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What are the best strategies to facilitate evidence-informed decision making: a rapid overview of systematic reviews

Abstract 
Background
The work presented in this article is part of a wider body of research aimed at developing methodologies for rapid response for evidence-informed decision making in health policy and practice. This overview sought to answer the question: What are the best strategies to facilitate evidence-informed decision making in health policy and practice? 
Methods
This overview utilized systematic review methods and was conducted according to a pre-defined protocol (PROSPERO registration: CRD42015015998), including clear inclusion criteria.  A comprehensive search strategy was used, including published and grey literature, written in English, French, Portuguese or Spanish, from 2004 onwards.  Systematic reviews from both developed and developing countries were included.  Eleven databases and two websites were searched.  Two review authors independently applied the inclusion criteria. Data extraction was done by one reviewer and checked by a second reviewer.  The methodological quality of included studies was assessed independently by two reviewers.  A narrative summary of the results is presented.
Results
Fifty-nine systematic reviews met the inclusion criteria for the overview, and data were extracted from 27 systematic reviews of strategy effectiveness.  Using the domains of the linking research to action framework, the majority of the interventions that were evaluated in the systematic reviews and found to have a significant impact have focused on push, facilitating pull and pull activities (e.g. dissemination of printed educational materials, including systematic reviews, clinical librarian services, education in evidence-based practice, local opinion leaders, tailored and targeted messaging).  For linkage and exchange – knowledge brokers and interaction between users and producers of research are the only interventions evaluated but the included studies do not provide evidence of effectiveness for these interventions.  
Conclusions
The findings from this research are very useful for guiding action in knowledge translation activities.  However, on their own they are insufficient, especially in the policy environment.  More and better quality research on interventions to increase the uptake of research into decision-making is needed.  A particular area of focus should be on climate as this domain can most affect all others but there is limited research in this area.     



Background 
In May 2005 the World Health Assembly called on WHO Member States to “establish or strengthen mechanisms to transfer knowledge in support of evidence-based public health and healthcare delivery systems, and evidence-based health-related policies” [1]. Knowledge translation has been defined by the World Health Organization as: “the synthesis, exchange, and application of knowledge by relevant stakeholders to accelerate the benefits of global and local innovation in strengthening health systems and improving people’s health” [2].  

Knowledge translation seeks to address the challenges to the use of scientific evidence in order to close the gap between the evidence generated and decisions made (knowledge translation for action). The term ‘knowledge translation’ has been used interchangeably with the term ‘evidence-informed decision making’ [3], as well as other terms such as ‘knowledge transfer’, ‘knowledge exchange’, ‘research utilization’, and ‘implementation’ [4]. Knowledge translation has also been conceptualized as a term to describe the range of strategies to address the barriers to evidence-informed decision making [5], a concept which was used in this overview.

Different conceptual frameworks[endnoteRef:1] have been developed to represent and explain how knowledge translation can, or does, occur [3, 4, 6-10], though none of these frameworks have been tested empirically as a knowledge translation strategy. For the purpose of this overview, the linking research to action framework was adopted to guide the overview, which includes the domains: climate, production of research, push efforts, facilitating pull efforts, pull efforts, linkage and exchange efforts, and evaluation (Table 1) [3, 9].   [1:  A range of terms are used in the literature, including framework, model, conceptual framework or model, theoretical framework or model and these terms are often used interchangeably without clear definition.] 


Table 1. High level summary of the research to action framework. Adapted from [3, 9]
	Domain
	Explanation

	Climate and context:
	Consideration of the local context and climate (i.e. the characteristics, circumstances, and conditions), as well as KT activities.

	Linkage and Exchange Efforts: 
	Building relationships between users and researchers.

	Knowledge Creation: 
	Creating new knowledge that is timely and relevant.

	Push Efforts: 
	Pushing knowledge out to necessary groups in appropriate formats. 

	Facilitating Pull Efforts: 
	Enabling policymakers to identify relevant research.

	Pull Efforts: 
	Pulling the relevant evidence into policy making by the users.

	Evaluation Efforts 
	Monitoring and evaluating KT efforts.


KT: knowledge translation



There are a wide range of knowledge translation strategies available to facilitate the use of research evidence in decision making, with varying degrees of evidence supporting them [11, 12].  Some examples include: a) climate – mandates to support the use of research evidence, e.g. laws, policies; b) push – production of summaries of existing systematic reviews;  c) facilitating pull – facilitating access to existing systematic reviews, economic evaluations, clinical practice guidelines, evidence briefs for policy etc.; d) pull – training of research users (policy makers, healthcare practitioners); e) exchange – use of deliberative dialogues informed by evidence briefs; and closer collaboration between researchers and policy-makers.

The overview presented in this article is part of a wider body of research aimed at developing methodologies for rapid response for evidence-informed decision making in health policy and practice based on the best available evidence. The objective of the overview was to use the best available evidence to answer the question:  What are the best strategies to facilitate evidence-informed decision making in health policy and practice?  We have labelled this study as a rapid overview because it was conducted in a limited timeframe and with the needs of health policy decision-makers in mind.

