of 
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>300 000 days of antibiotic use in Ontario LTC facilities [7]. An 
embedded randomized controlled trial (RCT) did not detect a 
difference between using a novel, dynamic dashboard or a tradi-
tional, static paginated report. The interactive and user-friendly 
dashboard has now been introduced into permanent use, with 
ongoing regular reporting of antibiotic initiation and duration 
indicators to participating physicians. However, a persistent 
challenge to electronically disseminated audit and feedback re-
ports is finding ways to encourage as many physicians as pos-
sible to open the report and view their own data. For example, 
in a prior iteration of these reports focused on antipsychotic 
prescribing, only a minority (14%) of physicians who were en-
rolled to receive the report actually viewed their feedback [8].

Therefore, the next incremental goal in this implementa-
tion laboratory was to seek improvements in the rates of report 
opening of the dynamic dashboard via modifications to the no-
tification email [9]. Insights from behavioral sciences can be 
used to influence not only antimicrobial prescribing, but also 
a variety of other clinician behaviors, including their likelihood 
of opening prescribing reports in the first place. Nudging is a 
concept aimed at guiding human behavior while preserving au-
tonomy and is rapidly emerging in a range of fields including 
public policy, finance, energy consumption, and health [9–12]. 
In 3 sequential email notifications, we randomized prescribers 
to a traditional email notification or a novel behavioral nudge.

METHODS

General Study Design and Setting

We conducted a randomized trial (ClinicalTrials.gov identifier 
NCT04187742) among Ontario LTC physicians who had signed 
up for a voluntary ongoing report providing peer comparison 
audit and feedback on their antibiotic prescribing practices. 
Physicians were notified about the availability of an updated 
report in January 2020, October 2020, and January 2021; phys-
icians were randomized to receive either a traditional email no-
tification, or a novel email with a behavioral nudge to promote 
report opening. The primary objective of the study was to deter-
mine if the nudging interventions were associated with increased 
report opening; the primary analysis was pooled across all 3 be-
havioral nudges. The study was approved by the Research Ethics 
Board (REB) of Sunnybrook Health Sciences Centre, Toronto, 
Ontario, Canada (REB project identification number 441-2017).

Participating Physicians and the Feedback Report

Ontario Health (an agency created by the Government of 
Ontario with a mandate to connect and coordinate the province’s 
healthcare) launched a voluntary audit and feedback report 
(MyPractice) in 2015 to provide LTC prescribers with quarterly 
information on their antipsychotic and other neurotropic med-
ication prescribing in relation to their peers [13, 14]. In 2019, 
antibiotic indicators were added to the report, including (1) the 

percentage of residents initiated on an antibiotic and (2) the 
percentage of antibiotic prescriptions with duration exceeding 7 
days [7]. Prescribers sign up for this report on a voluntary basis 
and provide their preferred email address. At each new report 
release with updated data, physicians receive an email notifica-
tion with an embedded link to a portal where they can log in to 
access their personalized report. This study involved randomi-
zation to a novel behavioral nudge planned for each of the first 
3 quarterly email notification updates in 2020; due to the severe 
acute respiratory syndrome coronavirus 2 pandemic wave 1, the 
second email intervention was postponed until October 2020, 
and due to pandemic wave 2, the third email intervention was 
postponed until January 2021. Participating physicians were el-
igible for each of the 3 randomized email interventions if they 
had cared for at least 6 Ontario LTC residents in the 3 months 
preceding the email.

To be most effective, audit and feedback should be simple, 
timely, repeated, regular, and transmitted from an identified and 
respected source and should contain a clear, actionable message 
with thoughtful comparisons [15]. Our audit and feedback re-
port itself was developed with input from infectious diseases, 
implementation science, information technology, and quality 
improvement specialists, and then improved through an iter-
ative, user-centered design process as previously described [7]. 
The report includes antibiotic duration and initiation indica-
tors for the individual physician, with a comparison to Ontario 
LTC prescriber peers, explanations of the data sources, guides 
to interpretation, systematic prescribing change ideas, and also 
simple prescribing change ideas that can be accomplished im-
mediately [7]. The 3 email interventions in this RCT were gen-
erated by the same multidisciplinary research team, and then 
subjected to pilot and sensibility testing on LTC prescribers.

