Additional Information on Study Characteristics
	Study and country
	Year
	Intervention
	Outcomes
	
	Reporting on theoretical foundation / protocol

	
	
	
	Volume Reduction
	Improvement of care
	Study Period
	

	
	
	
	Test rates
	Expenditure
	Appropriateness
	Pattern
	CoV
	Pre intervention period
	Duration (months)
	Post intervention period
	Duration (months)
	

	Studies identified in present review (n=21)

	Bateman et al, Canada (1)
	2019
	Education + Feedback
	+
	
	
	
	
	September - December 2017
	4
	January - June 2018
	6
	Reporting on theoretical foundation*

	Bejjanki et al, USA (2)
	2018
	Decision tool
	+
	+
	
	
	
	 May 2014 - September 2015
	17
	October 2015 - February 2017
	17
	

	Bellodi et al, Italy (3)
	2017
	Decision tool
	+
	
	
	
	
	September - November 2014
	3
	September - November 2015
	3
	

	Bradshaw et al, USA (4)
	2021
	Decision tool
	+
	
	
	
	
	January - March 2018
	3
	January - March 2019
	3
	

	Caldarelli et al, Italy (5)
	2017
	Decision tool
	+
	+
	+
	
	
	2012
	12
	2013 - 2014
	24
	

	Chami et al, Canada (6)
	2021
	Decision tool
	+
	
	
	
	
	April 2006 - October 2012
	79
	November 2012 - March 2018
	65
	

	Dalal et al, USA (7)
	2017
	Decision tool
	+
	
	
	
	
	 May - August 2014
	3
	 May - August 2015
	3
	

	Delvaux et al, Belgium (8)
	2020
	Decision tool
	
	
	+
	
	
	NA
	-
	December 2017 - June 2018
	7
	Trial protocol available (9)
Reporting on theoretical foundation**

	Elrewini et al, Saudi Arabia (10)
	2022
	Education + Guidelines
	
	+
	+
	
	
	January - June 2019
	6
	July 2019 - June 2020
	12
	Reporting on theoretical foundation*

	Gilmour et al, Canada (11)
	2017
	Education + Decision tool
	+
	
	
	
	
	October 2013 - September 2014
	12
	 December 2014 - August 2015
	9
	Reporting on theoretical foundation*

	Janssens et al, Netherlands (12)
	2015
	Guidelines
	+
	+
	
	
	
	2012
	NR
	2012
	NR
	

	Krouss et al, USA (13)
	2022
	Decision tool
	+
	
	
	
	
	May 18, 2020 to May 23, 2021
	12
	May 23, 2021 to February 27, 2022
	9
	

	Leis et al, Canada (14)
	2019
	Decision tool
	+
	
	+
	
	
	February - June 1997
	5
	February - June 2004
	5
	Reporting on theoretical foundation*

	Leung et al, USA (15)
	2017
	Education + Reminder
	
	+
	
	
	
	May - June 2016
	2
	May - June 2017
	2
	

	MacPherson et al, Australia (16)
	2005
	Guidelines + Decision tool
	+
	
	
	
	
	November 2013 - January 2014
	3
	November 2014 - January 2015
	3
	

	Muris et al, Netherlands (17)
	2021
	Decision tool
	+
	
	
	
	
	September 2017 - March 2019
	30
	September 2019 - March 2020
	7
	

	Notas et al, Greece (18) 
	2018
	Decision tool
	+
	
	
	
	
	April 2009 - March 2013
	48
	April 2013 - March 2016
	36
	

	Salinas et al, Spain (19)
	2016
	Decision tool
	+
	
	
	
	
	January 2010 - April 2011
	16
	May 2011 - December 2014
	32
	

	Sue et al, USA (20)
	2019
	Decision tool
	+
	
	
	
	
	July 2018 - September 2018 
	1.5
	September 2018-January 2019
	3.5
	

	Taher et al, Canada (21)
	2020
	Decision tool
	+
	
	
	
