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A B s T r A C T

Background: The concept of evidence-based medicine 
(EBM) was introduced in 1992. incorporation of EBM 
into physicians’ practices, however, has been slow. Test-
ordering tendencies are still based on variables that are not 
necessarily evidence-based.
Methods: The literature was reviewed to identify the 
non-EBM variables that affect physicians’ practices of 
test ordering. studies of interest were limited to original 
research on the determinants of physicians’ test-ordering 
tendencies. The search strategy included queries in 
MEdliNE (1992-2006), Web of science (1993-2006), 
EMBAsE (1992-2006), and PsyciNfo (1992-2006); 
checking of reference lists; hand searching relevant 
journals; and personal communication with experts. Two 
independent reviewers abstracted information on the 
design, quality, and limitations of the study. review articles, 
letters, and editorials were excluded from analysis.
results: 104 original studies reporting on the variables 
affecting test ordering were identified. of these, 53 studies 
assessing physician variables affecting test ordering were 
identified. some of the recognisable physician factors 
included age, sex, degree of specialisation, geographic 
location and practice setting, individual belief systems, 
experience, knowledge, fear of malpractice litigation, 
physician regret, financial incentives, awareness of costs 
of tests ordered, and provision of written feedback by peers 
or employers.
Conclusion: despite considerable advances in our 
understanding of EBM and its application to patient care, 
several non-EBM physician variables influence physicians’ 
test-ordering characteristics. ongoing effort is needed 
to identify the modifiable non-EBM determinants of 
physicians’ test ordering and to use appropriate tools and 
techniques to encourage evidence-based behaviours for 
test ordering.

K E Y W o r d s

Decision-making, diagnostic tests, evaluation studies, 
evidence-based medicine

i N T r o d U C T i o N

With technological advances creating newer diagnostic 
tests, along with easy accessibility of medical information 
on the World Wide Web, physicians and patients now 
have access to a larger amount of information. A critical 
understanding of newer medical information and 
incorporation of the data into everyday medical practice 
gradually evolved into the concept of evidence-based 
medicine (EBM), a term that was formally introduced in 
1992.1 
EBM includes an evidence-based approach toward 
therapeutic interventions and diagnostic processes. 
Diagnostic tests are an integral part of health care 
and contribute to a large percentage of health care 
costs. Ordering relevant laboratory and imaging tests 
is an essential component in the process of medical 
decision-making. 
The process of medical decision-making usually starts 
with collection of relevant information, which then leads 
to the generation of a hypothesis. This hypothesis is 
then refined and its probability is increased or reduced 
based on the results of the diagnostic tests. Tests may 
be ordered in series (sequence of tests ordered in the 
future is based on the results of prior test) or in parallel 
(several tests ordered during one visit) depending on the 
urgency of making a diagnosis and the perceived risk 
(medical or legal) in a clinical situation. Understandably, 
several variables, involving the physicians, patients, and 
the health care environment, influence this multistep 
process. 
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Most medical schools in the United States and other 
countries have established curricula for teaching EBM in 
their undergraduate and postgraduate medical courses.2 
With increased focus on evidence-based practice, it was 
hoped that physicians would adopt a measured approach 
to test ordering and follow established algorithms, 
thereby reducing the variability in physician practice and 
subsequently the overall cost of health care. However, the 
health care environment is complex and rapidly changing. 
Thus, physicians experience changing expectations from 
the patients and the health care system and are unable to 
be algorithmic in their approach. Several determinants 
likely affect physicians’ tendencies for test ordering.
In this study, we reviewed the literature on non-EBM 
physician determinants of test-ordering practices. Our goal 
was to delineate the factors that sway physicians away from 
evidence-based test ordering and identify possible targets 
of intervention for changing practice patterns.

