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Abstract 

As healthcare spending continues to rise, particularly in high-income countries, the 

concern over low-value care is growing. Low-value care refers to healthcare practices 

that do not provide meaningful benefits to patients. It causes direct harm to patients 

through adverse effects and costs. Additionally, low-value care presents an opportunity 

cost, as resources are no longer available for higher-value care and other critical 

needs, making it also a threat to the sustainability and quality of healthcare. Reliable 

estimates on the total prevalence of low-value care are lacking, but even 20-30% of 

care could be of low value to patients. De-implementation strategies aim to solve this 

problem by decreasing the use of low-value care and, as such, increasing the overall 

quality of care.   

We aimed to evaluate the current state of de-implementation intervention research, the 

effectiveness of various de-implementation strategies, and the barriers to de-

implementation. 

First, we conducted a systematic scoping review of de-implementation randomized 

trials to map the current status of the literature and provide guidance for improving trial 

methodology. Our results, which included 227 de-implementation trials, indicated that 

the applicability of trial results is hindered by poor generalizability caused by context-

specific and complex interventions, as well as a high risk of bias. To improve the quality 

of future research, we recommend simplifying intervention designs, increasing the 

number of clusters in cluster trials, and better controlling potential confounders. 

Second, guided by the scoping review, we conducted a systematic review and meta-

analysis of de-implementation trials in primary care. Including 140 randomized trials in 

the analyses, we found moderate certainty evidence that provider education combined 

with audit and feedback decreases the use of low-value care (odds ratio 0.73 [95% 

confidence interval 0.63 to 0.84], -23% [-13% to -32%] relative decrease). Intervention 

combinations that included patient education resulted in potentially larger relative 

reductions of about 30-34% in low-value care; however, the evidence was of low 

certainty. Single-strategy interventions such as provider education, audit and feedback, 

and patient education resulted in only slight reductions in the use of low-value care, 

with the evidence quality rated as very low to low. Thus, multi-strategy interventions 

may be needed to have a meaningful impact.  
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Third, we conducted a survey among primary care physicians in six high-income 

countries to evaluate their attitudes and obstacles to de-implementation. A total of 

1,731 physicians responded (response rate 10.2%). Over 80% of physicians 

considered overtreatment and overdiagnosis as problems in healthcare, yet only about 

50% felt the same about their own practice. The respondents perceived patient-related 

factors, such as patient requests and the expectation that something will be done, as 

important barriers to de-implementation, with over 80% rating them as at least 

moderately important. Similarly, physicians perceived lack of time and fear of medical 

errors as major barriers, with over 80% rating these as at least moderately important. 

Since multiple barriers are important to general practitioners and vary depending on 

the local context (e.g., countries), understanding these barriers locally is crucial when 

planning de-implementation strategies.  

Overall, healthcare administrators could prioritize de-implementation strategies 

combining audit and feedback with provider education, which have the strongest 

evidence base, and should consider whether a specific intervention is applicable in 

their setting. Furthermore, both low-certainty evidence from the systematic review and 

the survey results emphasize the importance of including the patient perspective in de-

implementation strategies. This might involve improving shared decision-making tools 

and educating patients about the harms of low-value care and the natural progression 

of disease. Future research should focus on providing replicable and applicable 

evidence for these interventions. 
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Tiivistelmä 
Vähähyötyinen hoito on kasvava ongelma etenkin länsimaisessa terveydenhuollossa. 

Sillä tarkoitetaan hoitokäytäntöjä jotka eivät tuo potilaalle merkittävää terveyshyötyä. 

Potilaille aiheutetun terveyshaitan ja kustannusten lisäksi se on uhka terveydenhuollon 

kestävyydelle. Käytöllä on rajallisten resurssien vuoksi myös vaihtoehtoiskustannus, 

joka tarkoittaa että suuremmassa hoidon tarpeessa oleva saattaa jäädä hoitamatta. 

De-implementaatiolla viitataan toimiin vähähyötyisen hoidon vähentämiseksi.  

Selvitimme väitöskirjan ensimmäisessä osassa de-implementaatiotutkimuksessa 

käytettyjä menetelmiä ja suunnittelimme systemaattiseen katsauksen ja meta-

analyysin toteutusta. Löysimme 227 satunnaistettua de-implementaatiotutkimusta. 

Tutkimusten sovellettavuus oli heikkoa ja näin ollen interventioiden vaikutukset 

käytäntöön tuotuna epävarmoja,  johtuen kontekstisidonnaisista ja monimutkaisista 

interventioista, sekä kohonneesta harhan riskistä. Tutkimuksen laadun parantamiseksi 

suosittelimme yksinkertaisempia interventioita, suurempia tutkimuskokoja ja 

tutkimustulosten yleistettävyyttä heikentävien sekoittavien tekijöiden huomiointia.  

Toisessa osassa arvioimme erilaisten de-implementaatiostrategioiden vaikutuksia 

vähähyötyisen hoidon käyttöön. Kohtalainen tutkimusnäyttö osoitti että lääkäreiden 

koulutus yhdistettynä auditointiin ja palautteenantoon vähentää vähähyötyisen hoidon 

käyttöä noin 23 prosenttia (95% luottamusväli -32% to -13%). Interventiot jotka 

sisälsivät potilaiden koulutusta sekä lisäksi jonkin muun strategian johtivat 30-34% 

vähenemiseen vähähyötyisen hoidon käytössä, mutta tutkimusnäyttö oli heikompaa ja 

täten vaikutuksen suuruuteen tulee suhtautua suuremmalla varauksella. Yhden 

strategian interventioilla oli vähäiset vaikutukset vähähyötyisen hoidon käyttöön ja 

näytön laatu heikkoa. Siten useampaa strategiaa yhdistävät interventiot saattavat olla 

usein tarpeen merkittävän vaikutuksen saavuttamiseksi.  

Viimeisessä osatyössä arvioimme kyselytutkimuksella perusterveydenhuollon 

lääkäreiden asenteita ja mielipiteitä de-implementaatioon liittyen. Toteutimme kyselyn 

kuudessa korkean tulotason maassa. Kyselyyn vastasi 1731 lääkäriä (vastausprosentti 

10.2%). Yli 80 % lääkäreistä arvioivat ylidiagnostiikan ja ylihoidon merkittäviksi 

ongelmiksi oman maansa terveydenhuollossa, mutta vain 50 % omassa 

työskentelyssä. Yli 80 % lääkäreistä koki ajanpuutteen, työmäärän, virheiden pelon ja 

potilaaseen liittyvät tekijät vähintää kohtalaisen merkittäväksi esteeksi vähähyötyisestä 
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hoidosta luopumiselle. Suuri esteiden määrä ja niiden paikallinen vaihtelu alleviivaa 

paikallisen esteiden selvittämisen tärkeyttä vähähyötyisen hoidon karsimista 

suunniteltaessa. 

Resurssit tulisi terveydenhuollossa kohdentaa ensisijaisesti interventioihin joista on 

vahvin tutkimusnäyttö. De-implementaation osalta se kohdistuu interventioihin jotka 

yhdistävät lääkärin koulutuksen ja palautteen annon. Luotettavien vaikutusten 

saavuttamiseksi tulisi ensisijaisesti käyttää interventioita jotka sopivat omaan 

kontekstiin ja ovat mahdollisia toteuttaa samaan tapaan kuin niitä on tutkittu. Sekä 

heikko tutkimusnäyttö systemaattisesta katsauksesta, että kyselytutkimus viittaavat 

siihen että, potilaat tulisi huomioida osana de-implementaation suunnittelua. Tämä 

tarkoittaa esimerkiksi työkaluja jaettuun päätöksentekoon, sekä potilaan informointia 

vähähyötyisen hoidon haitoista ja sairauksien luonnollisesta kulusta.  
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1 Introduction 
As healthcare spending increases and the world population ages, reducing the 

inefficient use of healthcare resources is essential. Low-value care has been defined 

as: 1) care that has no benefit or minimal benefit to the patient, 2) harms outweigh the 

benefits, 3) is not cost-effective, 4) is less cost-effective than alternatives, or 5) 

unwanted care (1). Low-value care harms both patients and society. First, this care 

often leads to harmful side effects and can be costly to the patient. Second, it creates 

an opportunity cost, as patients in greater need of treatment may be deprived of care; 

and third, it wastes limited financial and environmental resources.  

Low-value care exists as practices are often adopted without a high-quality evidence 

base. Moreover, adapting to new evidence is typically a slow and challenging process. 

Perhaps even more so when the goal is to reduce something that was previously 

considered to provide high value for patients. Several psychological factors might 

explain this phenomenon, including fear of malpractice, patient pressures, and 

uncertainty in care decisions (2,3). Previous research has emphasized a narrow set of 

barriers at a time. Consequently, it remains unclear which determinants are most 

critical to the de-implementation and use of low-value care.  

De-implementation strategies aim to reduce the use of low-value care in healthcare. 

The reduction in low-value care use may occur in four ways: 1) abandoning, 2) 

reducing, 3) replacing, and 4) restricting care (4). Previous research suggests that 

interventions employing several strategies simultaneously have a greater impact (5-9). 

However, robust estimates of the effectiveness of different types of de-implementation 

interventions and assessments of evidence certainty are lacking.  

This study aimed to assess the primary care physicians’ attitudes toward low-value 

care and the barriers to de-implementation. Additionally, we sought to evaluate the 

effectiveness of various de-implementation interventions and their evidence quality. 
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2 Literature review 

2.1 Low-value care 

Unnecessary care, overtreatment, and overdiagnosis are closely related to low-value 

care. Overdiagnosis refers to diagnosing medical conditions that would never harm the 

patient or expanding diagnostic criteria to include ordinary life experiences (10). It may 

be caused by the overdetection or overdefinition of disease. Overtreatment, or medical 

overuse, means using medical practices that have no benefits for patients when 

considering the benefits, harms, and patient preferences (11).  

The European Commission report (2025) defines low-value care as follows: “From a 

health system perspective, low-value care encompasses overuse, misuse, and 

underuse of healthcare services (for example, prevention, diagnostics, treatment, 

medication). Overuse and/or misuse comprise the delivery of harmful, ineffective, 

inappropriate, or not cost-effective healthcare services. Underuse refers to healthcare 

services not provided or used despite being necessary. Low-value care can lead to 

negative consequences for patients, their caregivers, the healthcare workforce, the 

health system as a whole and the wider environment.” (12) While the new definition is 

more comprehensive, it also includes the underuse of medical practices for which 

implementation, not de-implementation, is the answer. In this thesis, we align with the 

definition outlined in the first paragraph of the introduction, which does not include 

undertreatment. 

In US healthcare, estimates for total healthcare spending waste range from 20% to 

27% (13, 14). Estimates that include a few specific low-value practices already account 

for 3-8% of US healthcare spending, suggesting substantial waste from low-value 

services alone in the US healthcare system (13-15). In a large US survey, physicians 

estimated that 21% of medical care is unnecessary (3).  

Estimates of total low-value care prevalence are lacking from other countries. 

However, several examples of prevalent specific low-value practices exist within 

European healthcare systems. A German study estimated that about 31% of patients 

with dementia receive low-value treatments (16). Low-value treatment was associated 

with a lower quality of life and increased hospitalizations. In Finland, up to 57% of the 

elderly received potentially inappropriate medication over the past year (17). In the 
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Netherlands, 52% of general practitioners ordered lumbar spine x-rays in the past year, 

and about 8% ordered at least 10 lumbar x-rays (18). Since most low-value practices 

are not measurable (19), the current total prevalence of low-value care may be 

underestimated. 

Furthermore, register data may contain missing information and inaccurate diagnostic 

codes, which further decreases the reliability of estimates. Individual patient charts 

may provide more accurate estimates of the prevalence of low-value care. For 

example, a US study evaluated the prevalence based on patient chart reviews and 

found that over 50% of the antibiotic prescriptions were unnecessary, a substantially 

larger number than estimates based on register data (20). 

Low-value care usually refers to medical practices proven ineffective or harmful to 

patients. It overlooks two potentially even larger problems for healthcare. First, most 

medical care is based on low-quality or no reliable evidence (21, 22). While these 

practices may not necessarily fall under the category of low-value care, a substantial 

share is later revealed to provide no benefit to patients (23). Second, low-value care 

can also encompass interventions that offer insufficient value to an individual patient 

when considering the balance of benefits, harms, and the patient’s values and 

preferences. Misrepresenting potential harms and benefits or overstating the certainty 

of evidence may lead patients to accept care they might have declined had they 

understood the trade-offs involved more clearly.   
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2.2 De-implementation 

De-implementation refers to strategies aimed at reducing the use of low-value care. It 

is part of quality improvement, which refers to systematic approaches to enhancing the 

quality of healthcare (24). Additionally, de-implementation aligns with the principles of 

value-based healthcare, which seeks to provide the maximum value given the 

available resources (25). Limited resources mean that every action incurs an 

opportunity cost. This implies that when low-value care is provided, it may restrict the 

use of higher-value care.  

Contrary to de-implementation, implementation refers to strategies that increase 

appropriate, usually guideline-concordant care. Both implementation and de-

implementation aim to change clinician or patient behavior and care decisions. 