Randomization, Allocation Concealment, and Blinding

Physicians already enrolled in the MyPractice program prior to 
January 2020 were randomized up-front to intervention or con-
trol groups for each of the first, second, and third intervention 
emails. Randomization was generated by an analyst unaware 
of individual physician identities, and was conducted in blocks 
of 8 so that there were similar numbers of physicians random-
ized to each possible combination sequence of intervention 
and control email allocation (ie, intervention-intervention-
intervention, intervention-intervention-control, intervention-
control-intervention, control-intervention-intervention, 
control-control-intervention, control-intervention-control, 
intervention-control-control, control-control-control). 
Additional randomization slots were generated in anticipation 
that some new physicians might join the reporting system prior 
to the second and/or third email intervention. The Ontario 
Health team was aware of intervention groups after allocation, 
so that they could transmit the correct emails to each partici-
pant; the physicians were, by definition, aware of the email to 
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which they were exposed but were not notified that the email 
characteristics had been altered. The study team was blinded 
to intervention group, and all analyses were conducted prior to 
unblinding the assignments.

Social Peer Comparison Nudge

The first intervention email used elements of social peer com-
parison to draw physicians into the report [16, 17], with the title 
“How do your prescription lengths compare to other LTC phys-
icians?” The email text provided a performance benchmark that 
“1 in 4 LTC physicians have minimized their use of longer dura-
tion prescriptions to less than 12% of their antibiotic prescrip-
tions” and then prompted physicians to “Click to see how you 
compare” (Supplementary Figure 1A).

Maintenance of Professional Certification Incentive Nudge

The second intervention email aimed to improve report 
opening by reminding physicians that they get a secondary 
personal benefit by using the report—namely, credits toward 
their annual maintenance of professional certification [18]. 
The Canadian College of Family Physicians requires that phys-
icians achieve a minimum of 25 “Mainpro+” credits per year 
toward professional certification; the feedback report is an ac-
credited activity that is valued at 5 credits per use. The nudging 
email title reminded prescribers to “Earn Mainpro+ certified 
credits” and the ensuing text explained the number of credits 
and process for achieving credits (Supplementary Figure 1B).

Prior Participation Nudge

The third intervention email reminded prescribers whether 
they had opened at least 1 of their previous 2 reports. The title 
stated, “Many doctors have viewed their MyPractice report” 
[19]. Email text was then stratified based on prior opening 
behavior to read either “You are among the LTC doctors who 
have viewed their MyPractice report at least once in 2020” 
(Supplementary Figure 1C) or “We noticed that you have not 
yet had a chance to see your report” (Supplementary Figure 
1D). The traditional comparator email was kept unchanged 
across the 3 trials (Supplementary Figure 1E).

Primary Outcome

The prespecified primary study outcome was whether the pre-
scribers opened their report within 30 days of receipt of the 
email notification.

Secondary Outcomes

Secondary process outcomes of interest were the percentage of 
prescribers who opened the notification email itself, rather than 
the report link contained within the email, and the number of 
pages viewed in the dashboard report. Secondary clinical out-
comes included antibiotic initiation (percentage of residents 
prescribed an antibiotic in the 3 months following the email 

notification) and antibiotic duration (percentage of antibiotic 
treatment courses exceeding 7 days in the 3 months following 
the email notification).

Data Sources

The primary and secondary report use outcomes were extracted 
as routinely available metrics from the dynamic dashboard in-
formation system (Dundas BI, Inc). Physicians were linked by 
their unique encoded prescriber number to ICES administra-
tive databases. ICES is an independent, nonprofit research in-
stitute whose legal status under Ontario’s health information 
privacy law allows it to collect and analyze healthcare and dem-
ographic data, without consent, for health system evaluation 
and improvement. The linked administrative databases at ICES 
that capture these data have been well validated [20, 21] and 
used for extensive related research involving antibiotic use [22, 
23], quality of LTC [24], and antibiotic use in LTC facilities [4, 
5]. At ICES, the antibiotic prescribing data were obtained from 
the Ontario Drug Benefits database, which includes informa-
tion on all antibiotics prescribed to Ontarians aged ≥65 years 
or living in LTC facilities, with an accuracy exceeding 99% [25]; 
The Continuing Care Reporting System Resident Assessment 
Instrument Minimal Dataset Version 2.0 was used to determine 
resident characteristics; the ICES physician database was used 
to determine prescriber characteristics. These datasets were 
linked using unique encoded identifiers and analyzed at ICES.

