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AbstrAct
Background Little is known about how to discourage 
clinicians from ordering low-value services. Our objective 
was to test whether clinicians committing their future 
selves (ie, precommitting) to follow Choosing Wisely 
recommendations with decision supports could decrease 
potentially low-value orders.
Methods We conducted a 12-month stepped wedge 
cluster randomised trial among 45 primary care physicians 
and advanced practice providers in six adult primary care 
clinics of a US community group practice.Clinicians were 
invited to precommit to Choosing Wisely recommendations 
against imaging for uncomplicated low back pain, imaging 
for uncomplicated headaches and unnecessary antibiotics 
for acute sinusitis. Clinicians who precommitted received 
1–6 months of point-of-care precommitment reminders 
as well as patient education handouts and weekly emails 
with resources to support communication about low-value 
services.The primary outcome was the difference between 
control and intervention period percentages of visits with 
potentially low-value orders. Secondary outcomes were 
differences between control and intervention period 
percentages of visits with possible alternate orders, and 
differences between control and 3-month postintervention 
follow-up period percentages of visits with potentially low-
value orders.
Results The intervention was not associated with 
a change in the percentage of visits with potentially 
low-value orders overall, for headaches or for acute 
sinusitis, but was associated with a 1.7% overall increase 
in alternate orders (p=0.01). For low back pain, the 
intervention was associated with a 1.2% decrease in the 
percentage of visits with potentially low-value orders 
(p=0.001) and a 1.9% increase in the percentage of 
visits with alternate orders (p=0.007). No changes were 
sustained in follow-up.
Conclusion Clinician precommitment to follow 
Choosing Wisely recommendations was associated with 
a small, unsustained decrease in potentially low-value 
orders for only one of three targeted conditions and may 
have increased alternate orders.
Trial registration number NCT02247050; Pre-results.

IntroductIon
Low-value health services constitute care 
that in most cases does not improve patient 
outcomes and can lead to unnecessary 

harms.1 In the USA and many other coun-
tries, delivery of low-value services is 
common2 and costly.3 While the Choosing 
Wisely campaign has drawn substan-
tial attention to evidence about what 
constitutes low-value care,4 awareness of 
evidence alone is rarely enough to change 
many clinical decisions5 6 without comple-
mentary strategies that target factors that 
underlie these decisions.7 However, little 
is known about how to effectively target 
factors that drive ordering of low-value 
services.8 9 

Two factors that may encourage clini-
cians to order low-value services are the 
context in which clinicians typically make 
these decisions and cognitive biases that 
can arise in such contexts. First, even 
when clinicians are aware that certain 
services do not improve population-level 
outcomes, decisions to order these 
services for individual patients are often 
made quickly during brief clinic visits,10 
in which both multitasking11 and patient 
requests for services12 13 are common and 
can over-ride intentions to avoid ordering 
low-value services. Second, making 
choices in such busy environments often 
requires ‘fast’ thinking that relies more 
on heuristics than on ‘slow’ thinking 
about evidence.14–17 These contexts and 
cognitive biases can lead to divergence 
from evidence-based recommendations to 
avoid ordering low-value services.

A promising solution to this problem 
that leverages insights from behavioural 
economics could be to encourage clini-
cians to start decisions about low-value 
services before patient encounters when 
their thinking is more likely to be ‘slow’ 
and deliberative.14–16 While engaged in this 
slower thinking, clinicians could be asked 
to commit to following specific Choosing 
Wisely recommendations18 19 against 
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ordering low-value services in future clinical encounters. 
Behavioural economists term this strategy ‘precommit-
ment’, or the act of committing one’s future self to a 
course of action.18 20–22 Precommitment has been shown 
to improve behaviours that can be influenced by choice 
environments and cognitive biases such as savings,23 
academic performance,18 tobacco use24 25 and weight 
loss.26 27 Such precommitment interventions tie conse-
quences to a failure to achieve the course of action.21 For 
clinicians who precommit to avoid ordering low-value 
services, these consequences include abdication of their 
professional responsibility to steward resources,28 which 
could be highlighted through point-of-care supports 
when ‘fast’ thinking14 is required and cognitive biases 
could lead to divergence from their precommitment. 
Importantly, this approach could be readily integrated 
into routine care in a range of settings and would preserve 
clinicians’ autonomy around ordering decisions, which 
can be integral to sustained intervention acceptance.29 
Our objective was to test whether this behavioural 
economic strategy of inviting clinicians to precommit to 
avoid ordering low-value health services and providing 
supports to promote adherence to precommitment could 
decrease orders for potentially low-value services for 
three common conditions in adult primary care clinics.