However, adding and removing may involve different behavioral processes. A recent 

systematic analysis found that the strategies used in de-implementation differ from 

those in implementation (26). Whether these different approaches result in the highest 

impact remains unclear.  

De-implementation is not just about using a specific strategy to change behavior; it 

also requires making decisions about which practices should be reduced and planning 

the intervention. To facilitate the development, evaluation, and scaling of de-

implementation efforts, “The Choosing Wisely de-implementation framework” outlines 

five stages for de-implementation projects: 1) identifying potential areas for de-

implementation, 2) identifying local priorities, 3) exploring barriers to de-

implementation and finding potential interventions, 4) evaluation, and 5) spreading 

effective de-implementation programs (27).  

2.2.1 Identifying and measuring low-value care practices 

Identification 

The first step is to identify which practices are of low value. Primarily, the information 

should come from high-quality randomized trials or systematic evidence synthesis of 

those trials. If a practice provides no benefit to patients or is harmful, it may be judged 

as low-value care. Similarly, deprescribing trials may offer evidence that a practice is 

of low value. If patients who stop a particular treatment do as well or better than those 

using it, the treatment is then considered low value for those patients. Clinical practice 

guidelines and Choosing Wisely initiatives provide recommendations on practices to 
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reduce. These recommendations may be helpful in “identifying the potential areas for 

de-implementation” (27, 28). 

With a low-quality evidence base, a large practice variation between healthcare 

providers may indirectly suggest unnecessary care (29). Practice variation may also 

stem from patient preferences, differing patient populations, or indicate 

undertreatment, so it should be interpreted with caution. Nevertheless, limited 

resources necessitate prioritization, and reducing practices based on low-quality 

evidence is generally a better choice than restricting care with a high certainty of 

benefit.  

Furthermore, the Grading of Recommendations Assessment, Development, and 

Evaluation (GRADE) provides guidance recommends considering the patients’ values 

and preferences (30). If most patients would opt to avoid a practice given its harms 

and benefits, a recommendation against that practice is appropriate. However, values 

and preferences are often uncertain and can vary significantly from one patient to 

another. Therefore, identifying a low-value practice often occurs during patient 

interactions when the individual's values and preferences can be taken into account.  

De-implementation often involves prioritizing which practices should be reduced. 

Besides the prevalence of low-value practices, the harms and costs associated with 

the intervention may affect the decision on which practices to de-implement. 

Measuring low-value care use 

Measuring the use of low-value care is important for determining local priorities and 

evaluating whether local de-implementation activities have achieved their intended 

goals. Two factors often limit measurement. First, low-value care is frequently non-

measurable, limiting the possibility to accurately compare the prevalence of different 

low-value practices (19). Healthcare might completely lack register data to help with 

measurement. In these cases, options are limited to using individual patient records or 

collecting data separately (e.g., by surveying patients or care providers). 

Secondly, some practices may hold significant value for some individuals while being 

of little value for others. For example, antibiotic treatment might be of low value for a 

patient with unilateral otitis media and no fever. However, the benefits could outweigh 

the harm (considering values and preferences) for a patient with otitis media in both 
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ears and a high fever (31). Understanding baseline risks (such as the risk of 

cardiovascular events when initiating blood pressure medication) and prognosis (like 

the natural progression of symptoms in mild-to-moderate depression) could aid in 

determining whether the treatment is of low value. However, these patient 

characteristics may not be present in the registry data, restricting the ability to 

accurately assess low-value care usage. 

Whether it is cost-efficient to collect accurate data from individual patient records 

depends on the availability and precision of the total volume outcome (e.g., antibiotic 

use on all patients with otitis media) and the baseline prevalence of low-value care. If 

the majority of the total volume of care is low value, the accuracy may suffice. 

Furthermore, with a high baseline prevalence and significant resources allocated to 

specific care, utilizing individual patient records might be worthwhile despite the 

increased measurement costs. 

Measuring unintended consequences 

De-implementation may have unintended consequences. In a US trial regarding 

feedback to high quetiapine prescribers, a 2-year follow-up showed that low-value 

quetiapine prescriptions decreased by 17%. However, the evaluation also revealed 

that guideline-concordant prescribing (potentially appropriate care) decreased by 

about 14% (32). Alongside appropriate care, health outcomes (such as hospitalizations 

or other morbidity outcomes) should typically be considered in the careful evaluation 

of de-implementation interventions (33). 
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2.2.2 Drivers for low-value care use, and determinants for de-

implementation 

Clinical guidelines recommend medical practices based on low-quality evidence 

Even most recommendations in clinical practice guidelines are based on low-quality 

evidence or expert opinion (21, 22). A US study found that about 50% of US and 

European cardiology guideline recommendations were based only on expert opinion 

(22). Furthermore, around 40 % of recommendations were supported by either one 

small RCT or observational evidence. This reliance on low-quality evidence often leads 

to the adoption of low-value practices, as many of these recommended interventions 

are later found to provide no benefit to patients. A systematic analysis revealed that 

out of 3000 randomized controlled trials published in three leading medical journals, 

396 trials resulted in medical reversal (23). Medical reversal refers to new high-quality 

evidence contradicting current clinical practice by showing no benefit compared to no 

treatment or standard of care. Part of scientific discovery is that new and more effective 

practices replace some previously effective practices. This is a different phenomenon 

from medical reversal and does not justify implementing medical practices based on 

low-quality evidence. 

Overestimation of benefits 

Physicians often overestimate the benefits of medical practices (34). A contributing 

factor to this overestimation may be selective reporting and publication bias (35, 36). 

However, a recent systematic review suggests that publication bias's impact on effect 

estimates' inflation could be diminishing (37). Clinicians' understanding of treatment 

effect estimates is also often poor (38), which gives guidelines and other evidence 

translators a critical role to help understand the treatment effects. The problem is that 

understandable information on benefits and harms is frequently lacking in clinical 

guidelines (39, 40).  

Overestimation could also be caused by research waste, which probably means even 

most of the medical literature (41). Research waste includes mistargeted research 

questions, research designs that do not reliably answer the research question, 

publication bias, and biased or unusable research reports (41). The problem is not new, 

and already in 1994, a statistician, Doug Altman, concluded in his editorial piece, “we 

need less research, better research, and research done for the right reasons” (42). 
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Research waste is a harmful combination with confirmation bias. Fraudulent studies 

may be challenging to identify for clinicians (43). As some research areas are filled with 

fraudulent and heterogeneous results, it is easy to find research findings that confirm 

prior beliefs (44, 45). Therefore, if your prior beliefs suggest a benefit from a particular 

treatment, finding evidence to support those beliefs is often easy. Similarly, if a 

company wants to sell its medical product or if an individual clinician’s salary depends 

on providing a specific treatment, it is easy to find some evidence to back the agenda. 

Healthcare incentives 

The use of low-value care may also be affected by how healthcare is organized at the 

system level. Supplier-induced demand occurs when an increase in the supply of 

healthcare services leads to greater consumption. In low-income countries, the 

increased consumption could often translate to improved access to appropriate care. 

However, this phenomenon is also present in high-income countries, suggesting that 

greater availability of services could lead to increased use, even if there is no actual 

need for more services. (46) Moreover, free healthcare may increase the health service 

utilization (47). Therefore, financial incentives to reduce healthcare utilization may be 

particularly weak in a system that rewards providers for increased utilization, and 

patients do not have to pay anything for the services they use.  

Planning healthcare incentives is often a balancing between underuse and overuse. 

Paying hospitals for the number of hospitalization days incentivizes extending the 

length of stay. However, compensating hospitals per case may also fail to promote 

optimal care if hospitals reduce the length of stay excessively, leading to increased 

readmissions or higher resource use in other parts of the healthcare system (48).  

Barriers and enablers for de-implementation 

Understanding the barriers and enablers to de-implementation may help plan effective 

strategies (27, 28, 49). A scoping review provided six categories for determinants of 

low-value care use and de-implementation: patient, professional, outer context, inner 

context, process, and evidence determinants (28). Barriers and enablers to de-

implementation could vary between different contexts, highlighting the need to assess 

the local characteristics. An intervention from another context may not lead to a similar 
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impact if it addresses a different issue, including different barriers and enablers to de-

implementation (28). Table 1 lists potential barriers and enablers identified in the 

literature.   

Table 1. Barriers and enablers to de-implementation 

Category Examples 

Provider Barriers: 

Lack of knowledge (2, 50-53)  

Fear of malpractice (3, 53, 54)  

Clinical uncertainty (51-53) 

Desire to meet patient expectations (2, 50, 51) 

Routines and habits (50) 

Lack of communication skills (50) 

Lack of trust to the guidelines (2) 

Perceived pressure from patients or other providers (2, 3) 

Enablers: 

Shared decision making (53) 

Patient Barriers: 

Lack of knowledge (50, 52) 

Patient’s expectations (50, 52, 54) 

Requests for tests/treatments (3, 51, 54) 

Enablers: 

Patient awareness of low-value care (54) 

Organization Barriers: 

Lack of useful resources (50, 51, 54) 

Financial incentives (52) 

Protocols or norms (50, 53) 

Workload and lack of time (50-54) 

Unavailability of medical records (3) 

Enablers: 

Availability of patient education materials (53) 

Visible leadership commitment (53) 

Other Barriers: 

Lack of Credible evidence (54) 

Media information (50) 
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In a large US survey, the most cited reasons for overtreatment were fear of malpractice, 

patient pressure, and difficulties in accessing medical records (3).  

Patient-related determinants 

Several studies and a scoping review have highlighted patient-related factors as the 

most important or at least the most recognized determinants for de-implementation 

(51, 55, 56). A scoping review of de-implementation determinants found that patient 

expectations are the most often reported specific barrier to de-implementation (55). In 

a Dutch survey of primary care physicians, 76% of the respondents cited "maintaining 

a good relationship with the patient” as a driver for low-value care use (51). In German 

primary care, physicians rated patient expectations as the most important driver for 

overuse (56). Swedish researchers identified three main reasons for low-value care 

use in a focus group study: “uncertainty and disagreement about what not to do”, 

“perceived pressure from others”, and “a desire to do something for the patient” (2). 

Physician-related determinants 

Several studies have identified a lack of knowledge as an important physician-related 

barrier to de-implementation (2, 50-53). Many physician-related factors are related to 

physicians’ attitudes, such as fear of malpractice, clinical uncertainty, or a defensive 

attitude (Table 1). Even when aware of low-value care practices, poor communication 

skills may hinder clinicians from decreasing the use of low-value care (50).  

Organizational determinants 

Creating a supportive organizational environment can facilitate the de-implementation 

process. For example, providing patient education materials or demonstrating visible 

leadership commitment could support clinicians in their efforts to reduce the use of low-

value care (53). The organization may also act as a barrier to de-implementation. 

Clinicians may face challenges in opposing the organization’s protocols, such as 

requiring pre-operative testing from low-risk patients. A lack of valuable resources or 

insufficient time to discuss with the patient could also hinder efforts to reduce low-value 

care usage (50, 51). However, a systematic review on changing the length of primary 

care appointments found only very uncertain evidence regarding practice change (57). 

In a more recent, large US cohort study, shorter primary care visits were associated 
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with increased inappropriate care, although the changes were small (58). Inappropriate 

antibiotic prescriptions declined by 0.11 percentage points for every 1-minute increase 

in appointment time.   

An interview study identified three factors contributing to successful organizational 

change in healthcare: providing opportunities for influencing the change, giving 

preliminary notice to allow employees time to prepare, and offering a clear rationale for 

the change. Study participants perceived patient benefit as the most important reason 

for change (59).  

Differences compared to implementation 

Healthcare leaders in de-implementation may differ, at least in part, from those who 

drive implementation. De-implementation might be easier for those who questioned 

the practice from the beginning and never fully adopted it. However, some clinicians 

who are early adopters of new practices may also be the first to de-implement, 

especially if they are more open to new evidence, such as evidence suggesting the 

abandonment of current practices. Similar to implementation, the expectation of 

treatment effect drives the willingness to de-implement, and clinicians who expect no 

impact or a lower effect are more likely to reduce the use of a low-value practice. 

Nevertheless, motivational and financial factors may be more important in de-

implementation than in implementation. (26, 60) 

 



20 
 

2.2.3 De-implementation strategies 

There are several theoretical frameworks to categorize (de-)implementation 

interventions (61-63). The Effective Practice and Organization of Care taxonomy is 

probably the most widely used (64). The refined version divides the strategies into four 

main categories: professional, financial, organizational, and regulatory/system (64). 

Many of these strategies have been extensively studied for implementing new 

practices (26, 61). However, it remains unclear how well these strategies translate to 

effective de-implementation (26). 

De-implementation research has primarily focused on strategies aimed at providers, 

patients, and, in some instances, health care units. A scoping review identified 

educational materials, educational meetings, audit and feedback, and reminders as 

the most common strategies in de-implementation research (65). 

At a system level, policymakers could decide which practices receive governmental 

funding. Restricting funding and availability of care may be the most effective way of 

de-implementation, although often not possible strategy to use (66). A Canadian study 

evaluated the effectiveness of eliminating reimbursement for vitamin D testing and 

found about 90% decrease in testing volume (66).  