Statistical Analysis

The study was analyzed in an intention-to-treat fashion as 
per Consolidated Standards of Reporting Trials (CONSORT) 
reporting guidelines (Supplementary Figure 2) [26]. In the 
primary analysis we pooled the results of all 3 intervention 
emails (vs control), and in secondary analyses we examined 
the results of each intervention email separately. The report 
opening metric was compared between physicians receiving 
intervention vs control emails, using logistic regression with 
a covariate for intervention vs control, a categorical variable 
for each 3-month time period, and a random effect for physi-
cian. An additional adjusted analysis was performed in which 
we accounted for physician age, sex, medical school gradua-
tion outside of Canada, number of years of practice, number of 
patients, baseline antibiotic initiation percentage in 2018, and 
baseline antibiotic prolongation beyond 7 days in 2018. Similar 
logistic regression analyses were performed for email opening, 
while Poisson regression was used for the count outcome of 
number of report pages accessed. Logistic models evaluating 
impact on antimicrobial initiation and duration outcomes also 
adjusted for resident characteristics from their most recent an-
nual LTC assessment including age, sex, 14 comorbidities, de-
gree of functional dependence for each activity of daily living, 
bowel/bladder incontinence, and hearing/visual impairment [4, 
27]. For the prior report opening intervention, we conducted a 
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stratified analysis to determine impact in those who had opened 
or not opened prior reports. For the overall pooled analysis, we 
examined prescriber subgroups including male vs female phys-
icians, younger vs older physicians, and low vs high prescribers 
based on 2018 baseline data. Statistical analyses were conducted 
using SAS Enterprise Guide 9.4 software.

Power Calculation

Based on prior physician report, login rates of approximately 
33%, and between-physician standard deviation of 10%, we 
determined that randomizing 350 physicians would enable us 
to detect an odds ratio (OR) of 1.35 for report opening associ-
ated with the intervention vs comparator emails (power 0.80, 
2-tailed α = .05).

RESULTS

Prescriber Characteristics

A total of 421 enrolled LTC physicians met eligibility criteria 
for randomization to intervention nudge or control emails. 
In January 2020, 211 received the social peer comparison in-
tervention nudge and 210 the control email; in October 2020, 
212 received the maintenance of professional certification in-
centive nudge and 209 the control email; in January 2021, 209 
received the prior report opening nudge and 212 the control 
email (Supplementary Figure 2).

The majority of physicians were male (65.1%), their median 
age was 58 years (interquartile range [IQR], 49–66 years), and 
they had been in practice for a median of 32 years (IQR, 20–40 
years) and cared for 46 (IQR, 11–99) LTC residents. Physician 
characteristics were well balanced across the intervention and 
control arms in the first intervention (Table 1), as well as in the 
subsequent email interventions (Supplementary Tables 1 and 2).

Resident Characteristics

The enrolled LTC physicians collectively cared for >28 154 resi-
dents at 450 facilities. The residents were a median age of 86 years 
(IQR, 78–91 years), predominantly female (67.8%), and with 
high prevalence of dementia (64.5%) and other comorbidities. 
The resident characteristics were well balanced across the in-
tervention and control arms in the first email nudging inter-
vention (Table 1), as well as in the subsequent email nudging 
interventions (Supplementary Tables 1 and 2).

Primary Outcome: Report Opening

Overall, 249 (59.1%) physicians opened 0 reports, 58 
(13.8%) opened 1 report, 62 (14.7%) opened 2 reports, and 
52 (12.4%) opened all 3 reports. In the pooled analysis, 
physicians only opened 29.6% of intervention reports and 
23.9% of control reports, translating to an unadjusted OR 
of opening the intervention report of 1.51 (95% confidence 
interval [CI], 1.10–2.07; P = .011) (Figure 1, Table 1). After 

adjustment, the pooled interventions remained associated 
with increased report opening (adjusted OR [aOR], 1.74 
[95% CI, 1.24–2.45], P = .0014) (Table 2).

The social peer comparison email intervention was not sig-
nificantly associated with report opening (OR, 1.45 [95% CI, 
.92–2.28], P = .113; aOR, 1.49 [95% CI, .91–2.44], P = .111). 
The maintenance of certification incentive email intervention 
was also not associated with a detectable impact on report 
opening (OR, 1.03 [95% CI, .67–1.58], P = .898; aOR, 1.30 
[95% CI, .81–2.10], P = .274). The prior report-opening email 
intervention was associated with an increase in report opening 
in both unadjusted (OR, 1.62 [95% CI, 1.06–2.47], P = .026) 
and adjusted (aOR, 2.16 [95% CI, 1.33–3.50], P = .0018) ana-
lyses (Table 2). The benefit in the prior report-opening email 
was seen particularly in those who had previously opened their 
reports (aOR, 2.38 [95% CI, 1.40–4.10], P = .001), and less so 
in those who had not opened either of their previous reports 
(aOR, 1.67 [95% CI, .36–7.82], P = .51).

