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Table S1: Details of realist review methodology (including minor deviations from the 

protocol) 

Step 1 

Initial programme 

theory (IPT) 

development 

An initial programme theory (IPT) provides a starting point for a realist 

review. It is a first attempt to develop a rough understanding of ‘what is 

going on’ in relation to the research question. The IPT for this review was 

developed based on two scoping searches of the literature, and the input of 

the project team and stakeholder group. The IPT informed subsequent 

review processes, familiarising reviewers with terminology in the field and 

so improving the sensitivity of the main search and sensitising the 

reviewers to potentially important themes in the literature, forming the basis 

of an initial coding frame for the analysis. Further details on IPT 

development are available from the authors on request. The IPT is 

illustrated below in Figure S1. 

Some minor adjustments to the protocol were made based on the initial 

programme theory:  

- The decision was made to focus on developing causal 

explanations focused on individual clinicians’ decision-making in 

relation to test ordering; 

- To accurately represent the breadth of the literature on test 

ordering, and the complexity of the problem, no limitations were 

placed on the scope of the type of influences on test ordering that 

were considered during theory development; 

- Reflecting the available data, most of the analysis most directly 

speaks to the decisions of general practitioners or family 

physicians. 

Step 2  

Searching for 

evidence 

 

The main search for evidence was undertaken with the aim of assembling 

a body of relevant data that could be used to develop and refine the 

programme theory. 15 databases and web sources were searched in May 

2019: MEDLINE, Embase, HMIC, CINAHL, Cochrane Library, Web of 

Science Core Citation Indexes, Scopus, EconLit, Proquest Social Science 

Collection, Google Scholar, OpenGrey, NICE Evidence Search, EThoS, 

Proquest Dissertations & Theses and Google web search. A broad range 

of sources were searched to ensure that the full breadth of the literature 

across multiple disciplines was included.  

This set of sources for the main search differs slightly from that proposed in 

the review protocol: PsycINFO was excluded following a preliminary 

scoping search, due to the low likelihood of relevant content given the 



focus on laboratory tests; HMIC was added; ASSIA was searched 

alongside additional sources available in the Proquest Social Sciences 

Collection. 

The search strategy was developed first for Ovid MEDLINE and 

subsequently translated for use elsewhere. The strategy combined free text 

and subject heading terms for primary care and laboratory tests with terms 

relating to use/utilisation, decision making and clinical practice.  

Additional documents were identified via supplementary search methods 

such as citation tracking (snowballing) and via personal contacts and 

networks.34 35  A ‘secondary search’ was undertaken later in the review 

with the aim of identifying relevant substantive theories that could act as a 

theoretical lens through which to understand the review’s overall 

findings.36  

Full details of the search strategies employed are provided below in Tables 

S1-S3. 

Step 3 

Selection and 

appraisal 

The selection of documents for inclusion in the review was based on the 

assessment of their relevance (whether or not they contained data that 

could be used to develop the programme theory) and rigour (whether that 

data was considered “credible” or “trustworthy” in relation to its role in 

contributing to the theory).33, pp89-90 37, pp137-139  

References were screened first by title and abstract to exclude ineligible 

documents and identify those most likely to contribute relevant data to 

develop the programme theory. These documents explicitly focused on 

clinician decision making, or the influence of contextual factors on test 

ordering decisions. The full text of these documents was obtained for close 

reading, to identify relevant data that could contribute to programme theory 

development. All screening was conducted by CD, with 10% screened in 

duplicate by GW to check consistency of the application of the eligibility 

criteria, which are summarised below: 

Eligibility criteria 

 

Inclusion 

- All document types and study designs 

- No date limits 

- Focus on commonly used laboratory tests 

- Describe primary care settings 

- Explore clinician behaviour or decision making in relation to test 

ordering 

- Explore contextual influences on decision making in relation to test 

ordering 

- Potential to contribute relevant data to developing programme 

theory 

 

Exclusion 

- Focus on tests that were out of scope, e.g. imaging tests, near-

patient tests, self-testing 

- Describe practice in low and middle-income settings 

- Provide guidelines or recommendations for practice 



- Focus on wrong stage of the testing process, e.g. laboratory 

processes, test results 

- No English translation available 

 

Additional screening of the remaining non-excluded references was 

undertaken at later stages to address evidence gaps in the developing 

programme theory. 

Assessments of rigour were conducted in parallel with processes of data 

extraction and organisation, and analysis and synthesis (steps 4 and 5). 

The assessment was conducted at the level of data, extracted from the 

included documents. This approach ensures that documents including 

relevant data are not excluded on the basis of study design,38 and because 

ostensibly methodologically weak studies may still contribute relevant data 

to programme theory development.39 The assessment of the rigour of any 

particular piece of data cannot be isolated from the analysis, so that 

appraisal must consider both the methodology by which the data was 

produced, and the role that it plays in the developing theory.33, pp 89-90 

A full record of the extracted data that underpinned each aspect of the 

realist analysis is available on request from the authors. 

Step 4 

Data extraction and 

organisation 

Descriptive data about each included document were extracted into an 

Excel spreadsheet (Microsoft Corporation, Richmond, WA, USA). The full 

text of all included documents was uploaded to the qualitative data analysis 

software, NVivo 12 Pro (QSR International, Warrington, UK). Documents 

were read closely and coded to organise the data and identify important 

concepts that could inform programme theory development. The initial 

coding frame was based on the IPT. It was amended as new concepts 

emerged from the data and rationalised at several points during the 

analysis. A 10% random sample of included documents were coded in 

duplicate to identify gaps in the coding frame, and to ensure consistency of 

understanding between reviewers. 

The characteristics of included documents are presented below in Table 

S4. 

Step 5 

Analysis and 

synthesis 

Analysis and synthesis of the included data was an iterative process, 

centred on the development of realist context-mechanism-outcome 

configurations (CMOCs). CMOCs are configurations of data, describing 

how important contexts trigger the mechanisms that generate observed 

and/or reported outcomes. Following data extraction and coding, related 

data were considered together, and through the processes of “juxtaposing, 

adjudicating, reconciling, consolidating and situating” this gathered 

evidence were used,33, pp 74-76 with the aim of identifying salient contexts, 

plausible mechanisms and relevant outcomes, and developing 

configurations of these. CMOCs were developed by applying inductive, 

deductive, abductive and retroductive reasoning processes in considering 

the available data. This interpretive process was used to infer underlying 

causal mechanisms and the relationships between contexts, mechanisms 

and observed outcomes.  

Analysis and synthesis proceeded iteratively: tentative CMOCs were 

developed and then refined as more and more data was included. 

Additional data was drawn in as required. Members of the stakeholder 



group were consulted during this process and provided valuable feedback 

on the relevance and resonance of the developing theories. These 

processes continued until the reviewers agreed that a point of theoretical 

saturation was reached, i.e. enough data had been gathered and analysed 

to generate a useful representative set of CMOCs offering explanations for 

observed patterns of test ordering behaviour. 

The full set of CMOCs were considered as a whole and a “final programme 

theory” was developed, drawing on additional theoretical literature. This 

final programme theory was intended both to summarise the review’s 

findings, and to propose an overall model for understanding important 

causes of both increasing, and variable use of laboratory tests in primary 

care settings. 

Full details of the CMOCs developed and illustrative data excerpts are 

provided in Tables S5-S7  

 



Figure S1: Initial programme theory 
 

 



Table S2: Initial programme theory searches 

The search strategies used to inform the development of the IPT focused on identifying a) 

relevant theory (via PubMed and Google Scholar) and b) systematic reviews of interventions 

that aim to change test ordering behaviour (via MEDLINE and Embase). Citation tracking 

and ‘related articles’ links were used to identify additional relevant papers. 

PubMed 

Searched 13th September 2018 

(diagnostic[Title] OR laboratory[Title] OR order*[Title] OR request*[Title] OR demand[Title]) AND 

(test[Title] OR tests[Title] OR testing[Title]) AND (decision*[Title/Abstract] OR 

behaviour*[Title/Abstract] OR behavior*[Title/Abstract] OR variation[Title/Abstract]) AND 

(theor*[Title/Abstract] OR concept*[Title/Abstract] OR model*[Title/Abstract] OR 

logic[Title/Abstract]) 

347 hits screened 

Google Scholar 

Searched 13th September 2018 

("diagnostic tests" OR "laboratory tests" OR "test ordering") AND (decision OR behaviour OR 

variation) AND (theory OR concept OR model OR logic) 

c. 17,400 hits; first 100 screened (last result followed up was on page 8 of 10) 

MEDLINE 
Ovid MEDLINE® Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE® 
Daily and Ovid MEDLINE®) 1946 to present 

Searched 12th October 2018 

1. ((test* OR pathology OR laboratory) adj3 (order* OR utili* OR request* OR demand)).ti,ab 
2. ((test* OR pathology OR laboratory) adj3 (overuse* OR underuse*)).ti,ab 
3. (overtest* OR undertest*).ti,ab 
4. (lab* adj3 (quality improvement OR audit*)).ti,ab 
5. OR/1-4 
6. intervention*.ti,ab 
7. 5 AND 6 
8. Meta-Analysis as Topic/ 
9. meta analy$.tw. 
10. metaanaly$.tw. 
11. Meta-Analysis/ 
12. (systematic adj (review$1 or overview$1)).tw. 
13. exp Review Literature as Topic/ 
14. or/8-13 
15. cochrane.ab. 
16. embase.ab. 
17. (psychlit or psyclit).ab. 
18. (psychinfo or psycinfo).ab. 
19. (cinahl or cinhal).ab. 
20. science citation index.ab. 
21. bids.ab. 
22. cancerlit.ab. 
23. or/15-22 
24. reference list$.ab. 
25. bibliograph$.ab. 
26. hand-search$.ab. 
27. relevant journals.ab. 
28. manual search$.ab. 
29. or/24-28 
30. selection criteria.ab. 
31. data extraction.ab. 



32. 30 or 31 
33. Review/ 
34. 32 and 33 
35. Comment/ 
36. Letter/ 
37. Editorial/ 
38. animal/ 
39. human/ 
40. 38 not (38 and 39) 
41. or/35-37,40 
42. 14 or 23 or 29 or 34 
43. 42 not 41 
44. 7 and 43 

92 hits 

Embase 
Embase 1974 to present 

Searched 12th October 2018 

1. ((test* OR pathology OR laboratory) adj3 (order* OR utili* OR request* OR demand)).ti,ab 
2. ((test* OR pathology OR laboratory) adj3 (overuse* OR underuse*)).ti,ab 
3. (overtest* OR undertest*).ti,ab 
4. (lab* adj3 (quality improvement OR audit*)).ti,ab 
5. OR/1-4 
6. intervention*.ti,ab 
7. 5 AND 6 
8. exp Meta Analysis/ 
9. ((meta adj analy$) or metaanalys$).tw. 
10. (systematic adj (review$1 or overview$1)).tw. 
11. or/8-10 
12. Cancerlit.ab. 
13. Cochrane.ab. 
14. Embase.ab. 
15. (psychlit or psyclit).ab. 
16. (psychinfo or psycinfo).ab. 
17. (cinahl or cinhal).ab. 
18. science citation index.ab. 
19. Bids.ab. 
20. or/12-19 
21. reference lists.ab. 
22. bibliograph$.ab. 
23. hand-search$.ab. 
24. manual search$.ab. 
25. relevant journals.ab. 
26. or/21-25 
27. data extraction.ab. 
28. selection criteria.ab. 
29. 27 or 28 
30. Review.pt. 
31. 29 and 30 
32. Letter.pt. 
33. Editorial.pt. 
34. animal/ 
35. human/ 
36. 34 not (34 and 35) 
37. or/32-33,36 
38. 11 or 20 or 26 or 31 



39. 38 not 37 
40. 7 and 39 

127 hits 

 

Table S3: Main searches 

15 databases and web sources were searched: MEDLINE, Embase, HMIC, CINAHL, the 

Cochrane Library, the Web of Science Core Citation Indexes, Scopus, EconLit, Proquest 

Social Science databases (IBSS, Social Science Database, and the Sociology Collection, 

comprising ASSIA, Sociological Abstracts, Sociology database), Google Scholar, OpenGrey, 

NICE Evidence Search, EThoS, Proquest Dissertations & Theses and Google web search. 