Methods
design overview
We conducted a stepped wedge cluster randomised 
controlled trial between 1 July 2014 and 30 June 2015 
in six primary care clinics of Integrated Healthcare 

Associates (IHA), a multispecialty group practice in 
southeast Michigan in the USA. In this study design, 
the intervention started in a new clinic each month in a 
randomly assigned order. We chose this design because 
of its feasibility and because other potential designs 
would have had critical limitations.30–32 Specifically, 
randomisation of individual physicians or patients 
would have been vulnerable to cross-contamination. 
A parallel-design, cluster, randomised trial would have 
been infeasible because resource constraints necessi-
tated starting the intervention in one clinic at a time, 
and could have been unacceptable to research partners 
as half of the clinics would have not have received the 
intervention.

The intervention consisted of inviting clinicians 
to precommit to follow Choosing Wisely recommen-
dations against imaging for uncomplicated low back 
pain,33 imaging for uncomplicated headaches34 and 
unnecessary antibiotics for acute sinusitis.35 Clinicians 
who precommitted received 1–6 months of point-of-
care reminders of their precommitment attached to a 
patient education handout, as well as weekly emails 
with links to resources to improve communication 
with patients about low-value services. We used elec-
tronic health record (EHR) data to measure the effects 
of the intervention, and conducted a clinician survey 
and qualitative analysis of clinician interviews.

setting and participants
Eligible participants were primary care clinicians 
(physicians and advanced practice providers) of the 

Figure 1 CONSORT flow diagram.

P
ublic H

ealth. P
rotected by copyright.

 on January 31, 2020 at P
ublic H

ealth Library S
chool of

http://qualitysafety.bm
j.com

/
B

M
J Q

ual S
af: first published as 10.1136/bm

jqs-2017-006699 on 24 O
ctober 2017. D

ow
nloaded from

 

http://qualitysafety.bmj.com/


357Kullgren JT, et al. BMJ Qual Saf 2018;27:355–364. doi:10.1136/bmjqs-2017-006699

Original research

six study clinics (figure 1). These six clinics (three 
internal medicine and three family medicine) were 
chosen because they were among the largest of the 11 
IHA primary care clinics and because at the start of the 
study the 53 clinicians in these six clinics did not prac-
tise at other IHA clinics. Within each clinic, clinicians 
were eligible to participate if, at the time of recruit-
ment in their clinic, they anticipated practising in that 
clinic for the duration of the study.

randomisation and intervention
All six clinics started the study in a control period 
(figure 2), at the beginning of which all IHA primary 
care clinicians were informed by email of Choosing 
Wisely recommendations against imaging for uncom-
plicated low back pain,33 imaging for uncomplicated 
headaches34 and unnecessary antibiotics for acute sinus-
itis.35 This served to increase the likelihood that clini-
cians were aware of the recommendations throughout 
the control and intervention periods, rather than just 
at the time of study recruitment. These three recom-
mendations were chosen because the targeted condi-
tions are common in primary care practice and repre-
sent situations in which clinicians’ intentions to avoid 
ordering low-value services can potentially be swayed 
by patient requests for services.12 13

After 2 months of the control period, recruitment 
and the intervention started in a new clinic each month 
in a random order determined using the user-written 
RALLOC module36 in Stata V.14. Clinician recruit-
ment consisted of a 20 min in-person presentation 
by the principal investigator, followed by informed 
consent. Clinicians who provided informed consent 
were given the opportunity to precommit to follow 
the three Choosing Wisely recommendations in future 
patient encounters by signing a brief document (see 
online supplementary appendix figure 1). Because 
the recruitment and precommitment processes could 
influence practice patterns, the month of the recruit-
ment and precommitment processes for each clinic was 