M E T H o d s

data sources
The search was focused on studies performed since 
1992. Data were abstracted from the following databases: 
MEDLINE (1992-2006) (National Library of Medicine, 
Bethesda, Maryland), Web of Science (1993-2006) 
(Thomson Scientific, Philadelphia, Pennsylvania), EMBASE 
(1992-2006) (Elsevier, Amsterdam), and PsycINFO (1992-
2006) (American Psychological Association, Washington, 
DC). The searches were performed with the OVID search 
engine (Wolters Kluwer, New York).

search strategy
A comprehensive retrieval of relevant articles was obtained 
by using different search strategies in different electronic 
databases. Searches were limited to human studies. In 
MEDLINE, EMBASE, and PsycINFO, the search terms used 
were laboratory techniques and procedures/utilisation or 
diagnostic tests, routine/ (also used laboratories, hospital/
utilisation) AND physician’s practice patterns (also used 
unnecessary procedures/ or guideline adherence/ and attitude 
of health personnel/). Additionally, in EMBASE, the search 
terms used were diagnostic test/ or laboratory test/ AND 
professional practice/ or primary medical care/ or medical 
decision making/. In Web of Science, which uses only the 
key words, test order$ or (diagnostic test$ or laboratory test$ 
AND order$ or behavior$) were used to search for relevant 
articles. Two reviewers abstracted information on each 
study’s eligibility for inclusion by screening its title, abstract, 
or full-text bibliographic citation.
We divided the factors affecting test ordering into three 
broad categories: physician factors, patient factors, and 
environmental factors. Original studies that addressed 

physician factors influencing test ordering were considered 
for inclusion. Several articles alluded to one or more of 
these factors as simultaneously affecting test ordering. 
These were included in all the relevant categories for the 
purpose of this review, with the recognition that these 
factors invariably interact in a clinical situation and, thereby, 
the exact contribution of a given variable is sometimes 
difficult to pinpoint. However, this simple categorisation still 
provided a useful starting point to understand the individual 
variables involved in test ordering. These factors were 
further subcategorised into potentially modifiable factors, 
that is, those that can be modified by a physician’s own 
endeavour (belief system, experience, fear of malpractice, 
feedback, and education) vs nonmodifiable factors, over 
which physicians have no control (age and sex of physicians, 
practice settings, geographic location, and specialisation).
Disagreements regarding sorting out the factors affecting 
test ordering and classification under a subcategory were 
resolved by independent review by a third reviewer. If 
a study was considered appropriate for inclusion in our 
review, one reviewer assessed its design, quality, and 
limitations. In addition to searching of the electronic 
databases, other strategies included checking reference 
lists and educational websites, hand searching relevant 
journals, and personal communication with experts.

i N C l U s i o N  A N d  E X C l U s i o N 
C r i T E r i A 

Studies of interest were limited to original research on the 
determinants of physicians’ test-ordering tendencies. All 
studies using prospective study design, surveys (mailed 
and telephone), and chart reviews involving physicians and 
test-ordering characteristics were identified for review. We 
concentrated on articles published in the English literature 
since 1992, when the concept of evidence-based practice was 
well known to the medical community. A standard format 
was used to review data, including analysis of study design 
and study characteristics. Qualitative studies, review articles, 
letters, and editorials were excluded from the analysis.

statistical analysis
Because the literature on test ordering is very heterogeneous, 
performing a meta-analysis was not considered appropriate. 
A narrative review of the topic is thus presented.

r E s U l T s

search results
A total of 328 articles were retrieved. Of these, 104 articles 
were original studies and available in full text in English. 
A total of 53 articles that discussed the physician variables 
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comprised the final sample that was reviewed for this study. 
Fifty-one articles were excluded from the study because 
they dealt with patient factors, environmental factors, 
and physician uncertainty or disparities of medical care 
affecting test-ordering tendencies. All the studies reported 
were found in the Ovid databases. The non-evidence-based 
physician factors affecting test ordering tendencies are 
summarised in tables 1 and 2.

Nonmodifiable physician factors 
Several nonmodifiable physician factors affected test 
ordering (table 1). These included practice location, practice 
setting, age and sex, and specialisation of the physician. 
Six studies evaluated the effect of geographic location 
on physicians’ practices of test ordering.3-8 In general, 
US physicians were reported to order more tests than 
physicians from the United Kingdom or Canada.5,6 In 
Europe, there was considerable variation among countries, 
which was partly explained by the differences in the 
physician:population ratio.7 Within the United States, 
physicians in the Northeast were reported to order more 
specialised tests than physicians in other geographic areas.3 
In Canada, according to a mail survey, bone densitometry 
was ordered more often by urban physicians than by their 
rural counterparts.4 Finally, in a survey conducted in 
Norway, in areas that had a high turnover of physicians, 
such as municipalities, more tests were ordered, partly 
related to lack of continuity of care.8