MEDLINE 
Ovid MEDLINE® Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid 
MEDLINE® Daily and Ovid MEDLINE®) 1946 to present 

Searched 3rd May 2019 (Daily database update) 

1. exp *General Practice/  
2. *General Practitioners/  
3. *Physicians, Family/  
4. exp *Primary Health Care/  
5. *Physicians, Primary Care/  
6. *Office Visits/  
7. (((general or family) adj (practi* or physician? or doctor?)) or GP or GPS).ti,ab,kw.  
8. (primary adj2 (care or healthcare)).ti,ab,kw.  
9. or/1-8  
10. *"diagnostic techniques and procedures"/  
11. *clinical laboratory techniques/  
12. exp *clinical chemistry tests/  
13. exp *hematologic tests/  
14. exp *immunologic tests/  
15. exp *laboratory critical values/  
16. *occult blood/  
17. *pre-analytical phase/  
18. exp *pregnancy tests/  
19. exp *semen analysis/  
20. *Pathology, Clinical/  
21. *Diagnostic Tests, Routine/  
22. exp *Biomarkers/bl  
23. exp *Laboratories/  
24. *Clinical Laboratory Services/ 
25. or/10-24  
26. exp *Health Services Misuse/ 
27. exp *Decision Making/  
28. *Practice Patterns, Physicians/  
29. *Guideline Adherence/  
30. or/26-29  
31. 25 and 30  
32. ((test* or laborator* or pathology or "diagnostic* test*" or "diagnostic* tool*") adj2 ("use" or 

order* or utilis* or utiliz* or request* or demand*) adj4 (unnecessary or necessary or 
appropriate* or inappropriate* or rational* or irrational* or variab* or variation* or pattern* or 
decision*)).ti,ab,kw.  

33. ((test* or laborator* or pathology) adj3 (over-util* or overutil* or under-util* or underutil* or 
over-use* or overuse* or under-use* or underuse* or over-request* or overrequest* or 
under-request* or underrequest*)).ti,ab,kw  

34. ((test* or laborator* or pathology) adj3 (optimi#ation or quality improvement or demand 
management)).ti,ab,kw. 

35. (overtest* or over-test* or under-test* or undertest).ti,ab,kw.  



36. or/31-35  
37. 9 and 36  
38. animals/ 
39. humans/ 
40. 38 not (38 and 39) 
41. 37 not 40 

549 hits 
A regular search alert based on this search strategy was set up to email the reviewer with new 
results once a month 

Embase 
OVID Embase 1974 to present 

Searched 3rd May 2019 (Daily database update) 

1. exp *general practice/  
2. exp *general practitioner/  
3. exp *primary health care/  
4. (((general or family) adj (practi* or physician? or doctor?)) or gp or gps).ti,ab,kw.  
5. (primary adj2 (care or healthcare)).ti,ab,kw.  
6. or/1-5  
7. *diagnostic test/  
8. exp *laboratory test/  
9. *pathology/  
10. *biological marker/  
11. *clinical laboratory/  
12. *clinical laboratory service/  
13. or/7-12  
14. *unnecessary procedure/  
15. exp *decision making/  
16. *clinical practice/  
17. *protocol compliance/  
18. or/14-17  
19. 13 and 18  
20. ((test* or laborator* or pathology or "diagnostic* test*" or "diagnostic* tool*") adj2 ("use" or 

order* or utilis* or utiliz* or request* or demand*) adj4 (unnecessary or necessary or 
appropriate* or inappropriate* or rational* or irrational* or variab* or variation* or pattern* or 
decision*)).ti,ab,kw.  

21. ((test* or laborator* or pathology) adj3 (over-util* or overutil* or under-util* or underutil* or 
over-use* or overuse* or under-use* or underuse* or over-request* or overrequest* or 
under-request* or underrequest*)).ti,ab,kw. 

22. ((test* or laborator* or pathology) adj3 (optimi#ation or quality improvement or demand 
management)).ti,ab,kw. 

23. (overtest* or over-test* or under-test* or undertest).ti,ab,kw.  
24. or/19-23  
25. 6 and 24  
26. animals/  
27. humans/  
28. 26 not (26 and 27)  
29. 25 not 28   

502 hits   
A regular search alert based on this search strategy was set up to email the reviewer with new 
results once a month 

HMIC (Health Management Information Consortium) 
OVID HMIC  
Data from the King’s Fund (1979 to present) and Department of Health (1983 to present) 

Searched 3rd May 2019 (January 2019 database update) 

1. exp primary care/  
2. family practitioners/ or general practitioners/  
3. exp general practices/  
4. (((general or family) adj (practi* or physician? or doctor?)) or GP or GPS).ti,ab. 
5. (primary adj2 (care or healthcare)).ti,ab.  
6. or/1-5  



7. exp diagnostic techniques/  
8. exp tests/  
9. exp clinical pathology/  
10. laboratories/ or exp hospital laboratories/ or exp medical laboratories/ 
11. exp biological markers/  
12. or/7-11 
13. exp decision making/  
14. exp variations/  
15. or/13-14  
16. 12 and 15  
17. ((test* or laborator* or pathology or "diagnostic* test*" or "diagnostic* tool*") adj2 ("use" or 

order* or utilis* or utiliz* or request* or demand*) adj4 (unnecessary or necessary or 
appropriate* or inappropriate* or rational* or irrational* or variab* or variation* or pattern* or 
decision*)).ti,ab.  

18. ((test* or laborator* or pathology) adj3 (over-util* or overutil* or under-util* or underutil* or 
over-use* or overuse* or under-use* or underuse* or over-request* or overrequest* or 
under-request* or underrequest*)).ti,ab.  

19. ((test* or laborator* or pathology) adj3 (optimi#ation or quality improvement or demand 
management)).ti,ab.  

20. (overtest* or over-test* or under-test* or undertest).ti,ab.  
21. or/16-20  
22. 6 and 21 

30 hits 

CINAHL 
Ebsco CINAHL 1981 to present 

Searched 3rd May 2019 (Database update date unknown) 

S25  S7 AND S24 
S24  S19 OR S20 OR S21 OR S22 OR S23 
S3  TI ( (overtest* OR over-test* OR under-test* OR undertest) ) OR AB ( (overtest* OR over-test* 
OR under-test* OR undertest) ) 
S22  TI ( ((test* OR laborator* OR pathology) N2 (optimi?ation OR "quality improvement" OR 
"demand management")) ) OR AB ( ((test* OR laborator* OR pathology) N2 (optimi?ation OR 
"quality improvement" OR "demand management")) ) 
S21  TI ( ((test* OR lab? OR laborator* OR pathology OR diagnostic*) N3 (over-util* OR overutil* 
OR under-util* OR underutil* OR over-use* OR overuse* OR under-use* OR underuse* OR over-
request* OR overrequest* OR under-request* OR underrequest*)) ) OR AB ( ((test* OR lab? OR 
laborator* OR pathology OR diagnostic*) N3 (over-util* OR overutil* OR under-util* OR underutil* 
OR over-use* OR overuse* OR under-use* OR underuse* OR over-request* OR overrequest* OR 
under-request* OR underrequest*)) ) 
S20  TI ( ((test* OR laborator* OR pathology OR "diagnostic* test*" OR "diagnostic* tool*") N2 
("use" OR order* OR utilis* OR utiliz* OR request* OR demand*) N4 (unnecessary OR necessary 
OR appropriate* OR inappropriate* OR rational* OR irrational* OR variab* OR variation* OR 
pattern* OR decision*)) ) OR AB ( ((test* OR laborator* OR pathology OR "diagnostic* test*" OR 
"diagnostic* tool*") N2 ("use" OR order* OR utilis* OR utiliz* OR request* OR demand*) N4 
(unnecessary OR necessary OR appropriate* OR inappropriate* OR rational* OR irrational* OR 
variab* OR variation* OR pattern* OR decision*)) ) 
S19 S13 AND S18 
S18  S14 OR S15 OR S16 OR S17 
S17 (MM "Guideline Adherence") 
S16  (MM "Practice Patterns") 
S15  (MM "Decision Making+") 
S14  (MM "Health Services Misuse+") 
S13  S8 OR S9 OR S10 OR S11 OR S12 
S12  (MM "Clinical Laboratories+") 
S11  (MM "Biological Markers+/BL") 
S10  (MM "Diagnostic Tests, Routine") 
S9  (MM "Pathology, Clinical") 
S8  (MM "Diagnosis, Laboratory") OR (MM "Chemistry, Clinical+") OR (MM "Hematologic Tests+") 
OR (MM "Immunologic Tests+") OR (MM "Laboratory Test Panels") OR (MM "Occult Blood") OR 
(MM "Pregnancy Tests+") OR (MM "Semen Analysis+") OR (MM "Urinalysis") 



S7  S1 OR S2 OR S3 OR S4 OR S5 OR S6 
S6  TI ( (primary N2 (care OR healthcare)) ) OR AB ( (primary N2 (care OR healthcare)) ) 
S5  TI ( ((general OR family) N0 (practi* OR physician? OR doctor?)) OR GP OR GPS ) OR AB ( 
((general OR family) N0 (practi* OR physician? OR doctor?)) OR GP OR GPS ) 
S4  (MM "Office Visits") 
S3  (MM "Primary Health Care") 
S2  (MM "Physicians, Family") 
S1  (MM "Family Practice") 

221 hits 

Cochrane Library 

Cochrane Database of Systematic Reviews (CDSR) and Cochrane Controlled Register of Trials 

(CENTRAL) via www.cochranelibrary.org  

Searched 3rd May 2019 (CDSR Issue 5 of 12, May 2019 update) 

1. MeSH descriptor: [General Practice] explode all trees 

2. MeSH descriptor: [General Practitioners] explode all trees 

3. MeSH descriptor: [Physicians, Family] explode all trees 

4. MeSH descriptor: [Primary Health Care] explode all trees 

5. MeSH descriptor: [Office Visits] explode all trees 

6. (((((general OR family) NEAR/1 (practi* OR physician? OR doctor?)) OR gp OR 

gps))):ti,ab,kw 

7. ((primary NEAR/2 (care OR healthcare))):ti,ab,kw 

8. {OR #1-#7} 

9. MeSH descriptor: [Diagnostic Techniques and Procedures] this term only 

10. MeSH descriptor: [Clinical Laboratory Techniques] this term only 

11. MeSH descriptor: [Clinical Chemistry Tests] explode all trees 

12. MeSH descriptor: [Hematologic Tests] explode all trees 

13. MeSH descriptor: [Immunologic Tests] explode all trees 

14. MeSH descriptor: [Laboratory Critical Values] this term only 

15. MeSH descriptor: [Occult Blood] this term only 

16. MeSH descriptor: [Pre-Analytical Phase] this term only 

17. MeSH descriptor: [Pregnancy Tests] explode all trees 

18. MeSH descriptor: [Semen Analysis] explode all trees 

19. MeSH descriptor: [Pathology, Clinical] this term only 

20. MeSH descriptor: [Diagnostic Tests, Routine] this term only 

21. MeSH descriptor: [Biomarkers] explode all trees and with qualifier(s): [blood - BL] 

22. MeSH descriptor: [Laboratories] explode all trees 

23. MeSH descriptor: [Clinical Laboratory Services] this term only 

24. {OR #9-#23} 

25. MeSH descriptor: [Health Services Misuse] explode all trees 

26. MeSH descriptor: [Decision Making] explode all trees 

27. MeSH descriptor: [Practice Patterns, Physicians'] explode all trees 

28. MeSH descriptor: [Guideline Adherence] explode all trees 

29. {OR #25-#28} 

30. #24 AND #29 

31. ((((test* OR laborator* OR pathology OR diagnostic*) NEAR/2 ("use" OR order* OR utilis* 

