m Additional file 1. PRISMA 2020 Checklist

Section and Location
Tobic Checklist item where item is
P reported

TITLE

Title 1 ‘ Identify the report as a systematic review. Title

ABSTRACT

Abstract 2 | See the PRISMA 2020 for Abstracts checklist. Abstract

INTRODUCTION

Rationale 3 | Describe the rationale for the review in the context of existing knowledge. Background,
paragraph 1-
2

Objectives 4 | Provide an explicit statement of the objective(s) or question(s) the review addresses. Background,
paragraph 3

METHODS

Eligibility criteria 5 | Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. Definitions,
inclusion and
exclusion
criteria, table 1

Information 6 | Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify Systematic

sources the date when each source was last searched or consulted. searches

Search strategy Present the full search strategies for all databases, registers and websites, including any filters and limits used. Additional file 2

Selection process Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each Data screening

record and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.

Data collection 9 | Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked Data extraction

process independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in and analysis

the process.

Data items 10a | List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each Data extraction

study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect. and analysis
10b | List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any | Data extraction
assumptions made about any missing or unclear information. and analysis,
table 1

Study risk of bias 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed N/A

assessment each study and whether they worked independently, and if applicable, details of automation tools used in the process.

Effect measures 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. N/A,
Narrative
synthesis

Synthesis 13a | Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics Mixed method

methods and comparing against the planned groups for each synthesis (item #5)). analysis

13b | Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data Analysis and

conversions.

synthesis of
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Section and Location
Tobic Checklist item where item is
P reported
findings
13c | Describe any methods used to tabulate or visually display results of individual studies and syntheses. Descriptive
tables/figures
13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the Data extraction
model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used. and analysis
13e | Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). N/A,
Narrative
synthesis
13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results. N/A
Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). N/A
assessment
Certainty 15 | Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. N/A
assessment
RESULTS
Study selection 16a | Describe the results of the search and selection process, from the number of records identified in the search to the number of studies Results
included in the review, ideally using a flow diagram. section;
PRISMA flow
diagram
16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. PRISMA flow
diagram,
additional file
2
Study 17 | Cite each included study and present its characteristics. Study
characteristics characteristics,
Table 2,3,4,
Figure 2,3,4,5
Risk of bias in 18 | Present assessments of risk of bias for each included study. N/A
studies
Results of 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its Descriptive
individual studies precision (e.g. confidence/credible interval), ideally using structured tables or plots. statistics and
narrative
synthesis,
Table 2,3,4,
Figure 2,3,4,5
Results of 20a | For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. Study
syntheses characteristics
sections
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Section and il
Tobic Checklist item where item is
P reported
20b | Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision N/A
(e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.
20c | Present results of all investigations of possible causes of heterogeneity among study results. N/A
20d | Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. N/A
Reporting biases 21 | Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. N/A
Certainty of 22 | Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. N/A, this is a
evidence review of
methodology,
not a review of
findings
DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of other evidence. Summary of
findings
23b | Discuss any limitations of the evidence included in the review. Strength and
limitations
23c | Discuss any limitations of the review processes used. Strength and
limitations
23d | Discuss implications of the results for practice, policy, and future research. Implications
OTHER INFORMATION
Registration and 24a | Provide registration information for the review, including register name and registration number, or state that the review was not registered. Abstract
protocol 24b | Indicate where the review protocol can be accessed, or state that a protocol was not prepared. Abstract
24c | Describe and explain any amendments to information provided at registration or in the protocol. N/A
Support 25 | Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. Declarations
Competing 26 | Declare any competing interests of review authors. Declarations
interests
Availability of 27 | Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included | Declarations

data, code and
other materials

studies; data used for all analyses; analytic code; any other materials used in the review.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71

For more information, visit: http://www.prisma-statement.org/




Additional file 2. Search Strategy

Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review & Other Non-Indexed
Citations, Daily and Versions(R) <1946 to November 17, 2021>

OCoONOOTULLD WN PR

N
N = O

13

"routine health data*".ti,ab,kw. 105
(routinely collected adj5 data*).ti,ab,kw. 4120
(((healthcare adj3 data*) or health) adj3 data*).ti,ab,kw. 67403
exp Electronic Health Records/ 24454
exp Health records, Personal/ 2305
exp Medical Records Systems, Computerized/ 44982
administrative data*.ab,ti,kf. or (administrative adj5 data*).ti,ab,kw. 21725
"National Program of Cancer Registries"/ 6
Registries/ 100425
(routine adj5 data*).ti,ab,kw. 10955
lor2or3ord4or5or6or7or8or9orl0 235176
trial.ti,ab,kw. 670298

(implement* or effectiveness or efficacy or real-world or "real world" or pragmatic or

evidence-based or "evidence based" or real-life or "real life" or hybrid).ti,ab,kw.