considered a transition period (figure 2) and excluded 
from analyses.32

During the intervention period, medical assistants, 
whose role in usual care was to bring patients to exam 
rooms and elicit the reason for their visit, were trained 
to identify patients presenting with a symptom for 
which one of the three Choosing Wisely recommen-
dations might apply (ie, patients with low back pain, 
headaches or nasal congestion). For such patients, 
medical assistants placed for the clinician a Post-it 
reminder of their precommitment on a patient educa-
tion handout (see online supplementary appendix 
figures 2–4) on the way into the exam room. Training 
of medical assistants occurred at the beginning of the 
intervention period and consisted of a 10 min indi-
vidual training and provision of a one-page summary 
of their role (see online supplementary appendix 
figure 5). We chose a paper-based reminder over 
embedding the reminder in the clinics’ EHR to ensure 
clinicians viewed the reminder immediately before the 
encounter, avoid the challenges of EHR alert fatigue37 
and ensure that the intervention could in the future be 
implemented in a range of clinical environments irre-
spective of their resources and EHR adoption.38 Clini-
cians who precommitted also received a weekly email 
with links to Choosing Wisely resources to improve 
communication with patients about low-value services 
(see online supplementary appendix figure 6).

Depending on the clinic’s randomly assigned order, the 
intervention period lasted for 1–6 months. These varying 
lengths were included because of the stepped wedge study 
design and because even a relatively short duration of deci-
sion support could be sufficient to change clinicians’ prac-
tice patterns.39 After the end of the intervention period, 
each clinic was followed for an additional 3 months to 
evaluate the durability of any intervention effects.

outcomes and analyses of ordering data
All study outcomes and analytic methods were prespec-
ified. The primary outcome was the difference between 

Figure 2 Study design. *Data for the months of the recruitment and precommitment processes (ie, the ‘transition months’) in each clinic were excluded 
from analyses. The vertical line in the boxes for these months indicates the approximate time of the recruitment and precommitment processes in each 
respective clinic.
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the control and intervention periods in the percentage 
of visits with an applicable potentially low-value 
order: a lumbar spine X-ray, CT or MRI order in visits 
for low back pain33; a head CT or MRI order in visits 
for headaches34; and an antibiotic order in visits for 
acute sinusitis.35 The main secondary outcome was the 
difference in these percentages between the control 
and follow-up periods to assess whether any interven-
tion effect was sustained in the short term following 
the intervention.

During intervention pretesting and study imple-
mentation, clinicians noted that efforts to reduce 
low-value services could lead to substitution with 
referrals to specialists who might order the targeted 
low-value service, or alternate services of ques-
tionable value. Consequently, another secondary 
outcome was the difference between the control and 
intervention periods in the percentage of visits with 
a potential alternate order, which we defined as an 
order for an opiate,40 or an orthopaedics, neurosur-
gery, spine clinic, neurology or pain clinic referral in 
visits for low back pain; an order for an opiate or 
butalbital,41 or a neurology or pain clinic referral in 
visits for headaches; and an order for a sinus X-ray,42 
sinus CT,43 or ear, nose and throat referral in visits 
for acute sinusitis.

We identified applicable visits in EHR data using 
the International Classification of Diseases, Ninth 
Revision (ICD-9) codes developed by Premera Blue 
Cross and the Washington State Choosing Wisely 
Task Force to measure rates of potentially low-value 
services for low back pain, headaches and acute sinus-
itis in administrative data.44 45 The lists of ICD-9 codes 
are shown in online supplementary appendix table 1.

For each outcome we estimated differences in 
percentages using linear mixed models with random 
effects for providers nested in practices, adjusted for 
patient age, patient gender, patient Charlson comor-
bidity score at the visit,46 month and condition. We 
fitted linear mixed models for dichotomous outcome 
variables because generalised linear models did not 
converge.47 The choice of model terms and random 
effects was aided by reviewing likelihood ratio tests 
and Akaike’s and Schwarz’s Bayesian information 
criteria among competing models. We used robust SEs 
clustered at the clinic level. All hypothesis tests used 
a two-sided α of 0.05 as the threshold for statistical 
significance. Data were analysed in Stata V.14.