Practice setting was evaluated in six studies.9-14 Various 
practice settings were studied, including solo vs group 
practice, academic vs nonacademic practice, primary 
care vs tertiary care setting, and emergency vs outpatient 
setting. No clear pattern emerged from these studies, 
partly because of different study designs and difference 
in response rate between the different studies. Thus, a 
telephone survey of patients after physician visits (97% 
response rate) found that solo practitioners ordered more 
radiographic tests for acute low back pain,11 but a mail-out 
survey of solo practitioners (56% response rate) showed 
that they tended to order fewer preventive services.13 
Hospital-based physicians ordered more tests than other 
practitioners,9 academic physicians ordered more tests and 
nonacademic practice physicians had a higher threshold of 
test ordering,14 the number of tests ordered by emergency 
room physicians did not differ from that by primary care 
physicians,12 and a health-maintenance organisation setting 
did not affect test ordering.10

The effect of age and sex was reported in seven 
studies.4,8,12,13,15-17 In general, across different settings, 
countries, and patient groups, female physicians tended 
to order more tests,4,8,12 give more referrals,16 and adhere 
better to guidelines than their male counterparts.17 
However, no attitudinal difference could be detected in 
this study to account for this difference.17 Further, the older 

providers were reported to order tests more often,8,15 and 
the younger providers adhered better to the guidelines.13

The degree of specialisation had a substantial impact 
on test ordering.11,14,18-25 In general, a greater degree of 
specialisation was associated with more test ordering. 
Thus, gastroenterologists,19 cardiologists,20 orthopaedic 
surgeons,11 vascular surgeons,24 and infectious disease 
specialists,14 all ordered more diagnostic tests or ordered 
tests earlier in the patient’s illness than internal medicine 
physicians. The studies involving generalists specialising 
in hospital care (the hospitalists) showed variable results, 
ranging from ordering fewer tests with more evidence-
based tests18 to ordering more tests25 than the community 
physicians. However, although specialists ordered more 
tests, they also ordered more focused tests and tests that 
were more likely to have positive results than internists.23,24 
In a chart-review study of patients with undifferentiated 
symptoms, family practitioners generated the lowest cost 
of all physicians.21

 Modifiable physician factors
The modifiable physician factors (table 2) are among 
the most important because a better understanding of 
these variables can have a considerable impact on test 
ordering and health care costs. These variables include 
physician experience and knowledge, belief systems, fear 
of malpractice lawsuit and physician regret, financial 
incentives, awareness of the cost of testing, and education 
and feedback. Physician experience or knowledge was 
reported to affect test ordering in several studies; however, 
no consistent pattern emerged. Thus, increased physician 
knowledge or experience was reported to increase,14,16 
decrease,25,26 or result in no change12 in test ordering.
Physicians’ personal beliefs that were not entirely evidence-
based affected the frequency of test ordering.27-34 Thus, 
physicians who doubted the effectiveness of mammography 
as a screening tool were, as expected, less likely to order 
the test,33 whereas those who believed in its usefulness 
ordered it more often.34 Physicians who believed that cancer 
screening reduced cancer-related mortality ordered the tests 
more often.32 Physicians who believed strongly in doing 
routine baseline tests were more likely to perform them,30 
and physicians who doubted the interpretation of clinical 
trial results were less likely to adhere to guidelines.29 
Further, physicians’ reasons for doing tests such as 
radiography of the lumbar spine for chronic back pain 
were related not only to medical necessity but also to a 
perception that radiography might provide psychological 
reassurance to the patient.31 
Fear of malpractice consistently increased test ordering,16,35-37 
except in one study (54% response rate) in which physicians 
were asked to respond to hypothetical situations.38 This 
finding was true for both specialists35 and general 
practitioners.16,36

Sood, et al. Physician test-ordering tendencies. 
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Financial incentives, as expected, increased test ordering, 
as found in three different studies designed as patient 
survey,11 chart review,15 and physician survey.35 An 
awareness of the cost of testing, in general, decreased test 
ordering.39-41 However, in the largest and most rigorously 
designed study to test this variable, physicians in two 
prospective randomised controlled trials were either shown 
the cost of the test or were not. The intervention had no 
substantial impact on test ordering.42