Methods
This rapid overview used systematic review methodology and adheres to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement [13].  A systematic review protocol was written and registered prior to undertaking the searches [14].  Deviations from the protocol are listed in Additional file 2 (see: Changes to the protocol).
[bookmark: _Toc431626420]Inclusion criteria for studies
Studies were selected based on the following inclusion criteria: 
Types of studies: Only systematic reviews were included as this is a very well-researched area and preliminary searches revealed the existence of many relevant systematic reviews. We did not use an a priori definition of a systematic review but considered reviews that described their methods, including sources of studies, search terms and inclusion criteria as systematic reviews.
Types of participants:  Apart from needing to be within the field of health policy and practice, the types of participants were not restricted, and the level of analysis could be at the level of the individual, organization, system or geographical area.  
Types of articles/interventions:  Articles that evaluated knowledge translation strategies for health policy and/or practice were included.  Articles that evaluated barriers and/or facilitators to the uptake of research evidence were also sought in case sufficient evidence of strategy effectiveness could not be found.  
Types of comparisons: Suitable comparisons (where relevant to the article type) included: no intervention, another intervention, or current practice.
Types of outcome measures:  Relevant outcome measures included: measures of research uptake / use; change in knowledge, skill or practice related to the uptake of research (as defined by LaRocca and colleagues [15]); changes in organizational structures or policy to support the use of research; organizational-level change in how research can be or is used; changes in system-level structures or policy to support the use of research; system-level change in how research can be or is used; effective implementation; and cost-effectiveness.  

Publications in English, French, Portuguese or Spanish, from any country and published from 2004 onwards were included.  The year 2004 was chosen as this is the year of the Mexico Ministerial Summit on Health Research, where the know-do gap was first given serious attention by health ministers [16].  Both grey and peer-reviewed literature was sought and included. 

For systematic reviews of clinical practice guideline (CPG) implementation and clinical decision support systems (CDSS) implementation, systematic reviews were only included if the systematic review specifically noted in the inclusion criteria that the CPG or CDSS had to be based on research evidence.  This decision was made during the study selection process because not all CPGs or CDSSs are based on research evidence [17, 18].  This criterion has also been used in other systematic reviews [19].  This assumes that 'guideline use' can be considered 'research use' provided it is explicitly 'evidence-based'. 
[bookmark: _Toc431626421]Search methods for identification of studies
A comprehensive search of eleven databases and two websites was conducted.  The databases searched were:  PubMed, EMBASE, CINAHL, LILACS, Health Systems Evidence, The Cochrane Library (including Cochrane Reviews, the Database of Abstracts of Reviews of Effectiveness, the Health Technology Assessment database, NHS Economic Evaluation Database, and the database of Methods Studies), and EconLit.   The websites searched were Google and Google Scholar.  

Grey literature and manual search
Some of the selected databases index a combination of published and unpublished studies (for example, doctoral dissertations, conference abstracts and unpublished reports) therefore unpublished studies were partially captured through the electronic search process. In addition Google and Google Scholar were searched.  Some of the authors’ own databases of knowledge translation literature were also searched by hand for relevant studies.  The reference list of included studies was searched.  Contact was made with 20 key authors and experts in the area for further studies, of whom 14 responded.  Finally, due to a perception by one of the authors (JL) that there were systematic reviews missing from the search for knowledge translation to practice a supplementary targeted search of the Health Systems Evidence database was conducted.  This was done by using the advanced search option of ‘Topic’ and searching for recent high quality systematic reviews within each relevant category.  

Table 2 – Keyword areas for searching 
	
Keyword Areas
	Details

	Knowledge translation
	“research uptake” OR “research use” OR “use of research” OR “evidence informed” OR “evidence-informed” OR “decision making” OR “decision-making” OR “research utilization” OR “research utilisation” OR “technology transfer” OR “knowledge-to-action” OR “knowledge to action” OR “implementation science” OR “information dissemination” OR “diffusion of innovation” OR “knowledge generation” OR “knowledge translation” OR “knowledge transfer” OR “knowledge uptake” OR “knowledge exchange” OR “knowledge broker*” OR “knowledge mobilization” OR “knowledge mobilisation” 

	Systematic reviews
	“systematic review” OR "meta-analysis" OR MEDLINE




Search strategy
Searches were conducted between 21st January and 18th February 2015 and supplementary searches (reference lists, contact with authors, and targeted search of Health Systems Evidence) were conducted in May 2015.  Databases were searched using keywords from both keyword areas – combined using ‘AND’ (Table 2).  Keywords were searched for in the title and abstract fields, except where otherwise stated in Additional file 2 (see: Search terms). Results were downloaded into the EndNote reference management program (version X7) and duplicates removed.  The internet search utilized the search terms: ‘information dissemination’; ‘knowledge translation’; ‘research use’; and ‘research uptake’ – combined with ‘systematic review’.

