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ABSTRACT
Introduction  Surgical patients are commonly prescribed 
more opioids at discharge than needed to manage their 
postoperative pain. These excess opioids increase the risks 
of new persistent opioid use, opioid-induced ventilatory 
impairment and opioid diversion. This study tests the 
effectiveness of two behavioural nudges, one based on 
peer behaviour and one based on best practice guidelines, 
in reducing excessive postoperative opioid prescriptions.
Methods and analysis  The study will be conducted at 
19 hospitals within a large healthcare delivery system in 
northern California, USA. Three surgical specialties (general 
surgery, orthopaedic surgery and obstetric/gynaecological 
surgery) at each hospital will be randomised either to a 
control group or to one of two active intervention arms. 
One intervention is grounded in the theory of injunctive 
norms, and provides feedback to surgeons on their 
postoperative opioid prescribing relative to prescribing 
guidelines endorsed by their institution. The other 
intervention draws from the theory of descriptive norms, 
and provides feedback similar to the first intervention 
but using peers’ behaviour rather than guidelines as the 
benchmark for the surgeon’s prescribing behaviour. The 
interventions will be delivered by a monthly email. Both 
interventions will be active for twelve months. The effects 
of each intervention relative to the control group and to 
each other will be tested using a four-level hierarchical 
model adjusted for multiple hypothesis testing.
Ethics and dissemination  Using behavioural nudges 
rather than rigid policy changes allows us to target 
excessive prescribing without preventing clinicians from 
using their clinical judgement to address patient pain. All 
study activities have been approved by the RAND Human 
Subjects Protection Committee (ID 2018-0988). Findings 
will be disseminated through conference presentations, 
peer-reviewed publications and social media accounts.
Trial registration number  NCT05070338.

INTRODUCTION
Background
Despite high awareness of the opioid 
epidemic, clinicians still overprescribe opioids 
after surgery.1–7 This postoperative overpre-
scribing puts both patients and communities 
at risk, increasing the patient’s likelihood of 

developing chronic opioid use8–14 or opioid-
induced ventilatory impairment11 and adding 
to the reservoir of unused opioids available 
for misuse and diversion.11 15

The discrepancy between clinicians’ aware-
ness of the opioid epidemic and the degree 
of overprescribing—over half of opioid 
pills prescribed after surgery go unused7—
suggests that prescribing practices are not 
based on purely rational decisions. Indeed, 
behavioural research has shown that judge-
ment and decision making of both laypeople 
and experts in a variety of disciplines falls 
short of rational standards in systematic and 
predictable ways.16–19 Even well-informed 
clinicians make cognitive errors when esti-
mating the benefits and harms of treatment, 
and these errors are especially likely where 
there is uncertainty about risks and benefits 
(as with opioid prescribing decisions for indi-
vidual patients).20

In recent years, behavioural economists 
and experimental psychologists have success-
fully leveraged behavioural insights to design 
‘choice architecture’ that ‘nudges’ indi-
viduals to make better decisions without 
infringing on their freedom of choice.21 22 
Such behavioural nudges are promising strat-
egies for changing clinician prescribing 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The study includes multiple surgical specialties 
(general, orthopaedic, obstetric/gynaecologic) and a 
large sample size (19 hospitals) across diverse set-
tings, allowing for broad generalisability.

	⇒ Randomised controlled trial design allows us to ac-
count for secular decline in opioid prescribing.

	⇒ Intervention is informed by behavioural theory, with 
careful attention to details that affect behavioural 
response.

	⇒ Incomplete prescribing data at the study site com-
promises some analyses.
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behaviour because they are often more cost-effective than 
traditional interventions,23 can be integrated into existing 
clinical workflows, and are rapidly scalable once built.

One powerful type of behavioural nudge relies on the 
strong motivation that most people have to conform with 
their peers’ behaviour.24 25 Abundant research has found 
that people (including clinicians) are strongly motivated 
to adhere to prevailing social norms,24 25 and that nudges 
based on describing social norms can be used to influ-
ence prescribing decisions.26

Another type of behavioural nudge relies on motiva-
tion to follow injunctive norms—to do what is considered 
the ‘right thing to do’. For example, clinicians may be 
motivated to follow best practice guidelines published by 
a well-respected organisation. Previous studies suggest 
that such guidelines are in reality often ignored and thus 
ineffective in changing behaviour,27 28 but there is insuf-
ficient evidence to determine whether they are more or 
less effective than nudges that describe peer behaviour.

Both of these types of nudges—nudges based on 
descriptive norms and nudges based on injunctive 
norms—have been applied to the issue of excessive 
postoperative opioid prescribing.29–38 The results have 
been promising, but because most of these studies have 
used a pre–post design, it is possible that the observed 
decreases in prescribing can be explained by a secular 
trend. Furthermore, all of these studies have bundled 
and tested different interventions together (eg, grand 
rounds presentations or patient education in addition to 
nudges), making the effectiveness of the nudges alone 
unclear. Accordingly, the evidence base for the effective-
ness of behavioural nudges in influencing postoperative 
opioid prescribing is limited. In this paper, we describe 
the protocol for a study that addresses these knowledge 
gaps, using a randomised controlled trial (RCT) design 
and testing nudges in the absence of other interventions. 
This study will also make a novel contribution to the liter-
ature by directly testing which type of nudge—descriptive 
or injunctive—is more effective.