The best-studied modifiable variable is the impact of 
feedback on test ordering. A total of 13 interventional 
studies have been reported,43-55 seven of them randomised 
controlled trials.43,44,46,48-50,55 In all but one of these studies,44 
provision of education or feedback or both considerably 
reduced the number of tests ordered.
Other physician variables affecting test ordering included 
individual risk-taking attitudes of the physicians,56 
endorsement of a professional organisation,33 influence of 
peer practices,57 and source of payment by private insurance 
compared with Medicare.20

d i s C U s s i o N

The study shows that several physician variables that 
are not evidence-based affect test ordering. This issue is 
important because appropriate test ordering is central to 
cost-effective and quality patient care. Recognition of the 
modifiable physician variables is particularly important 
because a system-wide multicomponent intervention that 
addresses these variables might successfully optimise 
test ordering. As an example, a randomised trial from the 
Netherlands compared the effect of a multi-intervention 
strategy in one group compared with feedback only in the 
other group.58 The intervention group received a multi-
intervention strategy involving evaluation of personal test-
ordering data compared with that of other colleagues, group 
education on national and evidence-based guidelines, and 
attendance at quality improvement meetings. Although the 
initial cost of development and running the intervention 
arm was expensive, the mean cost reduction per physician 
due to avoidance of unnecessary tests was larger in the 
intervention group (Z 144 per physician per six months). 
Admittedly, the long-term effects of implementing this 
strategy remain unclear.
Our study has several limitations. First, articles published 
before 1992 were not included. Thus, we are not able to 
determine time trends or any differences in physicians’ 
tendencies to order tests before and after introduction 
of the concept of EBM. Second, the approach in this 
survey was inclusive; thus, studies included are very 
heterogeneous in their structure and quality. This feature 
may explain different conclusions from some of the 
studies. The heterogeneity of the studies precludes a 

quantitative pooling of the results to produce any statistical 
inference, our study is thus essentially descriptive. Third, 
most of the studies included used questionnaires that were 
not well validated. Finally, the review does not include 
description of designs and biases of the individual studies 
that were included.
Our study also has several strengths. Our literature search 
is exhaustive and gives a very good overview of the subject 
matter. The studies included are from multiple practice 
situations and geographic locations; thereby, the inferences 
of the review are generalisable to a large population.
Non-EBM test ordering does not always mean inappropriate 
test ordering. An exploration of the reasons why physicians 
deviate from EBM test ordering might be instructive. 
For example, family practitioners ordered fewer tests in 
routine practice and in situations of uncertainty. Several 
reasons may include a different training background, 
community-based practice that allows long-term 
relationships with families, a greater use of support and 
reassurance compared with specialists, less aversion to 
risk, and possibly less anxiety in the midst of uncertainty.59 
Similarly, Northeast US physicians ordered more germline 
mutation testing than physicians in other geographic 
locations, likely because of the geographic concentration of 
population at higher risk and also because of physicians’ 
knowledge of and attitude toward the disease.3 Rural family 
practitioners in Canada ordered bone densitometry less 
often because of nonavailability of this test locally or within 
reasonable distance.4 Solo practitioners order more testing, 
at least partly related to the relative nonavailability of peers 
for informal consultation.60 Primary-care physicians in 
health-maintenance-organisation settings ordered more 
tests for social and symbolic reasons and to resolve 
tensions and conflicts related to time constraints and 
access problems.61

Recent studies including interventions such as telephonic 
peer coaching sessions integrated with education resources 
for general practitioners,62 use of preventive care checklist 
forms,63 and hands-on supervision of resident test ordering 
behaviour by senior physicians64 have all found a decrease 
in unnecessary test-ordering tendencies. However, despite 
the benefits of these interventions, it is unclear from these 
studies whether the beneficial effects could be sustained 
in the long term.
In general, test ordering is a skill that changes with time 
and is related to several complex interacting variables. 
Nevertheless, most clinical trials showed a sustained effect 
of education and feedback for improving test-ordering 
tendencies. Further, an optimised test ordering, although 
cost-effective, does not increase the risk of adverse events, 
including hospitalisation.65

In summary, the study found that several modifiable and 
nonmodifiable physician variables affect test ordering. 
Ongoing effort is needed to identify the modifiable 
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non-EBM determinants of physicians’ test ordering and 
to use appropriate tools and techniques to encourage 
evidence-based behaviours for test ordering. Further 
studies are indicated to identify whether system-wide 
multicomponent strategies would be consistently useful for 
reducing physician variability in ordering tests.
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