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Background: The number and complexity of clinical laboratory tests is rapidly expanding, presenting
primary care physicians with challenges in accurately, efficiently, and safely ordering and interpreting
diagnostic tests. The objective of this study was to identify challenges primary care physicians face re-
lated to diagnostic laboratory testing and solutions they believe are helpful and available to them.

Methods: In this study, sponsored by the Centers for Disease Control and Prevention, a random sam-
ple of general internal medicine and family medicine physicians from the American Medical Association
Masterfile were surveyed in 2011.

Results: 1768 physicians (5.6%) responded to the survey. Physicians reported ordering diagnostic
laboratory tests for an average of 31.4% of patient encounters per week. They reported uncertainty
about ordering tests in 14.7% and uncertainty in interpreting results in 8.3% of these diagnostic en-
counters. The most common problematic challenges in ordering tests were related to the cost to pa-
tients and insurance coverage restrictions. Other challenges included different names for the same test,
tests not available except as part of a test panel, and different tests included in panels with the same
names. The most common problematic challenges in interpreting and using test results were not receiv-
ing the results and confusing report formats. Respondents endorsed a variety of information technology
and decision support solutions to improve test selection and results interpretation, but these solutions
were not widely available at the time of the survey. Physicians infrequently sought assistance or consul-
tation from laboratory professionals but valued these consultations when they occurred.

Conclusions: Primary care physicians routinely experience uncertainty and challenges in ordering and inter-
preting diagnostic laboratory tests. With more than 500 million primary care patient visits per year, the level of
uncertainty reported in this study potentially affects 23 million patients per year and raises significant concerns
about the safe and efficient use of laboratory testing resources. Improvement in information technology and clinical
decision support systems and quick access to laboratory consultations may reduce physicians’ uncertainty and miti-
gate these challenges. (J Am Board Fam Med 2014;27:268–274.)
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Laboratory tests are essential tools for clinical di-
agnosis. Over the past 20 years, the number of
laboratory tests available to clinicians has more

than doubled to at least 3500 tests (ARUP Labo-
ratories, Salt Lake City, Utah, personal communi-
cation). This complexity presents physicians with
increasing challenges in accurately ordering and
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interpreting diagnostic tests and effectively using
the results. These challenges are particularly acute
for primary care physicians, who order the greatest
variety of laboratory tests and order them during
30% to 40% of outpatient encounters.1

Proposed solutions to improve the accuracy, ef-
ficiency, and safety of ordering clinical laboratory
tests and interpreting the results include clinical
decision support tools, trending of test results in
electronic medical records (EMRs),2 condition-
specific algorithms to help select tests,3 profes-
sional practice guidelines,4 and reflex laboratory
testing.5 Many electronic resources have been de-
veloped to aid diagnostic decision making.6 Well-
designed information technology (IT) decision
support tools may improve physicians’ diagnostic
accuracy and efficiency and patient safety. Poorly
designed decision support tools or conflicting prac-
tice guidelines, however, present barriers to accu-
rate and effective test selection and interpretation.7

In 2012, the Centers for Disease Control and
Prevention’s Clinical Laboratory Integration into
Healthcare Collaborative (CLIHC), with support
from the Altarum Institute, completed a national
survey of family medicine and general internal
medicine physicians to explore their degree of un-
certainty when ordering and interpreting clinical
laboratory tests, the challenges they face with lab-
oratory diagnostic testing, and solutions to improve
test utilization. Also of interest was the frequency
with which primary care physicians initiate com-
munication with laboratory professionals and the
helpfulness of these consultations.

Methods
The Survey
Survey questions were based on the results of 3
focus groups comprising 27 primary care physicians
and on suggestions from a panel of experts in pri-
mary care and laboratory medicine. Nineteen ques-
tions with subparts were constructed for the survey.
Survey respondents were asked to consider labora-
tory testing for diagnostic purposes only, not for
routine screening or monitoring of chronic dis-
eases.