Secondary Outcomes and Subgroup Analyses

In the pooled analysis, intervention vs control emails were sig-
nificantly associated with accessing more report pages (mean, 
1.70  ±  2.99 pages vs 1.31  ±  2.67 pages; adjusted relative risk 
[aRR], 1.28 [95% CI, 1.14–1.43], P < .001). As expected, there 
was no impact on email opening in the pooled intervention vs 
control emails (57.4% vs 55.8%; aRR, 1.10 [95% CI, .78–1.53], 
P = .595). Antibiotic initiation and duration were not signifi-
cantly different across the intervention and control groups 
(Table 3). In subgroup analyses, we did not detect a statistically 
significant effect modification by physician sex, age, or baseline 
prescribing rate.

DISCUSSION

Peer comparison audit and feedback reports are a powerful 
method to improve physician prescribing practices and are 
scalable over large health systems when distributed electron-
ically [7, 16]. However, these feedback systems can only be 
effective if physicians actually open and view their reports. 
In this RCT involving audit and feedback reporting to 421 
physicians prescribing to >28  000 LTC residents across 450 
facilities, we have demonstrated that enhanced email nudging 
strategies can modestly improve report opening. The effect 
size is in keeping with a recent mega-study of nudges to im-
prove influenza vaccine uptake [28]. In our study, a prior 
report-opening nudge had the greatest impact on report 
opening; a social peer comparison nudge had a similar mag-
nitude of association but the change in report opening was 
not statistically significant; a reminder about an incentive 
based on credits toward maintenance of professional certifica-
tion did not improve report-opening rates. However, less than 
one-third of physicians opened any of the individual emailed 
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Table 1.  Baseline Characteristics of Long-term Care Physicians and Their Patients in Intervention (Peer Comparison Email) and Respective Control 
(Standard Email) Groups, January 2020

Baseline Characteristics 

    
Control Intervention Total

Standardized Difference(n = 210) (n = 211) (N = 421)

Physicians

 � Age, years

  �  Mean ± SD 57.71 ± 11.23 57.38 ± 11.71 57.54 ± 11.46 0.03

  �  Median (IQR) 58 (49–66) 59 (49–67) 58 (49–66) 0.01

 � Female sex, No. (%) 69 (32.9) 78 (37.0) 147 (34.9) 0.09

 � Years of practice

  �  Mean ± SD 30.78 ± 12.43 30.46 ± 13.07 30.62 ± 12.74 0.02

  �  Median (IQR) 31 (21–40) 32 (19–41) 32 (20–40) 0

 � Foreign graduate, No. (%) 37 (17.6) 41 (19.4) 78 (18.5) 0.05

 � No. of patients

  �  Mean ± SD 68.36 ± 71.40 65.40 ± 77.06 66.87 ± 74.22 0.04

  �  Median (IQR) 45 (10–105) 48 (11–92) 46 (11–99) 0.05

 � Baseline antibiotic prescribing

  �  Average antibiotic initiation in 2018 (% of patients per quarter)

   �   Mean ± SD 25.14 ± 8.66 25.29 ± 7.83 25.21 ± 8.24 0.02

   �   Median (IQR) 25 (19–30) 25 (20–30) 25 (20–30) 0.01

 � Average use of prolonged duration antibiotics in 2018 (% of prescriptions)

   �   Mean ± SD 5.14 ± 3.98 4.82 ± 3.36 4.98 ± 3.68 0.09

   �   Median (IQR) 4 (3–7) 4 (3–6) 4 (3–6) 0.04

Long-term care residents (n = 14 355) (n = 13 799) (N = 28 154)

 � Age, years

  �  Mean ± SD 83.46 ± 10.53 83.39 ± 10.84 83.43 ± 10.69 0.01

  �  Median (IQR) 85 (78–91) 86 (78–91) 86 (78–91) 0.01

 � Female sex, No. (%) 9865 (68.7) 9223 (66.8) 19 088 (67.8) 0.04

 � Nearest census-based neighborhood income quintile, No. (%)