OR utiliz* OR request* OR demand*) NEAR/4 (unnecessary OR necessary OR 

appropriate* OR inappropriate* OR rational* OR irrational* OR variab* OR variation* OR 

pattern* OR decision*)))):ti,ab,kw 

32. ((((test* OR laborator* OR pathology) NEAR/3 (over-util* OR overutil* OR under-util* OR 

underutil* OR over-use* OR overuse* OR under-use* OR underuse* OR over-request* OR 

overrequest* OR under-request* OR underrequest*)))):ti,ab,kw 

33. ((test* OR laborator* OR pathology) NEAR/3 (optimi?ation OR "quality improvement" OR 

"demand management")):ti,ab,kw 

34. ((overtest* OR over-test* OR undertest* OR under-test*)):ti,ab,kw 

35. OR{#30-#34} 

36. #8 AND #35 

http://www.cochranelibrary.org/


111 hits (CDSR = 2 hits, CENTRAL = 109 hits) 

Web of Science Core Citation Indexes 

SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI via Clarivate 

Analytics 

Searched 3rd May 2019 (Database update 2nd May 2019) 

1. TS=(((general OR family) NEAR/1 (practi* OR physician? OR doctor?)) OR gp OR gps) 

2. TS=(primary NEAR/2 (care OR healthcare)) 

3. #2 OR #1 

4. TS=((test* OR laborator* OR pathology OR "diagnostic* test*" OR "diagnostic* tool*") 

NEAR/2 ("use" OR order* OR utilis* OR utiliz* OR request* OR demand*) NEAR/4 

(unnecessary OR necessary OR appropriate* OR inappropriate* OR rational* OR 

irrational* OR variab* OR variation* OR pattern* OR decision*)) 

5. TS=((test* OR laborator* OR pathology) NEAR/3 (over-util* OR overutil* OR under-util* OR 

underutil* OR over-use* OR overuse* OR under-use* OR underuse* OR over-request* OR 

overrequest* OR under-request* OR underrequest*)) 

6. TS=((test* OR laborator* OR pathology) NEAR/3 ((optimi?ation OR "quality improvement" 

OR "demand management"))) 

7. TS=(overtest* OR over-test* OR undertest* OR under-test*) 

8. #7 OR #6 OR #5 OR #4 

9. #8 AND #3 

10. EXCLUDE 

11. Engineering Aerospace 

12. Computer Science Information Systems 

13. Computer Science Theory Methods 

14. Telecommunications 

15. Remote Sensing 

16. Engineering Electrical Electronic 

17. Computer Science Artificial Intelligence 

453 hits 

Scopus 

Via www.scopus.com, 1970 to present 

Searched 3rd May 2019 (Database update unknown) 

((TITLE-ABS-KEY((((general OR family) W/1 (practi* OR physician* OR doctor*)) OR gp OR gps))) 

OR (TITLE-ABS-KEY((primary W/2 (care OR healthcare))))) AND ((TITLE-ABS-KEY(((test* OR 

laborator* OR pathology OR "diagnostic test" OR "diagnostic tool")) W/2 ("use" OR order* OR utilis* 

OR utiliz* OR request* OR demand*) W/4 (unnecessary OR necessary OR appropriate* OR 

inappropriate* OR rational* OR irrational* OR variab* OR variation* OR pattern* OR decision*)))) 

OR (TITLE-ABS-KEY(((test* OR laborator* OR pathology) W/3 (over-util* OR overutil* OR under-

util* OR underutil* OR over-use* OR overuse* OR under-use* OR underuse* OR over-request* OR 

overrequest* OR under-request* OR underrequest*)))) OR (TITLE-ABS-KEY(((test* OR laborator* 

OR pathology) W/3 ((optimi*ation OR {quality improvement} OR {demand management}))))) OR 

(TITLE-ABS-KEY((overtest* OR over-test* OR undertest* OR under-test*) ))  

 

EXCLUDE 

Engineering 

Computer Science 

Physics and Astronomy 

Mathematics 

Materials Science 

Agricultural and Biological Sciences 

Earth and Planetary Sciences 

Environmental Science 

Chemical Engineering 

Arts and Humanities 

Decision Sciences 

http://www.scopus.com/


Energy 

Chemistry 

Neuroscience 

Business, Management and Accounting 

Dentistry 

418 hits   

EconLit 

Via Proquest 

Searched 3rd May 2019 (Database update unknown) 

noft(health* OR medical OR medicine OR doctor* OR physician* OR general practi*) AND noft((test 

NEAR/2 order*) OR "laboratory test*" OR "diagnostic test*" OR "pathology" ) AND noft(supply OR 

demand OR unnecessary OR necessary OR appropriate* OR inappropriate* OR rational* OR 

irrational* OR variab* OR variation* OR pattern* OR decision* OR over-util* OR overutil* OR under-

util* OR underutil* OR over-use* OR overuse* OR under-use* OR underuse* OR over-request* OR 

overrequest*  OR under-request* OR underrequest* OR over-treat* OR overtreat* OR under-treat* 

OR undertreat* OR over-diagnos* OR overdiagnos* OR under-diagnos* OR underdiagnos* OR 

over-test* OR overtest* OR under-test* OR undertest*) 

123 hits   

Proquest Social Sciences Databases 

IBSS (1951 to present), Social Science Database (no dates available); Sociology Collection, 

comprising ASSIA (1987 to present), Sociological Abstracts (1952 to present), Sociology Database 

(1985 to present) 

Searched 3rd May 2019 (Database update unknown) 

(noft(((test* OR laborator* OR pathology OR "diagnostic* test*" OR "diagnostic* tool*") NEAR/2 

("use" OR order* OR utilis* OR utiliz* OR request* OR demand*) NEAR/4 (unnecessary OR 

necessary OR appropriate* OR inappropriate* OR rational* OR irrational* OR variab* OR variation* 

OR pattern* OR decision*))) OR noft(((test* OR laborator* OR pathology) NEAR/3 (over-util* OR 

overutil* OR under-util* OR underutil* OR over-use* OR overuse* OR under-use* OR underuse* 

OR over-request* OR overrequest* OR under-request* OR underrequest*))) OR noft(((test* OR 

laborator* OR pathology) NEAR/3 (optimi?ation OR "quality improvement" OR "demand 

management"))) OR noft((overtest* OR over-test* OR undertest* OR under-test*))) AND 

(noft(((general OR family) NEAR/2 (practi* OR physician? OR doctor?)) OR GP OR GPs) OR 

noft(primary NEAR/2 (care OR healthcare))) 

32 hits   

Google Scholar 

Via www.google.com/scholar   

Searched 4th May 2019 (Update unknown) 

(“general practice” OR “general practitioner” OR “primary care” OR “primary healthcare”) AND 

(“laboratory test” OR “diagnostic test”) AND (ordering OR utilisation OR requesting OR demand) 

AND (unnecessary OR appropriate OR rational OR variable OR variation OR pattern OR decision 

OR overuse OR underuse OR “quality improvement” OR “demand management” OR optimisation) 

308 hits (after screening 580 results ‘on screen’ (until reached page with no relevant hits)) 

OpenGrey 

INIST-CNRS (Institut de I’Information Scientifique et Technique) 

Searched 8th May 2019 (Database update unknown) 

(“general practice” OR “general practitioner*” OR “primary care” OR “primary healthcare”) AND 

(“laboratory test*” OR “diagnostic test*”) AND (order* OR utili* OR request* OR demand) AND 

(unnecessary OR appropriate* OR rational* OR variab* OR variation* OR pattern* OR decision* 

OR overuse* OR underuse* OR “quality improvement” OR “demand management” OR 

optimi?ation) 

7 hits (after screening 36 ‘on screen’) 

NICE Evidence Search 

Via www.evidence.nhs.uk  

Searched 8th May 2019 (Database update unknown) 

http://www.google.com/scholar
http://www.evidence.nhs.uk/


(“general practice” OR “general practitioner*” OR “primary care” OR “primary healthcare”) AND 

(“laboratory test*” OR “diagnostic test*”) AND (order* OR utilisation OR request* OR demand*) 

30 hits (after screening 341 hits ‘on screen’) 

EThOS 

Via British Library http://ethos.bl.uk  

Searched 8th May 2019 (Database update unknown) 

“primary care” AND “laboratory tests” 

“primary care” AND “diagnostic tests” 

“primary care” AND “blood tests” 

“primary care” AND “pathology” 

“general practitioners” AND “laboratory tests” 

“general practitioners” AND “diagnostic tests” 

“general practitioners” AND “blood tests” 

“general practitioners” AND “pathology” 

“general practice” AND “laboratory tests” 

“general practice” AND “diagnostic tests” 

“general practice” AND “blood tests” 

“general practice” AND “pathology” 

“test ordering” 

4 hits (after screening ‘on screen’) 

Proquest Dissertations & Theses 

Via Proquest; PQDT Global 1861 to present 

Searched 8th May 2019 (Database update unknown) 

(noft(((test* OR laborator* OR pathology OR "diagnostic* test*" OR "diagnostic* tool*") NEAR/2 

("use" OR order* OR utilis* OR utiliz* OR request* OR demand*) NEAR/4 (unnecessary OR 

necessary OR appropriate* OR inappropriate* OR rational* OR irrational* OR variab* OR variation* 

OR pattern* OR decision*))) OR noft(((test* OR laborator* OR pathology) NEAR/3 (over-util* OR 

overutil* OR under-util* OR underutil* OR over-use* OR overuse* OR under-use* OR underuse* 

OR over-request* OR overrequest* OR under-request* OR underrequest*))) OR noft(((test* OR 

laborator* OR pathology) NEAR/3 (optimi?ation OR "quality improvement" OR "demand 

management"))) OR noft((overtest* OR over-test* OR undertest* OR under-test*))) AND 

(noft(((general OR family) NEAR/2 (practi* OR physician? OR doctor?)) OR GP OR GPs) OR 

noft(primary NEAR/2 (care OR healthcare))) 

4 hits (after screening 38 hits ‘on screen’) 

Google 

Via www.google.com; searched in Google Chrome ‘incognito’ browser 

Searched 8th May 2019 (Database update unknown) 

(“general practice” OR “general practitioner” OR “primary care” OR “primary healthcare”) AND 

(“laboratory test” OR “diagnostic test”) AND (ordering OR utilisation OR requesting OR demand) 

AND (unnecessary OR appropriate OR rational OR variable OR variation OR pattern OR decision 

OR overuse OR underuse OR “quality improvement” OR “demand management” OR optimisation) 

25 hits (after screening ‘on screen’; c. 533,000 hits, screened first 14 pages after which Google 

suggested the following results were similar to those already screened) 

 

Table S4: Secondary searches 

These searches were run in the later stages of the review, during the development of the 

final programme theory, to gather additional data on relevant theories relating to the overall 

programme theory. A series of searches were run in Google Scholar and PubMed, and 

results were screened ‘on screen’. 