[bookmark: _Toc431626422]Screening and selection of studies
Searches were conducted and titles and abstracts screened according to the selection criteria by one review author (MH).  The full text of any potentially relevant papers was retrieved for closer examination.  This reviewer erred on the side of inclusion where there was any doubt about its inclusion to ensure any potentially relevant papers were not missed.  The inclusion criteria were then applied against the full text version of the papers (where available) independently by two reviewers (MH and RC). For studies in Portuguese and Spanish, EC, LR or JB played the role of second reviewer.  Disagreements regarding eligibility of studies were resolved by discussion and consensus. Where the two reviewers were still uncertain about inclusion, the other reviewers (EC, LR, JB, JL) were asked to provide input and consensus reached.  All studies which initially appeared to meet the inclusion criteria but on inspection of the full text paper did not meet the inclusion criteria were detailed in a table ‘Characteristics of excluded systematic reviews’ together with reasons for their exclusion. 

All systematic reviews of a) strategy effectiveness and/or b) barriers and facilitators to the uptake of research evidence that met the inclusion criteria were selected.   At this stage the systematic review was categorized as a) strategy effectiveness and/or b) barriers and facilitators.  The systematic review was also assessed for its scope or application to: policy, practice, or both policy and practice. When classifying papers related to policy we took an expansive view of policy and thus included local level and institutional policy decisions [20]. The reason for classifying systematic reviews was so to enable the reviewers to make a decision as to which systematic reviews should proceed to data extraction as it was clear that there were many potentially relevant systematic reviews and resources may not be sufficient to analyze all of them in time to meet the funders’ deadlines.  Following discussion between all co-authors it was decided to limit data extraction to systematic reviews of strategy effectiveness but to include both policy and practice.    

[bookmark: _Toc431626423]Data extraction 
Systematic reviews that were specific to a single health issue (e.g. pain management) were excluded from data extraction in order to focus on the systematic reviews that were generalizable across health care issues.  In the same manner, systematic reviews specific to a single profession (e.g. nursing, allied health, rehabilitation clinicians) were excluded from data extraction, except where no other systematic review addressed the particular intervention across professions.  Further, where there were multiple systematic reviews addressing the same intervention or question, data were only extracted from the most recent good quality review(s).  This was done to reduce the risk of double-counting of the same primary studies, while maximizing the quality of the evidence.

Information extracted from studies included: objectives, target population, setting, strategy tested, outcomes reported, date of last search, included study designs, country of studies, and results.  Data extraction was done by one reviewer (MH) and checked by a second reviewer (RC).  Disagreements were resolved through discussion and consensus.

When extracting data from the included systematic reviews we allocated each strategy to a domain from Lavis’ and colleague’s framework to assess country-level efforts to link research to action (Table 1).  When classifying individual interventions we considered: 1) Who were the main players – producers or purveyors of research, and/or research users (healthcare professionals, civil servants); 2) The content and intent of the intervention; and 3) The elements provided by Lavis and colleagues in their framework (see Table 1 in: [9]).  Classification of an intervention was done by one reviewer (MH) and checked by a second reviewer (RC).

[bookmark: _Toc431626424]Assessment of methodological quality
The methodological quality of included systematic reviews was assessed independently by two reviewers using AMSTAR: A MeaSurement Tool to Assess Reviews [21].  Disagreements in scoring were resolved by discussion and consensus. For this overview, systematic reviews that achieved AMSTAR scores of 8 to 11 were considered high quality; scores of 4 to 7 medium quality; and scores of 0 to 3 low quality. These cut-offs are commonly used in Cochrane Collaboration overviews. The study quality assessment was used to interpret the results during the synthesis phase and in the formulation of conclusions.  
[bookmark: _Toc431626425]Data analysis 
Findings from the included publications were synthesized using tables and a narrative summary.  Meta-analysis was not possible because the included studies were heterogeneous in terms of the populations, interventions and outcomes tested. 

Results 
Search results
59 systematic reviews (from 62 articles) met the inclusion criteria for the overview.  Forty systematic reviews (from 43 articles) addressed the effectiveness of knowledge translation strategies and 26 systematic reviews (from 27 articles) addressed barriers and facilitators to the uptake of research evidence (Note that these numbers do not add up to 59 as some systematic reviews addressed both strategy effectiveness and barriers and facilitators).  Data were extracted from 27 systematic reviews (29 articles) of strategy effectiveness [7, 12, 15, 22-47].  The remaining 13 systematic reviews (14 articles) addressing effectiveness of knowledge translation strategies that met the inclusion criteria but for which data were not extracted are referenced in Additional file 2 - Table 1, along with the reason for their exclusion from data extraction.  References for the 26 systematic reviews of barriers and facilitators that were excluded from data extraction (for the barriers and facilitators component only) are also listed in Additional file 2. 