The survey domains included (1) physicians’ un-
certainty about ordering and interpreting tests, (2)
tactics they use to overcome uncertainty, (3) factors
that influence laboratory test ordering, (4) chal-
lenges in appropriate ordering and interpreting of

diagnostic laboratory tests, and (5) perceived solu-
tions to improve ordering and interpreting tests.
We asked respondents about the number of pa-
tients per week for whom they ordered diagnostic
tests, and the number for whom they felt uncer-
tainty regarding the appropriate test to order or
interpretation of the results. Responses were
mostly forced choice, but open-ended responses
also were allowed. Forced-choice responses were
graded on 5-point scales. For frequency, responses
ranged from “daily” to “never”; for how problem-
atic, responses ranged from “extremely problem-
atic” to “not at all problematic”; and for helpful/
useful, responses ranged from “extremely helpful/
useful” to “not at all helpful/useful.”

The survey was judged exempt from institu-
tional review board review by the Office of the
Associate Director for Science, Office of the Direc-
tor, Centers for Disease Control and Prevention.
The full text of the questionnaire is available upon
request.

Survey Administration
A random sample of 31,689 family medicine and
general internal medicine physicians was drawn
from the 2011 American Medical Association
(AMA) Masterfile. In December 2011, letters were
mailed to these physicians inviting them to com-
plete the online survey. Those who did not com-
plete the survey after receiving the letter of invita-
tion were subsequently E-mailed a link to the
survey. Two additional E-mails were sent to non-
responders in January and February 2012. To en-
courage participation, respondents were invited to
direct a $10 donation to their choice of 1 of 5
charities.

Analysis
The analysis presented in this article is entirely
descriptive. Not all respondents answered all ques-
tions, but we included their responses to the ques-
tions they did answer. Results are presented as the
percentage of respondents who selected the top 2
of the 5 possible responses. For frequency, the top
2 were “daily” and “at least once a week”; for
problematic this included “extremely” and “very”
problematic; and for helpful/useful this included
“extremely helpful/useful” and “very helpful/use-
ful.”
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Results
Respondent Characteristics
Of the 31,689 physicians, 29.67% opened one of
the E-mail invitations and 18.8% (n � 1,768) of
those who opened an E-mailed invitation com-
pleted the survey, a 5.6% overall response rate.

Demographic characteristics of the respondents
(Table 1) are similar to the AMA Masterfile physi-
cian population and to the sampling frame.

Uncertainty About Test Ordering and Results
Interpretation and Tactics to Reduce Uncertainty
Physicians had an average of 80.9 patient visits
per week and reported ordering diagnostic labo-
ratory tests during an average of 31.4% of these
patient encounters. They reported uncertainty
about test ordering in 14.7% and uncertainty in
interpreting results in 8.3% of these diagnostic
encounters. Physicians reported using a variety
of tactics to overcome uncertainty in ordering
and interpreting laboratory tests, as summarized
in Figures 1 and 2. As reported by physicians, the
most helpful/useful tactics for overcoming these
uncertainties about testing were curbside consul-
tation, E-references, and referral to specialists. In
addition, when physicians were uncertain about
test interpretation, they frequently brought pa-
tients in for follow-up and a review of their
medical histories. Only 6% of respondents con-
sulted with laboratory professionals on a weekly
basis, although they found that the consultation
was useful.

Table 1. Characteristics of Respondents*

Characteristics Respondents

Medical specialty†

Internal medicine 565 (45.5)
Family practice 648 (52.1)
Other 84 (6.8)

Sex
Male 756 (62.1)
Female 461 (37.9)

Practice ownership
Physician or group of physicians 558 (45.1)
Hospital 240 (19.4)
Healthcare organization larger than 1

hospital
190 (15.4)

Academic institution 129 (10.4)
Other 119 (9.6)

Mean age, years (range) 53.0 (27–83)
Mean years in practice (range) 20.8 (1–56)

Data are n (%) unless otherwise indicated.
*Not all respondents answered each question.
†Respondents could select all that apply.