Google Scholar 

Via www.google.com/scholar 

Searched 10th April 2020 (Database update unknown) 

http://ethos.bl.uk/
http://www.google.com/
http://www.google.com/


1. (“test ordering” OR “test utilisation” OR “overtesting” OR “undertesting”) AND (“cognitive 

load” OR “cognitive resources” OR “capacity theory”) 

2. (“test ordering” OR “test utilisation” OR “overtesting” OR “undertesting”) AND workload 

AND prioritisation 

3. (“test ordering” OR “test utilisation” OR “overtesting” OR “undertesting”) AND “task 

prioritisation” 

4. (“primary care” OR “general practice” OR “general practitioner”) AND “task prioritisation” 

5. ("primary care" OR "general practice" OR "general practitioner") AND workload AND 

prioritisation 

6. ("primary care" OR "general practice" OR "general practitioner") AND (“cognitive load” OR 

“cognitive resources” OR “capacity theory”) 

Each search string run separately and first c.100 hits screened ‘on screen’; 2 hits identified and 

included from search #4 

PubMed 

Searched 10th April 2020 (Database update unknown) 

(((efficiency[Title/Abstract] AND thoroughness[Title/Abstract])) OR ETTO[Title/Abstract]) OR 

Hollnagel[Title/Abstract] 

38 hits 



Table S5: Characteristics of included documents 

First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

van der 

Weijden 2002 Interviews GPs (n=21) 

Urban and rural GP 

practices Netherlands Various 

1d,2a,2b,2c,3b,3f,3h,4b,5a,

5b,5c,6a,6c,7c,7d,7e, 8a, 

A-C 

Opdal 2019 Focus groups GPs (n=28) 

Urban and rural GP 

practices Norway Various 

2a, 2b, 3a, 3f, 7c, 7d, 7e, 

8c, 9a, 9b, 10c, A-C 

Watson 2017 Interviews GPs (n=23) 

GP practices in one 

region UK Various 

1c, 1d, 3b, 3f, 5a, 5c, 6c, 

7a, 7b, 7h, 9b, A-C 

Litchfield 2014 Interviews GPs (n=29) 

GP practices in one 

region UK 

Liver function 

tests 

2c, 3e, 3f, 3h, 5a, 6a, 6c, 

7a, 7f, 10b, A-C 

Hardwick 2014 Interviews 

GPs (n=9), practice 

nurses (n=3), practice 

managers (n=2) and one 

practice nurse/practice 

manager 

GP practices in one 

region UK 

Thyroid 

function tests 

2a, 2b, 3a, 3b, 5b, 6c, 7a, 

7f, 9b, 10a, 11a 

Powell 2013 Narrative review     

1a, 1b, 3e, 4b, 7b, 7c, 7d, 

10b, A-C 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

Sabbatini 2014 Focus groups Physicians (n=62) Various USA  

3g, 6a, 7a, 7b, 8a, 8b, 11a, 

A-C 

Salloum 1993 Survey Family physicians (n=48) 

"Family Practice 

Department" of a 300-

bed hospital Canada Various 3a, 3c, 3d, 3g, 7a, 7f, 10e 

Deyo 2002 Narrative review    Various 2c, 9a, 11b, A-C 

Hickner 2014 Survey 

General internal medicine 

and family physicians 

(n=1768) Various USA Various 1b, 3h, 8a, 9a, 11b, 11c 

Houben (1) 2010 

Cross-sectional 

observational 

Primary care physicians 

(n=87) 

Urban, suburban and 

rural primary care 

practices Netherlands Various 2a, 2b, 2c, 5b, 6b, 6c 

McGregor 2012 

Opinion/commentar

y   Canada Various 5c, 5d, 7a, 7b, 9f, 10a 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

Mira 2018 

Cross-sectional 

observational, 

survey 

Primary care 

professionals (n=2098) 

(GPs, n=936; 

paediatricians, n=682; 

nurses, n=286) 

Primary care practitioners 

recruited via invitation via 

health services and 

professional bodies Spain  2a, 2b, 5c, 7a, 7c, 7f 

Yagil 2015 Interviews 

Physicians (n=34) 

including 14 family 

physicians and 

paediatricians Various Israel  5a, 6a, 7c, 7e, 7g, 10c 

Watson 2016 Interviews 

GPs (n=23) and nurse 

practitioners (n=3) Primary care practices UK 

Inflammatory 

marker tests 2a, 2b, 2c, 9c, 9d 

Whiting 2007 Systematic review    Various 3a, 3f, 3h, 9a, 10a 

Boven 1997 Survey Family physicians (n=11) GP practices Netherlands Various 6b, 6c, 7f, 10c 

Guthrie 2001 

Cross-sectional 

observational GPs (n=42) 

GP practices in one 

region UK Various 2a, 2b, 5b, 6b 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

Tracy 2005 Survey 

Primary care physicians 

(n=431) 

Primary care physicians 

randomly selected from 

the College of Family 

Physicians of Canada list Canada  8c, A-C 

Whiting 2019 Evaluation  

GP practices in one 

region UK Various 3e, 9c, 10a, 10b 

Cadogan 2016 Interviews GPs (n=16) 

GP practices in one 

region Ireland 

Immunoglo-

bulin tests 1c, 3h, 9c 

Chandra 2011 Narrative review     A-C 

Croskerry 2002 Narrative review     3g, 3h, 5c 

Duncan 2019 Interviews 

GPs (n=13), pharmacists 

(n=10) 

General practices 

sampled for 

heterogeneity UK  A-C 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

Espeland 2003 Focus groups GPs (n=13) 

GPs purposively sampled 

from practices, 

educational course and 

professional meeting Norway 

Plain 

radiography 5d, 6c, 7f 

Grant 2018 Ethnography General practices (n=8) 

General practices 

(purposively sampled) UK  A-C 

Haggerty 2005 Survey 

Family Physicians 

(n=351) 

Family practices in 

several regions Canada 

Cancer 

screening 

tests 4a, 5b, 7b 

Hollnagel 2009 Theory     A-C 

Morgan 2015 

Cross-sectional 

observational GP registrars (n=644) 

Urban, rural and remote 

GP practices in four 

states Australia Various 2a, 2b, 6b 

Shye 1998 Focus groups 

Internal medicine and 

family practice physicians 

(n=22) 

Not-for-profit HMO 

serving northwest 

Oregon and southwest 

Washington USA 

Lumbar spine 

imaging 6a, 7f, 9d 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

Teas Gill 2005 

Conversation 

analysis 

Single primary care visit 

(n=1) 

General internal medicine 

outpatient clinic USA  7e, 10a, 10c 

Thommase

n 2016 Survey 

Family physicians 

(n=162) 

Family practices in 

Alberta, primarily (81%) 

urban settings Canada Various 9d, 9f, 11a 

van 

Bokhoven 2012 

Cluster-randomised 

clinical trial 

GPs (n=63) and patients 

(n=513) 

GP practices in two 

regions  Netherlands Various A-C 

van der 

Weijden 2003 

Cross-sectional 

observational GPs (n=21) 

GP practices from an 

urban and rural region Netherlands Various 2a, 2b, 5b 

Verstappe

n 2004 

Cross-sectional 

observational, 

survey GPs (n=229) 

GP practices from five 

regions Netherlands Various 1b, 4b, 9c 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

Williams 1982 Survey 

Physicians (n=280) 

(senior medical residents, 

n=20; medical attending 

physicians, n=69; 

community internists, 

n=191) 

Residents and attending 

physicians from the 

Hospital of the University 

of Pennsylvania and 

community internists from 

the Philadelphia 

metropolitan area USA Various 1d, 10a, 10b 

Zaat 1992 

Cross-sectional 

observational GPs (n=75) 

GPs using two different 

laboratories Netherlands Various 2a, 2b, 9b 

Anderson 2008 Interviews 

Community primary care 

physicians (n=36) and 

patients (n=49) 

Community physician 

practices that were 

known to researchers or 

members of the Iowa 

Research Network 

(IRENE) USA Various 5b, 7c 

Bakarman 1996 Survey 

Primary care physicians 

(n=20) 

Physicians from five 

health care centres in 

one region Saudi Arabia Various 3a, 3b 

Butler 1998 Interviews 

GPs (n=21) and patients 

(n=17) 

General practices in 

South Wales UK  7c, 7g 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

Carrington 

Reid 1998 Survey 

Physicians with various 

specialities including 

family physicians (n=300; 

family physicians n=50) Various USA Various 1a, 1b 

Chambers 2016 Systematic review    Various 9a, 9d 

Davis 2002 

Cross-sectional 

observational GPs Waikato region of NZ New Zealand  2a, 2b 

De Sutter 2007 

Systematic review, 

cross-sectional 

observational 

GPs (n=164) (in the 

observational study) 

GP practices using 5 

private laboratories in 

Flanders or 

Brussels/Walloon region Belgium Various 5b, 6b 

DeKay 1998 Decision analysis    Various 2a, 2b 

Doll 2011 

Cross-sectional 

observational 

Primary care patients 

(n=355,517) 

General practices in one 

region (using a single 

laboratory to process 

results) UK 

Cholesterol 

tests 3g, 6b 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

Felder 2014 Decision analysis    Various 2a, 2b 

Frank 2007 

Theoretical 

framework, cross-

sectional 

observational  Ambulatory/primary care USA  1a, 1b 

Hozo 2008 Decision analysis    Various 2a, 2b 

Koch 2009 

Cross-sectional 

observational GPs (n=27) 

GP practices in two 

regions  Netherlands Various 2a, 2b 

Miller 2019 

Opinion/commentar

y   UK Various 9c, 9e 

Nash 2018 Interviews 

Primary care physicians 

(n=9) and nurse 

practitioners (n=4) 

Participants purposively 

sampled from a range of 

practices (e.g. rural vs 

urban, solo vs team) Canada 

Estimated 

glomerular 

filtration rate, 

level of 

albuminuria 6b, 10d 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

Passiment 2013 Survey  Various USA Various 3h, 11c 

Pathirana 2017 Narrative review     10b 

Pickles 2015 Interviews GPs (n=32) 

Purposive sample from 

primary care clinics in 

urban and rural locations, 

including men's health 

clinics Australia 

Prostate 

specific 

antigen tests 7f, 8c 

Purvis 

Cooper 2004 Focus groups 

Primary care physicians 

(n=75) 

Various locations in 35 

states USA 

Prostate 

specific 

antigen tests 4a, 7h 

Sood 2007 Systematic review    Various 10a, 10e 

Studdert 2010 

Cross-sectional 

observational 

GPs (n=3214) 

(From co-located 

practices, n=317; from 

GP practices contributing 

data to the Bettering the 

Evaluation of Care of Australia Various 7d, 7h 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

non-co-located practices, 

n=2897) 

Health (BEACH) 

programme 

Tritter 2014 Interviews 

Family physicians 

(n=256) 

Primary care practices in 

two states USA Various 7h, 8a, 10a 

van 

Bokhoven 2008 Interviews GPs (n=24) 

GPs who participated in 

the quality improvement 

strategy arm of a 

randomised clinical trial 

on blood test ordering Netherlands Various 2c, 3h 

van 

Bokhoven 2006 Survey, interviews Patients (n=22) 

GP practices from an 

urban and rural region Netherlands Various 5a, 5b 

Winkens 2002 

Opinion/commentar

y   Netherlands  2c, 10a 

Attia 2004 Survey 

GPs (n=416) and 

physicians (n=403) 

GPs and physicians were 

randomly chosen from 

lists of members of 

professional bodies UK, Australia Various 1b 

Barth 2012 

Opinion/commentar

y   UK Various 11a 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

Beasley 2011 Narrative review     1a 

Bishop 2010 Survey Physicians (n=1231) 

Physicians randomly 

sampled from the AMA 

master file list, in four 

groups: primary care, 

nonsurgical (medical) 

specialists, surgical 

specialists and others. USA  7f 

Blalock 2016 Narrative review     1b 

Busby 2013 

Retrospective 

cohort 

GP practices (n=444-

467) 

General practices 

contributing to the 

General Practice 

Research Database 

(GPRD) UK Various 10a 

Cadogan 2018 

Cross-sectional 

observational GPs (n=481) 

GP practices in two 

counties (Cork and Kerry) Ireland 

Immunoglo-

bulin tests 3a 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

Cadogan 2015 Systematic review    Various 4b 

Cohen 1999 

Cross-sectional 

observational Patients (n=295) 

12 primary care practices 

from three randomly 

chosen clinics with 

different population 

characteristics Israel Various 7c 

Croal 2017 Report   UK Various 11c 

de Jong 2006 

Cross-sectional 

observational GPs (n=68) 

GP practices contributing 

to the Dutch National 

Survey of General 

Practice 2001 Netherlands  4b 

Dyer 2019 News   UK Unknown 8c 

Eisenberg 1981 

Cross-sectional 

observational 

Community physicians 

(n=336) 

Outpatient visits to 

community physicians in 

three counties in 

northeast Pennsylvania USA Various 3a 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

Ergȕn-

Șahin 2019 

Cross-sectional 

observational Patients (n=11271) 

Internal medicine 

outpatient unit (polyclinic) 

of a large public training 

and research hospital Turkey Various 7d 

Feinstein 1985 

Opinion/commentar

y     1b 

Fenton 2015 

Cross-sectional 

observational 

Primary care providers 

(n=135), patients (n=867) 

Primary care clinics in six 

health systems in 

Sacramento and San 

Francisco USA Various 7c 

Finkelstein 1991 Time series  

Data from a regular audit 

of laboratory tests 

collected by a private 

health care company was 

analysed USA Various 9a 

Fischer 2014 

Cross-sectional 

observational 

Primary care providers 

(n=278) 