The selection process for studies and the numbers at each stage are shown in Figure 1. The reasons for exclusion of the 78 (62 + 16) papers at full text stage are shown in Additional file 2 – Table 2.  The additional searches identified an additional 27 potential articles of which 11 met the inclusion criteria - four came from searches of the reference list of included studies, seven from contact with authors, and none from the additional manual searching of the Health Systems Evidence database.


Characteristics of included studies and quality assessment
Details of the characteristics of the included systematic reviews for which data were extracted are in Additional file 2 – Tables 3a-3c (n=27).  Fifteen of the systematic reviews were applicable to practice only, five to policy only, and seven to policy and practice.  Few primary studies were conducted in developing countries.

AMSTAR scores ranged from 2 to 10 out of a possible maximum of 11, with 11 systematic reviews being of high quality with scores between 8 and 11; 11 being of medium quality with scores between 4 and 7; and 4 low quality with scores between 0 and 3.  Only four of the included systematic reviews stated whether the primary studies may be impacted by conflicts of interest.  The AMSTAR quality assessment is shown in Tables 3-5 (with full details in Additional file 2 – Tables 4-6).  The findings of low quality systematic reviews should be treated with caution [7, 12, 33, 34, 37, 39].  

Findings
The knowledge translation strategies tested in the 27 included systematic reviews for which data were extracted, and the main findings from these systematic reviews are shown in Tables 3-5.  A wide variety of strategies were tested, with the majority of strategies being applicable to practice only, which is likely due to the larger number of primary studies conducted with healthcare practitioners than with policymakers.  

It is important to clarify here that, while the systematic review may be applicable to both policy and practice, not all strategies tested in the included primary studies may have been tested with both policymakers and practitioners.  For example, the systematic review by Wallace and colleagues is applicable to both policy and practice but the strategy of disseminating short summaries of systematic reviews that was included in this review was only tested in one RCT that was conducted with practitioners [45]. Thus, the strategy is categorized as ‘practice only’ in Table 5, while the systematic review is categorized as ‘policy & practice’ in Additional file 2 – Table 3b.  

Three systematic reviews are missing from Tables 3-5 but are included in Additional file 2.  One of these was presented at an international conference but has never been published as a full report – thus, the findings were not usable and an AMSTAR assessment could not be conducted [46]. The second did not make any conclusions about specific interventions due to the poor quality of included primary studies [41].  The third was focused on research use in health policy in low and middle-income countries, with most of the included studies being descriptive case studies [26].  Thus, the authors of the review did not draw any conclusions about specific interventions.  They did note, however, that the findings were broadly consistent with the findings from high-income countries on the need for multi-faceted, tailored interventions and on the importance of contextual influences, particularly organizational [26].  

Strategies for which there is some evidence of effectiveness on some outcomes for practice, policy or both are shown in Table 6.  This summary is based on the results in Table 3-5 and Additional file 2 – Tables 3a-3c.  No studies were found on the impact of rapid reviews on evidence-informed decision making.  



Discussion
In regards to successful knowledge translation strategies, the majority of the interventions that were evaluated in the included systematic reviews and found to have a significant impact have focused on ‘push’, ‘facilitating pull’ and ‘pull’ activities (Table 6).  Strategies for which there is evidence of effectiveness on at least one outcome in the practice environment include: access to clinical information retrieval technology (e.g. Medline) [30, 38], clinical librarian services [23], education in evidence-based practice [27, 36] or critical appraisal [35], educational outreach when combined with access to the Cochrane Library and other materials [44, 45], dissemination of printed educational materials [32], including short summaries of systematic reviews [45],  local opinion leaders [28] and some toolkits [47].  In the policy environment successful strategies included: tailored and targeted messaging [48], disseminating evidence [15], including systematic reviews [43], and training in the appraisal and use of research [12].  In the policy and practice environments, successful strategies include: mass mailing a printed bulletin which summarizes systematic review evidence [42], and one multifaceted intervention [15].  Toolkits were the only intervention to potentially impact on ‘climate’. For linkage and exchange – knowledge brokers and interaction between users and producers of research are the only interventions evaluated but the included studies did not find an effect of these interventions [12, 48]. 

Some interventions have been shown in previous systematic reviews to be effective for improving clinical practice but are not included in our list of effective strategies for evidence-informed decision making [11, 49].  Examples include audit and feedback, educational outreach and computerized reminders. The most likely reason for this is our deliberate focus on uptake of research evidence and exclusion of systematic reviews that were not specifically focused on research use.  This was a particular issue for clinical decision support systems (CDSSs) and clinical practice guidelines (CPGs), but also for audit and feedback, computerized reminders, and educational outreach, where the most recent systematic reviews were excluded from this overview [50-52] or not picked up by our search strategy [53].  While it could be argued that our search strategy was the problem, as we did not specify individual interventions by name, the fact that the additional manual search of the Health Systems Evidence database by intervention category did not find further relevant reviews suggests that this is not the case.  