In our power calculation, we used IHA EHR data to 
estimate each clinician would have 29 applicable visits 
per month, approximately 20% of these visits would 
have an order for a potentially low-value service, and 
an intraclass correlation coefficient of 0.034. Based on 
these data, a sample size of eight clinicians per clinic, six 
clinics, and a two-sided α of 0.05 would provide 80% 
power to detect a difference in percentages of at least 
3.7% between the control and intervention periods.

Postintervention surveys and interviews of clinicians
During the 3-month follow-up period, we asked study 
clinicians to complete a web-based survey about their 
demographic characteristics, patient panel character-
istics and perceptions of the intervention components 
(see online supplementary appendix figure 7). Each 
survey participant received a $25 gift card.

During the follow-up period we also conducted semi-
structured telephone interviews with a random sample 
of study clinicians, stratified by clinic, to explore how the 
intervention affected their conversations with patients 
and clinical decision making (see online supplemen-
tary appendix figure 8). Each interview participant 
received a $25 gift card. We conducted 24 interviews, 
with at least two interviews per clinic, stopping when 
there were no novel responses to interview questions. 
Interviews were audio-recorded and transcribed for 
subjects who consented to recording; for subjects 
who did not consent to recording, detailed notes were 
taken. Two members of the study team independently 
coded all transcripts and notes and identified themes 
using template analysis.48

sensitivity analyses
We conducted three sensitivity analyses. The first was 
to gauge the robustness of the primary outcome results 
to the exclusion of one clinician from clinic 1 who 
started to also practise in clinic 4 before the interven-
tion started in clinic 4. The second was to gauge the 
robustness of the primary outcome results to alterna-
tive ICD-9 codes to identify applicable visits that could 
be more sensitive for identifying use of low-value 
services3 and capture any shifts in coding between the 
control and intervention periods. These more sensi-
tive codes included the ICD-9 codes used for the 
main analyses and additional codes used in previous 
research to identify each condition in administrative 
data49–60 (see online supplementary appendix table 2). 
The third was to examine the robustness of our results 
by also using cluster-bootstrapped and conventional 
SEs.

results
Fifty-three clinicians were eligible for the study, and 
45 (85%) consented to participate (figure 1). All 45 
participating clinicians (100%) chose to precommit to 
follow the three Choosing Wisely recommendations. 
Clinician characteristics are shown in table 1.

orders for potentially low-value services
During the control period, 10.0% of 10 420 visits had 
an order for a potentially low-value service (table 2); 
trends by clinic are shown in online supplementary 
appendix figure 9. During the 7593 intervention 
period visits, there was no statistically significant 
decrease in the overall percentage of visits with an 
order for a potentially low-value service (−1.4%, 
95% CI −2.9% to 0.1%; p=0.06). However, for low 
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back pain there was a statistically significant decrease 
in the percentage of visits with an order for a poten-
tially low-value service (−1.2%, 95% CI −2.0% to 
−0.5%; p=0.001).

In sensitivity analyses, when we excluded the one 
clinician from clinic 1 who started to also practise in 
clinic 4 before the intervention started in clinic 4, we 
found nearly identical results (data not shown). When 
we used the more sensitive sets of ICD-9 codes to iden-
tify applicable visits, the sample size for the control and 
intervention periods combined increased from 18 013 to 
95 477, and the changes in the percentage of visits for 
low back pain with an order for a potentially low-value 
service were similar (see online supplementary appendix 

table 3). Additionally, there were statistically significant 
decreases in the percentages of visits with an order for 
a potentially low-value service overall (−1.8%, 95% CI 
−2.9% to −0.7%; p=0.001), for headaches (−0.7%, 
95% CI −1.3% to −0.2; p=0.006) and for acute sinus-
itis (−3.2%, 95% CI −5.1% to −1.3%; p=0.001). We 
found similar results using cluster-bootstrapped SEs (see 
online supplementary appendix table 4) and a statisti-
cally significant decrease in the overall percentage of 
visits with an order for a potentially low-value service 
(95% CI −2.7% to −0.2%; p=0.02) when using 
conventional SEs.