Previous research suggests that de-implementation interventions should be designed 

to address the local context and barriers to change (27, 28, 49). For example, a routine 

behavior of offering a laboratory test along with a package of other tests, which is 

primarily driven by automatic cognitive processes and related to organizational 

protocols, may require different de-implementation strategies than cognitively slower, 

and more autonomous decisions like the use of antibiotics for upper respiratory tract 

infections. Furthermore, an intervention that includes context-specific methods and has 

been tested by others may require tailoring if conducted in a different setting or context.  

There are several systematic reviews and meta-analyses on the effectiveness of 

implementation interventions; however, only a few exist on de-implementation. 

Although it is uncertain how well the evidence from implementation research translates 

to de-implementation, it may be used as indirect evidence for the effectiveness of de-

implementation. Table 2 describes the different (de-)implementation strategies and 

current assessments of their effectiveness.  
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Table 2. Intervention categories and evidence on their effectiveness in implementation 

and de-implementation 

Category Effectiveness 

Educational materials  Implementation: A systematic review of implementation trials 

measuring the effectiveness of printed educational materials 

found a median improvement of 4 percentage points in clinical 

practice (67).   

Educational meetings Implementation: A systematic review including 215 

implementation trials on continuing educational meetings and 

workshops found 7 percentage points [95% CI 6.62 

% to 6.97%] increase in compliance with desired practice 

(from 50% to 57% adherence) (68). The pooled estimates 

also included multi-component interventions (e.g., education 

combined with audit and feedback), which warrants caution in 

the interpretation. 

Decision supports/aids Implementation: A systematic review of implementation trials 

measuring the effectiveness of computerized decision 

support systems found a 5.8 percentage point [95% CI 4.0% 

to 7.6%] increase in compliance with desired care (69). Most 

of the trials included co-interventions. 

Patient 

education/engagement 

De-implementation: A systematic review of de-

implementation interventions aimed at engaging patients in 

decision-making found approximately a 26% relative 

decrease in low-value care use. Most of the trials in this 

review evaluated some form of education on the benefits and 

harms for patients and/or shared decision making (70). 

Audit and feedback Implementation: A Cochrane review of 140 implementation 

trials found a median absolute increase of 4.3 percentage 

points (IQR 0.5% to 16%) in desired practice use (71).  

De-implementation: A systematic review of de-

implementation trials on social norm feedback found an 

absolute 4% decrease in antibiotic use (72).  

Local opinion leaders Implementation: A Cochrane review of 18 implementation 

trials found a median 10.8% absolute improvement in 

compliance with desired practice (73). 
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Several systematic reviews have evaluated de-implementation interventions on narrow 

topics (5, 6, 74-79), and a few have aimed to include all de-implementation trials (7-9). 

A recent systematic review of 121 de-implementation trials found a median reduction 

of 15% in low-value care use after a single strategy intervention and a median 

reduction of 20% after interventions that included multiple strategies (9). Nevertheless, 

none of the previous systematic reviews was able to determine which strategies are 

most effective in reducing the use of low-value care. 

Educational meetings and materials 

Several de-implementation trials have measured the impact of educational materials 

on low-value care use. For example, a factorial trial (i.e. trial studying multiple 

interventions at the same time) from the UK tested feedback and educational 

messages in laboratory test reports (80). The educational messages outlined when the 

target laboratory tests were inappropriate and resulted in about a 10% relative 

reduction in inappropriate testing. 

Other trials showed conflicting results (81, 82). A cluster trial conducted in four South 

American countries assessed the effectiveness of sending email links to online 

educational materials, including patient cases and feedback after completion (81). The 

trial found no impact on inappropriate antibiotic prescribing. An Australian factorial trial 

evaluated the effect of sending educational letters to primary care physicians and found 

approximately a 3% reduction in antibiotic prescribing (82). Other intervention arms 

that included feedback on individual prescribing rates led to a larger, approximately 

10% reduction in antibiotic prescribing.  

Educational meetings do not always lead to better results in low-value care use. An 

Indian trial measured the effectiveness of a 150-hour training program to improve the 

quality of curative care (83). They found no impact on the use of unnecessary 

medicines and antibiotics. However, they found a 14% relative increase in appropriate 

case management (appropriate care).  

Considering the heterogeneity in effects, planning educational interventions should be 

careful and include an assessment of the barriers and facilitators to reducing low-value 

care. Aiming the intervention at the needs of the audience may be even more important 

than other intervention categories (e.g., audit and feedback).  
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Audit and feedback 

Audit and feedback interventions involve measuring clinicians' practice use and 

providing feedback based on the results. Typically, the practice is compared to a social 

norm (e.g., comparison to the mean prescribing among colleagues working in similar 

settings). Measuring practice use usually requires registry data, although the audit and 

subsequent feedback can also be conducted by reviewing individual patient records 

and offering feedback based on that (84). 

A systematic review evaluated the effectiveness of providing social norm feedback to 

clinicians regarding antibiotic prescribing and found an absolute decrease of 4% in 

antibiotic prescriptions (72). Their subgroup analysis suggested the largest effects from 

feedback that included a description of the health consequences of (low-value) 

antibiotic use.  

Decision supports 

Decision supports aim to change practice by providing clear pathways for patient care 

(clinical algorithms) and describing the benefits and harms of different treatment 

options. They are closely related to decision aids, which are more focused on 

supporting decision-making by enhancing understanding of the decisions being made. 

A decision aid may be intended for clinician use only, or it can be used in collaboration 

with a patient to promote shared decision-making (85). Implementation trials suggest 

that decision supports enhance clinical practice (69). However, there is less evidence 

on the effectiveness of decision supports in reducing low-value care use.  

Patient education 

Patient education can be provided face-to-face (86) or through the use of educational 

materials (87). It may, for instance, include information on the harms of low-value care, 

the natural progression of symptoms, and guidance on when to reconsult. A systematic 

review of engaging patients in decision-making (mostly involving trials on some form 

of patient education and shared decision-making) found an approximate 26% reduction 

in the use of low-value care (70).  

Nudge strategies 

Nudge theory was originally developed in behavioral economics to describe how 

human behavior can be modified through changes in the environment in which 
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decisions are made (i.e., changes in the “choice architecture”) (88). Similarly, clinicians 

have their own “choice architecture” for making clinical decisions. The building blocks 

include, for example, physicians’ knowledge and skills, financial incentives, 

organizational culture (e.g., senior support), and working environment (e.g., 

appointment length, available diagnostic tests).  

A systematic review including 55 trials on nudge strategies to implement clinical 

guidelines found six intervention types (89):  

1. Priming – subconscious cues, such as reminders or prompts in electronic health 

records, aiming to cause or help towards a certain choice 

2. Salience/affect nudge – a prompt aiming to cause an emotional urge towards a 

specific choice (for example, with patient cases or personal consequences 

signs) 

3. Norms and messenger nudge – prompting certain action due to guidance from 

respectful authorities or comparing performance to colleagues (i.e. social norm) 

4. Default nudge – giving a default option for an action or restricting access to 

inappropriate choices 

5. Commitment/ego nudge – for example, a written commitment from clinicians to 

use a specific practice 

6. Incentives nudge – incentivizing a certain practice with financial or professional 

reward 

The systematic review found a median effect for continuous outcomes of a 

standardized mean difference of 0.39 (IQR 0.22 – 0.45) and for binary variables of an 

odds ratio of 1.62 (IQR 1.13 - 2.76). Another systematic review of nudge interventions 

aimed at reducing unnecessary antibiotic prescribing in primary care suggested a likely 

smaller impact; however, the comparison is unreliable due to differences in reporting 

(90). 
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2.3 Trial methodology and evidence synthesis methods 

Randomized trials 

One of the major concepts in medicine over the last hundred years has been 

randomized trials. By randomizing patients, scientists have been able to differentiate 

the effect of medical interventions from confounding factors. In observational studies, 

adjusting for potential confounders, such as patient age and gender, helps provide 

more reliable estimates of an intervention's effect. Although the adjustments may lead 

closer to the true effect size for the intervention, the risk of false positives (and false 

negatives in some cases) is large. On average, observational studies, compared to 

randomized trials, might result in only minor increases in effect sizes (91). 

Nevertheless, likely mainly due to imbalances in prognostic factors, observational 

studies have a low probability of matching the effect sizes of randomized controlled 

trials (92), rendering them unreliable in estimating intervention effectiveness. However, 

observational studies play an important role in addressing research questions such as 

the rare harms of practices and care, prognosis, risk factors, or the prevalence of 

disease. 

Cluster randomized trials 

De-implementation trials often randomize at the cluster level. Cluster randomized trials 

are conducted to help avoid possible contamination. Contamination means that the 

study participants in different study arms are exposed to the intended intervention, and 

at least to some extent to the comparison. For example, if a sample of health personnel 

in a hospital unit receives an educational intervention, they may assist or educate the 

control group participants working in the same unit. In the worst-case scenario, by 

narrowing the difference between study groups, contamination could result in false 

negative results (93). On the other hand, cluster randomization usually results in 

smaller statistical power. Therefore, researchers should consider the advantages of 

adjusting for contamination, which may yield more accurate effect estimates, versus 

the greater statistical power that comes with individually randomized trials (94). An 

additional common problem in cluster trials is recruiting participants after 

randomization. This can undermine allocation concealment if recruiters know which 

study arms participants will enter. However, in (de-)implementation trials, participants 

are usually recruited before randomization, minimizing the risk of bias due to poor 

allocation concealment. 
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In healthcare quality improvement trials, such as de-implementation trials, the cluster 

randomization unit may be either a practitioner or a healthcare unit. In the first case, 

the cluster consists of the patients of one practitioner, while in the latter case, it consists 

of the patients in one unit. However, if the outcome is measured at the practitioner 

level, the practitioners working at the unit form the cluster. If units are randomized and 

outcomes are measured at the patient level, the trial involves two levels of clustering: 

firstly at the practitioner level and secondly at the patient level. Clustering should 

always be considered in the analysis and sample size calculations, as participants 

within the same cluster correlate (95).  

The intra-cluster correlation coefficient (ICC) estimates between-cluster variance 

relative to within-cluster variance (i.e., between participants variance). When the 

between-cluster variance increases compared to intra-cluster variance, the ICC rises, 

causing the confidence intervals for the effect estimates to widen. A large correlation 

among individuals within a cluster, along with a correspondingly large ICC, can be 

especially problematic in small cluster randomized trials, as both a small number of 

clusters and a large ICC increase the likelihood of false positive results (96). Currently, 

very few trials utilize statistical methods that appropriately account for the small number 

of clusters in both sample size calculations and analyses of study results.  
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2.3.1 Risk of Bias  

Assessing the risk of bias in individual studies is a central part of conducting systematic 

reviews and evaluating evidence certainty. Risk of bias refers to methodological 

characteristics that may influence the study results: “the risk that they will over-estimate 

or under-estimate the true intervention effect” (97). The Cochrane Risk of Bias tool 

(current version ROB2) is the most widely used instrument for assessing risk of bias. 

It includes five domains of bias: bias in the randomization process, bias due to 

deviation from intended interventions, missing data, bias in outcome measurement, 

and selection bias (98). 

Randomization process 

Bias in the randomization process may arise from randomization sequence generation 

and allocation concealment. The randomization sequence should be generated using 

a procedure that ensures the participants’ treatment arm is determined by chance (e.g., 

random number generator). Allocation concealment refers to the methods used to 

ensure that no one can influence which arm the participant is assigned (99) (e.g., on-

site computer randomization). 

Deviation from the intended interventions 

Deviation from the intended interventions means whether study participants received 

the interventions specified in the protocol. A primary method to prevent this bias is 

blinding both study participants and intervention deliverers. In cluster-randomized 

trials, blinding study participants is uncommon. The Cochrane guidance for cluster 

randomized trials rates the risk of bias as high only if there are contextual deviations 

from the intended interventions (100). Nonetheless, knowledge of the intervention 

presents a potential source of performance bias, as participants in different arms may 

act differently just because they know their treatment arm, rather than due to the 

intervention itself (101).  

Cluster randomized trials have three options for allocation concealment (95). First, they 

may recruit cluster participants (e.g., patients in a health center) before the 

randomization, thereby preventing them from foreknowing the allocation. Second, they 

may recruit all possible cluster participants. For example, if all patients from a health 

center are eligible and will be recruited, then the allocation can no longer affect the 

recruitment. Sometimes, not all possible cluster participants are recruited, and the 
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study has prespecified eligibility criteria. This may cause identification/recruitment 

biases, as the allocation could affect the identification of participants. For example, the 

intervention arms may be more likely to “identify” participants more willing to 

participate. Third, they may use blind recruitment. If the first two options are not 

possible, researchers may have recruiters blinded to the study allocation. Having 

personnel who are otherwise independent of the trial could be the most reliable option. 

Missing data 

Missing data, whether systematic or unsystematic, occurs when participants drop out 

of the study and cannot be followed up until its conclusion or when data might be lost 

in other ways (102). Systematic missing data can especially lead to bias in the results.  

Bias in outcome measurement 

Bias in outcome measurement may occur when outcome assessors are not blinded. 