  �  1 4152 (29.1) 4614 (33.6) 8766 (31.3) 0.1

  �  2 3135 (22.0) 2816 (20.5) 5951 (21.3) 0.03

  �  3 2480 (17.4) 2555 (18.6) 5035 (18.0) 0.03

  �  4 2216 (15.5) 2279 (16.6) 4495 (16.1) 0.03

  �  5 2290 (16.0) 1448 (10.6) 3738 (13.4) 0.16

 � Rural, No. (%)

  �  No 12 543 (87.8) 12 303 (89.7) 24 846 (88.8) 0.06

  �  Yes 1738 (12.2) 1409 (10.3) 3147 (11.2) 0.06

 � Chronic conditions, No. (%)

  �  Diabetes mellitus 3956 (27.6) 3921 (28.5) 7877 (28.1) 0.02

  �  Congestive heart failure 1541 (10.8) 1600 (11.6) 3141 (11.2) 0.03

  �  Hypertension 9043 (63.2) 8816 (64.1) 17 859 (63.6) 0.02

  �  Arteriosclerotic heart disease 2068 (14.4) 2155 (15.7) 4223 (15.0) 0.03

  �  Transient ischemic attack 762 (5.3) 763 (5.5) 1525 (5.4) 0.01

  �  Peripheral vascular disease 805 (5.6) 792 (5.8) 1597 (5.7) 0.01

  �  Alzheimer’s disease or dementia 9319 (65.1) 8780 (63.8) 18 099 (64.5) 0.03

  �  Cancer 1254 (8.8) 1289 (9.4) 2543 (9.1) 0.02

  �  Emphysema or asthma 2427 (17.0) 2572 (18.7) 4999 (17.8) 0.05

  �  Parkinson’s disease 925 (6.5) 864 (6.3) 1789 (6.4) 0.01

  �  Gastrointestinal disease 4225 (29.5) 4286 (31.2) 8511 (30.3) 0.04

  �  Liver disease 210 (1.5) 193 (1.4) 403 (1.4) 0.01

  �  Renal failure 1527 (10.7) 1654 (12.0) 3181 (11.3) 0.04

 � Functional status, No. (%)

  �  Requires assistance transferring 11 243 (78.5) 10 955 (79.7) 22 198 (79.1) 0.03

  �  Requires assistance dressing 13 166 (92.0) 12 656 (92.0) 25 822 (92.0) 0

  �  Requires assistance eating 6103 (42.6) 6077 (44.2) 12 180 (43.4) 0.03

  �  Requires assistance toileting 12 721 (88.9) 12 292 (89.4) 25 013 (89.1) 0.02

  �  Requires assistance with hygiene 13 220 (92.4) 12 693 (92.3) 25 913 (92.3) 0

  �  Bowel incontinence 8630 (60.3) 8171 (59.4) 16 801 (59.9) 0.02

  �  Bladder incontinence 11 650 (81.4) 11 036 (80.3) 22 686 (80.8) 0.03
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reports in this study, and there were no detectable improve-
ments in antimicrobial prescribing, suggesting that there is 
much work yet to be done to increase physician engagement 
with audit and feedback.

Reminding prescribers that the MyPractice report distribu-
tors are aware who has opened their prior reports was effective 
in enhancing report opening, and this benefit was most evident 
in those who had previously opened their reports. These find-
ings are in line with prior experiments by the American Red 
Cross, which indicated that reminding people that they are a 
previous blood donor increases their likelihood of a subsequent 
donation [19]. An individual’s “identity” or “sense of self ” may 
play a significant role in their behavior [29]. If a person self-
identifies as generous and charitable, reminding them of this 
facet of their identity may help nudge toward further charitable 
acts. Similarly, if a clinician identifies themselves as somebody 
interested in performance improvement, then reminding them 
that they opened prior reports may encourage them to open 
their next feedback report. Our finding is also consistent with 
prior audit and feedback literature, which suggests that positive 
framing is more effective than negative framing [30].

The peer social comparison nudge used a similar approach to 
the audit and feedback report itself, to coax prescribers to open 

the report. Multiple studies, including RCTs among antimicro-
bial prescribers, have indicated that providing peer comparisons 
can improve prescribing practices [16]. Our study indicates that 
the same concept may help encourage physicians to open the 
report itself, given that the magnitude of effect was similar to 
that seen with the prior report-opening nudge. The interven-
tion email text emphasized an achievable benchmark already 
attained by “1 in 4 LTC physicians,” and previous work has indi-
cated that this can be an effective motivator for physicians [17]. 
However, there was no statistically significant improvement 
with this intervention, and so the potential for impact on report 
opening requires further study.