Large multi-speciality 

group practice in New 

England USA Various 9e 

Fletcher-

Lartey 2016 Survey, interviews 

GPs (Survey 

respondents, n=584; 

interviewed n=32) 

For the survey, a random 

sample of GPs from the 

2014 National GP 

Survey; for the 

interviews, purposive Australia  7a 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

sampling of GPs from a 

range of practice types 

Foy 2013 Case Report ICU patient (n=1) 

Cardiac intensive care 

unit USA  5c 

Geneau 2008 

Case Series, 

Interviews GPs (n=28) 

8 primary care 

organisations (4 private 

clinics and 4 local 

community health 

centres; 2 of each group 

rural/urban) Canada  7g 

Ghandi 2006 

Cross-sectional 

observational 

Primary care clinicians 

(n=88), other clinicians 

(n=94), trainees (n=20) 

Malpractice insurance 

companies; study of 

claims relating to missed 

or delayed diagnoses USA Various 3h 

Gigerenzer 2005 Theoretical     3e 

Grytten 2003 

Cross-sectional 

observational 

Primary care physicians 

(n=2291-2382) 

"Contract" physicians 

employed across Norway Norway Various 1d 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

Hamm 1996 Survey 

Physicians (n=13) and 

patients with respiratory 

infection (n=113) 

Two community practices 

and one academic family 

practice clinic USA  7a 

Hayat 

Roshanai 2013 Survey 

Primary care physicians 

(n=305) 

General practitioners 

randomly selected from 

the Swedish physician 

register Sweden 

Prostate 

specific 

antigen tests 5b 

Heller 2004 Survey 

GPs (n=106), Physicians 

(n=115) and GP 

examiners (n=81) 

GPs and physicians from 

one region randomly 

chosen from lists of 

members of professional 

bodies; examiners were 

recruited at a meeting UK Various 1b 

Hensher 2017 Narrative review     9a 

Hjortdahl 1990 

Opinion/commentar

y   Norway Various 3d 

Holman 2000 

Opinion/commentar

y   USA  6a 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

Holtgrave 1991 

Cross-sectional 

observational, 

survey Family physicians (n=14) 

Academic family practice 

centre USA Various 3g 

Homer 2017 Time series GP practices (n=95) 

Practices in Tower 

Hamlets and Newham UK 

Liver function 

tests (LFTs) 11b 

Houben (2) 2010 Prospective cohort 

Primary care patients 

(n=256) 

Primary care clinicians 

from rural, suburban and 

urban areas already 

participating in a larger 

study Netherlands Various 2c 

Independe

nt Cancer 

Taskforce 2005 Report   UK  7a 

Irving 2013 

Opinion/commentar

y    Various 5d 

Jones 2019 Narrative review   

UK, USA, 

Australia Various 9f 

Kassirer 1989 

Opinion/commentar

y   USA Various 2c 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

Knighton 2016 

Cross-sectional 

observational 

Paediatric patients 

(n=15886) 

Health care service 

organisations that 

generated Medicaid 

claims for a laboratory 

test or diagnostic imaging 

procedure USA Various 11a 

Kobewka 2015 Systematic review    Various 11b 

Kosterich 2010 Letter   Australia Various 7f 

Kravitz 2000 Survey Patients (n=56) 

General internal medicine 

practices in an urban 

location USA Various 5a 

Kuelhein 2010 Report   Europe  7a 

Linder 2014 

Cross-sectional 

observational Clinicians (n=204) 

Primary care practices 

affiliated to Partners 

HealthCare USA  7d 

Lundberg 2014 

Opinion/commentar

y   USA Various 5d 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

Lyu 2017 Survey Physicians (n=2106) 

Medical doctors listed in 

the AMA master file who 

have responded to an 

invitation to participate in 

an online educational 

community USA  7a 

Mangione-

Smith 1999 Survey 

Physicians (n=10) and 

parents (n=306) 

Two private paediatric 

practices (one 

community-based and 

one university-based) USA  7a 

Manski 2013 Decision analysis     1b 

Marquis 1982 

Cross-sectional 

observational 

GPs (n=465), 

paediatricians (n=96), 

internists (n=92) 

Office-based 

consultations by patients 

taking part in the Rand 

Health Insurance 

Experiment (HIE) in two 

states USA Various 3a 

Matulis 2019 

Cross-sectional 

observational 

Internal medicine 

outpatients (n=98) 

Outpatient, acute internal 

medicine visits at the 

Mayo Clinic USA Various 6b 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

McCartney 2019     Various 9f 

Mindemark 2009 

Retrospective 

cohort GPs (n=23) 

16 primary health care 

centres in one county Sweden Various 11c 

Morgan 2016 Survey GP trainees (n=167) 

General practice training 

providers, before and 

after an educational 

intervention Australia Various 5b 

Moss 2013 Survey GPs (n=258) 

Primary care doctors 

from one region UK CA125 1b 

Naugler 2016 

Cross-sectional 

observational, 

metric development 

Family physicians 

(n=1430) 

Test ordering data 

obtained from Calgary 

Laboratory Services (sole 

provider) Canada Various 11c 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

Nicholson 2019 

Retrospective 

cohort   

One laboratory 

catchment area UK CA125 3g 

Nilsen 2012 Narrative review     1d 

Nilsen 2017 Interviews GPs (n=6) 

Purposive sample of 

GPs, including 3 from 

rural settings and 3 from 

urban Norway  7c 

O'Flynn 2006 Interviews 

Primary care 

professionals (n=21)  

(13 GPs, 2 nurse 

practitioners, 5 nurses, 1 

community 

gynaecologist) 

Inner city health authority 

area UK  5b 

O'Reilly 2014 

Opinion/commentar

y   USA Various 10d 

O'Sullivan 2018 

Cross-sectional 

observational, 

metric development General practices (n=69) 

General practices in 

Oxfordshire UK CSR, ESR 6c 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

O'Sullivan 

(2) 2018 

Cross-sectional 

observational 

General practices 

(n=444) 

General practices within 

the Clinical Practice 

Research Datalink UK Various 9e 

Paterniti 2010 

Survey, video 

transcript analysis 

Patients requesting but 

refused antidepressants 

(n=84) 

Primary care offices in 

three US cities USA  7e 

Rolfe 2013 Systematic review    Various 2c 

Sá 2015 Survey 

Family physicians 

(n=244) 

Family physicians 

working in NHS Primary 

Care Health Units, from 

five regional health 

administrations Portugal Various 10e 

Schattner 2008 

Opinion/commentar

y   Israel Various 11b 

Scheiderm

ayer 1987 

Opinion/commentar

y   USA Various 5a 

Schiavoni 2017 Interviews 

Primary care providers 

(n=46) 

35 primary care practices 

that are part of Atrius 

Health in eastern and 

central Massachusetts USA Various 8a 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

Sikaris 2017 Narrative review    Various 7h 

Smellie 2003 

Opinion/commentar

y   UK Various 9c 

Stivers 2003 

Survey, audio 

transcript analysis 

Physicians (n=10) and 

parents (n=306) 

Two private paediatric 

practices (one 

community-based and 

one university-based) USA  7a 

Studdert 2005 Survey 

Physicians in specialities 

at high risk of litigation 

(n=824) 

Various settings, 

physicians identified from 

the AMA master file list in 

Pennsylvania USA  7h 

Szczepura 1991 Narrative review    Various 9a 

Tidy 2018 

Opinion/commentar

y   UK Various 9f 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

Tsiga 2013 Experimental GPs (n=34) 

GPs working in the 

Thessaloniki metropolitan 

area Greece  7d 

Tudiver 2002 Survey 

Family physicians 

(n=565) 

Family practice in rural 

and urban locations in 5 

Canadian provinces Canada 

Cancer 

screening 4a 

van den 

Brandhof 2006 

Cross-sectional 

observational 

GPs (n=45), analysis of 

consultations with 1464 

cases 

GP practices that are 

members of the sentinel 

network of the 

Netherlands Institute for 

Health Services 

Research (NIVEL) Netherlands Various 5b 

van 

Walraven 2006 

Retrospective 

cohort 

Primary care patients 

(n=881,353) 

Laboratory tests ordered 

in all settings in one 

region (secondary and 

primary care) Canada Various 6b 

Watson 2006 

Randomised 

controlled trial, 

survey Men aged 40-75 (n=990) 

11 GP practices in 

Oxfordshire, 

Hertfordshire, Cwmbran 

and Aberystwyth UK PSA 5b 



First 

author Year Study methods Population Setting Country Test(s) Contributes to CMOCs 

Watson 2019 Prospective cohort 

Patients with 

inflammatory marker 

testing (n=199,928) 

UK general practices 

contributing to the 

Clinical Practice 

Research Datalink 

(CPRD) UK 

Inflammatory 

marker tests 2c 

Whiting 2015 Systematic review    Various 1b 

Wilson 2001 

Cross-sectional 

observational, 

survey 

Generalist physicians 

(n=52), patients (n=1137) 

Generalist physicians 

offering outpatient 

services across 5 states, 

usually rural (coal mining) 

areas USA 

Radiological 

studies 7c 

Wong 1983 

Informal 

investigation No details provided No details provided USA Various 3b 

Zhi 2013 Systematic review    Various 3e 

 



Table S6: Detailed CMOCs Part 1 (Test ordering heuristics) 

CMOC Illustrative data excerpt(s) References Summary of data 

sources 

Use of heuristics and “rules of thumb” in decision-making 

1a: When 

consultation time 

is short and/or 

workload is high 

(C), clinicians 

minimise the time 

and cognitive 

effort associated 

with decision-

making (M) by 

employing 

heuristics to make 

decisions about 

test ordering (O). 

“[Clinicians] did not have 

time to locate the indexes of 

test accuracy, perform the 

requisite transformational 

calculations and produce 

the relevant probability 

estimates”(61) 

 

(61, 69-71) The data underpinning 

this CMOC is from four 

documents:  

one survey of 

physicians, including 

family physicians (USA) 

and three narrative 

reviews that present 

theoretical frameworks 

developed from a range 

of included evidence. 

1b: When 

clinicians have 

incomplete 

technical 

knowledge about 

laboratory 

medicine and/or 

diagnostic 

reasoning (C), 

they rely on ‘gist’ 

understanding (M) 

to develop 

decision-making 

heuristics for test 

ordering (O).  

“…the physicians, despite 

avoiding the recommended 

formal [calculation] 

methods, reported using an 

informal “direct” method for 

determining tests’ 

diagnostic accuracy.”(61) 

 

 

(61-70, 72, 

99) 

Data from 12 

documents:  

one cross-sectional 

study (Netherlands), 

one decision analysis 

model, two narrative 

reviews, one systematic 

review, five surveys of, 

or including family 

physicians or GPs (USA 

and UK), one 

theoretical framework 

accompanied by cross-

sectional data analysis 

(USA); and one 

commentary (USA).  

1c: When 

guidelines for test 

ordering practice 

are absent, 

inaccessible or not 

fit-for-purpose (C), 

clinicians minimise 

the time and 

cognitive effort 

associated with 

decision-making 

(M) by employing 

heuristics to make 

decisions about 

test ordering (O). 

“In the absence of clear 

guidelines for vague or non-

specific symptoms, GPs 

developed their own 

unwritten mental shortcuts 

or heuristics, including 

‘batteries’ of blood tests, 

often based on habit and 

experience rather than 

guidelines”(74) 

(74, 75) Data from 2 documents: 

Two qualitative 

interview studies with 

GPs (UK and Ireland) 



1d: When 

clinicians employ 

the same 

heuristics over 

time and no 

feedback indicates 

that they should 

change (C), they 

become familiar 

and automatic (M) 

test ordering 

habits and 

routines (O). 

“…doctors reflected that 

these patterns of blood 

testing, once engrained 

could become self-

perpetuating”(74) 

 

“At a given moment you just 

got into the habit of a 

particular routine, and it is 

very difficult not to tick off 

certain boxes”(GP, quoted 

in (77)) 

(74, 76-79) Data from 5 documents:  

two qualitative interview 

studies with GPs (UK 

and Netherlands), one 

survey of physicians 

including “community” 

physicians (USA), one 

cross-sectional study 

(Norway) and one 

narrative review. 