Figure 1. Overcoming uncertainty in ordering laboratory diagnostic tests. The percentages of primary care
physicians reporting the helpfulness of these tactics as very helpful or extremely helpful and the percentages using
these tactics daily or at least once a week are shown. PCP, primary care physician.
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Influences on and Challenges in Test Ordering
Physicians agreed that the following factors were
important influences on their test ordering: na-
tional (63%) and local (46%) clinical practice
guidelines, patient factors related to insurance
(40%), patients’ cost (53%), and malpractice con-
cerns (39%). Physicians’ challenges in test ordering
are listed in Table 2. Two general categories
emerged: (1) cost and insurance and (2) test order-
ing mechanisms. Cost to patients and insurance
company rules were the most challenging. The
mechanisms for ordering tests were less problem-
atic yet still important challenges.

Challenges in Interpreting and Using Test Results
Physicians’ challenges with interpreting and using
test results are summarized in Table 2 and com-
prised 2 general categories: receiving the results
and report formats.

Solutions to Improve Test Ordering and Results
Interpretation
Physicians’ degree of endorsement of 11 possible
solutions to improve test ordering and results in-
terpretation is shown in Figure 3. Usefulness
ranged from 46% for computerized physician order
entry (CPOE) without electronic suggestions to
74% for reflex testing and trending of laboratory

results over time. Almost 50% of respondents have
CPOE without electronic suggestions but they
rank it the lowest in usefulness. Availability of so-
lutions ranged from 11% for CPOE with electronic
suggestions for appropriate tests to 67% for inter-
pretative comments. Only 11% of respondents had
CPOE with electronic suggestions, but 60% of
these physicians found it useful.

Consulting the Clinical Laboratory
We asked several questions about the helpfulness of
consultation with the clinical laboratory. The per-
centage of respondents who reported contacting
laboratory professionals at least once per week
ranged from 4% for medical or scientific opinion of
significance of results to 26% for status of missing
results. The percentage reporting that these com-
munications were very or extremely helpful ranged
from 37% for assistance with appropriate test or-
dering based on patient’s symptoms and history to
65% for technical assistance regarding sample col-
lection or submission.

Discussion
From this national survey, we compiled a database
of the challenges primary care physicians face in
ordering and interpreting laboratory tests and phy-

Figure 2. Overcoming uncertainty in interpreting laboratory test results. The percentages of primary care
physicians reporting the usefulness of these tactics as very useful or extremely useful and the percentages using
these tactics daily or at least once a week are shown. PCP, primary care physician.
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sicians’ suggestions for improving clinical labora-
tory utilization. Many respondents reported chal-
lenges in ordering and interpreting appropriate
laboratory tests. These survey respondents re-
ported some degree of uncertainty in ordering tests
for 14.7% of patient encounters and interpreting
test results for 8.3% encounters in which physicians
ordered diagnostic laboratory tests. With more
than 500 million patient visits to primary care phy-
sicians per year8 and 31.4%, or 157 million patient
visits, resulting in test ordering, the levels of self-
reported uncertainty in this study could affect or-
dering tests for 23 million patients and interpreting
test results for 13 million patients per year. This
level of uncertainty raises significant concerns

about the safety and efficient use of laboratory
testing resources.

More than 50% of physicians reported that a
variety of IT solutions would be very useful to
them; however, these decision support technologies
were not yet available to most of our respondents in
December 2011. Of all respondents, 88% use
CPOE at least weekly, but they did not find CPOE
per se useful for guidance in test selection. CPOE
that has embedded in the software suggestions or
prompts about appropriate testing (ie, electronic
clinical decision support) was judged to be very to
extremely useful by 60% of the physicians, but only
11% had access to it. Mobile devices with clinical
decision support applications are emerging as alter-
natives to those embedded in EMRs. We believe
that EMRs and mobile applications are 2 platforms
for clinical decision support that hold great prom-
ise for improving test selection and interpretation.