	
	October 2015 - March 2016
	6
	April 2016 - February 2019
	34
	Reporting on theoretical foundation*

	Wintemute et al, Canada (22)
	2019
	Guidelines + Feedback
	+
	
	
	
	
	January - December 2016
	12
	January - December 2017
	12
	Reporting on theoretical foundation*

	Studies included in previous review (n=27)

	Adlan et al, UK (23)
	2011
	Guidelines
	+
	+
	
	
	
	July - December 2004
	6
	July - December 2008
	6
	

	Baker et al, UK (24)
	2003
	Guidelines + Feedback
	+
	
	
	
	
	April 1999 - June 1999
	3
	July 1999 - March 2000
	9
	

	Berwick and Coltin, USA (25)
	1986
	Feedback/ Education
	+
	
	
	
	+
	NR
	12
	NR
	12
	

	Chu et al, Australia (26)
	2013
	Decision tool
	+
	
	
	
	
	January - June 2009
	5
	January - June 2010
	5
	

	Cipullo and Mostoufizadeh, USA (27)
	1996
	Guidelines
	+
	
	
	
	
	1993 - 1994
	NR
	1994 - 1995
	NR
	

	Daucourt et al, France (28)
	2000
	Reminder / Decision Tool / Reminder + Decision tool
	
	
	+
	
	
	NA
	-
	January - May 2000
	5
	

	Dowling et al, USA (29)
	1989
	Education + Feedback
	+
	
	+
	
	
	NR
	NR
	NR
	7
	

	Emerson and Emerson, USA (30)
	2001
	Decision tool
	+
	
	
	+
	
	January - June
	6
	July - July
	13
	

	Feldkamp and Carey, USA (31)
	1996
	Decision tool
	+
	
	+
	+
	
	1989
	NR
	1993
	36
	

	Gama et al, UK (32)
	1991
	Feedback
	+
	
	
	
	
	November - April 1988
	6
	May - October 1989
	6
	

	Grivell et al, Australia (33)
	1981
	Feedback
	+
	
	
	
	
	1979
	12
	1980
	12
	

	Hardwick et al, Canada (34)
	1982
	Guidelines + Change in Funding
	+
	+
	
	+
	
	1974-September 1976
	31
	October 1976-1979
	39
	

	Horn et al, USA (35)
	2013
	Decision tool
	+
	
	
	
	
	April2010-April2011
	12
	May-November 2011
	6
	

	Larsson et al, Sweden (36)
	1999
	Education
	
	
	
	+
	
	February and March 1996
	2
	February and March 1997
	2
	

	Mindemark and Larsson, Sweden (follow up) (37)
	2009
	Education
	
	
	
	+
	
	April - June 2002
	3
	April - September 2002
	6
	

	Nightingale et al, UK (38)
	1994
	Guidelines + Decision tool + Feedback
	
	
	+
	
	
	1990
	12
	1991
	12
	

	Rhyne and Gehlbach, USA (39)
	1979
	Education + Guidelines
	+
	
	+
	
	
	October 1976 - March 1977
	6
	June - November 1977
	6
	

	Schectman et al, USA (40)
	1991
	Education + Reminder + (Feedback)
	+
	
	+
	
	
	NR
	NR
	NR
	12
	

	Stuart et al, Australia (41)
	2002
	Education + Guidelines + Feedback
	
	+
	
	
	
	November 1998 - April 1999
	6
	November 1999 - October 2000
	24
	Reporting on theoretical foundation*

	Thomas et al, UK (42)
	2006
	Reminder/ Feedback / Reminder + Feedback
	+
	
	
	
	
	February 2001 - January 2002
	12
	February 2002 - January 2003
	12
	Trial protocol available (43)
Reporting on theoretical foundation**

	Tierney et al, USA (44) 
	1988
	Decision tool
	
	+
	
	
	
	NA
	0
	March - September 1986
	6
	

	Tomlin et al, New Zealand (45)
	2011
	Education + Guidelines + Feedback
	+
	
	
	+
	
	October 2003 - September 2005
	24
	October 2005 - December 2007
	27
	Reporting on theoretical foundation**