14

15

2181529
12 and 13 220814
11 and 14 3997



Cochrane Library
Date of search: 17/11/2021

Results: 462 trials

ID Search

#1 MeSH descriptor: [Randomized Controlled Trials as Topic] explode all trees
#2 MeSH descriptor: [Pragmatic Clinical Trials as Topic] explode all trees
#3 (trial):ti,ab,kw

#4 MeSH descriptor: [Implementation Science] explode all trees

#5 #1 OR #2 OR #3

#6 (implement*):ti,ab,kw

#7 #4 OR #6

#8 #5 AND #7

#9 MeSH descriptor: [Routinely Collected Health Data] explode all trees
#10  MeSH descriptor: [Electronic Health Records] explode all trees

#11  MeSH descriptor: [Health Records, Personal] explode all trees

#12  (administrative data*):ti,ab,kw

#13  MeSH descriptor: [Internet of Things] explode all trees

#14  MeSH descriptor: [Registries] explode all trees

#15  (hospital episode data*):ti,ab,kw

#16 #9 OR#10OR#11 OR#12 OR #13 OR #14 OR #15

#17  #8 AND #16 with Publication Year from 2000 to 2021, in Trials



Additional file 3. Description of implementation outcomes according to Proctor et al., 2010

IMPLEMENTATION MAY ALSO DEFINITION
OUTCOME REFER TO
Satisfaction The perception among implementation
stakeholders that a given treatment,
ACCEPTABILITY service, practice, or
innovation is agreeable, palatable, or
satisfactory.
Uptake; The intention, initial decision, or
ADOPTION Utili.zation; aczjion to try or employ an innovation or
Intention to try evidence-based
practice.
Perceived fit; The perceived fit, relevance, or
Relevance; compatibility of the innovation or
APPROPRIATENESS Usefulness; evidel‘ace-bas‘ed practzzce for a given
practice setting, provider, or consumer;
and/or perceived fit of the innovation to
address a particular issue or problem.
Actual fit; The extent to which a new treatment, or
FEASIBILITY Ut‘ility.; ‘ an innoyation, can ‘be Suc.’cessfully used
Practicability or carried out within a given agency or
setting.
Adherence; The degree to which an intervention
Delivered as was implemented as it was prescribed in
FIDELITY intended; the original protocol or as it was
Quality of program intended by the program developers
delivery
IMPLEMENTATION | Cost-effectiveness;  The cost impact of an implementation
COST Cost-benefit effort.
PENETRATION Spread The f'ntegm‘tion of a practice within a
service setting and its subsystems.
Maintenance; The extent to which a newly implemented
SUSTAINABILITY Continuati'on; ztrea'tme.nt is maintqinfzd or .
Incorporation; institutionalized within a service

setting’s ongoing, stable operations.

Proctor E, Silmere H, Raghavan R, Hovmand P, Aarons G, Bunger A, Griffey R, Hensley M.
Outcomes for implementation research: conceptual distinctions, measurement challenges, and
research agenda. Administration and policy in mental health and mental health services
research. 2011 Mar;38(2):65-76.
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Additional file 5. Summary of single implementation strategies used
in included trials

Reminders 16 (66.7%)

Education (including meetings, materials, trainings, workshops, 5 (20.8%)

educational outreach, etc.)
CDSS 3 (12.5%)



Rationale of using RHD
in implementation trials

Improving quality of care

Confirming findings

Reducing research burden

Increasing efficiency

Additional file 6. Reported rationale themes with full examples

"Collection of routine data could allow care quality to be monitored, and improved, by identifying patients who would benefit from a specific evidence-based treatment, fostering access to
and monitoring retention in that treatment." [s22]

"The use of electronic health records (EHRs) offers potential for improving the quality of care for obese children and for accelerating the adoption of research evidence regarding childhood
obesity screening and management. It also holds promise for establishing treatment benchmarks and for supporting patients and their clinical teams in care improvement" [s30]