Blinding should be considered concerning the outcome. If the outcome is objective, 

such as mortality, then blinding of outcome assessors is not necessarily required. (102) 

Selection bias 

Finally, selection bias may happen if researchers choose favorable outcomes after 

preliminary analysis, and instead of all measured outcomes, report only outcomes that 

support the prespecified hypothesis (102). In addition to reporting all data, researchers 

should follow a prespecified plan to analyze results.  
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2.3.2 Evidence certainty 

Developed by Grading of Recommendations, Assessment, Development and 

Evaluation (GRADE) Working Group, a group of healthcare methodologists, guideline 

developers, clinicians and other stakeholders, the GRADE approach aims to assess 

the evidence certainty, in other words “confidence in effect estimates” (103). It includes 

an assessment of both the internal and external validity of the study results. This 

assessment has five domains: risk of bias, indirectness, inconsistency, imprecision, 

and publication bias.  

According to the GRADE guidance, assessing the certainty of evidence for treatment 

effects from randomized trials begins with high evidence certainty. The assessment 

involves reviewing all criteria and determining whether any concerns warrant a 

downgrade in evidence certainty. If multiple criteria raise concerns, the decision must 

consider the overall context to determine the total downgrading of evidence certainty.  

Indirectness 

Indirectness refers to evaluating whether the studies address the study question; in 

other words, the evidence is “direct” in the sense that the included studies “directly 

compare the interventions which we are interested in” (103, 104). First, we need to 

consider indirectness in study populations. For example, if the question is whether 

community masking reduces the rate of respiratory infections, but studies are only 

conducted in healthcare settings, the assessment of evidence certainty would warrant 

a downgrade in evidence certainty. Similarly, interventions may introduce indirectness 

in study results. It is especially important for a complex intervention, such as de-

implementation interventions, to consider whether the intervention will be conducted 

differently depending on the study context and whether it is even possible to replicate 

it in a sufficiently similar manner to reasonably expect comparable results (104). If the 

overall study results come from trials with several contexts and have consistent 

findings, it may increase the applicability (generalizability).  Lastly, assessment should 

consider indirectness in study outcomes and the comparison group. GRADE approach 

recommends forming study questions for patient-important outcomes. However, an 

outcome of less importance to patients can be used to provide indirect evidence on the 

study question. For example, a change in blood pressure does not represent a patient-

important effect, unlike mortality or stroke. Therefore, the GRADE approach would 

suggest rating the evidence certainty down by one level.  
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Inconsistency 

Inconsistency of study results means that the available studies give variable results on 

a particular study question (105). When inconsistencies in study results are not 

explained by a priori hypothesis, authors should consider downgrading for 

inconsistency. Statistical heterogeneity alone is insufficient to fully evaluate the 

inconsistency of outcomes. For instance, a few large positive trials may result in 

inconsistent study results (high I2-values), but if they all suggest a meaningful effect in 

the same direction, a downgrade may not be necessary.  

Imprecision 

Imprecision refers to wide confidence intervals leading to difficulties in assessing the 

magnitude of the effect. GRADE guidance has three ways for rating imprecision. A 

minimally contextualized approach is usually used in systematic reviews. It 

recommends assessing confidence in whether the effect is truly present. Review 

authors should define a minimally important difference, and if confidence intervals 

cross that threshold, they should consider rating down for imprecision (106). If the point 

estimate is inside the thresholds for not providing at least a minimally important effect, 

the evidence certainty should be rated for the intervention having little to no impact. A 

partly contextualized approach aims to assess confidence in whether the effect falls 

within a prespecified range. In this case, authors should prespecify thresholds for 

small, moderate, and large effects and then assess the certainty of whether the true 

effect lies between the thresholds for one effect size category (107). A fully 

contextualized approach adds all critical outcomes (both benefits and harms) to 

deciding on the final evidence certainty. 

Publication bias 

Publication bias occurs when negative studies are not published while positive studies 

are. This situation can lead to an overestimation of effect size. The GRADE approach 

suggests downgrading the certainty of evidence if there is a high risk of publication 

bias (108).  
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Criteria to upgrade evidence certainty 

After going through the criteria for downgrading, there are three domains to consider 

regarding whether the evidence certainty should be upgraded (109): :  

1. Large effect – Authors should consider rating up the evidence certainty if the 

effect size suggests that confounding is unlikely to explain the correlation. For 

binary outcomes, a reasonable threshold (suggested by modelling studies) 

could be over a relative risk of 2.0 (or under 0.5). 

2. Dose-response – Authors should consider rating up if there is a credible dose-

response gradient (110). Five criteria may help in assessing credibility: 1) use 

of adequate analytic methods, 2) is confounding a likely explanation for the dose 

response gradient, 3) is there concerns of ecological bias, 4) is the gradient 

consistent across all studies, and 5) does indirect evidence support the dose 

response finding. 

3. Residual confounding is expected to reduce the observed effect – Authors 

should consider rating up if all unaccounted confounding would likely decrease 

the effect estimate. The GRADE guidance includes a possible case example: 

“If, for instance, only sicker patients (in an observational study) receive an 

experimental intervention or exposure, yet they still fare better (than the control), 

it is likely that the actual intervention or exposure effect is even larger than the 

data suggest.” 
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2.3.3 Considering evidence certainty in complex intervention research 

Complex intervention research is more likely to provide low certainty evidence 

compared to simpler intervention research (111, 112). Complex interventions are often 

context-dependent, and even the same type of interventions usually contain different 

factors that lead to inconsistent study results (113). Another common problem in 

complex intervention research is performance bias (i.e., knowledge of being in the 

intervention or control group could bias the results). Therefore, it is difficult to estimate 

how well the results will translate to clinical practice. 

Previous research has suggested that GRADE criteria should be modified for complex 

interventions (113, 114, 115). Movsisyan et al. (2015) suggested that assessing the 

blinding of study participants should focus on blinding to the study hypothesis instead 

of blinding to the intervention (114). Montgomery et al. (2019) suggested that lack of 

blinding could often be “an essential aspect of the intervention”, and therefore, review 

authors should consider whether it could lead to biased study results (115). This is in 

line with the Cochrane Risk of Bias tool for cluster-randomized trials (100), which 

suggests that studies should only be rated as high risk of bias if there are contextual 

deviations from the intended interventions (as described earlier in section 2.2 

“Deviation from the intended interventions”).  

Murad et al. (2017) suggested that inconsistency may not warrant downgrading if 

contextual factors have been explored via other research (process evaluation) (113). 

Although the intervention heterogeneity in complex intervention trials likely leads to 

some heterogeneity in study results, exploring the potential factors for inconsistency 

(such as intervention intensity) could be enough to assess the evidence certainty. 
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2.3.4 Summarizing evidence certainty and interpretation 

There are four categories for evidence certainty: high, moderate, low, and very low. 

Evidence certainty describes how confident evaluators are that the true effect of an 

intervention lies close to the given point estimate. Table 2 provides the definitions for 

each category (116). 

However, GRADE guidance recommends assessing imprecision of estimates in 

relation to minimally important difference (MID) thresholds (106). Therefore, instead of 

the accuracy of an estimate, the assessment of imprecision answers to how confident 

the evaluators are that the true effect lies on one side or another of the MID threshold 

(i.e., does the intervention provide a clinically meaningful impact). 

Table 3. Evidence certainty levels and their definitions (reproduced from Balshem et al 

2011 [116]) 

Evidence certainty Definition 

High We are very confident that the true effect lies close to that of the 

estimate of the effect 

Moderate We are moderately confident in the effect estimate: The true 

effect is likely to be close to the estimate of the effect, but there 

is a possibility that it is substantially different 

Low Our confidence in the effect estimate is limited: The true effect 

may be substantially different from the estimate of the effect 

Very low We have very little confidence in the effect 

 

  



34 
 

2.3.5 Meta-analysis 

Systematic reviews often include a meta-analysis to summarize results. Meta-analytic 

methods enable the combination of estimates from several trials measuring the same 

outcome into a single effect estimate. These pooled estimates are usually more precise 

because of the increased statistical power. Individual studies often have very specific 

study questions (117), so meta-analysis might allow for answering broader study 

questions that could be generalized to larger populations (118). However, broad study 

questions may also have downsides if they include study populations or interventions 

with substantial differences.  In such cases, it becomes difficult to determine to whom 

and which type of intervention the pooled estimate applies. Meta-analysis may also 

provide misleading estimates if the underlying evidence is of low quality. 

Two meta-analytic models exist: fixed-effects and random-effects models. The fixed-

effects model assumes the true effect size is the same across all studies (119). This 

assumption is never true precisely, as study populations from two studies are always 

somewhat different. However, the fixed-effects model could be justifiable in rare cases 

where the study populations, interventions, and comparison groups are very similar. 

Furthermore, a random-effects model makes the estimates more generalizable to 

individuals outside the study population, and researchers should avoid using a fixed-

effects model if their intention is to generalize the effect estimates (120).  

Random-effects meta-analyses mostly use the DerSimonian and Laird approach (DL) 

to calculate the pooled estimates (121). However, the DL approach has a high 

probability of false positive results when the number of studies is low or the 

heterogeneity of treatment effects is high. In these situations, researchers could use 

the Hartung-Knapp adjustment, which decreases the rate of false positive findings 

(122). 
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3 Aims of the study 

The overall aim of this thesis is to evaluate how to design effective de-implementation 

interventions that address key behavioral factors for practice change. The goals for the 

two systematic reviews (Studies I and II) were to summarize all de-implementation 

RCTs, assess the effectiveness of various de-implementation strategies in reducing 

low-value care, identify limitations and knowledge gaps in the literature, and provide 

guidance on methodological improvements. In the survey study (Study III), we aimed 

to explore primary care physicians’ attitudes and barriers to de-implementation.  

The specific aims for each study were: 

Study I – a scoping review  

1. To produce a broad picture of the current status of de-implementation trials. 

2. To identify methodological limitations in de-implementation trials and provide 

recommendations for improvement. 

Study II – a systematic review and meta-analysis 

1. To evaluate the effectiveness of different de-implementation strategies in 

primary care and assess the evidence certainty. 

Study III – a survey study 

1. To assess the current opinion climate among primary care physicians regarding 

low-value care. 

2. To explore primary care physicians’ perceptions of the key barriers to de-

implementation and potential differences between high-income countries. 
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4 Methods  

4.1 Review methods (Studies I and II) 

We preregistered our studies at Open Science Framework (study I - OSF hk4b2) and 

Prospero (study II - CRD42023411768) and followed PRISMA guidelines for 

systematic and scoping reviews (123, 124).  

4.1.1 Data sources and searches 

First, with an information specialist, we developed a comprehensive search strategy to 

include all randomized trials on de-implementation. A previous scoping review 

identified de-implementation-related terms (125), which we used as a basis for our 

search strategy. Additionally, we identified relevant articles from previous systematic 

reviews (8, 126) and updated the strategy with new index terms. Second, we searched 

MEDLINE and Scopus without language and date limitations. Third, we identified 

systematic reviews from the search results, searched their reference lists for potentially 

eligible articles, and added them to the selection process. Lastly, we identified 

protocols and post hoc analyses of de-implementation trials and followed them up to 

include the main articles in the selection process.  

We searched for the scoping review until May 24, 2021, and updated it for the 

systematic review and meta-analysis on 10 July 2024. 

4.1.2 Eligibility criteria 

We included studies that compared de-implementation interventions to no 

intervention/usual care, placebo/sham intervention, or another de-implementation 

intervention. Furthermore, we included de-implementation trials involving any target 

group (such as physicians, nurses, or patients) and any medical intervention (including 

drug treatments, diagnostic tests, and surgery). 

The scoping review included all randomized trials on de-implementation interventions, 

and the systematic review and meta-analysis was limited to primary care. The 

systematic review included only trials that measured low-value care use, as the 

scoping review also included trials measuring intentions to reduce the use of low-value 

care.  
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Since the mechanism for change might differ from de-implementation—where the goal 

is to reduce the use of new practices—we excluded deprescribing trials, which focus 

on discontinuing treatments already used by patients. We also excluded trials that only 

measure resource use (such as costs or visits) and those that compare one medical 

practice to another, like using a laboratory test versus not using one.  

In the meta-analysis of Study II, we included trials that reported odds ratios, mean 

differences, arm-specific event rates, or mean values with variance estimates, as these 

could be pooled in the analysis (127). If trials did not provide enough data for meta-

analysis, even after requesting additional data from the authors, we analyzed the trials 

descriptively. 

4.1.2 Outcomes and variables 

In the scoping review we collected following variables/outcomes: 1) study country, 2) 

year of publication, 3) unit of randomization allocation (individual vs. cluster), 4) the 

number of clusters, 5) was an intra-cluster correlation (ICC) used in sample size 

calculation, 6) duration of follow-up, 7) setting, 8) medical content area, 9) target group 

for intervention, 10) the number of study participants, 11) mean age of study 

participants, 12) the proportion of female participants, 13) intervention categories, 14) 

rationale for de-implementation, 15) goal of the intervention, 16) outcome categories, 

17) reported effectiveness of the intervention, 18) conflicts of interest, 19) funding 

source, 20) risk of bias, 21) implementation theory used, 22) costs of the de-

implementation intervention, 23) effects on total healthcare costs, 24) changes 

between baseline and after the intervention, and 25) tailoring the de-implementation 

intervention to study context. 