	Toubert et al, France (46) 
	2000
	Guidelines + Reminders
	+
	
	+
	+
	
	June - July 1996
	2
	June -July 1997 and 1998
	4
	

	Van Walraven et al, Canada (47)
	1998
	Guidelines + Change in Funding + Decision tool
	+
	
	
	+
	
	July 1991 - October 1993
	28
	November 1993 - April 1997
	42
	

	Vidal-Trecan et al, France (48) 
	2003
	Education + Guidelines + Reminders + Decision tool
	+
	
	
	+
	
	June 1995
	1
	July 1995 - June 1998
	36
	

	Willis and Datta, UK (49)
	2013
	Education + Guidelines
	+
	
	
	
	
	September 2008 - August 2009
	12
	September 2009 - Aug 2010
	12
	

	Wong et al, USA (50)
	1983
	Guidelines + Decision tool
	+
	
	
	+
	
	November 1980 - October 1981
	11.5
	October 1981 - May 1982
	6.5
	



* Reporting on theoretical foundation discussed in our Systematic Review. For relevant text passages see table below.
** Reporting on theoretical foundation not discussed explicitly in our Systematic Review. See table below for theory referenced.

Abbreviations: CoV = Coefficient of Variation, NA = Not Applicable, NR = Not Reported.

Reporting on theoretical foundation:
	Study and country
	Reporting on theoretical foundation

	Bateman et al, Canada (1)
	“A fish bone framework was used for root cause analysis and to identify possible avenues, facilitators, and barriers to intervention. We identified five domains (patient, physician, team, institution and system) with a total of 16 contributing causes to admission Vitamin D and TSH orders. Patient factors include clinically appropriate reasons for testing Vitamin D and/or TSH. The remaining domains encompass causes of admission Vitamin D and TSH orders that are outside the scope of clinical practice guidelines relevant to the study population, and likely lead to unnecessary or inappropriate testing.”
“Using the key factors identified from root cause analysis, a series of interventions were planned. For PDSA Cycle #1, we devised an academic detailing education intervention to target two physician factors, possible knowledge gap for best practices and lack of appreciation of potential harms of unnecessary testing, and one institutional factor, lack of awareness of the scope and cost of the problem. Simultaneously, CCDS was used to restrict Vitamin D orders to target two physician factors, habit and possible knowledge gap for appropriate indications for measuring Vitamin D […]. For PDSA Cycle #2, we devised an audit and feedback intervention to target two physician factors, automatic ordering in ‘favourite’ admission caresets and habitual ordering of Vitamin D and/or TSH, as well as two system factors, CPOE-enabled favourite caresets and CPOE-related ease of ordering inappropriate tests. […] A third PDSA cycle was devised to solicit feedback and disseminate results.”

	Delvaux et al, Belgium (8)
	[bookmark: _Hlk178778127]Search for additional literature by co-authors revealed an article on factors associated with CDSS success and a checklist for successfully implementing CDSS. This literature was not cited in the article: 
Van de Velde S, Kunnamo I, Roshanov P, Kortteisto T, Aertgeerts B, Vandvik PO, Flottorp S; GUIDES expert panel. The GUIDES checklist: development of a tool to improve the successful use of guideline-based computerised clinical decision support. Implement Sci. 2018 Jun 25;13(1):86. doi: 10.1186/s13012-018-0772-3.
Van de Velde S, Heselmans A, Delvaux N, Brandt L, Marco-Ruiz L, Spitaels D, Cloetens H, Kortteisto T, Roshanov P, Kunnamo I, Aertgeerts B, Vandvik PO, Flottorp S. A systematic review of trials evaluating success factors of interventions with computerised clinical decision support. Implement Sci. 2018 Aug 20;13(1):114. doi: 10.1186/s13012-018-0790-1.

	Elrewini et al, Saudi Arabia (10)
	“The whole process of TSH test requisition and processing was analyzed to identify the root causes and solutions as shown in the Ishikawa diagram. […] The interventions were implemented based on the formulated action plan within the planned framework.”