Diagnostic uncertainty in primary care settings 

2a: In the 

presence of 

diagnostic 

uncertainty (C), 

clinicians may 

apply a heuristic of 

“more testing is 

better” (O) as they 

seek to minimise 

the risk of missing 

a diagnosis (M). 

 

2b: In the 

presence of 

diagnostic 

uncertainty (C), 

clinicians may 

apply a heuristic of 

“rule out the worst 

case” (O) as they 

seek to minimise 

the risk of missing 

a serious 

diagnosis (M). 

“I’m fishing really. So it’s, a 

lot of our work is early 

presentation of 

undifferentiated disease, 

and I get, essentially buying 

time I get very strongly 

reassured, rightly or 

wrongly, by negative 

inflammatory markers”. 

(GP, quoted in(117)) 

 

“...we know that when 

locums come here they 

do...a battery of tests and if 

you actually said, “well, why 

are you doing that?” and 

actually talked it through, 

you know its around they’re 

risk averse, and they don’t 

know the patient and they 

don’t know the details so 

they will just check 

everything.”(85) 

(56, 77, 80-

90, 117, 

118) 

Data from 15 studies: 

eight cross-sectional 

studies (Australia, 

Netherlands, New 

Zealand, Spain, UK), 

three decision analysis 

models, one qualitative 

focus group study 

(Norway), three 

qualitative interview 

studies (Netherlands, 

UK) 

2c: Clinicians who 

persist with these 

heuristic strategies 

(C), continuing to 

seek to minimise 

the risk of missing 

a diagnosis (M), 

may instigate a 

“cascade” of 

additional testing 

and treatment for 

their patients (O). 

“We often find ourselves 

performing a cascade of 

risky tests when a set of 

results is abnormal or 

ambiguous.”(91) 

(77, 80, 91-

93, 103, 

112, 117, 

119-121) 

Data from 11 

documents: 

one cross-sectional 

study (Netherlands), 

four qualitative interview 

studies with GPs (UK, 

Netherlands), one 

narrative review, one 

systematic review, two 

prospective cohort 

studies (Netherlands, 

UK) and two 



commentaries (Norway, 

USA). 

Influences on heuristic strategies 

3a: Less 

experienced 

clinicians (C) may 

apply a heuristic of 

“more testing is 

better”(O) as they 

are more risk 

averse, and 

concerned with 

missing a 

diagnosis (M). 

“…interviewees suggested 

that more cautious and risk 

averse practitioners would 

be likely to overorder tests, 

but that more experienced 

practitioners would be 

confident in managing risk 

and hold off on test ordering 

unless it was clearly 

indicated”.(85) 

 

“The…position expressed 

favourably by trainee 

GPs, is that there is no 

such thing as overtesting. 

Therefore, they feel obliged 

to perform extensive 

investigations because any 

person can carry a fatal 

disease, no matter how 

minor or even absent their 

symptoms are”.(90) [My 

emphasis] 

(26, 85, 90, 

94-98) 

Data from 8 documents: 

three cross-sectional 

studies (Ireland, USA), 

one qualitative focus 

group study with GPs 

(Norway), one 

qualitative interview 

study with primary care 

clinicians and 

receptionists (UK), two 

surveys of 

family/primary care 

physicians (Canada and 

Saudi Arabia) and one 

systematic review. 

3b: Less 

experienced 

clinicians (C) may 

apply a heuristic of 

“more testing is 

better”(O) as they 

follow norms from 

hospital settings 

where they have 

trained (M) 

“I think in hospital you do 

[blood tests] on everybody 

that walks in the door, so…I 

probably do it more than I 

maybe should.” (GP quoted 

in (74) 

 

“There was a sense that 

older or more experienced 

general practitioners had a 

different sort of 

training.”(85) 

(74, 77, 85, 

96, 99) 

Data from 5 documents: 

three interview studies 

with GPs (Netherlands, 

UK), one survey of 

primary care physicians 

(Saudi Arabia) and one 

report of an informal 

investigation of testing 

in a hospital setting 

(USA) 

3c: Less 

experienced 

clinicians (C) may 

apply a heuristic of 

“more testing is 

better” (O) as they 

overvalue the 

predictive power of 

tests, and/or 

underestimate the 

potential negative 

consequences of 

testing (M). 

“Much of the 

training…takes place in 

large teaching hospitals 

with a sick inpatient 

population. The predictive 

value of laboratory 

investigations performed on 

this population does not 

necessarily apply to an 

outpatient family practice 

population.”(95) 

(95) Data from 1 document: 

a survey of family 

physicians (Canada) 



3d: As the use of 

tests increases 

(C), clinicians may 

come to rely on 

tests over other 

clinical skills (M), 

potentially leading 

to a loss of these 

other (substitute) 

skills and 

increased reliance 

on tests (O) 

“We could become better at 

“blood care” than “patient 

care””(100) 

(95, 100) Data from 2 documents: 

one survey of family 

physicians (Canada), 

one commentary 

(Norway) 

3e: As clinicians 

gain experience in 

primary care 

settings (C), they 

may order fewer 

tests (O) as they 

learn that tests 

may not always be 

useful, and they 

incorporate this 

knowledge (M) to 

adjust their 

decision-making 

heuristics (O). 

“We have found that 

clinicians learn to ignore 

mildly abnormal results, as 

most are inconsequential 

and derived from testing 

that is not necessary”(102)  

(69, 101-

104) 

Data from 5 documents: 

one qualitative interview 

study with GPs (UK), 

one project evaluation 

(UK), one systematic 

review, one narrative 

review presenting a 

theoretical framework 

derived from a range of 

evidence, and one 

theoretical paper. 

3f: When a 

clinician has 

previously missed 

a diagnosis (C) or 

seen an 

unexpected result 

from a laboratory 

test (C), they may 

adopt a “more 

testing is better” 

heuristic (O) to 

minimise the risk 

of missing 

something again 

(M). 

“You do have bad 

experiences that change 

your thresholds for doing 

stuff and that kind of peaks 

and troughs – you do loads 

of them after a miss” (GP 

quoted in (74)) 

 

“Some GPs based pre-test 

probability more on the 

‘once-in-a-lifetime’ finding of 

an abnormal test result. For 

example, since an 

interviewee had found a 

hypercalcaemia in a patient 

with fatigue unaccompanied 

by any other complaints or 

signs over 10 years ago, 

this GP had always 

included this test, ‘because 

you never know’”.(77) 

(26, 74, 77, 

90, 103) 

Data from 5 documents: 

One qualitative focus 

group study (Norway), 

three qualitative 

interview studies 

(Netherlands and UK) 

and one systematic 

review 

3g: When a test or 

condition is “in 

fashion”, and there 

is high awareness 

“Physicians…may be 

conforming to the current 

Zeitgeist, which dictates an 

extreme level of concern 

(95, 105-

109) 

Data from 6 documents: 

One qualitative focus 

group study with 

physicians (US), one 



amongst clinicians 

and/or the public 

(C), the use of this 

test may be 

incorporated into 

testing heuristics 

(O) due to 

increased 

awareness 

(‘salience’) (M) 

over patients’ cholesterol 

levels.”(106)  

survey of family 

physicians (Canada), 

two cross-sectional 

observational studies 

(UK and USA), one 

retrospective cohort 

study (UK) and one 

narrative review. 

3h: When 

clinicians have 

incomplete 

technical 

knowledge about 

laboratory 

medicine and 

diagnostic 

reasoning (C), 

they may develop 

a “faulty” and 

incomplete 

decision-making 

heuristic (M) 

leading to test 

ordering errors 

(O). 

“The diagnostic value of 

tests was often 

overestimated by the GPs. 

Some GPs did not even 

realise that the diagnostic 

yield is usually nil”.(77) 

 

“The most common 

explanation for the failures 

to order [tests] was that the 

physician seemed to lack 

knowledge of the 

appropriate test in the 

clinical 

circumstances”.(110) 

(26, 68, 75, 

77, 103, 

105, 110-

112) 

Data from 9 documents: 

One cross-sectional 

study (USA), two 

surveys of physicians 

including family 

physicians (USA), four 

qualitative interview 

studies with GPs 

(Netherlands, UK, 

Ireland), one systematic 

review and one 

narrative review.  

Following professional norms 

4a: When 

guidelines for test 

ordering practice 

are absent, 

inaccessible or not 

fit-for-purpose (C), 

clinicians may 

base test ordering 

heuristics (O) on 

perceived 

professional 

norms (M) 

“In my community, a PSA 

test is like getting a 

cholesterol [test]; it is given 

as part of a routine exam 

for a 50-year-old guy” 

(Primary care clinician, 

quoted in (115)) 

(113-115) Data from 3 documents: 

One qualitative focus 

group study with 

primary care clinicians 

(USA) and two surveys 

of family physicians 

(Canada) 

4b: When 

clinicians are 

aware that their 

decisions about 

laboratory testing 

are visible to, or 

may be compared 

with, colleagues’ 

decisions (C), they 

will attempt to 

follow practice 

“When behaviour is visible, 

norms may develop. 

Similarities in clinical 

behaviour can be caused 

by more or less conscious 

processes. GPs run the risk 

of being criticised by other 

GPs working in the same 

partnership, because they 

see each others’ behaviour. 

This risk can be minimised 

(30, 64, 69, 

77, 116) 

Data from 5 documents: 

Two cross-sectional 

studies (Netherlands), 

one qualitative interview 

study (Netherlands), 

one narrative review 

presenting a theoretical 

framework derived from 

a range of data and one 

systematic review. 



norms (M) and 

variation in testing 

decisions will be 

reduced (O) 

by showing similar 

behaviour. Colleagues 

develop an informal system 

to help protect their 

common interests and to 

overcome free-riding and 

maintain solidarity.”(116) 

 

Table S7: Detailed CMOCs Part 2 (Social and strategic test ordering) 

CMOC Illustrative data excerpt(s) References Summary of data 

sources 

Responses to unexplained symptoms and uncertainty in diagnosis and management 

5a: In the 

presence of 

diagnostic 

uncertainty (C), 

clinicians may 

order tests (O) as 

they wish to 

demonstrate their 

care for their 

patient (M). 

“I do think that patients do 

feel on the whole that 

they’re being taken more 

seriously if you stick a 

needle in them.” (GP, 

quoted in (103)) 

 

“Failure to…order a 

laboratory test could 

suggest a lack of interest in 

the patient as a person.” 

(123) 

(74, 77, 

103, 122-

125) 

Data from 7 documents: 

four qualitative interview 

studies that explore the 

experience of GPs (UK, 

Netherlands and Israel), 

two surveys of patients 

attending general 

practices (Netherlands 

and USA) and one 

commentary (USA). 

 

5b: In the 

presence of 

diagnostic 

uncertainty (C), 

clinicians may 

want to attempt to 

reassure patients 

(M) by ordering 

tests to attempt to 

rule out serious 

conditions (O). 

“If you sit them in a chair 

and say “there’s nothing 

wrong with you, I can tell 

you that basically sitting 

here”, it’s not very 

reassuring to the patient, I 

mean you can’t explain that 

you can just tell from their 

history.” (GP, quoted in 

(127)). 

 

“Well it depends on the 

history really whether you 

would or would not [do a 

thyroid function test] and 

whether anything had 

changed. It’s not something 

that I would rush to do 

unless it reassured the 

patient.” (GP, quoted in 

(85)). 

(56, 77, 80, 

83, 85, 113, 

124, 127-

129, 174-

177) 

Data from 14 

documents: 

four cross-sectional 

studies (Netherlands 

and UK), four qualitative 

interview studies with 

primary care doctors 

(Netherlands, UK, USA), 

one RCT (but data is 

from a survey element) 

(UK), and 3 surveys of 

GPs (one of trainees) 

(Australia, Canada, 

Sweden, UK). 