During the 5883 follow-up period visits, there was 
no statistically significant decrease in the overall or 

Table 1 Characteristics of study clinicians, clinics and patients

Clinic 1 Clinic 2 Clinic 3 Clinic 4 Clinic 5 Clinic 6 Total

Study clinicians, n* 8 8 9 7 6 8 45
Age in years, mean (SD) 48.6 (7.8) 50.0 (11.3) 48.7 (11.4) 53.3 (1.1) 46.2 (7.8) 46.0 (10.0) 48.5 (9.7)
Female, n (%) 3 (42.9) 4 (50.0) 6 (66.7) 4 (57.1) 4 (66.7) 4 (50.0) 25 (56.8)
Clinician type, n (%)
  Physician (MD or DO) 6 (85.7) 7 (87.5) 8 (88.9) 6 (87.5) 6 (100.0) 7 (87.5) 40 (90.9)
  Physician assistant 0 (0.0) 1 (12.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (2.3)
  Nurse practitioner 1 (14.3) 0 (0.0) 1 (11.1) 1 (14.3) 0 (0.0) 1 (12.5) 3 (6.8)
Years since training, n (%)
  Less than 5 years 0 (0.0) 1 (12.5) 0 (0.0) 0 (0.0) 1 (16.7) 2 (25.0) 4 (9.1)
  5–9 years 0 (0.0) 3 (37.5) 2 (22.2) 1 (14.3) 0 (0.0) 1 (12.5) 7 (15.9)
  10–19 years 4 (57.1) 2 (25.0) 4 (44.4) 2 (28.6) 4 (66.7) 2 (25.0) 18 (40.9)
  20 or more years 3 (42.9) 2 (25.0) 3 (33.3) 4 (57.1) 1 (16.7) 3 (37.5) 15 (34.1)
Payer mix, n (%)†
  Private insurance 7 (87.5) 8 (100.0) 7 (77.8) 6 (85.7) 6 (100.0) 8 (100.0) 41 (95.3)
  Medicaid 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (16.7) 1 (12.5) 2 (4.9)
  Medicare 2 (28.6) 3 (37.5) 5 (62.5) 0 (0.0) 2 (33.3) 2 (25.0) 14 (34.1)
Visits, n‡
  Low back pain 3466 1758 3769 2207 1978 3014 16 192
  Headaches 689 336 610 596 493 802 3526
  Acute sinusitis 364 331 581 365 617 1920 4178
  Overall 4519 2425 4960 3168 3088 5736 23 896
Patients§
  Mean age (SD) 50.1 (14.9) 51.4 (17.3) 55.9 (16.5) 52.2 (16.1) 47.7 (15.6) 49.9 (16.5) 51.4 (16.3)
  Female, n (%)¶ 2862 (63.3) 1436 (59.2) 3245 (65.4) 2456 (77.5) 2108 (68.3) 3640 (63.5) 15 747 (65.9)
  Charlson score, mean (SD)** 0.13 (0.40) 0.15 (0.47) 0.22 (0.52) 0.18 (0.48) 0.16 (0.45) 0.15 (0.42) 0.17 (0.46)
*Number of clinicians who consented to study participation. Column counts sum to greater than the total counts for clinician characteristics because 
after the intervention was implemented in clinic 1, one clinician from clinic 1 started to also practise in clinic 4 due to operational needs. All of the clinic 
4 visits for this clinician were conservatively treated as being in the control period 4 until the intervention was implemented in clinic 4. Data on clinicians 
are from the postintervention survey (completed by 44 of the 45 study clinicians).
†Clinicians’ self-report that more than 30% of their patients had each type of health insurance coverage. One survey participant did not complete this 
item.
‡The number of applicable visits across the control, intervention and follow-up periods using lists of the International Classification of Diseases, 
Ninth Revision (ICD-9) codes previously developed by Premera Blue Cross and the Washington State Choosing Wisely Task Force to measure rates of 
potentially low-value services in visits for which each respective Choosing Wisely recommendation could apply. All lists of ICD-9 codes are shown in 
online supplementary appendix table 1.
§Characteristics of patients in visits with an ICD-9 code from the lists of ICD-9 codes previously developed by Premera Blue Cross and the Washington 
State Choosing Wisely Task Force to measure rates of potentially low-value services in visits for which each respective Choosing Wisely recommendation 
could apply.
¶Number and per cent of patients in each clinic who were female. Data on gender were missing for 35 patients.
**Charlson scores based on ICD-9 codes used at each study visit. The weighted Charlson sum ranges from 0 to 8. The index is 0 for observations whose 
sum is 0, 1 for observations whose sum is 1, and 2 for observations whose sum is between 2 and 8.
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condition-specific percentage of visits with orders for 
potentially low-value services relative to the control 
period (table 2).