Regarding the quality of the included systematic reviews, on average, the systematic reviews of interventions applicable to healthcare practitioners were of higher quality (average score 7.2 for the practice only systematic reviews) than those applicable to policy makers (average score 5.4 for the policy only systematic reviews).  This is likely to be due to the longer history of conducting systematic reviews in the clinical field and the greater acceptance and ease of conducting RCTs than in the policy arena.  It is also important to note that the supporting evidence for a particular intervention, though cited in a systematic review, could be limited to a single study.  This was a particular issue for interventions in the policy environment.  We have attempted to highlight this issue by stating in Table 6 where the evidence is based on one study.  

[bookmark: _Toc431626430]Strengths and limitations
A key strength of this overview is the use of high quality systematic review methodology, including the consideration of the scientific quality of the included studies in formulating conclusions.  A meta-analysis was not possible due to the heterogeneity in terms of intervention types and populations studied in the included systematic reviews.  As a result publication bias could not be assessed quantitatively in this overview and no clear methods are available for assessing publication bias qualitatively [54].  Shortcuts taken to make this review more rapid, as well as an AMSTAR assessment of the review, are shown in Additional file 2 – Shortcuts taken.  

A second strength of this overview is that we limited study selection to interventions explicitly focused on improving the uptake of research.  This resulted in the exclusion of several systematic reviews of CPG and CDSS implementation and various systematic reviews of interventions aimed at practice improvement (e.g. audit and feedback, reminders and prompts).  This decision is justified as not all CPGs, CDSSs, and practices promoted in clinical care are explicitly based on research evidence [17, 18, 55].

A third strength of this overview is that we deliberately tried to reduce the risk of double-counting of the same primary studies, which can bias the results towards primary studies that have been counted in multiple overviews [56].  We did this by examining the included references in each systematic review to highlight primary studies included in more than one systematic review.  This was a particular issue for one RCT that has been included in multiple systematic reviews included in the overview [48].  When presenting the results of the trial we noted the systematic reviews in which it was included but attributed the results to the RCT, not the systematic reviews.  

Possible limitations of this overview include: 1) The exclusion from data extraction of 13 systematic reviews that were specific to a single health issue or to a single profession; and some older systematic reviews that addressed the same intervention or question as more recent good quality review(s).  However, this was done to reduce the risk of double-counting of the same primary studies; 2) Exclusion of systematic reviews on barriers and facilitators from data extraction due to time limitations; 3) The fact that few primary studies were conducted in developing countries, which is an issue for the generalizability of the results; 4) The interventions that could be included are limited to those for which a systematic review was conducted.   However, this is a very extensively researched area and it is unlikely that interventions tested in good quality primary studies would have been missed unless they were published in the last few years; 5) Restricting the search to articles in English, French, Portuguese or Spanish (languages with which the review authors are competent) and to 2004 onwards.  However, it was necessary to expedite the review process to ensure its results could be used in decision-making and is unlikely to have resulted in the loss of important evidence.  

Implications for research
While interventions for knowledge translation have been widely researched the greatest focus to date has been on the practice rather than the policy environments and, within the former, on push, facilitating pull, and pull activities.  More and better quality research of interventions to increase the uptake of research into policy is needed.  In both the policy and practice environments further research is needed on interventions that impact on the domains of: climate; production of research; or evaluation of knowledge translation efforts.  For linkage and exchange activities, knowledge brokering requires further testing using an intervention with greater reach and intensity, as do other interventions in this domain.  There are also a number of interventions (listed in Tables 3-5) for which research was limited or lacking.  These include: educational meetings; journal clubs; communities of practice; mentoring; interaction between users and producers of research; access to systematic reviews (policy makers); knowledge brokering; packaging of systematic reviews as summaries, overviews or policy briefs; external inspection of compliance with standards; managerial leadership for nurses; and several multifaceted interventions. 

When designing and testing new interventions to facilitate the uptake of research, known barriers and facilitators need to be considered.  The 26 systematic reviews found on this topic will be important in guiding this process.  It is also important to be mindful of the realities of policy decision-making where other issues such as context, public opinion, acceptability to stakeholders, and feasibility of implementation are also important considerations [57, 58].  

The biggest, and perhaps most important, research gap in knowledge translation research is in the area of climate as it is this domain that can most affect all others.  For example, if funders have a mandate to link research to action, all other interventions will have a much greater chance of success.  In addition, in the linkage and exchange domain, the development of partnerships is seen as important to overcome the gap between research and policy [9, 59] but needs to be tested as do deliberative dialogues [60, 61]. 

[bookmark: _Toc431626428]Implications for policy and practice
The findings from this research will be useful for guiding action in knowledge translation activities for both policy and practice.  However, on their own are insufficient, especially in the policy environment.  Users of research, such as civil servants and healthcare professionals, should support further research in this area.  Research users should also consider additional actions to increase the uptake of research, especially in the climate and linkage and exchange domains.  At the same time they should ensure that these actions undergo a proper evaluation to contribute to the evidence base.  Interventions that could be considered for testing include: employing more researchers in policy positions; joint appointments of researchers and policymakers across policy and academic institutions; and rewards and/or recognition for academics and policymakers who work towards linking research to action –  which are all interventions that fit within the climate domain of the linking research to action framework [9] and could also facilitate the development of partnerships (linkage and exchange).  