Additionally, in the systematic review and meta-analysis, we collected 1) low-value care 

use, 2) total volume of care, 3) appropriate care (or guideline-concordant care), and 4) 

health and health-related outcomes (including mortality, morbidity, quality of life, and 

readmissions). 

4.1.3 Study selection and data collection 

For the study selection, data extraction, and assessment of bias risk, we created 

standardized forms with detailed guidance. Before the study selection and data 

collection, we piloted the forms to clarify the guidance where needed. Methodologically 

trained reviewers used the forms to assess the eligibility of study reports and data 
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extraction independently and in duplicate. In case of disagreement, reviewers 

discussed to resolve them, and if consensus was not reached, a third party (clinician-

methodologist) was involved. 

If data on low-value care use and total volume of care outcomes were missing, we 

contacted the study authors and added the data to the analysis.  

4.1.4 Intervention categories and outcome hierarchy 

In the scoping review, we refined the Effective Practice and Organization of Care 

(EPOC) taxonomy of health system interventions for de-implementation interventions 

in three steps. 1) We used the existing taxonomy to categorize interventions. 2) We 

identified limitations in the taxonomy and modified it through discussion and 

consensus-building. 3) We applied the refined taxonomy to categorize the 

interventions. 

We defined five possible categories for de-implementation rationale by using a 

previous definition of low-value care, “care that is unlikely to benefit the patient given 

the harms, cost, available alternatives, or preferences of the patient” (1). The 

categories were: 1) evidence suggests little or no benefit from treatment or diagnostic 

test, 2) evidence suggests another treatment is more effective or less harmful, 3) 

evidence suggests more harms than benefits for the patient or community, 4) poor cost 

effectiveness, and 5) patient(s) do not want the intervention. 

In the systematic review, we used a modified TIDieR checklist to extract intervention 

characteristics (128). Based on these data and the previous intervention taxonomy, we 

formed five groups for the meta-analysis: provider education, patient education, audit 

and feedback, decision support, and others. Provider education could include 

education for physicians, nurses, or other healthcare staff. We searched and assessed 

study protocols and other published reports to determine accurate categories. 

For the effectiveness outcomes, we modified Kirkpatrick’s levels for educational 

outcomes (129) (Table 4). potentially leading to a decrease in the use of low-value 

care.  
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Table 4. Outcome categories for de-implementation effectiveness (reproduced from 

[Raudasoja et al. Randomized controlled trials in de-implementation research: a 

systematic scoping review. 2022]) 

Name Rationale and definitions Examples 

Health 

outcomes 

De-implementing clinical practice should improve (or 

at least have no negative effect on) health outcomes. 

Health outcomes can therefore be considered as 

measuring the safety of de-implementation.  
 

Mortality, morbidity, 

quality of life, 

symptoms 

Low-value 

care use 

The primary aim of a de-implementation intervention 

is to reduce low-value care. Predefined low-value 

care use should therefore be (one of) the primary 

outcome(s) of de-implementation effectiveness. 

Typically, the definition of low-value care is based on 

diagnoses or clinical criteria that represent low-value 

care in combination with a specific clinical practice. 

Data is often gathered from individual patient records 

or administrative databases. Individual patient 

records usually contain more specific information on 

clinical decisions and may therefore yield more 

accurate information.  

Antibiotic use for viral 

upper respiratory 

infections. 

Use of radiological 

imaging in patients 

with acute low back 

pain without “red flag” 

symptoms. 

Appropriate 

care use 

Can be used as an outcome when a medical practice 

can be either appropriate or inappropriate. For 

instance, in patients with respiratory infection, the use 

of antibiotics can be either appropriate or 

inappropriate. Change in appropriate care use 

measures unintended consequences of de-

implementation, and can therefore be considered as 

a measure of the safety of de-implementation.  

Antibiotic use for 

confirmed pneumonia.  

Use of radiological 

imaging in patients 

with low back pain and 

“red flag” symptoms. 

Total 

volume of 

care 

Total volume includes both appropriate and 

inappropriate care and is an indirect measure of low-

value care. It may sometimes be justifiable to use in 

very large samples if it is impossible to differentiate 

between appropriate and inappropriate care, and if 

using individual patient records is not possible. 

Outcomes that are based on diagnoses often include 

both appropriate and inappropriate care and should 

therefore be considered as total volume care, not as 

low-value care outcomes. 

Total use of antibiotics 

in upper respiratory 

tract infections. 

Use of radiological 

imaging in low-back 

pain. 

Intention to 

reduce the 

use of low-

value care 

Intention is the first step to change, but it does not 

reliably describe actual change in the use of low-

value care. Since intention can be measured earlier 

than other outcomes, it may sometimes be justified to 

use it as a preliminary assessment of the 

effectiveness of a de-implementation intervention. It 

is often used after educational interventions and 

when data is collected through surveys. 

Intention to reduce the 

use of inappropriate 

antibiotics in upper 

respiratory tract 

infections. 

Intention to reduce the 

use of inappropriate 

radiological imaging in 

low-back pain. 
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4.1.5 Risk of bias and evidence certainty 

We modified the Cochrane risk of bias tool for cluster randomized trials to give further 

guidance on complex intervention designs and to enhance interrater agreement 

(additional file 1, Study 1). Through discussion and consensus building, and 

considering previous literature (100, 130, 131), we included six criteria in the 

assessment: 1) randomization procedure, 2) allocation concealment, 3) blinding of 

outcome collection, 4) missing outcome data, 5) contamination, and 6) selective 

reporting. In the scoping review, we also included criteria for baseline imbalances, 

which were assessed as an issue of indirectness (when rating evidence certainty) 

rather than a risk of bias concern.  

In the systematic review, we rated evidence certainty based on guidance provided by 

the Grading of Recommendations Assessment, Development, and Evaluation 

(GRADE) approach (103). For low-value care use, two methodologically trained 

reviewers assessed the evidence certainty, considering GRADE guidance on risk of 

bias, indirectness, imprecision, inconsistency, and publication bias.  

4.1.6 Scoping review analysis 

In addition to risk of bias, we used seven criteria to assess trial quality: 1) number of 

clusters, 2) length of follow-up, 3) use of intra-cluster correlation in the sample size 

calculation, 4) tailoring, 5) theoretical background, 6) level of randomization, 7) 

reporting before and after the intervention. We compared these quality indicators in 

trials published on or before 2010 and after 2010 to identify potential improvements or 

declines in more recent studies. Based on these results, we used discussion and 

consensus building to create a list of recommendations for future de-implementation 

trials to enhance trial methodology. Authors provided feedback on these 

recommendations via email, and final versions were developed through in-person 

meetings.  
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4.1.7 Systematic review analysis 

To provide one summary estimate, we converted effect estimates of continuous 

outcomes to odds ratios according to Cochrane guidance (127). If a study provided 

only arm-specific estimates for continuous outcomes, we first calculated a 

standardized mean difference (Hedges’ g). Finally, we converted it to an odds ratio with 

corresponding 95% confidence intervals. To accurately adjust for baseline 

measurements, a trial should also report arm-specific changes with variance 

estimates, which are rarely reported in these trials. We therefore did not adjust for 

baseline, if it was not appropriately done by the study authors, but used only arm-

specific means at follow-up to calculate the effect estimates. In case of cluster-

randomized trials, if only arm-specific estimates were available, we adjusted for 

clustering by using the reported intra-cluster correlation (ICC). Furthermore, if a trial 

did not report intra-cluster correlation, we used the median ICC from all trials to 

calculate the effect size (for binary outcomes, practice-level ICC 0.105 and provider-

level ICC 0.22; for continuous outcomes, practice-level ICC 0.305).   

We used R statistics with the “meta” package to conduct the meta-analysis, including 

the creation of forest plots. If at least three studies existed for an intervention category 

with a comparison to no intervention, we conducted a random-effects meta-analysis 

using the DerSimonian-Laird approach. As using Hartung-Knapp adjustment 

decreases the risk of false positive findings (122), we decided to include it in the meta-

analysis. We used means and standard deviations to summarize continuous 

outcomes, and proportions with confidence intervals for binary outcomes.  

We estimated absolute effects by using the median control risk of low-value care use 

in all trials. 

4.1.8 Sensitivity and subgroup analysis 

We conducted subgroup and sensitivity analyses when at least three trials were 

available for the subcategory. We conducted a sensitivity analysis on trials with binary 

and continuous variables, as the ratio of means offers better interpretability compared 

to the standardized mean difference (SMD) (38). Furthermore, if the variance is low, 

even small absolute or relative differences translate to large effect sizes with SMD and 

corresponding unintentionally large effect sizes with odds ratios.  
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Since educational materials, such as the distribution of guidelines, may only have a 

limited effect on reducing low-value care, we conducted a sensitivity analysis on 

broader intervention categories that combine educational materials with other 

strategies. For example, interventions that included both audit and feedback and 

educational materials were combined with trials using only audit and feedback only, 

and control groups that only received educational materials were combined with those 

receiving no intervention.  

In the last sensitivity analysis, we excluded trials with large (over 10%) baseline 

differences between intervention and control groups, and trials with small sample sizes 

and no baseline measurement (under 20 clusters or under 100 providers/participants). 

The sensitivity analyses were iteratively compared to the primary analysis, comparing 

each intervention type to no intervention.  

We conducted subgroup analyses comparing high-intensity vs low-intensity 

interventions, tailoring vs no tailoring of the intervention, and theoretical background 

vs no theoretical background for the intervention. Our prespecified hypothesis was that 

these characteristics would increase the effectiveness of de-implementation.  

We considered an intervention as tailored if the study context was assessed and 

considered in the intervention development, for example, if the authors conducted a 

survey to assess barriers to de-implementation before designing the intervention. We 

considered an intervention as having a theoretical background if the authors reported 

theoretical literature or otherwise described the use of theoretical literature for planning 

the intervention.  

We divided provider education into educational materials (low intensity) and 

educational meetings (high intensity). We divided interventions combining audit and 

feedback and provider education into two categories based on the intervention 

intensity. High intensity interventions had either feedback given two times and 

educational meetings lasting one day or over in total, or feedback given three times or 

more and educational meetings lasting under one day.  
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4.2 Survey methods 
Through the international Choosing Wisely community, we sought research 

collaboration in high-income countries that could participate in data collection and had 

a representative sample of primary care physicians available. Finally, we included six 

countries in the study: Austria, Finland, Greece, Italy, Japan, and Sweden. The survey 

had five sections: 1) background information, 2) familiarity with Choosing Wisely 

recommendations, 3) attitudes towards overdiagnosis and overtreatment, 4) barriers 

to de-implementation, 5) interventions, and possible facilitators for de-implementation. 

We used previous literature to explain the relevant concepts in the survey (10, 11). We 

defined overdiagnosis as “1) the diagnosis of a medical condition that would never 

cause any symptoms or problems, or 2) medicalizing ordinary life experiences through 

expanded definitions of diseases. Overdiagnosis can be caused by overdetection or 

overdefinition of disease.” We explained overtreatment as “treatment for which there 

is no or little benefit to the patient, considering both the potential harm from and benefit 

of the treatment.” We did not provide examples of overdiagnosis or overtreatment to 

avoid directing the focus of participants to specific topics.  

We asked and received comments from two content experts and piloted the survey in 

Finland. The pilot included five primary care practitioners and one layperson from 

Finland. The survey was translated into local languages by professional translators. 

Local researchers reviewed the translations to confirm accurate wording. 

As background information (section 1), we asked respondents to provide their age, 

work experience, specialization status, and gender.  

For the fourth section (Table 5), we developed a list of potential barriers through 

discussions with an implementation expert, considering the previous literature (2, 3, 

50, 55, 132). We categorized the barriers into three groups: individual, organizational, 

and patient-related barriers.  
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Table 5. Survey questions and response options  

Question (questionnaire section) Response options 

Are you familiar with the Choosing Wisely 

recommendations? (Section 2) 

I have never heard of them / I have 

heard of them / I have read a few / I have 

read many 

Do you follow Choosing Wisely 

recommendations which are relevant in your 

own clinical practice? (Section 2) 

Never / Rarely / Often / Always 

In my practice / In my country’s healthcare 

system / In other high-income countries, 

overdiagnosis is ____? (Section 3) 

Not problem at all / A minor problem / A 

problem to some extent / A major 

problem 

In my practice / In my country’s healthcare 

system / In other high-income countries, 

overtreatment is ____? (Section 3) 

Not problem at all / A minor problem / A 

problem to some extent / A major 

problem 

How important each listed individual barrier is 

in your own clinical practice? (Section 4) 

No importance / Small importance / 

Moderate importance / Major importance 

Adapted from [Perspectives on low-value care and barriers to de-implementation among primary care physicians: 

a multinational survey, BMC Primary Care, 2024] 

 

4.2.1 Sample 

We initially aimed for a random sample of 2000 primary care physicians currently (or 

in the previous 24 months) working in primary care practice from each country. Italy 

(Tuscany), Sweden, Austria, and Japan decided to include all primary care physicians, 

resulting in larger samples than 2000. In the invitation emails, we described that only 

primary care physicians were targeted, and we further had an exclusion question to 

limit our participants to those who had worked in primary care within the previous 24 

months.  