Specifically, in this RCT, we will investigate the extent 
to which descriptive and injunctive norms, conveyed 
through nudges delivered monthly by email, can each 
change postoperative opioid prescribing behaviour. 
Across 19 hospitals in a large health system in northern 
California, USA, surgeons within three surgical special-
ties (general, orthopaedic and obstetric/gynaecological 
surgery) will be randomised to receive either nudges 
based on peer prescribing behaviour (descriptive norm), 
nudges based on prescribing guidelines (injunctive 
norm) or no nudges (status quo).

Research questions
1.	 How does an email-based nudge that alerts surgeons 

when they prescribe opioid quantities above guidelines 
(injunctive norm nudge) affect postoperative opioid 
prescribing at discharge compared with the status quo?

2.	 How does an email-based nudge that alerts surgeons 
that they are prescribing opioid quantities that are 

higher than what peers prescribe (descriptive norm 
nudge) affect postoperative opioid prescribing at dis-
charge compared with the status quo?

3.	 What is the comparative effectiveness of an injunctive 
norm nudge versus a descriptive norm nudge in reduc-
ing postoperative opioid prescribing?

4.	 If surgeons do change their postoperative opioid pre-
scribing behaviour in response to nudges, does this 
change persist 1 year after the nudges have stopped?

The null hypothesis is that surgeons who receive nudges 
will prescribe the same quantities of postoperative opioids 
as surgeons who do not; our alternative hypotheses are that 
surgeons who receive either type of nudge will prescribe 
fewer postoperative opioids than those who receive no 
nudges, surgeons who receive the descriptive norm nudge 
will prescribe fewer postoperative opioids than those who 
receive the injunctive norm nudge,26 and these differences 
will persist 1 year after the nudges have stopped.

Significance
Our study will provide evidence regarding the compar-
ative effectiveness of two low-cost behavioural nudges 
based on peer norms and guidelines, the interactions 
between clinician characteristics and the type of nudge, 
and the persistence of behaviour change after nudges are 

Table 1  Characteristics of study site hospitals

No of 
hospitals

No of beds

 � 0–99 10

 � 100–499 5

 � 500+ 4

Urbanicity

 � Large central metro 5

 � Large fringe metro 5

 � Medium metro 6

 � Small metro –

 � Micropolitan 2

 � Non-core 1

Proportion of patients on Medicaid*

 � Less than 25% 13

 � 25%–50% 5

 � 50%–75% 1

 � 75% or more –

Proportion of patients who identify as non-Hispanic white*

 � Less than 25% 1

 � 25–50% 5

 � 50–75% 8

 � 75% or more 5

*Proportions calculated from electronic health record data among 
patients eligible for our study between June 2020 and May 2021.
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turned off. Results from this study may inform a scalable, 
low-cost intervention that can reduce patient harm by 
changing clinician behaviour in real-world practice.

METHODS AND ANALYSIS
Overview of design
We will conduct a three-arm cluster randomised controlled 
trial of two behavioural nudges compared with usual postsur-
gical care. One nudge will provide feedback on the surgeon’s 
prescribing behaviour relative to institutional prescribing 
guidelines (an injunctive norm); the other will provide feed-
back on their prescribing behaviour relative to their peers (a 
descriptive norm). Three surgical specialties (general surgery, 
orthopaedic surgery and obstetric/gynaecological surgery) 
within 19 hospitals will be randomised such that all surgeons 
within a given specialty at a given hospital will receive one 
of three conditions: control, guideline-based nudge or peer-
based nudge.

Setting
This study will take place across 19 hospitals within Sutter 
Health, a large not-for-profit healthcare system in Cali-
fornia, USA. Importantly for the generalisability of this 
study, these hospitals are geographically diverse and vary 
widely in size and the populations served (table 1).

Like many other healthcare organisations in the USA, 
this health system accepts multiple commercial preferred 
provider organisation and health management organ-
isation plans, Medicare and Medicaid. Because of this 
payer mix, there is no single, fixed drug formulary and 
clinicians can prescribe as they choose, per patients’ indi-
vidual plans or preferences.

Sample size and characteristics
Our study intervention targets 778 surgeons (table  2). 
Though discharge medication orders are sometimes 
written by a clinician other than the surgeon, such as a 
hospitalist or nurse practitioner, we posit that the surgeon 
is still ultimately responsible for all medication orders 
written for their patients. If surgeons cannot influence 

medication orders written by other clinicians for their 
patients, the effect of the intervention will be attenuated.

A total of 778 surgeons targeted by our study interven-
tion operate at a total of 23 physical hospitals. One set of 
three physical hospitals and another set of two physical 
hospitals are located together, each set functioning as a 
hospital campus. A third set of two hospitals essentially 
share the same surgical staff. We treat each of these three 
sets as a single hospital for the purposes of this study, both 
to capture the organisation structure and to minimise 
the potential for spillover effects, resulting in 19 hospital 
units. For brevity and clarity, we refer to these 19 hospital 
units simply as ‘hospitals’ throughout.