orders for potential alternate services
During the intervention period there was a 1.7% 
increase in the overall percentage of visits with orders 
for potential alternate services relative to the control 
period (95% CI 0.3% to 3.1%; p=0.01) (table 3). 
Low back pain was the only individual condition for 
which there was a statistically significant increase in 
the percentage of visits with a potential alternate order 
(1.9%, 95% CI 0.5% to 3.3%; p=0.007).

Postintervention surveys and interviews
Twenty-one of the 44 clinicians (47.7%) who completed 
the survey found the precommitment itself helpful, 14 
(31.8%) found the precommitment reminders helpful, 
28 (63.6%) found the patient education handouts 

helpful, and 9 (20.4%) found the online resources 
to improve communication with patients helpful. Of 
the 24 clinicians we interviewed, 14 felt the interven-
tion improved their conversations with patients about 
low-value services. One clinician, for example, said the 
intervention “provided extra support in my decision 
[to avoid ordering a low-value service] and something 
else for [patients] to read and understand.” Another 
said, “I was able to use those handouts and point to 
specific parts…saying this is what we believe to be 
evidence-based and this is the right way…to practice.” 
Ten clinicians felt the intervention positively changed 
their overall clinical decision making. For example, 
one clinician said, “the more difficult patients where I 
would have been tempted to not follow guidelines…I 
would more consistently follow guidelines in those 
tougher cases and spend the extra time.” Another 
said, “I think I probably [now] lean much further in 
the direction of not treating too early.” Additional 

Table 2 Changes in percentages of visits with orders for potentially low-value services

Condition

Control period Intervention period Follow-up period

n* %† n* Δ in % (95% CI)‡ p n* Δ in % (95% CI)‡ p

Low back pain 6669 4.0 5295 −1.2 (−2.0 to –0.5) 0.001 4228 −0.3 (−1.3 to 0.8) 0.62
Headaches 1661 0.7 1074 0.7 (−0.7 to 2.1) 0.34 791 0.3 (−0.6 to 1.2) 0.52
Acute sinusitis 2090 36.6 1224 −3.4 (−8.2 to 1.4) 0.16 864 −2.7 (−6.6 to 1.3) 0.19
Any of the three conditions§ 10 420 10.0 7593 −1.4 (−2.9 to 0.1) 0.06 5883 −0.7 (−2.0 to 0.7) 0.33
*n=number of visits with an International Classification of Diseases, Ninth Revision (ICD-9) code for each respective condition during each study period. 
The lists of ICD-9 codes were previously developed by Premera Blue Cross and the Washington State Choosing Wisely Task Force to measure rates 
of potentially low-value services in visits for which each respective Choosing Wisely recommendation could apply. All lists of ICD-9 codes are shown 
in online  supplementary appendix table 1.
†The raw percentage of visits with an order for a potentially low-value service: antibiotics for acute sinusitis, lumbar spine X-ray, CT or MRI for low back 
pain, and head CT or MRI for headaches.
‡Mean absolute differences between the control period and the intervention or follow-up period, respectively, in the percentages of visits with orders for 
a potentially low-value service (defined above) as estimated from linear mixed models with random effects for providers nested in practices, adjusted for 
patient characteristics, time and comorbidities. SEs are robust SEs clustered at the clinic level.
§Composite measure in which the denominator is all visits for one of the three conditions, and the numerator is an order for a potentially low-value 
service for that respective condition.