	Gilmour et al, Canada (11)
	“The model for improvement framework for continuous QI was used for project development. Iterative plan‐do‐study‐act cycles were used to refine 2 change ideas. The first change idea focused on providing education to physicians regarding appropriate indications for fT4/fT3 testing; this was accomplished via lectures, emails, and postings in clinical workspaces. The second change idea was to implement a forced‐
function reflex fT4 system, in which fT4 was only processed if the TSH was outside the laboratory's reference range or if a clinical justification was provided on the laboratory requisition.”

	Leis et al, Canada (14)
	“Most of the orders were thought to represent verbal orders from the physician or transcription errors. From this it was hypothesised that frequent ordering was driven by the format of the admission order set, namely the inclusion of a checkbox for TSH ordering. We proceeded to test this theory in a simulation, the details of which have been published elsewhere, […] and found that the presence of the checkbox did appear to influence ordering.”

	Stuart et al, Australia (41)
	“The PRECEDE (Predisposing, Reinforcing, Enabling, Causes in Educational Diagnosis and Evaluation) model was selected because it provides a practical framework for understanding behaviour modification in the context of test ordering by clinicians.[…] The model classifies factors that assist or inhibit behaviour change in to three groups: predisposing, enabling and reinforcing. Predisposing factors consist of preexisting attitudes or knowledge that support test-ordering practice. Enabling factors comprise individual skills, available resources and structural barriers that assist or inhibit appropriate test-ordering behaviour. Reinforcing factors relate to feedback that can positively or negatively influence practice. The intervention reflected the core elements of the PRECEDE model and comprised three integrated components:
■ an education program for medical staff (addressing predisposing factors);
■ implementation of a protocol for test ordering (addressing enabling factors);
■ an audit/feedback process (addressing reinforcing factors).”

	Taher et al, Canada (21)
	“To design a QI intervention, the Model for Improvement Framework was used […]. Based on the results from the baseline analysis and other
published literature […], the project aim was to reduce fT4 and fT3 testing by 30% from baseline within 1 year. Two change ideas were
implemented in April 2016 based off recommendations made in the free thyroid hormone Choosing Wisely toolkit […].”

	Thomas et al, UK (42)
	Citation of PRECEDE framework by Solomon et al. as referenced by Stuart et al. (41) (see above). Model not explicitly applied. Additional reference to Systematic Review by Grimshaw et al. in order to back the following passage:
“Furthermore, current systematic reviews suggest that single-intervention strategies could be as effective as multiple complex interventions in changing health-profession practice.”
Grimshaw JM, Thomas RE, MacLennan G, et al. Effectiveness and efficiency of guideline dissemination and implementation strategies. Health Technol Assess 2004; 8: 1–72.
Solomon DH, Hashimoto H, Daltroy L, Liang MH. Techniques to improve physicians’ use of diagnostic tests: a new conceptual framework. JAMA 1998; 280: 2020–27.

	Tomlin et al, New Zealand (45)
	Reference of various articles/studies to justify multifaceted intervention. To be found in the following passage
“There is evidence that multifaceted interventional programmes are needed before guidelines recommendations have a chance of being implemented.”

	Wintemute et al, Canada (22)
	“According to Rogers’ theory of diffusion of innovations, uptake is greater if a change is actively promoted by local opinion leaders; is compatible with values of adopters; is not overly complex; and if local adaptation is allowed.[...] The ARTIC project deliberately focused on local physician leadership and allowed local customization after agreement on general aims. There was financial and operational support at each site for local leaders, as well as ongoing communication and shared learning between champions at different sites, consistent with recom-mendations and principles of a Learning Healthcare System. […]”


Abbreviations: CDSS = Clinical Decision Support System, CPOE = Computerised Order Entry, fT3 = free Triiodothyronine, fT4 = free Thyroxine, PDSA = Plan-Do-Study-Act, QI = Quality Improvement, TSH = Thyroid-Stimulating Hormone.
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