5c: In the 

presence of 

diagnostic 

uncertainty (C), 

clinicians may 

“The tests might not 

contribute to diagnosis or 

treatment, but they make us 

(and the patient) believe we 

(74, 77, 

105, 118, 

144, 178) 

Data from 6 documents: 

One case report from a 

hospital setting (USA), 

one cross-sectional 

study (Spain), two 



order tests (O) to 

satisfy a need to 

be seen to “do 

something” and 

actively exert 

control over the 

diagnostic 

process (M). 

are “doing 

something””.(144) 

 

“…frustration at not being 

able to offer the patient 

something useful, at the 

feeling of empty hands, 

owing to the lack of a 

diagnostic or therapeutic 

plan.”(77) 

interview studies with 

GPs (Netherlands and 

UK), one narrative 

review, and one 

commentary (Canada). 

5d: In the 

presence of 

diagnostic 

uncertainty (C), 

clinicians may 

order tests (O) as 

they seek to “buy 

time” to allow 

symptoms to 

resolve or 

become clearer 

(M). 

“Maybe by the time the 

laboratory results come 

back, I will have a better 

idea what is wrong with this 

patient or the patient may 

cure herself or 

himself.”(168) 

 

“The test of time…serves as 

a silent adjudicator – 

discriminating between 

those with self-limiting 

illness and those with 

serious disease. It is driven 

by the self-limiting nature of 

most diseases in primary 

care, but it is necessary 

because self-limiting and 

progressive diseases can 

often not be distinguished 

early in their 

evolution”.(169) 

(144, 164, 

168, 169) 

Data from 4 documents: 

One focus group study 

with GPs (Norway) and 

three commentaries 

(Canada, USA) 

The influence of continuity of care and patient-clinician relationships 

6a: When 

clinicians 

anticipate 

continuity of care 

(C), they may 

order tests (O) 

because they 

want to nurture or 

invest in a positive 

relationship with 

their patient (M). 

“Some physicians also saw 

their role as ensuring 

patient satisfaction not only 

with the outcomes but with 

the medical encounter itself, 

by generating positive 

emotions about it. They felt 

that maintaining high-quality 

relationships with patients 

and their families was 

necessary to establish trust 

and increase patients’ 

motivation to remain in the 

relationship.”(122) 

 

“Some physicians 

occasionally ordered an 

unnecessary test or 

(77, 103, 

107, 122, 

131, 132) 

 

Data from 6 documents: 

One qualitative focus 

group study with internal 

medicine and family 

practice physicians 

(USA), three qualitative 

interview studies with 

GPs or family 

physicians (Israel, 

Netherlands, UK) and 

one commentary (USA) 



treatment requested by their 

patient with the explicit 

intention of building trust… 

“In my practice, I’m building 

trust with the family. So I 

may do this with her one 

child, but the four other 

children wont need it, 

because she’ll trust my 

judgement was right in the 

first place” “ (quotation from 

community paediatrician, in 

(107)) 

6b: When 

clinicians 

anticipate 

continuity of care 

(C), they may 

order tests 

(especially 

monitoring tests) 

(O) because they 

have or feel 

responsible for 

the individual 

patients’ care. 

“There may be a 

component of personal 

responsibility, or viewing 

this additional work as “my 

job”.”(140) 

(56, 80, 

109, 128, 

139, 140, 

163, 179, 

180) 

Data from 9 documents: 

5 cross-sectional 

studies (Australia, 

Netherlands, UK, USA), 

one qualitative interview 

study (Canada), one 

retrospective cohort 

study (Canada), one 

survey (Netherlands) 

and one systematic 

review + cross-sectional 

study (Belgium) 

6c: When 

clinicians 

anticipate a 

“difficult” 

interaction with a 

patient (C), they 

may use the offer 

of a laboratory 

test (O) as a 

strategy to help 

manage the 

consultation (M). 

“…requesting a laboratory 

test is a quick and efficient 

way to finish the 

consultation, a non-verbal 

means of signalling the end 

of the consultation”(77) 

 

“Sometimes a patient’s 

come and you’re sure they 

have a psychosocial 

problem or even 

depression…but you take a 

blood test and they’re all 

normal. That’s actually quite 

useful information to 

feedback to the patient.” 

(GP, quoted in (103)) 

(53, 74, 77, 

80, 85, 103, 

163, 164) 

Data from 8 documents: 

2 cross-sectional 

studies (Netherlands 

and UK), one qualitative 

focus group study 

(Norway), four 

qualitative interview 

studies (Netherlands, 

UK) and one survey 

(Netherlands) 

Responses to patient expectations or “demand” for testing 

7a: When patients 

express anxiety, 

curiosity or 

persistence in 

seeking a 

diagnosis (C), 

clinicians may 

“patients love tests” (GP 

quoted in (74)) 

 

 

(74, 85, 95, 

103, 107, 

118, 142-

146, 148, 

149, 181) 

Data from 14 

documents: 

Two cross-sectional 

studies (Spain and 

USA), one qualitative 

focus group study 

(USA), three qualitative 



interpret this as 

an expectation or 

demand for tests 

(M) and respond 

as if patients have 

explicitly 

requested a 

test(s) (O). 

interview studies with 

GPs (UK), one report 

from a workshop 

(Europe), five surveys of 

GPs/family physicians 

(Australia, Canada, 

USA), one report from 

the Independent Cancer 

Taskforce (UK) and one 

commentary (Canada) 

7b: When 

clinicians 

anticipate 

disagreement with 

a patient about 

their proposed 

management plan 

(C), they may 

acquiesce to 

patient requests 

or expectations 

and order tests 

(O) to avoid 

having to explain 

why they are 

inappropriate (M)  

“…at the end of the day, 

this is what the patient 

wants. I can spend 25 

minutes talking to the 

patient, but the patient 

really wants a blood test, so 

do you know what? I’m 

going to spend five minutes 

getting a blood test.” (GP, 

quoted in (74)) 

(69, 74, 

113, 144) 

Data from 5 documents: 

One qualitative focus 

group study (USA), one 

qualitative interview 

study with GPs (UK), 

one narrative review 

presenting a theoretical 

framework derived from 

a range of evidence, 

one survey of family 

physicians (Canada) 

and one commentary 

(Canada) 

7c: When 

clinicians 

anticipate 

disagreement with 

a patient about 

their proposed 

management plan 

(C), they may 

acquiesce to 

patient requests 

or expectations 

and order tests 

(O) to avoid 

conflict in the 

consultation (M)  

“[Providers] face an 

uncomfortable dilemma: 

whether to acquiesce to the 

[patient’s] request or 

attempt to explain why the 

test is not recommended. 

The latter may risk 

dissatisfying the patient if 

the explanation does not 

address patients’ 

informational and emotional 

needs”(150) 

(69, 77, 90, 

118, 122, 

126, 150-

154) 

Data from 11 

documents: 

Four cross-sectional 

studies (Israel, Spain, 

USA), one qualitative 

focus group study with 

GPs (Norway), five 

qualitative interview 

studies with GPs or 

family physicians (Israel, 

Netherlands, Norway, 

UK, USA), one narrative 

review presenting a 

theoretical framework 

derived from a range of 

evidence. 

7d: When 

consultation time 

is short and/or 

workload is high 

(C), clinicians may 

acquiesce to 

patient requests 

or expectations 

and order tests 

“[cognitive overload] can 

lead to fatigue, a need for 

cognitive closure, and an 

overreliance on heuristics to 

drive care decisions, all of 

which can reduce the 

likelihood that an 

assessment of 

(69, 77, 90, 

155-158) 

Data from 7 documents: 

Three cross-sectional 

studies (Australia, 

Turkey, USA), one 

experimental decision-

making study (Greece), 

one qualitative focus 

group study with GPs 

(Norway), one 



(O) due to the 

effects of 

“cognitive load” 

(M) 

appropriateness is 

undertaken”(69) 

qualitative interview 

study with GPs 

(Netherlands) and one 

narrative review 

presenting a theoretical 

framework derived from 

a range of evidence. 

7e: When 

clinicians 

anticipate a 

disagreement with 

a patient about 

their more 

expensive or 

invasive proposed 

management plan 

(C), they may 

seek to negotiate 

a compromise 

with their patient 

(M) and order 

laboratory tests 

(O).  

“He wanted a scan of his 

head and he wanted other 

tests too. Because I had 

refused him the scan, I let 

him have the other tests” 

(GP, quoted in (77)) 

 

“When patients asked for a 

counterprofessional action 

(or inaction), physicians 

sometimes offered a 

decision that was partially 

congruent with the 

request.”(122) 

(77, 90, 

122, 159, 

160) 

Data from 5 documents: 

One conversation 

analysis from a patient 

encounter at an 

outpatient clinic (USA), 

one qualitative focus 

group study with GPs 

(Norway), two 

qualitative interview 

studies with GPs or 

family physicians (Israel 

and Netherlands), one 

survey + qualitative 

analysis of recorded 

patient consultations 

with primary care 

clinicians (USA) 

7f: When 

clinicians 

anticipate a 

disagreement with 

a patient about 

their proposed 

management plan 

which may lead to 

a medico-legal 

challenge (C), 

they may order 

tests (O) because 

they are acting 

defensively / want 

to protect 

themselves 

(“defensive 

medicine”) (M) 

”We have to do that [liver 

function] test. Because if 

someone ends up with liver 

disease because they were 

on statins and you didn’t do 

the test, you can end up in 

big trouble”.(103) 

 

“I’m often a bit defensive...I 

guess that’s partly that legal 

thing”.(162) 

(85, 95, 

103, 118, 

132, 141, 

161-164) 

Data from 10 

documents: 

One cross-sectional 

study (Spain), two 

qualitative focus group 

studies with GPs and 

family physicians 

(Norway and USA), 

three qualitative 

interview studies with 

GPs (Australia, UK) 

three surveys of family 

physicians (Canada, 

Netherlands, USA) and 

one letter (Australia) 

7g: When 

clinicians 

anticipate that a 

different clinician 

might offer their 

patient a different 

management plan 

(C), they may feel 

they “might as 

“Had I refused to provide 

the prescriptions, he would 

have gone to another 

physician who would not 

argue with him and would 

write them”.(Family 

physician, quoted in (122)) 

 

 

(122, 153, 

165) 

Data from 3 documents: 

Two qualitative interview 

studies with GPs or 

family physicians (Israel 

and UK) and one study 

of case studies with 

interviews with GPs 

(Canada) 



well” (M) order 

tests for patients 

that they would be 

able to obtain 

elsewhere (O) 

7h: When 

clinicians 

anticipate that a 

different clinician 

might offer their 

patient a different 

management plan 

(C), they may 

perceive a higher 

medico-legal risk 

and aim to reduce 

this risk (M) by 

ordering tests (O) 

(“defensive 

medicine”)  

(and this may be 

self-reinforcing) 

“In my community, a PSA 

test is like getting a 

cholesterol [test]: it is given 

as part of a routine exam on 

a 50-year-old guy”.(115) 

 

“The more physicians order 

tests or perform diagnostic 

procedures with low 

predictive values…the more 

likely such practices are to 

become the legal standard-

of-care”.(167) 

(74, 115, 

166, 167) 

Data from 6 documents: 

One cross-sectional 

study (Australia), one 

qualitative focus group 

study with primary care 

doctors (USA), two 

qualitative interview 

studies with GPs or 

family physicians (UK 

and USA), one survey of 

physicians (USA) and 

one narrative review. 

When do clinicians resist social pressure to order tests? 

8a: In health 

systems where 

patients bear all 

or some of the 

costs of testing 

(C), clinicians may 

be reluctant to 

order tests and 

order fewer tests 

(O) because they 

do not want to 

cause financial 

hardship (M) 

“If he’s a cash pay patient, 

we’re going to be extremely 

challenged by that based on 

some of the tests; order the 

CT Scan, it’s going to be 

hundreds of dollars; the 

MRA angiogram might be 

over a thousand I suspect. 

And likewise the lab testing 

is not going to be 

inexpensive. So absolutely, 

yes. You know, resources 

absolutely, you know, limits 

what you can do.” (US 

physician, quoted in (170) 

 

“A contrary determinant of 

test ordering is…insurance 

problems for the patient. 