Local medical societies were contacted to provide a list of emails for primary care 

physicians, or, if not possible, to send the survey invitation on their behalf. Sweden had 

an exception, and the emails were sent by a private company (IQVIA Solutions Sweden 

AB). We drafted the invitation emails in English and translated them into the local 

languages. 
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4.2.2 Survey procedure 

One week before the initial invitation email, we sent the respondents information about 

the upcoming survey (heads-up email). After the invitation email including a personal 

link to the questionnaire, we sent two reminders at two-week intervals. We used 

SurveyMonkey in Finland, Sweden, Greece, and Japan to collect survey responses. 

Austria used Limesurvey, and Italy used a locally created platform. We collected the 

responses anonymously and described the use of the data in the invitation emails. 

Participants gave their informed consent by answering the survey.  

4.2.4 Analysis 

We summarized the survey responses by using descriptive statistics. In sections 2 to 

4, we presented the proportion of respondents selecting different response options on 

the four-point Likert scale (Table 5).  Furthermore, we calculated the proportion of 

respondents rating overdiagnosis as a bigger problem for themselves versus their 

country’s healthcare, vice versa, or as big of a problem for themselves as for their 

country’s healthcare.  

For section four responses regarding the barriers to de-implementation, we divided the 

four-point scale into two categories: no/minor importance and moderate/major 

importance. We then presented the answers as a proportion of participants with an 

answer of moderate/major barrier to each specific barrier.  

We conducted secondary analyses using R statistics with the “Survey” package. We 

formed a general linear model by using the country as stratum and work experience, 

gender, Choosing Wisely familiarity, and attitudes towards overdiagnosis and 

overtreatment as covariates. We tested differences between groups and the effects of 

covariates by using one-way ANOVA. Furthermore, we compared the country mean of 

each barrier to the country-specific means of all barriers, as there was a suspicion of 

response bias.  

We evaluated the representativeness of the sample by comparing the age and gender 

distributions to the available true distributions in each country. Furthermore, we 

subjectively evaluated the representation (including age, amount of clinical work, work 

experience, and specialization status) by discussion with the local investigators. 
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5 Results  

5.1 Scoping review (study I) 
Of the 12,815 abstracts, we found 1,025 potentially eligible articles. After full text 

screening, we included 204 articles in the data extraction. Furthermore, we added 31 

articles by hand-searching reference lists of systematic reviews and five by following 

up study protocols and other study reports. Finally, we included 240 articles of 227 

studies in the data extraction (Figure 1). 

Figure 1. Flow diagram of the search and screening process 
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5.1.1 Study characteristics 

Of the 227 studies, almost half were conducted in North America (n = 101, 44%) and 

published after 2010. Of all trials, 145 (64%) were cluster-randomized trials, and the 

remaining 82 (36%) used an individually randomized design. Two-thirds (n = 149) were 

conducted in primary care, and 29% (n = 65) in secondary or tertiary care. Most of the 

trial interventions focused on reducing drug treatments (n = 163, 72%), with 108 (48%) 

of these trials targeting a decrease in antibiotic use. Of all trials, 42 (19%) aimed to 

replace low-value care with other medical practices (with potentially higher value for 

the patients).  

The most cited reasons for de-implementation were “evidence suggests more harms 

than benefits for the patient or community” (n = 147, 64%), followed by “evidence 

suggests little or no benefit from treatment or diagnostic test” (n = 115, 50%).  

Study outcomes 

The most common outcome was total volume care, evaluated by 199 (87%) studies, 

low-value care use by 64 (28%) studies,  patient health outcomes by 59 (26%), and 

intention to reduce use of low-value care by 15 (7%) studies. Authors reported 

appropriate care use in 34 (15%) trials. Of those, 16 found an increase in appropriate 

care, 16 no effect, and two a decrease in appropriate care.  

Of all trials, 20 (9%) reported/measured intervention costs, and 45 (20%) costs for 

healthcare. 

Intervention categories 

Two-thirds of studies (n = 153, 67%) evaluated interventions consisting of two or more 

components (“multicomponent interventions”). The most frequently evaluated 

intervention types were educational materials (n = 101, 44%), educational meetings 

for providers (n = 99, 43%), and audit and feedback (n = 82, 36%). 

Table 6 provides a detailed description of the study characteristics for all trials, and 

Figure 2 shows the number of trials evaluating each intervention type. 
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Figure 2. Number of trials in each intervention category 

 

 

5.1.2 Risk of bias 

Of all 227 trials, 226 (99%) had adequate allocation sequence generation, and 172 

(75%) had adequate allocation concealment. Of all trials, 171 (76%) had adequate 

blinding of data collection, and 14 (6%) had blinded analysts. Almost half of the trials 

(n = 104, 45%) had insufficient reporting of missing data, 92 (40%) trials reported little 

missing data, and 33 (14%) had large amounts of missing data. Of all trials, 129 (56%) 

had no or little (under 10%) baseline imbalance. Figure 3 describes the risk of bias for 

these criteria.  
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Figure 3. Summary of risk of bias: judgements about each risk of bias domain are 

presented as numbers across all included studies. 

 

5.1.3 Quality indicators 

The median number of clusters was 24 (IQR 44); trials published before 2011 had a 

smaller number of clusters than trials published in 2011 or after (20 [IQR 26] vs 30 [IQR 

42]). From 144 cluster randomized trials, 50 (35%) reported using ICC in sample size 

calculation (28% vs 39% in studies until and after 2010). Of all trials, 16 (7%) gathered 

outcome data immediately after the intervention, and 9 trials had unclear or unreported 

follow-up times. In the remaining studies, the follow-up time median was 274 days (IQR 

183) (274 vs 335 days).  

Out of all trials, 174 (76%) reported differences between baseline and follow-up or 

prevalence estimates for both time points (72% vs 80% in studies until and after 2010). 

Authors reported tailoring of the intervention in 41 (18%) trials (16% vs 19%). 

Theoretical frameworks were used to plan the de-implementation intervention in 49 

(22%) trials (20% vs 23%). Among trials with provider-level outcomes, such as 

antibiotic prescriptions, 28 randomized at the patient level (13% vs 12%). 

5.2 Systematic review and meta-analysis (Study II) 
From 13,008 abstracts, we identified 1,266 potentially eligible articles. From these, we 

included 115 trials after full-text screening. Additionally, we manually searched 

reference lists from systematic reviews (found by our search) and followed up on 

protocols and secondary trial publications. From these, we added 25 trials, bringing 
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the total to 140 trials. Finally, after requesting missing data from study authors, we had 

97 trials with sufficient data for meta-analyses. 

Figure 4. Flow chart of the study selection process 

.  

5.2.1 Study characteristics 

Out of the 140 trials, 109 (78%) were cluster trials, while 31 (22%) were randomized at 

the individual level. Among all trials, 91 (65%) compared de-implementation to no 

intervention or usual care, and 49 (35%) compared to another intervention. Authors 

reported low-value care outcomes in 37 (26%) trials, total volume of care in 122 (87%) 

trials, appropriate care in 17 (12%) trials, and health outcomes in 14 (10%) trials. About 

half (n=62) of the trials used binary outcomes, while the other half (n=78) used 

continuous outcomes. More than half of the trials (n=59, 53%) measured antibiotic use, 
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30 (27%) other drug treatments, 14 (13%) imaging, and 12 (11%) laboratory tests. In 

all trials, the median follow-up time was 365 days (IQR 180-365). 

Table 7 presents the study characteristics of trials included in the meta-analysis, 

categorized by intervention. Specific study characteristics (including intervention 

details and estimated relative effect sizes) of all trials are in supplementary Tables 1-

12 (Study II). 

Table 7. Study Characteristics 
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N of studies 11 4 6 20 10 5 4 3 

N of randomized trials 

cluster 

individual 

 

9 

2 

 

1 

3 

 

2 

4 

 

16 

4 

 

9 

1 

 

3 

2 

 

4 

0 

 

2 

1 

Number of providers* 3944 18 9078 24191 1093 6106 121 143 

N of trials with 

binary outcomes 

continuous outcomes 

  

7 

4 

 

4 

0 

 

2 

4 

 

12 

8 

 

9 

1 

 

1 

4 

 

4 

0 

 

2 

1 

Target intervention 

Antibiotics 

Other drugs 

Laboratory test 

Other 

 

5 

4 

3 

0 

 

4 

0 

0 

0 

 

1 

3 

2 

1 

 

12 

5 

5 

2 

 

5 

3 

1 

3 

 

4 

0 

0 

0 

 

2 

1 

0 

1 

 

3 

0 

0 

0 

Median follow-up days 

(IQR) 
365 
(165 

to 
518,5) 

24 (7 
to 

62.5) 

365 
(297 

to 
639) 

365 
(180 

to 
365) 

 

240 
(120 

to 
365) 

180 
(180 

to 
365) 

273 
(180 

to 
639) 

150 

* Number of practices used from trials that did not report the number of physicians. In 

patient education trials, two trials randomized patients, and the total number of patients in 

the four trials was 18488. 
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5.2.2 Risk of bias  

Random sequence generation was adequate in 139 of 140 trials (99%), and 95 (68%) 

had adequate allocation concealment. Of all trials, 114 (81%) had blinded outcome 

collectors or the data was collected from a database/registry; 63 (45%) had little or no 

missing data; 109 (78%) had low risk of contamination; and 131 (94%) had low risk of 

selective reporting. Figure 5 describes the overall risk of bias. The study-specific risk 

of bias assessment is reported in the supplementary Tables 1-12 in the original article.  

Figure 5. Overall risk of bias 

 

5.2.3 Impact on low-value care use 

Provider education 

The results from 11 trials comparing provider education to no intervention suggested a 

small impact on low-value care (OR 0.86; 95% CI 0.72 to 1.03; I2 = 36%; low certainty; 

figure 6). The estimated absolute reduction was 32 fewer patients receiving low-value 

care (95% CI: 67 fewer to 6 more) per 1,000 patients. By including trials comparing 

provider education to educational material distribution, results were similar (16 trials, 

OR 0.82, 95% CI 0.71 to 0.96) (Figure 7). 
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Figure 6. Forest plot for meta-analyses of different de-implementation interventions 

 

In addition, six trials more compared provider education to no intervention, but had 

missing data and could not be included in the meta-analysis. The results from those 

studies were similar to those of the included trials and would likely not have changed 

the point estimate, but would probably have increased precision (Supplementary Table 

12, Study 2).  

Figure 7. Forest plot of sensitivity analysis combining educational materials with other 

intervention types  

 

We found no credible subgroup effects on theoretical background (vs no theoretical 

background), tailoring (vs no tailoring), or intensity (educational materials vs 

educational meetings). In sensitivity analyses, we found similar results for both trials 

with binary outcomes (7 trials, OR 0.93, 95% CI 0.76 to 1.13) and continuous variables 

(4 trials, ROM 0.90, 95% CI 0.75 to 1.10). A sensitivity analysis excluding small trials 

without baseline measurements and trials with large baseline imbalances also 

suggested a similar impact (OR 0.88, 95% CI 0.49 to 1.56).  
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Patient education 

The results from four trials on patient education (vs no intervention) suggested a 

moderate impact on low-value care use (OR 0.70; 95% CI 0.30 to 1.66; I2 = 62%; low 

certainty; Figure 6). The estimated absolute reduction was 51 fewer patients receiving 

low-value care (95% CI: 162 fewer to 68 more) per 1,000 patients. One trial compared 

education on low-value care to education on viral infections. A sensitivity analysis 

excluding that trial suggested a slightly larger impact (OR 0.52, 95% CI 0.30 to 0.89).  

Audit and feedback 

The results from six studies on audit and feedback suggested a small impact on the 

use of low-value care (OR 0.82, 95% CI 0.67 to 1.00; I2 = 84%; low evidence certainty; 

Figure 6). The estimated absolute reduction was 41 fewer patients receiving low-value 

care (95% CI: 0 to 80 fewer) per 1,000 patients. By including trials that combined the 

distribution of educational materials with audit and feedback interventions or having 

educational materials for the control group, the results were similar (18 trials, OR 0.82, 

95% CI 0.73 to 0.92) (Figure 7). The trials with continuous outcomes suggested smaller 

or no impact (ROM 0.92, 95% CI 0.80 to 1.07, 4 trials).  

We excluded three trials from the meta-analysis because of missing data. The results 

in these trials were similar to those from the meta-analysis and would likely have 

increased the precision (Supplementary Table 12, Study 2).  

Provider education combined with audit and feedback 

The results from 20 trials on provider education combined with audit and feedback 

suggested a small impact on low-value care use (OR 0.73; 95% CI 0.63 to 0.84; I2 = 

86%; moderate certainty; Figure 6). The estimated absolute reduction was 73 fewer 

patients receiving low-value care (95% CI, 42 to 103) per 1,000 patients. By including 

trials that compared provider education combined with audit and feedback to 

educational material distribution, the results were similar (23 trials, OR 0.73, 95% CI 

0.63 to 0.84) (Figure 7).  