Table 3 Changes in percentages of visits with potential alternate orders

Condition

Control period Intervention period Follow-up period

n* %† n* Δ in % (95% CI)‡ p n* Δ in % (95% CI)‡ p

Low back pain 6669 13.2 5295 1.9 (0.5 to 3.3) 0.007 4228 1.5 (−0.5 to 3.6) 0.14
Headaches 1661 9.5 1074 4.2 (−1.0 to 9.3) 0.11 791 3.4 (−1.7 to 8.6) 0.19
Acute sinusitis 2090 0.7 1224 −0.2 (−0.8 to 0.4) 0.44 864 −0.5 (−1.3 to 0.2) 0.14
Any of the three conditions§ 10 420 10.1 7593 1.7 (0.3 to 3.1) 0.01 5883 1.4 (−0.4 to 3.1) 0.12
*n=number of visits with an International Classification of Diseases, Ninth Revision (ICD-9) code for each respective condition during each study period. 
The lists of ICD-9 codes were previously developed by Premera Blue Cross and the Washington State Choosing Wisely Task Force to measure rates 
of potentially low-value services in visits for which each respective Choosing Wisely recommendation could apply. All lists of ICD-9 codes are shown 
in online  supplementary appendix table 1.
†The raw percentage of visits with a potential alternate order of questionable value: sinus X-ray, sinus CT or ear, nose and throat referrals for acute 
sinusitis; opiate prescriptions, or orthopaedics, neurosurgery, spine clinic, neurology or pain clinic referrals for low back pain; or opiate or butalbital 
prescriptions, or neurology or pain clinic referrals for headaches.
‡Mean absolute differences between the control period and the intervention or follow-up period, respectively, in the percentages of visits with potential 
alternate orders of questionable value (defined above) as estimated from linear mixed models with random effects for providers nested in practices, 
adjusted for patient characteristics, time and comorbidities. SEs are robust SEs clustered at the clinic level.
§Composite measure in which the denominator is all visits for one of the three conditions, and the numerator is a potential alternate order of 
questionable value for that respective condition.
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representative quotes are shown in  online supplemen-
tary appendix table 5.

dIscussIon
We found that a behavioural economic strategy of 
asking clinicians to precommit to avoid ordering 
specific low-value services, followed by supports to 
promote adherence to this precommitment, was only 
associated with a statistically significant but small 
decrease in orders for potentially low-value services 
in visits for one of three targeted conditions: low 
back pain. Further, these intervention effects were not 
sustained in the 3 months after the intervention ended, 
and may have led to alternate orders of questionable 
value.

Our study’s strengths include the translation of 
multiple insights from behavioural economics into a 
novel and highly scalable intervention that targeted 
multiple low-value health services, the randomised 
design, the conduct of our trial in a community (rather 
than academic) practice, the measurement of unin-
tended consequences, and the use of mixed methods 
to better understand the impact of the intervention on 
clinicians’ decision making. Weaknesses of our study 
include our inability to determine whether appropriate-
ness of ordering changed as a result of the intervention 
because our data lacked detailed clinical information. 
Yet this was consistent with the main goal of our study, 
which was to first determine whether the intervention 
could change clinicians’ ordering behaviours. Future 
studies should supplement ordering data with detailed 
clinical data to examine how the intervention affects 
appropriateness. Our study was of a relatively short 
duration and stepped wedge trials are not well-suited 
to estimate long-term intervention effects. Thus it will 
be important in future research to measure longer term 
effects using other study designs. We tested a multicom-
ponent intervention9 and our study was not designed 
to disentangle the effects of each of the precommit-
ment intervention components, although our survey 
and interview results provide insight into clinicians’ 
perceptions of these components. As with any surveys 
or interviews, our findings about clinicians’ views of 
the intervention could have been subject to recall or 
social desirability biases. Our study did not examine 
patient experiences or economic impact, and it will 
be important in future work to examine how this 
intervention affects these outcomes. Although we 
conducted our study in a community group practice 
to enhance the external validity of our findings, our 
results may not generalise to all clinical settings.