Power considerations
Statistical power to identify effects of the nudges was 
examined using recent past data from the participating 
hospitals. We estimated design parameters required by 
the PowerUpR package in R software,39 which provides 
the capability to estimate statistical power for randomised 
block clustered designs. Examining medication dose, 
input parameters for the calculation included uncon-
ditional intracluster correlations (ICC) for the hospital 
(ICC=0.005), service line (ICC=0.039) and provider 
(ICC=0.337) levels; the number of service line groups 
(up to three per hospital); the number of providers by 
service line expected to participate in the study and 
number of patients per service line. The ICCs were empir-
ically determined from our preliminary data. We assumed 
that covariates informative of the dosage would explain 
between 25% and 50% of the dosage variation at each of 
the patient, provider and service line levels (ie, R2 between 
0.25 and 0.50). We derived statistical power, assuming 
one-third of the service line groups within hospital will be 
randomly assigned to each study arm (two treatment and 
one control). We computed power for pairwise compar-
ison of each of the two nudge arms versus the no nudge 
arm and adjusted our alpha level to account for multiple 
comparisons (alpha=0.05/2). We will have 80% power to 
detect significant differences between the intervention 

Table 2  Characteristics of eligible study site surgeons

Per cent of surgeons

Total (n=778) General surgery (n=187) Orthopaedic surgery (n=244) Obstetric/gynaecological surgery (n=347)

Year of medical degree

 � 1960–1969 0.7 – 0.4 1.3

 � 1970–1979 7.3 7.9 7.4 7.0

 � 1980–1989 21.3 20.8 23.4 20.0

 � 1990–1999 28.5 30.3 23.4 31.1

 � 2000–2009 26.2 28.7 31.6 21.0

 � 2010–2019 16.0 12.4 13.9 19.7

Sex

 � Female 39.9 28.2 5.0 71.7

 � Male 60.1 71.8 95.0 28.3
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conditions of at least a minimum detectable effect size 
(MDES)=0.347 SDs when R2=0.25, while R2=0.5 would 
yield an MDES of 0.305.

Randomisation scheme
The study design has four levels: patients, surgeons, 
surgical specialties and hospitals. Randomisation will take 
place at the level of the surgical specialty, using a blocked 
scheme to ensure that each arm has a balance of large 
and small hospitals and a sample size of surgeons similar 
to the other two arms.

Intervention
Surgeons randomised to our study intervention will 
receive one of two types of behavioural nudges deliv-
ered as monthly emails. The two nudges will be active for 
twelve months (October 2021–October 2022).

To ensure that the nudges target only inappropriate 
opioid prescribing, surgeons will receive nudges only 
when they write opioid prescriptions that exceed post-
operative opioid prescribing guidelines developed by 
multidisciplinary teams at the Mayo Clinic32 40 41 (and 
personal communication with Professor Elizabeth Haber-
mann, Ph.D., MPH, on opioid prescribing guidelines for 
caesarean section, 12 March, 2021; unreferenced). These 
guidelines recommend ranges of 5 mg oxycodone tablet 
quantities specific to the procedure performed and are 
partly based on patient surveys of actual postoperative 
opioid use. While some patients may require higher quan-
tities (eg, patients with particularly high opioid tolerance, 
body mass index or pain levels), these guidelines are 
appropriate for the vast majority of patients.

In both nudge conditions, eligibility for receiving 
a monthly nudge is contingent on at least two of the 
surgeon’s patients being discharged with a postoperative 
opioid prescription exceeding the quantities specified by 
the Mayo Clinic guidelines. Though it may seem coun-
terintuitive for the descriptive norm nudge to be based 
implicitly on prescribing guidelines, this choice ensures 
patient safety and avoids confounding the content of the 
nudge with the threshold for receiving a nudge.

Intervention arm 1: nudge based on descriptive norms
Surgeons randomised to this condition will receive an 
email with the following content at the end of each month 
in which at least two of their patients are discharged with 
a postoperative opioid prescription that exceeds the 
prescribing guideline for the procedure performed.

[Subject line: Your peers vs your opioid prescribing 
safety record]

Dear Dr. [Name],
In an effort to reduce opioid use among our surgical 

patients, Sutter Health is reviewing opioid prescriptions 
and prescribing patterns for surgeons and will be commu-
nicating the findings.

In [month], at least XX of your patients were discharged 
with opioid prescriptions exceeding the amount 
prescribed by YY% of your peers for these procedures.

YY% of [specialty] surgeons at Sutter Health prescribe 
within the ranges below.

We will continue to send you opioid prescribing safety 
reports.

Sincerely,
[Signature(s) of chief medical executive, chief of 

staff, and/or surgical department chair at the surgeon’s 
hospital]

[Table including each procedure type performed 
by this surgeon in the reference month and the corre-
sponding ‘Amount prescribed by your peers (5 mg oxyco-
done tablets)’, with a footnote stating the conversion 
factors for hydrocodone and tramadol]

The ranges of 5 mg oxycodone tablets displayed in the 
email will be the same as the ranges stipulated by the 
prescribing guidelines, but this nudge will not include 
any language about guidelines.

Intervention arm 2: nudge based on injunctive norms
This condition will be identical to the first condition, 
except the content of the monthly emails will refer to 
safety guidelines rather than the surgeon’s peers.