"EHRs have the potential to increase adherence to guidelines, and it could be used to remind clinicians to document smoking status and deliver brief advice, prompt clinicians to prescribe
cessation medications, and facilitate referrals to counseling." [s17]

"An EHR-based tool is available that can facilitate meaningful use documentation" [s43]

"The modern electronic health record (EHR) has previously been used to increase the likelihood of CHB screening via message prompts to providers 24 hours prior to appointments
involving at-risk patients." [s48]

"Incorporating alerts into electronic medical records (EMRs) has proved effective for improving the practice of different preventive care" [s35]

"We evaluated the reliability of the trial results against routinely collected data from the health check management information system." [s39]

"The administrative database analysis offers partial validation for the assessment of adherence to medication." [s61]

"It minimised the burden of research for practices and encouraged recruitment and it reduced the cost compared to trial-specific data collection." [s37]

"We were able to embed the intervention within the workflow of a primary care clinic, which resulted in high rates of participation by providers and a
protocol that did not increase provider burden. " [s68]

"Embedding multi-arm, pragmatic trials of interventions aiming at implementing improved care or outcomes within routine operations of health systems can
help to reduce research waste in implementation science by producing generalisable scientific results, and findings that directly improve patient care" [s61]

"Our trial was a cost-effective approach to reach a population of over 100 000 at-risk patients, costing less than £1 per patient." [s37]

"The conduct of trials using electronic health records as a means for increasing the speed and efficiency with which trials can be completed is a topic of growing
importance." [s39]

"Registries can track influenza immunisation rates in recalled children and can increase the efficiency of reminder/recall by restricting subsequent mailings only to those
patients who are not immunised after an initial recall letter." [s7]

"To maximise efficiency, the approach involved automated enrolment from an existing provincial registry, centralised delivery of the intervention, and use of routinely
collected administrative data. " [s61]

"Outcomes were measured using routinely collected electronic health information, avoiding any distortions to usual care that might arise from data collection from
physicians or patients." [s78]

"There was no reliable and practical biochemical method of verifying that an infant is breastfed, and strong concerns were voiced that seeking direct proof of
breastfeeding (eg, through observation of a feed) would have a negative effect on the relationship between clinicians and women. We therefore used the method by

"An emerging trial methodology utilises routinely collected electronic health record sources to ascertain outcome data, at far lower cost than traditional methods of data
collection." [s37]

"These data provided objective measures that are less prone to inaccuracy than self reported healthcare data, which have consistently overestimate compliance with
recommendations for preventive screening procedures." [s3]

Providing objective and reliable measures which infant feeding status is recorded for the purposes of routine data collection in the UK’s National Health Service. [54]
Ascertaining outcomes at lower cost —————————
Assessing outcomes
Possessing improved accuracy

Identifying study samples %

Assessing representativeness

"This claims-based measure has been shown to have improved accuracy and have higher correlation with biological markers of adherence than pill counts. It also reduces
recall bias that may occur with self-reported adherence measures." [s32]

"Registries pool data from multiple sources and can be used to target children most at risk and most likely to benefit from outreach." [s2]

"Billing data proved to be a powerful and efficient tool for identifying children who need influenza immunisation." [s7]

"Data contained in an electronic health record (EHR) can be used to identify candidates for risk-reducing interventions." [s26]

"For vaccination outreach, data recorded in the electronic health record through routine care delivery can inform real-time identification of unvaccinated populations." [s72]

"Data available in the EHR can be utilised to identify the appropriate target population for a smoking cessation intervention." [s74]

"We compared routinely collected child data on study participants and programme participants not taking part in the study to assess representativeness of the study sample." [s53]

"Use of EHR allowed for studying the natural process of care, studying a large number of patients, and having a population-based sample of patients and providers, rather than limiting our sample to those willing to be
recruited into a study." [s31]

"CHSP data enabled us to assess maternal age and deprivation at population level." [s16]
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Additional file 7. Reported facilitators and barriers with full examples
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_ *Additional consent from GPs was required for further demographic patient-level data (age and sex) and so were
only available for a subset." [s37]
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ascertainment.” [s37]

" One of the key measures of our abilty to ob data from
data, brought challenges to outcome

" concern over data sharing, particularly in response to care

“The CPRD dlinical trials demonstrated the feasibility of conducting pragmatic drug trials using electronic health records
but identified several difficulties that would need to be overcome before these could be implemented on a wider scale.
These difficulies especially related to the issue of obtaining informed consent n the context of routine primary care

consultations.” [s39]
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