Other studies have tested interventions to improve 
clinicians’ decisions about low-value care9 and guide-
line adherence,61 yet we are aware of only two trials 
that have tested behavioural economic strategies to 
discourage ordering of low-value services. The first 
trial tested poster-sized letters from clinicians that were 
placed in clinic examination rooms for 12 weeks. These 

posters, which stated clinicians’ commitment to avoid 
inappropriate antibiotic prescribing for acute respira-
tory infections (ARIs) and included their photographs 
and signatures, led to a 19.7% absolute reduction in 
inappropriate antibiotic prescriptions for ARIs.62 The 
second trial found that 18 months of ‘accountable 
justification’ (prompting clinicians to enter free-text 
justifications for prescribing antibiotics into patients’ 
EHRs) and ‘peer comparison’ (emails to clinicians that 
compared their own antibiotic prescribing rates with 
peers with the lowest inappropriate prescribing rates) 
led to 7.0% and 5.2% absolute reductions, respec-
tively, in inappropriate antibiotic prescriptions.63 In 
contrast to these studies, ours tested a multicompo-
nent intervention that aimed to reduce potentially 
low-value orders for multiple conditions, including an 
acute condition (ie, acute sinusitis) and conditions that 
are often chronic (ie, low back pain and headaches). 
For these latter two conditions the orders we targeted 
were for diagnostic imaging, which per order is typi-
cally more costly than an antibiotic. Further, our study 
examined the effects of the intervention on ordering 
of potentially low-value services and on clinicians’ 
experiences and intended consequences.

Our results have important implications for prac-
titioners and policymakers. First, while our interven-
tion was associated with a decrease in the percentage 
of visits for low back pain with an order for a poten-
tially low-value service, the magnitude of this change 
was small (just 12 fewer potentially low-value orders 
per 1000 visits) and not sustained in the near term 
after the intervention ended. Nonetheless, our inter-
vention required minimal resources and minor adjust-
ments to clinical processes, and the results for low 
back pain are comparable in magnitude to the effects 
of the Medicare Pioneer Accountable Care Organi-
zation programme on use of low-value care.64 It is 
possible that sustained changes in ordering could be 
achieved by continuously integrating the intervention 
into routine care, for example as an EHR clinical deci-
sion support algorithm in higher resource settings or 
as a paper-based approach in lower resource settings. 
Second, for headaches and acute sinusitis, we only 
found a decrease in ordering potentially low-value 
services in sensitivity analyses using more sensitive 
ICD-9 codes. For these two conditions the increases 
in sample size in the sensitivity analyses were particu-
larly large, which could have enhanced our ability to 
detect a statistically significant effect for these condi-
tions. Alternatively, because the more specific codes 
for these two conditions were used less commonly 
in the intervention period than the control period 
(see online supplementary appendix table 6), shifts in 
coding or seasonal trends could have contributed to 
these sensitivity analysis findings. Another possibility 
is that the more sensitive ICD-9 codes for headaches 
and acute sinusitis could have less specificity for iden-
tifying use of low-value services,3 and thus when used 
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in sensitivity analyses may have detected decreases 
in appropriate orders. Future studies should resolve 
these differences between the main and sensitivity 
analyses by examining how this intervention changes 
the appropriateness of care, which could be accom-
plished using measures that combine ordering and 
clinical data.4 Third, our survey and interview find-
ings suggest our results were driven at least in part by 
changes in clinician–patient interactions. At its core, 
the Choosing Wisely campaign encourages clinicians 
and patients to question services that may not yield 
benefits and could lead to harms,65 and an effective 
way to facilitate such conversations could be provi-
sion of point-of-care handouts by clinicians who had 
precommitted to avoiding low-value care. Fourth, the 
intervention may have led to more referrals to other 
clinicians who could order the targeted services or 
other services of questionable value, particularly in 
visits for low back pain. Because the urge to ‘do some-
thing’ can be strong in clinical practice,66 our results 
suggest it will be crucial to monitor for and seek to 
ameliorate such unintended consequences in efforts to 
reduce low-value care.

In conclusion, a behavioural economic strategy of 
asking clinicians to precommit to specific Choosing 
Wisely recommendations paired with decision 
supports, although theoretically promising and highly 
scalable, only yielded a small and unsustained decrease 
in potentially low-value orders for one of three 
targeted conditions. The intervention also likely led to 
a small increase in alternate orders for services of ques-
tionable value. These results highlight the potential of 
behavioural economic strategies to be integrated into 
clinical workflows with minimal resources as well as 
some of the important challenges to be confronted in 
interventions to reduce ordering of low-value services. 
As momentum to reduce delivery of low-value care 
continues to grow worldwide,4 66 more such research 
is needed to identify low-cost, scalable strategies to 
achieve this goal while minimising the potential for 
unintended consequences.
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