Conclusions 
The majority of the interventions that were evaluated in the included systematic reviews and found to have a significant impact have focused on push, pull and facilitating pull activities.  The findings from this research will be very useful for guiding action in knowledge translation activities.  However, they need to be supplemented with more and better quality research in the areas of climate, production of research, linkage and exchange, and evaluation of knowledge translation efforts.  A particular area of focus should be on climate as this domain can most affect all others.  A greater focus is also needed on high quality trials in the policy environment. 
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Table 3 - Strategies tested in the practice environment only, quality scores, and main findings of the included systematic reviews 
	Strategy
	Domain
	Systematic review/s* and AMSTAR score
	Findings

	Access to clinical information retrieval technology (CIRT) / knowledge management systems (e.g. Medline)
	Pull Efforts
	Gagnon [30] – 5
Lobach [38] – 10
	Overall, CIRT capability (defined as the proportion of health care professionals capable of performing a search, successfully searching, or using CIRT) improved with intervention (OR=2.10; 95% CI; 1.63 to 2.71; p=0.0001), though there was significant heterogeneity in the studies [30].  Impact on clinical outcomes, health care process measures, workload and efficiency for the user, or organization of health care delivery outcomes is not known [38].


	Clinical librarian services
	Facilitating Pull Efforts
	Brettle [23] – 8
	Clinical librarian services are effective in providing relevant and useful information and are perceived to save clinicians’ time. The majority of studies reported a positive impact on patient care; a quarter of studies identified a positive impact on the choice of drug or therapy. On the whole, however only a small number of studies were able or sought to quantify the impact made by the clinical librarian [23].


	Education in evidence-based practice (EBP)
	Pull Efforts
	Dizon [27] – 6
Ilic [36] – 6
	For allied health professionals – knowledge and skills were influenced by any EBP training program [27]. EBP programs that utilised co-interventions such as opinion leaders resulted in improvements in attitudes [27]. For medical trainees (undergraduate or postgraduate) – learner competency in EBM (knowledge, skills, attitudes or behavior towards EBM) increased post-intervention across all studies [36].  However, it cannot be concluded that education in EBM improves competency in EBM – only two of the RCTs had a true control group and results were mixed. No difference in learner outcomes was identified across a variety of educational modes [36].


	Education in critical appraisal
	Pull Efforts
	Horsley [35] – 10
	Low-intensity critical appraisal teaching interventions in healthcare populations may result in modest gains in knowledge [35].


	Education, educational visits (outreach)
	Pull Efforts
	LaRocca [15] – 7
Perrier [44] – 9
Wallace [45] – 8
	The educational session was insufficient to significantly change adherence to a national suicide prevention guideline for healthcare practitioners [15]. A single informal educational visit by an obstetrician plus donation of the Cochrane database and other materials significantly improved one clinical practice (out of four clinical practices measured) for healthcare practitioners – evidence from one RCT reported in two systematic reviews [44, 45].


	Dissemination of printed educational materials (PEMs)

	Push Efforts
	Giguere [32] – 7

	The results of this review suggest that when used alone and compared to no intervention, PEMs may have a small beneficial effect on professional practice outcomes [32]. There is insufficient information to reliably estimate the effect of PEMs on patient outcomes [32].  


	Disseminating short summaries of systematic reviews
	Push Efforts
	Wallace [45] – 8
	One RCT found that four short, one-page systematic review summaries delivered by email or mail to nurses, on patient-controlled analgesia improve awareness of review evidence [45].


	Single vs multicomponent dissemination strategies
	Push Efforts
	McCormack [40] – 9

	For disseminating evidence, compared with single dissemination strategies, multicomponent dissemination strategies were more effective at enhancing clinician behavior, particularly for guideline adherence [40].  


	Communicating evidence, communicating uncertainty
	Push Efforts
	McCormack [40] – 9
	For communicating evidence, investigators frequently blend more than one communication strategy in interventions and the evidence was insufficient to make recommendations [40].  Key findings for communicating uncertainty indicate that evidence on communicating overall strength of recommendation and precision was insufficient, but certain ways of communicating directness and net benefit may be helpful in reducing uncertainty [40].


	Journal clubs
	Pull Efforts
	Harris et al. 2011 [34] – 3
	The effectiveness of journal clubs in supporting evidence-based decision making is not clear because only seven studies attempted to measure this endpoint and they relied on self-report. Studies reported improvements in self-reported reading behavior (N=5/11), confidence in critical appraisal (N=7/7), critical appraisal test scores (N=5/7) and ability to use findings (N=5/7). No studies reported on patient outcomes [34].