A subgroup analysis suggested a larger impact from higher-intensity interventions (OR 

0.59 [95% CI 0.47 to 0.74] vs lower-intensity interventions OR 0.82 [95% CI 0.71 to 

0.95]; p-value for the subgroup difference 0.006). A subgroup analysis on tailoring and 

theoretical background did not suggest credible differences. A sensitivity analysis of 
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trials with continuous outcomes suggested a smaller or no effect (12 trials, ROM 0.96, 

95% CI 0.92 to 1.00). Trials with binary outcomes suggested similar effects (8 trials, 

OR 0.71, 95% CI 0.58 to 0.86).  

We excluded eight trials from the meta-analysis because of missing data. The results 

in these trials were similar to those from the meta-analysis and would likely have 

increased the precision (Supplementary Table 12, Study 2). 

Provider education combined with patient education 

The results from ten trials on provider education combined with patient education 

suggested a moderate impact on low-value care use (OR 0.64; 95% CI 0.50 to 0.83; I2 

= 61%; low certainty; Figure 6). The estimated absolute reduction was 95 fewer 

patients receiving low-value treatment or test (95% CI, 43 to 137) per 1,000 patients.  

A sensitivity analysis of trials with binary outcomes suggested a similar impact (9 trials, 

OR 0.68, 95% CI 0.52 to 0.88). A subgroup analysis on tailoring and theoretical 

background did not suggest credible differences. 

We excluded two trials from the meta-analysis because of missing data. The results in 

these trials were similar to those from the meta-analysis and would likely have 

increased the precision (Supplementary Table 12, Study 2). 

Provider education combined with audit and feedback and patient education 

The results from five trials suggested a large impact on low-value care use (OR 0.57; 

95% CI 0.33 to 1.00; low certainty; Figure 2). The estimated absolute reduction was 

108 patients receiving low-value treatment or test (95% CI 0 to 185) fewer per 1,000 

patients. A sensitivity analysis on trials with continuous outcomes suggested a similar 

impact (3 trials; ROM 0.91, 95% CI 0.72 to 1.15).  

We excluded three trials from the meta-analysis because of missing data. The results 

in these trials suggested smaller impact and would probably have decreased the effect 

size (supplementary Table 12, Study 2). 

Provider education combined with a decision support 

The results from four trials suggested a slight impact on low-value care use, but the 

evidence was very uncertain (OR 0.77; 95% CI 0.34 to 1.77; I2 = 54%; very low 
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certainty; Figure 6). The estimated absolute reduction was 47 patients receiving low-

value care (174 fewer to 120 more) per 1,000 patients. A sensitivity analysis including 

trials with educational materials as a control suggested similar results (OR 0.78; 95% 

CI 0.56 to 1.10; Figure 7). 

Provider education combined with decision support and patient education 

The results from three trials suggested a moderate impact on low-value care use (OR 

0.61; 95% CI 0.36 to 1.04; I2 = 0%; low certainty; Figure 2). The estimated absolute 

reduction was 100 patients receiving low-value care treatment or test (179 fewer to 9 

more) per 1,000 patients.  

We excluded one trial from the meta-analysis due to missing data, which suggested a 

smaller impact on low-value care use (Supplementary Table 12, Study 2). 

Others 

The results from two trials measuring the impact of cost information on laboratory test 

forms suggested small to no differences in test ordering (ROMs 1.00, 95% CI 0.76 to 

1.24; and 0.86, 95% CI 0.69 to 1.03) (133, 134). A US study measured the impact of 

removing inappropriate laboratory tests from the default menu and adding traffic lights 

to signal the appropriateness of laboratory tests on laboratory order forms. The results 

suggested a large reduction in low-value test ordering (ROM 0.48; 95% CI 0.35 to 0.60) 

(135). 

5.2.4 Impact on appropriate care and health outcomes 

Of the 111 trials, 11 measured appropriate care. In 10 trials, the authors found either 

no effect or an increase in appropriate care, while one trial reported a decrease in 

appropriate care use (136). Of all trials, six measured re-consultations or emergency 

department visits and suggested either a small decrease or no effect. In five trials 

measuring health outcomes, all outcomes differed and suggested little to no impact on 

health. 
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5.3 Survey (Study III) 
We sent the survey to 16,935 primary care physicians, from which 1,731 responded 

(response rate 10.2%). Finally, 1505 had worked in primary care practice in the last 24 

months and answered at least one question other than background information, and 

were included in the analysis. Study participant characteristics varied between 

countries but likely represented the local primary care physicians well. The respondent 

characteristics are reported in Table 8. Evaluations of sample representativeness in 

each country are in supplementary Tables 7-15 in the original article.  

Of all 1,505 respondents, 53.3% had read at least a few Choosing Wisely 

recommendations, and of those, 72.1% answered that they often followed the 

recommendations (relevant to their practice). The familiarity varied between countries, 

ranging from 18.1% of respondents reading at least a few recommendations in Austria 

to 79% in Sweden.  
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Table 8. Respondent characteristics 

 Total 

N = 1,505 

Austria 

N = 
238 

Finland 

N =370 

Greece 

N = 95 

Italy 

N = 
246 

Japan 

N = 280 

Sweden 

N =276 

 % n % % % % % % 

Work experience 
(years) 

Under 5 

5-10 

11-20 

21-30 

Over 30 

        

17 

21 

26 

20 

16 

258 

316 

385 

298 

245 

17 

22 

28 

14 

19 

30 

19 

23 

14 

15 

4 

13 

40 

35 

8 

24 

15 

9 

28 

25 

10 

30 

38 

14 

8 

7 

23 

25 

26 

20 

Gender* 

Male 

Female 

 

53 

46 

 

803 

698 

 

52 

47 

 

39 

61 

 

54 

46 

 

61 

39 

 

72 

28 

 

47 

53 

Specialization 

Specialist in FM 

Specialist - 
other 

Specializing/no 
specialization 

 

56 

19 

 

25 

 

840 

289 

 

376 

 

99 

1 

 

0 

 

34 

9 

 

56 

 

17 

80 

 

3 

 

50 

28 

 

22 

 

47 

34 

 

19 

 

75 

3 

 

21 

FM=family medicine 

*In addition, one “other” response, and three respondents with a missing answer 
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5.3.1 Attitudes towards overdiagnosis and overtreatment 

Of the 1,439 participants, 52% rated overdiagnosis as a problem in their own practice 

(problem to some extent/major problem), 85% in their country’s healthcare, and 83% 

in other high-income countries (Figure 8). In a secondary analysis, 49% rated 

overdiagnosis as a bigger problem in their healthcare system than in their practice, and 

2% as a smaller problem in their healthcare system than in their practice.  

Figure 8. How big a problem is overdiagnosis___? 

 

Of the 1,439 participants, 50% rated overtreatment as a problem in their own practice 

(problem to some extent/major problem), 81% in their country’s healthcare, and 81% 

in other high-income countries (Figure 9). In a secondary analysis, 47% rated 

overtreatment as a bigger problem in their healthcare system than in their practice, and 

2% as a smaller problem in their healthcare system than in their practice.  
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Figure 9. How big a problem is overtreatment___? 

 

Country-specific results are in Article III, Figure 1. 

5.3.2 Barriers to de-implementation 

Of the 1,220 participants who responded to questions about barriers, 85% rated 

“patient expectations that something will be done” as having either moderate or major 

importance as a barrier to reducing their use of low-value care. The next three highest 

rated barriers were “patients’ requests for treatments and tests” (83%), fear of medical 

error (81%), and workload and lack of time (81%). Figure 10 presents the specific 

answers, and Article III, Figures 2-4, show the country-specific proportions of moderate 

or major responses to all barriers. 
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Figure 10. Barriers to reducing use of low-value care 

 

Reproduced from [Perspectives on low-value care and barriers to de-implementation among primary care 
physicians: a multinational survey, BMC Primary Care, 2024; Additional file 1] 
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5.3.3 Secondary analyses 

The perception of overdiagnosis and overtreatment as a problem in their own practice 

(questions 9 and 12) was positively correlated with Choosing Wisely familiarity (η² = 

0.016, p < 0.001). Men rated overdiagnosis and overtreatment as bigger problem vs 

women (mean 5.23 [scale 3-8] versus 5.04, η² = 0.003, p=0.014) Furthermore, 

countries had differences in their ratings (Austria mean 4.61, Finland 5.03, Greece 

5.13, Italy 5.63, Japan 5.17, Sweden 5.20, η² = 0.064, p <0.001). The perception was 

not correlated with work experience (η² = 0.0004, p = 0.055). 

A larger mean perception of all barriers was correlated with a larger perception of 

overdiagnosis and overtreatment as a problem in their own practice (η² = 0.053, p < 

0.001) and with less work experience (η² = 0.003, p = 0.044). Participants from different 

countries showed substantial differences in their ratings (Austria: 2.68, Finland: 2.63, 

Greece: 3.12, Italy: 3.00, Japan: 3.12, Sweden: 2.83 [scale 1-4], η² = 0.147, p < 0.001). 

However, there were no differences between genders (η² = 0.005, p = 0.739), and no 

correlation to Choosing Wisely familiarity (η² = 0.00003, p = 0.078). 
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6 Discussion 

6.1 Summary of findings 
This thesis 1) provides methodological guidance to future de-implementation trials, 2) 

helps decision-makers to choose the de-implementation strategies with the highest 

potential impact on low-value care use, and 3) describes the attitudes on low-value 

care and barriers to de-implementation in primary care, essential knowledge for 

planning de-implementation strategies. 

We found several methodological limitations in de-implementation trials, including 

small cluster randomized trials, potentially unreplicable intervention designs, and the 

use of indirect outcomes. The methodological limitations in de-implementation trials 

lead to unreliable effect estimates and, most importantly, to low applicability of de-

implementation interventions. With simpler intervention designs, future research could 

help identify de-implementation strategies that are replicable. Larger trials, including 

multi-center studies with multiple contextual characteristics, would enhance the 

generalizability of the results. However, sometimes researchers may have to balance 

between locally developed interventions with potentially higher impact and simpler 

strategies that are applicable to other contexts.  

We found moderate certainty evidence on the effectiveness of provider education 

combined with audit and feedback, leading to about 23% relative reduction in low-value 

care use. Single strategies—provider education, audit and feedback, and patient 

education—may slightly reduce low-value care, although the evidence is uncertain (low 

to very low evidence certainty). De-implementation strategies may have a larger impact 

when including patient education, as they led to about 30-35% reductions in low-value 

care use (low evidence certainty).  

According to our multinational survey, primary care physicians perceive the problems 

of overdiagnosis and overtreatment to be bigger in their healthcare system than in their 

own practice. Furthermore, participants rated patient-related barriers higher than other 

barriers. It could make it more difficult to de-implement if the problem is mainly seen 

outside the primary care physicians’ control. Other important barriers, such as fear of 

medical error, workload, and lack of time, should be acknowledged in the development 

of future healthcare. Multiple important barriers suggest that de-implementation may 
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be an even more complex issue than previously thought, and highlight the importance 

of assessing the local barriers when designing de-implementation strategies.  

6.2 Implications 

6.2.1 Producing applicable evidence on de-implementation interventions 

We identified several methodological limitations in de-implementation trials, including 

a small number of clusters in cluster trials, potentially unreplicable study designs, and 

the use of indirect outcomes. These limitations, in addition to often high risk of bias, 

may lead to poor trustworthiness of study results. We provided a list of nine 

recommendations to address these issues in future research (Study I, Table 3).  

First, we suggested that using complex intervention designs could often lead to 

unreplicable interventions. In addition to the lack of reporting of the intervention 

characteristics (137, 138), the complexity (including context-specific intervention 

characteristics) could make the intervention very difficult to replicate. Furthermore, de-

implementation research lacks evidence on specific factors effective in reducing low-

value care use. Identifying the factors and understanding the causal mechanisms of 

change would also require randomized trials on simple interventions as well as factorial 

trials measuring the effectiveness of (simple) intervention modifications.  

Second, half of the studies measured the effect of educational sessions on low-value 

care use. As the characteristics of the educator may influence the effectiveness of an 

intervention, it can act as a confounder in the trial. The issues could be addressed by 

involving multiple educators or providing a protocol for education rather than delivering 

the educational sessions. 

Third, small cluster randomized trials are at increased risk of false-positive results if 

the results are not adjusted using small-sample correction methods (96, 139). In our 

sample, the median number of clusters (in cluster RCTs) was 24, which is already at 

an increased risk of false-positive results. Furthermore, if contamination is likely, 

researchers should still weigh between the benefits of increased statistical power from 

individually randomized trials and more accurate point estimates from a cluster design 

(94). 

Fourth, most of the studies used indirect outcomes, including total volume of care and 

intentions to reduce the use of low-value care. The total volume of care may include 
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both appropriate and inappropriate care, and as such, the changes in outcome may 

not accurately represent the actual low-value care of interest. Diagnosis-based 

outcomes may be more accurate measures for low-value care use. However, they are 

also usually indirect outcomes, and the accuracy may be limited by diagnostic shifting 

(i.e. the intervention [and trial characteristics] may induce providers to change their 

diagnostic practices while still making similar treatment decisions). If the resources do 

not allow for sufficiently accurate outcome measures, researchers may want to see 

both the change in total treatment/testing volume and diagnosis-based low-value care 

outcome. If diagnosis-based low-value care is lowering, it could be due to diagnostic 

shifting. But, if both are decreasing versus the comparison group and the diagnosis-

based outcome is accurate enough, the change is likely to represent a decrease in 

actual low-value care use.  