[Subject line: Best practice guidelines vs your opioid 
prescribing safety record]

Dear Dr. [Name],
In an effort to reduce opioid use among our surgical 

patients, Sutter Health is reviewing opioid prescriptions 
and prescribing patterns for surgeons and will be commu-
nicating the findings.

In [month], at least XX of your patients were 
discharged with opioid prescriptions exceeding the 
amounts recommended by safety guidelines for these 
procedures.

For patient safety, Sutter Health recommends 
prescribing within the ranges below for these procedures. 
Doing so will also meet best practice safety guidelines for 
postoperative opioid prescribing.

We will continue to send you opioid prescribing safety 
reports.

Sincerely,
[Signature(s) of chief medical executive, chief of 

staff, and/or surgical department chair at the surgeon’s 
hospital]

[Table including each procedure type performed 
by this surgeon in the reference month and the corre-
sponding ‘Amount recommended by Sutter Health (5 mg 
oxycodone tablets)’, with a footnote stating the conver-
sion factors for hydrocodone and tramadol]

Control arm
Surgeons randomised to the control arm will not receive 
any nudges and will not be informed of the study. By not 
informing them of the study, we will prevent a Hawthorne 
effect and obtain an accurate representation of status quo 
prescribing behaviour against which to test the effects of the 
nudges.

 on A
pril 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-061980 on 19 S

eptem
ber 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


5Kirkegaard A, et al. BMJ Open 2022;12:e061980. doi:10.1136/bmjopen-2022-061980

Open access

Eligibility criteria
The nudges that a surgeon in either intervention arm 
will receive are based on that surgeon’s eligible discharge 
opioid prescriptions in the previous month. Eligible 
prescriptions meet all of the following criteria:

	► The patient is at least 18 years old at the date of 
surgery.

	► The patient is discharged to their home.
	► The surgical procedure has an applicable post-

operative opioid prescribing guideline.
	► The surgical procedure is the only surgical procedure 

performed during the patient’s hospital stay.
	► The prescription is for an opioid taken orally (tablets, 

capsules or liquid solution).
To avoid contamination between the intervention arms, 

surgeons who operate across multiple surgical specialties 
(defined as surgeons who performed less than 90% of 
their total procedures in one specialty between June 2020 
and May 2021) will not be eligible.

Patient and public involvement
Since the study intervention only targets clinicians, we 
have not chosen to involve patients directly in the devel-
opment of this study. However, the prescribing guidelines 
on which our intervention is based were created with 
input from patients via stakeholder groups and postdis-
charge surveys.32 40

Data collection
Prescribing data, clinician characteristics (eg, sex, type 
of medical degree, year of medical degree), patient char-
acteristics (eg, age, sex, body mass index, comorbidities) 
and case characteristics (eg, procedure type, length of 
operating time) will be obtained by querying the elec-
tronic health record database.

Hospital characteristics (eg, number of beds, urba-
nicity) will be obtained from California, USA’s Office of 
Statewide Health Planning and Development datasets.

Data analyses
Primary outcomes
Our primary outcome is the share of discharge prescrip-
tions that were above the guideline for the respective 
procedure (see above for how guidelines were identified). 
Prescribing above guidelines is the outcome to which both 
nudges are linked (even though the descriptive norm 
nudge does not explicitly refer to guidelines) and thus 
a key measure of whether clinician behaviour responds 
to the nudges. We define a prescription as being above 
guidelines if the morphine milligram equivalent (MME) 
quantity of opioids prescribed is above the ceiling for the 
procedure-specific guideline (guidelines range from zero 
to a ceiling). If no opioid is prescribed at discharge, we 
will code this as within guideline.

Secondary outcomes
We will also analyse the following secondary outcomes to 
further understand the effects of the intervention.

	► MMEs prescribed at discharge.

	► Days’ supply of opioids prescribed at discharge.
	► Share of discharges where any opioid was prescribed.
	► Share of patients on opioids for greater than 3 months 

postdischarge.
	► Number of 30-day all-cause emergency department 

visits.
	► Number of 30-day all-cause hospitalisations.
	► Share of discharge opioid prescriptions above 

prescribing guidelines in the 12 months after the 
nudges end.

Primary analysis
We will analyse outcomes at the level of the discharge 
using a four-level hierarchical linear model (HLM),42 
thus capturing the clustering inherent in the study design 
and data generating process. We will analyse outcomes at 
the patient level, and patients are nested within surgeons, 
who are nested within specialties, which are nested within 
hospitals. Both primary and secondary outcomes will 
follow this modelling structure. To improve the precision 
of our estimates, we will also include a set of observable 
patient covariates (X), surgeon covariates (Z), specialty 
covariates (U) and hospital covariates (W). For patient 
‍i‍, treated by surgeon ‍p‍, in specialty ‍s‍, at hospital ﻿‍ h‍, we 
consider the following HLM formulation for continuous 
outcomes ‍Yipsh‍ :

	﻿‍
Yipsh =

β0 + β1ARM1sh + β2ARM2sh + γ1hARM1sh + γ2hARM2sh+

ω1Xipsh + ω2Zpsh + ω3Ush + ω4Wh + γh + ηsh + φpsh + εipsh#‍�
(1)

‍ARM1sh‍ and ‍ARM2sh‍ are indicator variables for whether 
specialty ‍s‍, at hospital ﻿‍h‍ were assigned to treatment arm 1 
or 2, respectively.