Reminding physicians that participation entitles them to 
maintenance of certification credits was not associated with an 
improvement in report opening. Behavioral change interven-
tions that indicate a personal benefit can help nudge the de-
sired behavior by highlighting “what’s in it for me” [31, 32]. The 
concept of this intervention was to incentivize clinicians with 
an additional personal benefit beyond the direct benefits of en-
gaging with their prescribing data. Maintenance of certification 
credits have been used elsewhere to encourage participation in 
quality improvement activities [18, 33], but the impact of this 
technique has not been rigorously studied. It is important to 

Pooled 3 interventions
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Control Intervention Control Intervention Control

Email group

Intervention Control Intervention

Intervention 1 Intervention 2 Intervention 3

Figure 1.  Report-opening rates among physicians in each of the 3 interventions (social peer comparison, maintenance of certification, and prior report-opening nudges) 
and respective control (standard email) groups, individually and pooled.

Table 1.  Continued

Baseline Characteristics 

    
Control Intervention Total

Standardized Difference(n = 210) (n = 211) (N = 421)

  �  Hearing impairment 1745 (12.2) 1778 (12.9) 3523 (12.6) 0.02

  �  Visual impairment 2606 (18.2) 2552 (18.6) 5158 (18.4) 0.01

 � Devices, No. (%)

  �  Urinary catheter 611 (4.3) 700 (5.1) 1311 (4.7) 0.04

  �  Dialysis 76 (0.5) 76 (0.6) 152 (0.5) 0

  �  Intravenous medications 523 (3.7) 455 (3.3) 978 (3.5) 0.02

  �  Tracheostomy ≤5 (0.0) ≤5 (0.0) 9 (0.0) 0

  �  Respiratory ventilator 14 (0.1) 13 (0.1) 27 (0.1) 0

  �  Feeding tube 149 (1.0) 129 (0.9) 278 (1.0) 0.01
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note, though, that our study did not test whether addition of 
maintenance of certification credits improved report opening; 
the 5-credit opportunity was already available to prescribers, 
and the intervention email merely provided added emphasis 
or reminder of this side benefit of feedback report viewing. 
Perhaps physicians were already well aware of this maintenance 
of certification opportunity.

Our study was limited to physicians who had voluntarily 
enrolled in the audit and feedback program, and so it is not 
clear if we can generalize findings to prescribers who do not 
seek involvement in such quality improvement initiatives; 
their opening rates would be expected to be even lower at 
baseline. Our primary outcome established that the behavioral 
nudges improved report opening, but that does not necessarily 
mean it will translate into action in the form of improved pre-
scribing. However, our prior province-wide analysis did indi-
cate that presenting these antibiotic indicators was associated 
with substantial improvements in antibiotic use [7]. The cur-
rent study, though, was conducted during the coronavirus 
disease 2019 pandemic, during which there were many addi-
tional pressures on LTC antibiotic prescribing behaviors and 
related changes in prescribing practice [34]. The primary out-
come of report opening was likely reduced by COVID-19 time 
pressures on clinicians, even though we delayed email trans-
missions to avoid peak pandemic waves in Ontario LTC facil-
ities. Nonetheless, the effect should be nondifferential among 
those randomized to control vs intervention emails. Our study 
strengths included a population-wide intervention involving 
large numbers of prescribers and high-risk patients and, most 
important, a rigorous, RCT design. Comprehensive evalu-
ations to inform iterative improvements of quality improve-
ment strategies can provide an ideal contribution to learning 
health systems [9].

CONCLUSIONS

In the context of an RCT, we have demonstrated that emails 
incorporating behavioral nudges can be a potentially effective 
way to improve audit and feedback report opening. Therefore, 
nudging techniques should be delivered beyond the feedback re-
ports and permeate into the notification email. One potentially 
helpful approach is to extend social comparison and benchmark 
messaging beyond the report itself as this can help draw people 
into the data to learn if they have achieved target benchmarks. 
The most helpful approach is to compliment people on opening 
previous iterations of a feedback report, thereby reinforcing 
their identity as self-improvers. We can target feedback to those 
who previously open reports and remind them about their prior 
opening patterns. However, low overall opening rates, and lack 
of detectable improvement in antibiotic prescribing, suggest 
that more behavioral science research is needed to further en-
courage clinicians to open their feedback reports [15, 30]. In 
particular, we must learn ways to target the nonopeners who do 

not already engage with their reports, such that they will have 
an opportunity to interact with the data and optimize their anti-
microbial prescribing practices.
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