Fifth, a minority of the studies used a theoretical background and intervention tailoring 

in designing the interventions. In addition to potentially increased effectiveness, the 

theoretical background may help in identifying the factors leading to impact in de-

implementation. Tailoring may lead to decreased applicability, but that could be 

countered with more pragmatic intervention designs. For example, instead of tailoring 

the intervention at the stage of intervention development, researchers could provide a 

protocol to the intervention participants on how to tailor the intervention to local needs. 

In this case, even though the final intervention is locally tailored, the intervention being 

tested can be replicated with the same details.  

Considering the previous issues, designing a de-implementation intervention often 

involves balancing applicability and the effectiveness of an intervention. Simpler 

interventions would be easier to scale and could help with exploring the key 

mechanisms leading to successful de-implementation. But on the other hand, they may 

not be as effective as interventions focusing on the local barriers and facilitators with 

multiple de-implementation strategies. Is it worth doing a randomized trial if it does not 

provide generalizable evidence, or should these approaches be saved for local quality 

improvement? In that case, less resource-intensive methods of measurement might 

serve the purpose. However, randomized experiments can also serve as a tool for local 

quality improvement (140). This ensures that the measurement is accurate, even 

though the aim is not to provide applicable evidence for others.  
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6.2.2 Effectiveness of different de-implementation strategies 

Previous research has already suggested that multifaceted de-implementation 

strategies may help achieve meaningful impact in reducing the use of low-value care 

(7, 8). A recent systematic review on de-implementation trials suggested that single-

strategy interventions would reduce low-value care by a median of 15% (9), whereas 

de-implementation interventions including multiple strategies reduce low-value care by 

slightly more, 20%. The limitations in previous systematic reviews include a lack of 

comprehensive meta-analysis, and when meta-analysis has been conducted, the 

inclusion of heterogeneous interventions, which makes it difficult to estimate the 

potential effectiveness of different de-implementation strategies. 

We used a modified TIDieR checklist to collect the intervention characteristics and 

formed categories for different de-implementation strategies. This allowed us to 

estimate the effect of specific de-implementation strategy as well as their combinations.  

As our scoping review suggested, the evidence was overall of low certainty. The most 

certain evidence was for provider education combined with audit and feedback, which 

led to about 23% relative reduction in low-value care use (moderate certainty). The 

impact may be further increased with higher intensity interventions.  

Considering whether a specific intervention is possible to replicate in a local setting 

may further help in choosing the most reliable strategies. For example, two trials 

measured the effect of sending feedback to clinicians with a high rate of low-value care 

use (136, 141). Both trials were large, multi-center studies that used low-cost and 

easily scalable/replicable interventions and found a decrease in low-value care use. 

Prioritizing these kinds of interventions over designing or adopting a locally developed 

intervention with more uncertain results would both save resources for better use and 

improve patient health by avoiding the harms associated with low-value care.  

When the evidence is uncertain, and interventions require tailoring to the local 

characteristics (e.g. barriers and facilitators to de-implementation), the local 

effectiveness should be measured. Tailoring may increase the chances of achieving 

an impact, but it leads to more uncertain effects as the intervention changes. If the 

strategy does not achieve sufficient effect, the intervention can be modified or replaced 

by another intervention.  
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A previous systematic review on engaging patients in decision-making found about a 

24% reduction in low-value care use (70). Most of the included trials measured the 

effect of patient education. Similarly, our results suggested that patient education could 

be the most effective single strategy to reduce low-value care use. Combining patient 

education with other strategies could decrease the use of low-value care by up to 35%, 

although the evidence was of low certainty. Patient education can be provided through 

educational materials, face-to-face education by healthcare providers, or media 

information campaigns. There may not be enough evidence to determine which type 

of information should be provided to patients. Nevertheless, information on the natural 

course of disease, benefits and harms, and alternative measures was tested by several 

trials, and all of those found large decreases in the use of low-value care (142-145). 

Although improving patient health is the ultimate aim of healthcare, it was rare in our 

sample (in only 11% of all trials). All these trials suggested either a small improvement 

or no impact on patient health. Measuring appropriate care outcomes helps further 

assess the impact on the quality of care. Of the 11 trials using the outcome, only one 

trial suggested decreases in appropriate care (136). In this trial, the authors measured 

the impact of feedback on quetiapine use in older and disabled adults. In addition to 

the decrease in low-value care use, guideline-concordant prescribing decreased by 

10% compared to the control group. Authors did not find effects on mortality and 

hospital use, suggesting no impact on patient health.  
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6.2.3 Barriers and attitudes to reducing low-value care 

In our study, primary care physicians perceived multiple barriers as important for de-

implementation. Previous studies have identified substantially smaller numbers of 

barriers in one study (2, 3, 50-56). It could be due to local differences in barriers, or 

also due to study methods not being able to find all important barriers. For example, a 

focus group may end up discussing only a small part of the process, leaving several 

barriers unidentified. The large number of important barriers may also explain why de-

implementation is often so difficult, and it may take several years to abandon practices 

that are proven ineffective or harmful (147). Perhaps unsurprisingly, as the 

implementation of new practices may take a long time, one analysis suggests even 17 

years from the time of the research finding a practice effective (148).  

The barriers to de-implementation may not be much different than those of barriers to 

the use of evidence-based medicine (132). A systematic review of barriers to GPs’ use 

of evidence-based medicine identified patients’ preferences and expectations, the 

applicability of evidence to general practice, time pressure, and a lack of knowledge 

and skills as key barriers. 

The overconfidence bias – that is, humans generally rate themselves above average 

– has been identified by several studies (149-151). In our study, only 2% of the 

respondents perceived overdiagnosis and overtreatment as a bigger problem for 

themselves than in their country’s healthcare. Half of the respondents rated 

overdiagnosis and overtreatment as minor or no problem in their own practice. It may 

be difficult to change behavior if primary care practitioners do not see the problem in 

themselves. Clinicians often overestimate the benefits of medical treatments (15), 

which can complicate their assessment of the situation in their own practice. 

Nevertheless, these findings underscore the importance of incorporating the concept 

of low-value care into regular medical discourse, education, and healthcare. 

Furthermore, developing tools to understand the harms and benefits of medical 

treatments and tests should be a key priority. Discussing and evaluating the individual 

benefits and harms for a patient is very difficult if accurate and understandable 

estimates are lacking.  

Primary care physicians rated time constraints as important barrier to reducing low-

value care use, consistently across all countries. Future healthcare should 

acknowledge this issue when designing the system changes. Longer appointments 
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could facilitate discussions about the harms of low-value care with patients and, 

potentially, reduce resource use, leading to more cost-effective care.  

Clinicians face a lot of uncertainty in their work, some of which may translate to 

defensive medicine (i.e. recommending treatments or tests with no benefits to a patient 

because of uncertainty and a desire to do something). In our results, the most important 

individual-related barriers were fear of medical error and fear of underdiagnosis and 

undertreatment. Providing education on why overtreatment and overdiagnosis are 

often higher risks for the patient than underdiagnosis/undertreatment could help with 

these issues. Furthermore, healthcare organizations should ensure that they have 

sufficient senior support for their younger physicians. 

Barriers to de-implementation vary across different study contexts, which is why 

understanding the local situation is crucial. A strategy from one setting may not 

translate into impact in another setting. Understanding the complete process of change 

may require exploring the barriers and facilitators in a systematic way, including 

considering the previous literature on these issues. Our comprehensive list can help 

identify all potential barriers in the local setting.  

Another approach to de-implementation could be strategies that do not require 

considering the local barriers and facilitators. With stricter regulations for new 

practices, we can avoid situations in which medical practices are later proven 

ineffective or harmful (23). Similarly, regulators could find ways to make current 

practices unavailable to the clinician. For example, after Canadian regulators 

eliminated reimbursement for vitamin D testing without appropriate indications, the 

total vitamin D testing volumes decreased by over 90% from the previous volumes 

(66).   
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6.3 Limitations  
In Studies I and II, most of the limitations were related to the research methodology of 

the included original studies. These issues, mainly the high risk of bias, led to low to 

very low evidence certainty in all but one intervention category. Future studies should 

focus on pragmatic and replicable intervention designs as well as on using higher-

quality trial methods. 

However, some review methods should also be considered when interpreting the 

results. First, although we found substantially more randomized trials on de-

implementation than the previous reviews (149 trials in the scoping review were not 

identified by previous reviews), the indexing of de-implementation trials was 

heterogeneous, and we may have missed some relevant studies. Second, we used 

the same risk of bias tool for both individually and cluster-randomized trials. Although 

we included specific criteria for both randomization methods when necessary, this may 

have led to some unintended differences in the risk of bias results.  

Third, we combined the continuous and binary outcomes into a single odds ratio 

estimate. Converting continuous outcomes to odds ratios is dependent on both the 

point effect estimate and variance. This may lead to unintentionally large point 

estimates as well as small weights in the meta-analysis, especially with large trials 

(with less variance). Considering this issue, we provided a sensitivity analysis on binary 

and continuous outcomes separately if at least three trials were included from a specific 

intervention category for the outcome. Also, interpretation of the sensitivity analyses 

requires caution. The trials with continuous outcomes were generally larger-scale and 

tested less intense interventions. Finally, despite the limitations of this method, giving 

one estimate should help with the interpretation and avoid the difficulty in choosing the 

right estimate to use (binary/continuous). 

Fourth, we did not include blinding of the study participants in the risk of bias 

assessment. The Cochrane risk of bias tool suggests judging a study as high risk of 

bias only if there are potential deviations from the interventions in the protocol due to 

the research context (e.g., the recruitment process or other study characteristics may 

cause participants to receive extra interventions or deviate from the protocol in different 

ways). Nevertheless, non-blinding may cause other biases in the study results in other 

ways than that. Known as “the Hawthorne effect”, a bias could arise from study 

participants performing better because of the knowledge of being observed. 
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Furthermore, knowledge of allocation may bias the results. For example, participants 

in the intervention arm may perform better because of the expectation of benefit from 

the intervention. However, if the criteria for blinding were included in the assessment, 

it may not have changed the evidence certainty. Most intervention categories were 

already downgraded due to risk of bias, and assessing the lack of blinding (or potential 

deviations from the intended interventions) would not likely have led to further 

downgrading.  

The survey (Study III) also had some limitations. First, the recruitment was tailored to 

the local setting. This led to some differences in samples between countries. For 

example, country registers had varying strategies to include young doctors after 

graduation. The slow inclusion in some countries led to varying representation of young 

doctors in the country samples.  

Second, the low response rate decreases the generalizability of our findings. As we 

were unable to get address information in all countries and we did not have funding for 

postal distribution, we used email lists to distribute the survey. Furthermore, we were 

unable to use the email lists ourselves; instead, the survey was distributed by the 

medical societies separately or through their regular newsletters. In Sweden, a private 

company holding email information for primary care physicians distributed the survey.  

Third, we piloted the English version of the survey. Although the survey was translated 

into local languages by professional translators, this may decrease the comparability 

of results between countries. The local researchers, who were familiar with Choosing 

Wisely and related terms, revised the survey translation when needed. Participants 

may also have different cultural understandings of the questions, even if the 

translations were accurate. This may decrease the reliability of interpretation between 

country differences.  
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7 Conclusions 
The overall results highlight the importance of including the patient perspective in de-

implementation planning. Physicians’ perceptions suggest that patients’ preferences 

could play a key role in care decisions and interventions, including patient education, 

which may result in up to 34% relative decreases in low-value care use. However, the 

evidence was of low certainty, suggesting that future research should focus on finding 

more applicable evidence on patient education strategies.  

We found moderate certainty evidence that provider education, combined with audit 

and feedback, could lead to a relative reduction of approximately 23% in low-value 

care. These interventions are often less resource-intensive than alternatives. 

Therefore, considering both the impact and the most certain evidence base, they could 

be prioritized by the healthcare authorities. Tools that help in self-evaluation and 

understanding the benefits and harms of treatments and tests (many of which are low 

value to patients) should be a key priority. This could also include tools for shared 

decision-making, which would help clinicians provide information to patients. 

Most individual de-implementation trials produce unapplicable evidence. To change the 

course, de-implementation researchers should consider when a randomized trial is an 

optimal tool for evaluation. The primary aim of a randomized trial is to produce 

unbiased and generalizable evidence on a specific intervention. While RCTs will 

provide the most accurate estimates of impact, if the intervention is impossible to adapt 

similarly by others, and the setting does not allow for rigorous trial methods, they may 

not provide more value for decision-making. A randomized trial or research overall 

cannot answer all questions of interest.  

Our findings suggest that primary care physicians perceive the issue of overdiagnosis 

and overtreatment as primarily driven by others rather than themselves. Patients, 

including their expectations, requests, and lack of knowledge, were seen as a major 

barrier to reducing low-value care. This potential externalization of responsibility may 

hinder de-implementation efforts. Nonetheless, future healthcare should also consider 

the perceived time constraints and clinical uncertainty as barriers to reducing low-value 

care use. Rather than increasing the time pressures through added responsibilities and 

time-consuming patient record systems, a clinician should have enough time to discuss 

with the patient and have well-organized senior support when facing uncertainty. 
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