	Communities of Practice (CoPs)
	Pull Efforts 
	Li [37] – 3
LaRocca [15] – 7

	The systematic review by Li and colleagues found no studies that assessed the effectiveness of CoPs for healthcare practitioners [37].  The more recent systematic review by LaRocca and colleagues included one RCT that measured the impact of CoPs but there was no significant change in knowledge or practice of healthcare practitioners [15].  


	Mentoring, Opinion leaders, Change agency
	Pull Efforts
	Abdullah [22] – 9
Flodgren [28] – 10
McCormack [39] – 2
	Only one study, with low risk of bias, compared a multifaceted intervention with mentoring to the same kind of intervention without mentoring (i.e. educational meetings combined with educational materials, and audit and feedback). This study showed mixed effects for practitioners’ behavior, with one outcome improving and others showing no difference [22].  Opinion leaders alone or in combination with other interventions may successfully promote evidence-based practice, but effectiveness varies both within and between studies [28]. Overall, across all 18 studies the median adjusted risk difference was +0.12 representing a 12% absolute increase in compliance in the intervention group [28]. A low quality systematic review suggested that change agents who are adequately supported and resourced (context) and who model the roles and practices they espouse (mechanism), have greater potential to achieve evidence-informed healthcare (outcome) [39].


	Toolkits, which include multiple resources (KT tools and strategies) for educating and/or facilitating behavior change.
Toolkits embedded in a multi-strategy intervention.

	Climate, Push Efforts, Pull Efforts
	Yamada [47] – 6
	The types of resources embedded within toolkits varied but included predominantly educational materials. Only four of five multi-strategy intervention studies demonstrated partial to mostly effective results in terms of clinical and/or implementation outcomes. Of the three single KT intervention studies, two were mostly effective at changing clinical outcomes. No studies evaluated the relative effectiveness of each KT strategy (e.g. use of audit and feedback); therefore, it was not possible to determine which components contributed to the change in outcomes [47].


CIRT – clinical information retrieval technology; CoPs – Communities of Practice; EBM – evidence-based medicine; EBP - evidence-based practice; KT – knowledge translation; PEMs – printed educational materials; RCT – randomized controlled trial.
* First author and reference

Table 4 - Strategies tested in the policy environment only, quality scores, and main findings of included systematic reviews 
	Strategy
	Domain
	Systematic review/s* and AMSTAR score
	Findings

	Interaction between users and producers of research
	Linkage & Exchange
	Moore [12] – 2

	No study provided evidence that interaction between researchers and policy makers has an impact on the use of research [12]. One matched case-control study found that units with interaction with researchers had a greater understanding of the report’s analyses and attached greater value to the report. Interaction was not associated with greater levels of utilization in terms of application [12]. 


	Access to systematic reviews
	Facilitating pull efforts

	Bunn [24] – 6
LaRocca [15] – 7
Moore [12] – 2
Murthy [42] – 9 
Perrier [43] – 8
Wallace [45] – 8 
	One RCT by Dobbins and colleagues [48] investigated three separate interventions: i) Access to systematic reviews and summaries (‘website’); ii) website plus tailored and targeted messages; and iii) website plus tailored and targeted messages plus knowledge brokers.  It found that 
Having access to a registry of synthesized and translated research evidence (website) had no impact on evidence-informed decision making (EIDM) (p<0.45);
Tailored and targeted messaging was significantly more effective in promoting EIDM than other strategies (p<0.009);
The KB was not effective overall but was more effective in those organizations that placed less value on research evidence and was less effective in those organizations that already recognized the importance of evidence-based decision making. The authors concluded that the KB intervention may not have contained all the necessary components to produce a positive effect. Also, for the group that worked with a knowledge broker, 30% of participants had limited or no engagement with the knowledge broker, thus the authors recommend caution with the generalizability of these results [48].
Simple knowledge translation and exchange strategies may be as effective as complex ones (but need to be active rather than passive);
Note that this same RCT was reported in all six systematic reviews.


	Tailored and targeted messages

	Push Efforts
	
	

	Knowledge brokering (KB)
	Linkage & Exchange
	
	

	Disseminating evidence
	Push Efforts
	LaRocca [15] – 7
	Dissemination of information to school personnel, community providers, and policy makers via a printed pamphlet, CD-ROM or internet led to a significant improvement in knowledge but no change in practice in one RCT [15].  


	Disseminating systematic reviews

	Push Efforts
	Perrier [43] – 8

	One study where five systematic reviews were mailed to public health officials and followed up with surveys at three months and two years reported that from 23% to 63% of respondents declared that they had used SRs in policymaking decisions [43].


	Training in the appraisal of research and its use
	Pull Efforts
	Moore [12] – 2
	One study that used self-assessment and no control group found that training of clinician managers, program managers and executives in the appraisal of research and its use appears to increase participants’ skills in critical appraisal and possibly their perceptions about the value of research, but not their use of research [12].