Physicians identified cost as a significant barrier
to ordering laboratory tests. Between 2006 and
2011, the proportion of privately insured patients
facing a deductible greater than $1000 increased
from 10% to 31%.9 Few diagnostic laboratory tests
are exempt from these deductibles. The absence of
information about laboratory test costs for patients
and clinicians as well as the effect of these costs on
clinical practice and care have been issues of con-
cern for many years.10–12 When physicians were
informed of charges for outpatient visits, Tierney
et al11 observed a 16.8% decrease in laboratory test
orders, a 15.3% decrease in charges for laboratory
tests, and no effect on hospitalizations or emer-
gency department visits. Providing physicians with
laboratory test fees at the time of order entry re-
sulted in modest decreases in test ordering, but the
effect on patient outcome was not determined.13

Technology for rapid availability of cost data at the
point of care may be helpful to modify escalating
health care costs. Some institutions have restruc-
tured their order forms to reduce unnecessary or
redundant test ordering.14

Physicians frequently obtain curbside consults,
consult E-references, and refer patients to special-
ists when uncertain about diagnostic issues. Con-
sultation with pathologists and laboratory person-
nel could also be a rapid and cost-effective method
for reducing uncertainty about test ordering and
interpretation. Smith et al15 proposed this potential
metric to improve primary care laboratory testing
processes: “Primary care providers should have

Table 2. Challenges Reported by Primary Care
Physician Respondents When Ordering Laboratory
Diagnostic Tests and Using Test Results

Challenges

Respondents Reporting
Factor is Very or

Extremely Problematic
(%)

Ordering diagnostic tests
Cost factors

Patient costs 55
Insurance policies limit testing 48
Insurance policies mandate

use of a specific lab
40

Lack of comparative cost
information

39

Ordering mechanisms
Different test names 20
Tests not available except in a

panel
20

Different tests in test panels 18
Using diagnostic tests

Receiving results
Results not received in a

timely manner
34

Previous results are not easily
available

32

Errors in results are suspected 25
Results are inconsistent with

patient’s symptoms
24

Report format
Lab-to-lab variation in normal

range
22

Lab-to-lab variation in report
formats

21

Lab report format is difficult
to understand

18

Not enough information in
lab report

16
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convenient access to laboratory physicians to assist
in laboratory test ordering and interpretation.”
Laboratory managers and pathologists should de-
velop better communication channels with busy
physicians to make consultative services easily
available. This could improve patient care through
more appropriate laboratory utilization and poten-
tially reduce costs by avoiding specialist referrals
solely for test interpretation.

The low response rate in this survey (5.6%)
and inclusion of only primary care physicians
limits the generalizability of these results. The
low response rate may have been due in part to
the length of the survey. The web-based survey
design may have deterred physicians who are less
adept with technology. The respondents’ demo-
graphic characteristics, however, are similar to
those of the population included in the AMA
Masterfile of family physicians and general inter-
nal medicine physicians and cover a wide range of
ages, years in practice, and practice settings from
physicians throughout the United States. There-
fore, results may broadly represent the common
experiences of primary care physicians. We so-
licited physicians’ opinions; therefore, we cannot
verify the extent to which objective evaluation
would confirm our findings. Finally, prior re-
search shows that physicians may be overconfident
about their knowledge,16 which, when combined
with social desirability bias, may have resulted in

underreporting of uncertainty regarding test selec-
tion and results interpretation.

Conclusion
Improved ordering methods, improved reporting
formats, and access to laboratory consultation are
potential ways to lessen uncertainty about ordering
laboratory tests and interpreting the results. Col-
laborations among primary care physicians, labora-
tory professionals, and bioinformatics experts could
generate electronic tools to address the challenges
identified in this survey, thus enhancing the safety,
effectiveness, efficiency, and timeliness and de-
creasing the cost of clinical laboratory testing. Our
survey results suggest that many physicians are
ready to embrace sophisticated electronic clinical
decision support tools.
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