Health insurers can use 

even minor deviations in 

test results, for example, in 

a serum cholesterol or X-

ray of the spine, to the 

patient’s disadvantage”(77) 

 

(68, 77, 

107, 170, 

171) 

Data from 5 documents: 

one qualitative focus 

group study with 

physicians (USA), three 

qualitative interview 

studies with GPs or 

family physicians 

(Netherlands, USA), one 

survey of general 

internal medicine and 

family physicians (USA) 



8b: When 

clinicians perceive 

that patients find 

testing 

burdensome (C), 

they may order 

multiple tests in a 

single 

appointment (O) 

because they 

want to minimise 

the time and 

inconvenience 

required (M) 

“…if their time is the most 

valuable thing, then I’ll do 

more [tests] at once”(107) 

(107) Data from 1 document: 

One qualitative focus 

group study with 

physicians (USA) 

8c: When 

clinicians have 

strongly adopted 

certain 

professional 

identities (C), they 

may have a much 

higher threshold 

for test ordering 

than others (O) as 

these identities 

mean they 

prioritise the 

benefits of not 

testing (M) 

“Family physicians who are 

less identified with EBM 

[evidence based medicine] 

tend to be more influenced 

by contextual variables 

relating to patient factors, 

such as comorbidity and 

age.”(172) 

 

 

(90, 162, 

172, 173) 

Data from 4 documents: 

One qualitative focus 

group study with GPs 

(Norway), two 

qualitative interview 

studies with GPs or 

primary care doctors 

(Australia and Canada) 

and one news article 

(UK) 

 

 

 

 

Table S8: Detailed CMOCs Part 3 (System drivers) 

CMOC Illustrative data excerpt(s) References Summary of data 

sources 

Increasing availability of tests and shifting norms 

9a: As access to 

laboratory tests 

widens in primary 

care (C), their use 

becomes 

embedded in 

norms of clinical 

practice (M) and 

test use increases 

(O). 

“Over the past 20 years, the 

number of laboratory tests 

available to clinicians has 

more than doubled to at 

least 3500 tests”(68) 

 

“the use of technology 

promotes a wider patient 

expectation of its 

use…Patients often equate 

laboratory testing and 

imaging with high quality 

care”(121) 

(26, 90, 

121, 182-

185, 200) 

Data from 8 documents: 

One qualitative focus 

group study with GPs 

(Norway), three 

narrative reviews, one 

survey of general 

internal medicine and 

family physicians (USA), 

two systematic reviews 

and one time series 

analysis (USA). 

 

9b: Where there is 

a prevailing 

cultural belief in 

“Our findings thus appear to 

echo a widespread 

sentiment about health and 

(74, 85, 89, 

90) 

Data from 4 documents: 

One cross-sectional 

study (Netherlands), 



the benefits of 

medicine, and 

especially of early 

diagnosis (C), the 

use of tests 

becomes 

embedded in 

norms of clinical 

practice (M) and 

test use increases 

(O). 

healthcare, with high 

expectations that 

professional help and 

technical fixes should be 

available for health 

complaints”(90) 

one qualitative focus 

group study with GPs 

(Norway) and two 

qualitative interview 

studies with GPs (UK). 

9c: When 

responsibility for 

patient care is 

shifted from 

secondary to 

primary care (C), 

clinicians in 

primary care 

settings comply 

with testing 

expectations and 

requests (M) 

received from 

secondary care 

and take on 

responsibility for 

associated testing 

(O). 

“Once they have been into 

the consultant and the 

consultant has said…just 

check it every 12 months, 

that’s fine by me.” (GP, 

quoted in (75)) 

 

“There’s all the people who 

are on high-risk drug 

monitoring, so all the 

people on methotrexate 

and all the rest of it, they 

have them done ad 

infinitum and we don’t fiddle 

with them because the 

hospital have said you 

should have some done”. 

(GP, quoted in (117)) 

(57, 64, 75, 

102, 117, 

186) 

Data from 6 documents: 

One cross-sectional 

study (Netherlands), two 

qualitative interview 

studies with GPs 

(Ireland and UK), one 

evaluation (UK) and two 

commentaries. 

9d: When test 

results are 

required or 

expected as part 

of a referral to 

secondary care 

(C), clinicians 

must order tests 

(O) because they 

have no choice 

but to fulfil these 

requirements (M). 

“CRPs good for all that, the 

orthopaedic surgeons 

respect it and other people 

do as well. If you want to 

get somebody in to hospital 

you say their CRP’s just 

gone from sort of 10 to 100, 

oh right, okay, I’ll see 

them”. (GP, quoted in 

(117)) 

(117, 132, 

183, 188) 

Data from 4 documents: 

One qualitative focus 

group study with internal 

medicine and family 

physicians (USA), one 

qualitative interview 

study with GPs and 

nurse practitioners (UK), 

one survey of family 

physicians (Canada) 

and one systematic 

review 

9e: When 

clinicians 

prescribe 

(especially new) 

medications that 

require ongoing 

monitoring (C), 

they will order 

tests (O) with the 

aim of minimising 

“The notable between-

practice variation in the use 

of clotting and drug 

monitoring tests may reflect 

regional differences in drug 

use. In UK primary care, 

there has been an increase 

in the use of novel oral 

anticoagulants (NOAC)… 

However, there is marked 

(58, 186, 

187) 

Data from 3 documents: 

Two cross-sectional 

studies (USA and UK) 

and one commentary 



the risk of harm 

associated with 

these drugs (M). 

geographical variation in 

their use… With clear 

guidance...it is plausible 

that geographical variation 

in clotting tests would 

diminish”.(58) 

9f: When 

clinicians are 

presented with the 

results of tests 

obtained by 

patients 

elsewhere (C), 

their sense of 

responsibility for 

patient care (M) or 

fear of medico-

legal 

consequences of 

ignoring these (M) 

may lead to 

clinicians 

repeating these 

tests or ordering 

subsequent tests 

as required (O) 

“...patients now often 

request particular tests. 

This is especially 

difficult...when other health 

care providers have 

recommended the tests 

(e.g. a naturopath, a 

physiotherapist, or a 

cardiologist)”(144) 

 

“time- and cost-saving 

benefits may be eliminated 

by clinicians repeating the 

test if they feel (perhaps 

justifiably) unable to rely on 

the results.”(190) 

(144, 188-

191) 

Data from 5 documents: 

One survey of family 

physicians (Canada), 

one narrative review, 

two commentaries and 

one policy statement 

from a professional 

body (UK) 

Incentives and targets 

10a: Where the 

increased use of 

tests is 

incentivised 

(directly or 

indirectly) (C), 

clinicians may 

order more tests 

(O) as they aim to 

increase or 

sustain their 

income (M). 

“The only national policy 

driver discussed by 

interviewees was the 

Quality and Outcomes 

Framework (QOF). There 

was broad consensus that 

QOF had increased 

coverage of testing within 

individual general 

practices”(85) 

 

 

(9, 10, 26, 

76, 85, 102, 

144, 160, 

170, 201) 

Data from 10 

documents: 

One conversation 

analysis of a patient 

encounter at an 

outpatient clinic (USA), 

one evaluation (UK), 

two qualitative interview 

studies with family 

physicians and GPs 

(USA and UK), one 

retrospective cohort 

study (UK), one survey 

of physicians including 

community internists 

(USA), two systematic 

reviews and two 

commentaries 

(Netherlands and 

Canada) 

10b: In the 

absence of 

disincentives for 

inappropriate 

“Current quality measures 

in health systems may lack 

emphasis on preventing 

overdiagnosis or overuse 

(69, 76, 

102, 103, 

192) 

Data from 5 documents: 

One evaluation (UK), 

one qualitative interview 

study with GPs (UK), 



testing (C), 

clinicians and 

laboratory 

managers will not 

prioritise concerns 

about 

under/overtesting 

(M) and so will not 

take action to 

address these 

problems (O). 

and instead may indirectly 

promote these 

problems”(192) 

 

“Currently there is less 

financial pressure on 

investigation than on 

prescribing and referral [in 

UK primary care]. The 

lower financial impact of 

ordering a test means that 

the decision can become 

easier” (103) 

two narrative reviews 

and one survey of 

physicians, including 

community internists 

(USA) 

10c:  Where there 

is a professional 

norm regarding 

prudent use of 

scarce resources 

(C), clinicians may 

be reluctant to 

order tests (O) 

because they feel 

conflicted about 

their use (M). 

 

“Physicians in medical 

systems have a dual 

obligation - to the 

organization and to the 

patients, trying to represent 

the interests of both. Their 

identity as allocators of the 

organization’s restricted 

resources alerted some 

physicians to the impact of 

treatment to one patient on 

other patients.”(122) 

 

“Family physicians have a 

tendency to feel guilty 

about interventions that 

they consider inappropriate 

from a strictly clinical point 

of view”.(163) 

(90, 122, 

160, 163) 

Data from 4 documents: 

One conversation 

analysis of a patient 

encounter at an 

outpatient clinic (USA), 

one qualitative focus 

group study with GPs 

(Norway), one 

qualitative interview 

study with physicians 

including family 

physicians (Israel), one 

survey of family 

physicians 

(Netherlands) 

10d: Where there 

is a cultural/ 

professional 

normative belief 

that ‘prevention is 

better than cure’ 

for the system and 

patients, (C), 

clinicians may feel 

that they are 

expected to order 

tests to save 

money in the 

longer term (M) 

and so be more 

inclined to order 

tests (O). 

“It’s like the old saying, ‘A 

stitch in time saves 

nine’…While we usually 

know how much a test itself 

costs, we don’t usually 

know what its downstream 

cost-effectiveness is. As a 

result, we don’t know the 

cost of not doing a 

test”(193) 

 

“it’ll cost a lot more if [their 

kidney function] declines 

because we didn’t check it.” 

(GP, quoted in (180)) 

(180, 193) Data from 2 documents: 

One qualitative interview 

study with primary care 

physicians (Canada) 

and one commentary 

(USA) 

10e: When 

clinicians are 

See data appendix for 

details 

(9, 95, 194) Data from 3 documents: 



unaware of the 

costs of laboratory 

tests (C), they 

may base testing 

decisions on faulty 

information (M) 

leading to test 

ordering errors 

(O).  

 

 

Two surveys of family 

physicians (Canada and 

Portugal) and one 

systematic review 

Local organisation and computers 

11a: When 

previous test 

results are 

missing or 

inaccessible (C), 

clinicians may try 

to save time and 

cognitive energy 

(M) by ordering 

repeat tests, 

instead of tracking 

down existing 

results (O). 

“I can pay a secretary $15 

an hour to keep making 

phone calls, or I can just 

repeat the test”. (Physician 

in community practice, 

quoted in (107) 

 

 

(85, 107, 

135, 188, 

195) 

Data from 5 documents: 

One cross-sectional 

study (USA), one 

qualitative focus group 

study with physicians 

(USA), one qualitative 

interview study with GPs 

(UK), one survey of 

family physicians 

(Canada) and one 

commentary (UK). 

11b: When tests 

are available to 

order as part of 

profiles or panels 

(C), clinicians may 

try to save time 

and cognitive 

energy (M) by 

ordering full 

panels instead of 

individual tests 

(O). 

See data appendix for 

details 

(31, 68, 

121, 196, 

197) 

Data from 5 documents: 

One cross-sectional 

study (UK), one survey 

of general internal 

medicine and family 

physicians (USA), one 

narrative review, one 

systematic review and 

one commentary. 

11c: When 

clinicians use test 

panels or profiles 

(C), there is 

variation in tests 

ordered (O) 

because panels or 

profiles vary 

between 

laboratories (M).  

“Within a given laboratory, 

certain test groups may be 

available as panels. 

However the panel 

compositions will vary 

among laboratories. If we 

consider just the several 

hundred most commonly 

ordered tests, the number 

of possible combinations of 

these into panels is 

essentially infinite. Even 

within common panels such 

as “liver function,” the 

(54, 68, 

111, 198, 

199) 

Data from 5 documents: 

One cross-sectional 

study (Canada), two 

surveys (USA), one 

retrospective cohort 

study (Sweden) and one 

report for a government 

department (UK) 



specific tests included will 

vary among 

laboratories.”(54) 

 

 