	Packaging of systematic reviews as summaries, overviews or policy briefs
	Push Efforts, Facilitating Pull Efforts
	Chambers [25] – 4
	Seven evaluation studies were included.  No studies evaluated policy briefs. The quality of evidence is very low. The majority of studies reported on the perceived usefulness of the service, although there were some examples of review-based resources being used to assist actual decision making. However, the extent to which these resources are used and are found useful by policymakers is unclear [25]. 



EIDM – evidence-informed decision making; KB – knowledge brokering; RCT – randomized controlled trial.
* First author and reference
Table 5 - Strategies tested in the policy and practice environment, quality scores, and main findings of included systematic reviews 
	Strategy
	Domain
	Systematic review/s* and AMSTAR score
	Findings

	External inspection of compliance with standards
	Climate
	Flodgren [29] – 9
	Only two studies were identified for inclusion in the review, which highlights the paucity of high-quality controlled evaluations of the effectiveness of external inspection systems. No firm conclusions could therefore be drawn about the effectiveness of external inspection on compliance with standards [29].


	Mass mailing a printed bulletin which summarizes systematic review evidence

	Push Efforts
	Murthy [42] – 9

	Mass mailing a printed bulletin to NHS clinicians and decision-makers which summarizes systematic review evidence may improve evidence-based practice when there is a single clear message, if the change is relatively simple to accomplish, and there is a growing awareness by users of the evidence that a change in practice is required (3 interrupted time series studies) [42].  


	Nurse manager education and/or support; change in policy, plans, structures; establishment of networks; leadership
	Climate, Push Efforts, Pull Efforts
	Gifford [31] – 4
	Four of the eight quantitative studies included evaluations of the effect of an intervention that included managers to promote nurses’ use of research evidence. Three studies showed positive results on nurse practice (2 before and after studies, 1 case study with a survey); however, lack of a control group makes it impossible to draw firm conclusions about the effects of these interventions. The RCT found no effect on selected patient outcomes. It would appear that leadership development at multiple levels is important to address the complexity of factors involved in nurses’ use of research, and should be a focus for future research [31].


	Multi-faceted interventions
	Push Efforts, Facilitating Pull Efforts, Pull Efforts

	LaRocca [15] – 7
Murthy [42] – 9
Perrier [44] – 9
	The multifaceted intervention that included education, a question and answer service and free access to databases lead to a significant improvement in knowledge but no change in practice [15].  Simple or single KT strategies were shown in some circumstances to be as effective as complex, multifaceted ones when changing practice, including tailored and targeted messaging [15].  There is insufficient evidence to support the other multifaceted interventions, including: multifaceted plus access to the WHO Reproductive Health Library; and Analgesic league table (based on systematic reviews) plus audit and feedback plus education [42, 44].



KT – knowledge translation; NHS – National Health Service; RCT – randomized controlled trial
* First author and reference

Table 6. Summary of strategies for which there is some evidence of effectiveness on some outcomes in the practice and/or policy environment
	Strategy
	Outcomes improved

	Practice
	

	Access to clinical information retrieval technology (e.g. Medline) [30, 38]; 

	Skills

	Clinical librarian services [23];

	Clinical practice

	Education in evidence-based practice (EBP) [27, 36];
	Knowledge
Skills
Attitudes
Behaviour towards EBP


	Education in critical appraisal (low intensity) – two RCTs [35];

	Knowledge

	Educational visits (outreach) plus donation of Cochrane Library and other materials – evidence from one RCT [44, 45];

	One clinical practice*

	Dissemination of printed educational materials (PEM) [32];

	Clinical practice

	Disseminating short summaries of systematic reviews – one RCT [45];

	Awareness

	Multi-component strategies for dissemination of PEMs compared with single dissemination strategies [40];

	Clinical practice

	Certain ways of communicating directness and net benefit in PEMs [40];

	Reduced uncertainty

	Local opinion leaders alone or in combination with other interventions [28]; 

	Compliance with EBP

	Some toolkits alone or embedded in a multi-strategy intervention [47].

	Clinical outcomes and/or 
Implementation outcomes

	Policy
	

	Tailored and targeted messaging – evidence from one RCT [12, 15, 24, 42, 43, 45]; 

	Evidence-informed decision-making

	Disseminating evidence – one RCT [15]; 

	Knowledge

	Disseminating systematic reviews – one observational study [43]

	Use of SRs in policy decision-making

	Training in the appraisal of research and its use – one observational study [12].

	Skills


	Policy and practice
	

	Mass mailing a printed bulletin which summarizes systematic review evidence (when there is a single clear message, the change is relatively simple to accomplish, and there is a growing awareness by users of the evidence that a change in practice is required) – 3 interrupted time series studies [42]

	EBP

	A multifaceted intervention that included education, a question and answer service and free access to databases – one RCT [15]  

	Knowledge

	Simple or single knowledge translation strategies were shown in some circumstances to be as effective as complex, multifaceted ones, including tailored and targeted messaging [15]  
	Practice 


EBP – evidence-based practice; PEM – printed educational materials; RCT – randomized controlled trial; SR – systematic review.
*Four clinical practices were measured in the study but only one of these improved significantly.  