The key terms in the equation are ‍β1‍ and ‍β2‍, the 
covariate-adjusted treatment effects of arms 1 and 2 rela-
tive to the control arm; ‍β1‍ answers research question 1 
and ‍β2‍ answers research question 2. We will use an F-test 
to compare coefficients ‍β1‍ and ‍β2‍ to answer research 
question 3. Thus, the effect of each nudge is estimated 
relative to receiving no nudges and to the other nudge.

The model allows for the possibility that the treatment 
effect varies across hospitals, as captured by the random 
effects (‍γ1h, γ2h‍. Unexplained variation in each of the 
levels is captured by the random effects ‍εipsh‍, ‍φpsh‍, ‍ηsh‍, and 
‍γh‍. We will initially model these six random effects as inde-
pendent but will also investigate whether including a cova-
riance structure across these components is appropriate. 
The coefficients ‍ω1‍, ‍ω2‍, and ‍ω3‍, capture the influence of 
the covariates at the patient, surgeon and specialty respec-
tively, and covariates will be mean centred as appropriate 
to aid in model interpretation. Covariates may include 
but are not limited to the following: level 1: patient age, 
patient sex, patient comorbidities, procedure type, length 
of operating time; level 2: surgeon sex, year of surgeon’s 
medical degree; level 3: total volume of procedures within 
the specialty: level 4: number of beds, urbanicity, propor-
tion of patients on Medicaid. Given that the covariates 
will not change the estimate of the treatment effect (in 
expectation), only reduce unexplained variance, we will 
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choose a final pool of covariates that we find to be predic-
tive the primary outcome. Model estimates of the treat-
ment effects will adjust standard errors for clustering due 
to the due to clustered assignment of the interventions.

For binary outcomes, we implement a hierarchical 
generalised linear model by including a logit link for 
equation (1). Note that the level 1 error term ‍εipsh‍ is also 
eliminated. The concatenated model for all four levels 
with a binary outcome then reduces to:

	﻿‍
logit

(
Yipsh

)
=

β0 + β1ARM1sh + β2ARM2sh + γ1hARM1sh + γ2hARM2sh+

ω1Xipsh + ω2Zpsh + ω3Ush + ω4Wh + γh + ηsh + φpsh# ‍�
(2)

In the binary outcome version, the parameters ‍β1‍ 
and ‍β2‍ again identify the treatment effects of arms 1 
and 2 relative to the control arm, with interpretation of 
these parameters adjusted relative to the link function 
implemented.

These analyses will be conducted after the intervention 
ends. Any interim analyses conducted during the inter-
vention period will be solely for the purposes of safety 
monitoring or planning related studies; the intervention 
will not be altered unless recommended by the study’s 
data safety and monitoring board (DSMB).

Heterogeneity analysis
We will test for heterogeneity in the treatment effect 
along several domains. Specifically, we will add terms 
interacting characteristics of the surgeon with each treat-
ment arm and conduct an F-test of the interaction terms 
for each nudge.
1.	 Specialty: We will also conduct analyses to test wheth-

er the response to each nudge varies by surgeons’ 
specialty.

2.	 Volume of surgeries: We will test for heterogeneity by 
number of surgeries performed over the 12-month 
study period. We will only include surgeries for which 
we have guidelines in this count.

3.	 Baseline opioid prescribing: We will categorise sur-
geons based on the portion of their surgeries in the 12 
months prior to the start of the intervention that were 
above guidelines. We expect that the intervention will 
have a larger effect for surgeon with a higher share of 
prescription above guidelines.

Longitudinal analysis
In addition to assessing the treatment effect averaged 
over the entire 12-month period, we will also analyse 
treatment effects by month to assess how the treatment 
effect evolves over time. For this analysis, we will interact 
study month indicators with the treatment assignment 
indicators.

Persistence analysis
We will conduct a secondary analysis to examine whether 
nudge effects persist once the nudges are discontinued. 
The data will include the RCT data analysed in the model 
above, but also data collected for 1-year postintervention 
(the ‘persistence period’). The analysis model above will 
be modified by adding an indicator for the RCT period 

versus persistence period plus interaction terms for period 
and each nudge to the model. The statistical significance 
of these interaction terms will be used to assess whether 
the treatment effect significantly differs post-RCT.

Adjustment for multiple hypothesis testing
Two varieties of multiple testing concerns are present. For 
any instance of equations (1) or (2), we simultaneously test 
for a treatment effect in either study arm and difference in 
treatment effect between arms. Across secondary outcomes 
within the same domain, we also consider a series of tests for 
each arm. As appropriate, we will employ family-wise error 
rate and false discovery rate corrections43 44 to account for 
simultaneously tested hypotheses.

Ethics and dissemination
All study activities have been approved by the RAND 
Human Subjects Protection Committee (ID 2018-0988).

Throughout the development of this study, we paid 
careful attention to the possibility that reducing postoper-
ative opioid prescriptions might result in greater postsur-
gical pain. We believe that the risk presented by our nudge 
interventions is negligible, both because the nudges do 
not prevent the clinicians from using their own clinical 
judgement and because previous studies have found that 
reducing the amount of opioids prescribed after surgical 
operations did not affect patient satisfaction,45 46 pain 
scores45–47 or refill rates.48–50 Given this negligible level of 
risk, the RAND Human Subjects Protection Committee 
approved a waiver of informed consent for participating 
clinicians and their patients.

Data indicative of adverse events (opioid refills and 
emergency department visits within 30 days of hospital 
discharge) will be monitored throughout the interven-
tion period by an independent DSMB comprising four 
experts in surgery, interventional pain management, 
statistical methodology and risk assessment and research 
ethics. The DSMB may recommend modifying or termi-
nating the trial based on its interim analyses.

Once results are obtained for primary and secondary 
outcomes, we will submit these results to ​ClinicalTrials.​
gov. Findings will also be disseminated through confer-
ence presentations, peer-reviewed publications and social 
media accounts. Deidentified data will be made available 
on reasonable request.

Contributors  AK and ZW wrote significant portions of the manuscript. ZW and LTM 
developed the quantitative analysis plan. AK, ZW, LTM, MCM, XSY, RJR and KEW 
contributed to conceptualising the study and developing the methodology, and read 
and approved the final manuscript.

Funding  This work was supported by the National Institute on Drug Abuse of the 
National Institutes of Health under Award Number R01DA046226.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 

 on A
pril 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-061980 on 19 S

eptem
ber 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


7Kirkegaard A, et al. BMJ Open 2022;12:e061980. doi:10.1136/bmjopen-2022-061980

Open access

permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Allison Kirkegaard http://orcid.org/0000-0002-2924-9868

REFERENCES
	 1	 Dixit AA, Chen CL, Inglis-Arkell C, et al. Assessment of unused 

opioids following ambulatory surgery. Am Surg 2020;86:652–8.
	 2	 Egan KG, De Souza M, Muenks E, et al. Predictors of opioid 

consumption in immediate, implant-based breast reconstruction. 
Plast Reconstr Surg 2020;146:734–41.

	 3	 Gunasingha RMKD, Niloy IL, Wetstein BB, et al. Keeping tabs: 
reducing postoperative opioid prescriptions for patients after breast 
surgical procedures. Surgery 2021;169:1316–22.

	 4	 Kamdar PM, Mandava NK, Narula A, et al. Opioid use after knee 
arthroscopy. Arthrosc Sports Med Rehabil 2020;2:e77–81.

	 5	 Kunkel ST, Sabatino MJ, Pierce DA, et al. What happens to 
unused opioids after total joint arthroplasty? An evaluation of 
unused postoperative opioid disposal practices. J Arthroplasty 
2020;35:966–70.

	 6	 Runner RP, Luu AN, Thielen ZP, et al. Opioid use after discharge 
following primary unilateral total hip arthroplasty: how much are we 
overprescribing? J Arthroplasty 2020;35:S226–30.

	 7	 Schirle L, Stone AL, Morris MC, et al. Leftover opioids following adult 
surgical procedures: a systematic review and meta-analysis. Syst 
Rev 2020;9:139.

	 8	 Alam A, Gomes T, Zheng H, et al. Long-term analgesic use after 
low-risk surgery: a retrospective cohort study. Arch Intern Med 
2012;172:425–30.

	 9	 Brummett CM, Waljee JF, Goesling J, et al. New persistent opioid use 
after minor and major surgical procedures in US adults. JAMA Surg 
2017;152:e170504.

	10	 Clarke H, Soneji N, Ko DT, et al. Rates and risk factors for prolonged 
opioid use after major surgery: population based cohort study. BMJ 
2014;348:g1251.

	11	 Levy N, Quinlan J, El-Boghdadly K, et al. An international 
multidisciplinary consensus statement on the prevention of opioid-
related harm in adult surgical patients. Anaesthesia 2021;76:520–36.

	12	 Raebel MA, Newcomer SR, Reifler LM, et al. Chronic use of 
opioid medications before and after bariatric surgery. JAMA 
2013;310:1369–76.

	13	 Sun EC, Darnall BD, Baker LC, et al. Incidence of and risk factors for 
chronic opioid use among opioid-naive patients in the postoperative 
period. JAMA Intern Med 2016;176:1286–93.

	14	 Waljee JF, Li L, Brummett CM, et al. Iatrogenic opioid dependence 
in the United States: are surgeons the gatekeepers? Ann Surg 
2017;265:728–30.

	15	 Bicket MC, Long JJ, Pronovost PJ, et al. Prescription opioid 
analgesics commonly unused after surgery: a systematic review. 
JAMA Surg 2017;152:1066–71.

	16	 Gilovich T, Griffin D, Heuristics KD. Biases: the psychology of intuitive 
judgment. New York: Cambridge University Press, 2002.

	17	 Kahneman D, Slovic P, Tversky A. Judgment under uncertainty: 
Heuristics and biases. New York: Cambridge University Press, 1982.

	18	 Kahneman D, Choices TA. Values, and frames. New York: Cambridge 
University Press, 2000.

	19	 Keren G, Wu G. The Wiley Blackwell Handbook of judgment and 
decision making. Hoboken, NJ: John Wiley & Sons, 2016.

	20	 Hoffmann TC, Del Mar C. Clinicians' expectations of the benefits 
and harms of treatments, screening, and tests: a systematic review. 
JAMA Intern Med 2017;177:407–19.

	21	 Johnson EJ, Shu SB, Dellaert BGC, et al. Beyond nudges: tools of a 
choice architecture. Mark Lett 2012;23:487–504.

	22	 Thaler RH, Sunstein CR. Nudge: improving decisions about health, 
wealth, and happiness. New York: Penguin Group, 2008.

	23	 Benartzi S, Beshears J, Milkman KL, et al. Should governments 
invest more in nudging? Psychol Sci 2017;28:1041–55.

	24	 Cialdini RB, Goldstein NJ. Social influence: compliance and 
conformity. Annu Rev Psychol 2004;55:591–621.

	25	 Rogers T, Goldstein NJ, Fox CR. Social mobilization. Annu Rev 
Psychol 2018;69:357–81.

	26	 Meeker D, Linder JA, Fox CR, et al. Effect of behavioral interventions 
on inappropriate antibiotic prescribing among primary care practices: 
a randomized clinical trial. JAMA 2016;315:562–70.

	27	 Alpert JS. Why are we ignoring guideline recommendations? Am J 
Med 2010;123:97–8.

	28	 Cabana MD, Rand CS, Powe NR, et al. Why don't physicians follow 
clinical practice guidelines? A framework for improvement. JAMA 
1999;282:1458–65.

	29	 Bongiovanni T, Hansen K, Lancaster E, et al. Adopting best practices 
in post-operative analgesia prescribing in a safety-net hospital: 
residents as a conduit to change. Am J Surg 2020;219:299–303.

	30	 Choo KJ, Grace TR, Khanna K, et al. A goal-directed quality 
improvement initiative to reduce opioid prescriptions after 
orthopaedic procedures. J Am Acad Orthop Surg Glob Res Rev 
2019;3:e109.

	31	 Fearon NJ, Benfante N, Assel M, et al. Standardizing opioid 
prescriptions to patients after ambulatory oncologic surgery reduces 
overprescription. Jt Comm J Qual Patient Saf 2020;46:410–6.

	32	 Glaser GE, Kalogera E, Kumar A, et al. Outcomes and patient 
perspectives following implementation of tiered opioid prescription 
guidelines in gynecologic surgery. Gynecol Oncol 2020;157:476–81.

	33	 Jacobs BL, Rogers D, Yabes JG, et al. Large reduction in opioid 
prescribing by a multipronged behavioral intervention after major 
urologic surgery. Cancer 2021;127:257–65.

	34	 Kaafarani HMA, Eid AI, Antonelli DM, et al. Description and impact 
of a comprehensive Multispecialty multidisciplinary intervention to 
decrease opioid prescribing in surgery. Ann Surg 2019;270:452–62.

	35	 Smalley CM, Willner MA, Muir MR, et al. Electronic medical record-
based interventions to encourage opioid prescribing best practices in 
the emergency department. Am J Emerg Med 2020;38:1647–51.

	36	 Stulberg JJ, Schäfer WLA, Shallcross ML, et al. Evaluating the 
implementation and effectiveness of a multi-component intervention 
to reduce post-surgical opioid prescribing: study protocol of a 
mixed-methods design. BMJ Open 2019;9:e030404.

	37	 Zhang DDQ, Sussman J, Dossa F, et al. A systematic review of 
behavioral interventions to decrease opioid prescribing after surgery. 
Ann Surg 2020;271:266–78.

	38	 Ziegelmann M, Joseph J, Glasgow A, et al. Comparison of 
prescribing patterns before and after implementation of evidence-
based opioid prescribing guidelines for the postoperative urologic 
surgery patient. Am J Surg 2020;220:499–504.

	39	 Bulus M, Dong N. PowerUpR: power analysis tools for multilevel 
randomized experiments, 2017. R package version 0.1.3

	40	 Thiels CA, Ubl DS, Yost KJ, et al. Results of a prospective, 
multicenter initiative aimed at developing opioid-prescribing 
guidelines after surgery. Ann Surg 2018;268:457–68.

	41	 Wyles CC, Hevesi M, Ubl DS, et al. Implementation of procedure-
specific opioid guidelines: a readily employable strategy to 
improve consistency and decrease excessive prescribing following 
orthopaedic surgery. JB JS Open Access 2020;5:e0050.

	42	 Raudenbush SW, Bryk AS. Hierarchical linear models: applications 
and data analysis methods. SAGE Publications, 2002.

	43	 Anderson ML. Multiple inference and gender differences in the 
effects of early intervention: a reevaluation of the Abecedarian, 
Perry preschool, and early training projects. J Am Stat Assoc 
2008;103:1481–95.

	44	 Benjamini Y, Hochberg Y. Controlling the false discovery rate: a 
practical and powerful approach to multiple testing. J R Stat Soc 
Series B Stat Methodol 1995;57:289–300.

	45	 Bateman BT, Cole NM, Maeda A, et al. Patterns of opioid 
prescription and use after cesarean delivery. Obstet Gynecol 
2017;130:29–35.

	46	 Vu JV, Howard RA, Gunaseelan V, et al. Statewide implementation 
of postoperative opioid prescribing guidelines. N Engl J Med 
2019;381:680–2.

	47	 Lee JS, Hu HM, Brummett CM, et al. Postoperative opioid 
prescribing and the pain scores on hospital consumer assessment of 
healthcare providers and systems survey. JAMA 2017;317:2013–5.

	48	 Hill MV, Stucke RS, McMahon ML, et al. An educational intervention 
decreases opioid prescribing after general surgical operations. Ann 
Surg 2018;267:468–72.

	49	 Lee JS, Howard RA, Klueh MP, et al. The impact of education 
and prescribing guidelines on opioid prescribing for breast and 
melanoma procedures. Ann Surg Oncol 2019;26:17–24.

	50	 Sekhri S, Arora NS, Cottrell H, et al. Probability of opioid prescription 
refilling after surgery: does initial prescription dose matter? Ann Surg 
2018;268:271–6.

 on A
pril 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-061980 on 19 S

eptem
ber 2022. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-2924-9868
http://dx.doi.org/10.1177/0003134820923309
http://dx.doi.org/10.1097/PRS.0000000000007150
http://dx.doi.org/10.1016/j.surg.2020.11.045
http://dx.doi.org/10.1016/j.asmr.2019.11.003
http://dx.doi.org/10.1016/j.arth.2019.11.013
http://dx.doi.org/10.1016/j.arth.2020.01.076
http://dx.doi.org/10.1186/s13643-020-01393-8
http://dx.doi.org/10.1186/s13643-020-01393-8
http://dx.doi.org/10.1001/archinternmed.2011.1827
http://dx.doi.org/10.1001/jamasurg.2017.0504
http://dx.doi.org/10.1136/bmj.g1251
http://dx.doi.org/10.1111/anae.15262
http://dx.doi.org/10.1001/jama.2013.278344
http://dx.doi.org/10.1001/jamainternmed.2016.3298
http://dx.doi.org/10.1097/SLA.0000000000001904
http://dx.doi.org/10.1001/jamasurg.2017.0831
http://dx.doi.org/10.1001/jamainternmed.2016.8254
http://dx.doi.org/10.1007/s11002-012-9186-1
http://dx.doi.org/10.1177/0956797617702501
http://dx.doi.org/10.1146/annurev.psych.55.090902.142015
http://dx.doi.org/10.1146/annurev-psych-122414-033718
http://dx.doi.org/10.1146/annurev-psych-122414-033718
http://dx.doi.org/10.1001/jama.2016.0275
http://dx.doi.org/10.1016/j.amjmed.2009.10.003
http://dx.doi.org/10.1016/j.amjmed.2009.10.003
http://dx.doi.org/10.1001/jama.282.15.1458
http://dx.doi.org/10.1016/j.amjsurg.2019.12.023
http://dx.doi.org/10.5435/JAAOSGlobal-D-19-00109
http://dx.doi.org/10.1016/j.jcjq.2020.04.004
http://dx.doi.org/10.1016/j.ygyno.2020.02.025
http://dx.doi.org/10.1002/cncr.33200
http://dx.doi.org/10.1097/SLA.0000000000003462
http://dx.doi.org/10.1016/j.ajem.2019.158500
http://dx.doi.org/10.1136/bmjopen-2019-030404
http://dx.doi.org/10.1097/SLA.0000000000003483
http://dx.doi.org/10.1016/j.amjsurg.2019.11.037
http://dx.doi.org/10.1097/SLA.0000000000002919
http://dx.doi.org/10.2106/JBJS.OA.19.00050
http://dx.doi.org/10.1198/016214508000000841
http://dx.doi.org/10.1111/j.2517-6161.1995.tb02031.x
http://dx.doi.org/10.1111/j.2517-6161.1995.tb02031.x
http://dx.doi.org/10.1097/AOG.0000000000002093
http://dx.doi.org/10.1056/NEJMc1905045
http://dx.doi.org/10.1001/jama.2017.2827
http://dx.doi.org/10.1097/SLA.0000000000002198
http://dx.doi.org/10.1097/SLA.0000000000002198
http://dx.doi.org/10.1245/s10434-018-6772-3
http://dx.doi.org/10.1097/SLA.0000000000002308
http://bmjopen.bmj.com/

	Evaluating the effectiveness of email-­based nudges to reduce postoperative opioid prescribing: study protocol of a randomised controlled trial
	A﻿bstract﻿
	Introduction﻿﻿
	Background
	Research questions
	Significance

	Methods and analysis
	Overview of design
	Setting
	Sample size and characteristics
	Power considerations
	Randomisation scheme
	Intervention
	Intervention arm 1: nudge based on descriptive norms
	Intervention arm 2: nudge based on injunctive norms
	Control arm
	Eligibility criteria

	Patient and public involvement
	Data collection
	Data analyses
	Primary outcomes
	Secondary outcomes
	Primary analysis
	Heterogeneity analysis
	Longitudinal analysis
	Persistence analysis
	Adjustment for multiple hypothesis testing

	Ethics and dissemination

	References


