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Objectives: The aim of this study was to investigate doctors’ knowledge of the relative
and absolute costs of diagnostic tests, medical consumables (e.g., syringes or intravenous
tubing), and healthcare visits as well as to determine factors influencing awareness.
Methods: For this systematic review, we searched the Cochrane Library, EconoLit,
EMBASE, and MEDLINE; reviewed reference lists; and had contact with authors. Studies
were included if either doctors or trainees were surveyed, there were >10 survey
respondents, costs of diagnostic or therapeutic items were estimated, results were
expressed quantitatively,and a clear description was provided of how authors defined
Accurate Estimates and determined True Cost. Two authors reviewed each article for
eligibility and extracted data independently. Cost accuracy outcomes were summarized,
but data were not combined due to extensive heterogeneity.
Results: Fourteen articles were included in the final analysis. Cost accuracy was low; 33
percent of estimates were within 20 percent or 25 percent of true cost and 50 percent
were within 50 percent or in the 50–200 percent range of the true cost. Country, year of
study, level of training, and specialty did not impact accuracy. The cost of items appears to
have no impact on the accuracy (Fisher’s exact test, p = .41) or pattern of estimation
(binomial test, p = .92).
Conclusions: Doctors have a limited understanding of diagnostic and nondrug
therapeutic costs, and we could not identify anything that impacts understanding of these
costs. More focus is required in the education of physicians about costs and the access to
cost information.

Keywords: Healthcare costs, Physician awareness, Investigations, Medical care,
Systematic review

High costs are a major concern in almost all aspects of health
care. Although pharmaceutical expenditures are the fastest
growing expense, other costs including those of diagnostic
procedures, equipment, imaging, investigations, laboratory
tests, or visits to hospital (collectively here termed “diag-
nostic and therapeutic items” or D&T items) account for a
large share of healthcare spending. Many of these costs are in-
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curred in the hospital setting. Hospitals are the largest overall
cost in health care in most of the Organization for Economic
Cooperation and Development (OECD) countries, ranging
from 27.1 percent in Poland to 48.4 percent in Japan (28).
Whereas some D&T items, such as a single blood test, are
inexpensive in isolation, the volume of these services can
increase costs to significant levels, and many are tied in with
the cost of personnel, which is the single largest expense in
hospitals.

Although rarely available as a distinct cost, in one in-
stance investigational services constituted almost 30 per-
cent of expenditures for Australia’s Medicare Services (13).
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Several studies have shown that test ordering is frequently ex-
cessive in most clinical environments, including primary care
(24), emergency departments (37), preoperative assessment
(23;27), hospitals (6), and specialized wards or clinics such
as renal (19) or intensive care units (20). Furthermore, these
tests generally have little impact on patient care (20;23;27)
and in some cases may be harmful (8). Other studies have
shown that cost increases of 60 percent over a variety of
hospital and physician services do not improve patient out-
comes but occasionally worsen them (17;18). If physicians
were to reduce the use of unnecessary medical services, they
could control costs without negatively impacting patient care.
Physicians could also reduce costs by autonomously choos-
ing the least costly diagnostic test, imaging technique, or
investigation in cases where they have a choice and there are
no significant differences in safety and effectiveness. Doctors
must also consider costs to their patients, as approximately
half of OECD countries require some form of direct payment
for hospital services, either as co-payments or deductibles,
from patients (15).

If physicians are going to take costs into consideration,
they need to be cognizant of both the absolute cost of D&T
items and the relative differences between prices, for example
between the cost of a biochemistry panel including or exclud-
ing liver enzymes. However, in most places, this type of cost
information is not easily available for doctors. To determine
whether it is necessary to enhance both physicians’ educa-
tion about prices and the availability of that information, we
undertook a systematic review to determine physicians’ level
of awareness of the cost of D&T items.

METHODS

The methods of this systematic review overlap those of the re-
lated systematic review of physician awareness of drug costs
(3). Templates for the systematic review of survey studies are
not well established but QUOROM (26) (normally reserved
for systematic reviews of randomized controlled trials) is a
good guide for most systematic reviews and was used here
wherever possible.

Search

We searched the Cochrane Library (from 1966), EconLit
(from 1969), EMBASE (from 1974), and MEDLINE (from
1950) up to May 31, 2005, using the search terms physi-
cian, doctor, medical student, house staff, intern or resident;
medicine, medications, drug therapeutic, test, investigation
or diagnostic test; cost or price; and knowledge, awareness,
or understanding. (The results of the analysis of knowledge
of drug costs are reported elsewhere (3).) The titles and
abstracts, where available, were independently screened by
both authors and if either investigator thought that the article
would be potentially eligible a complete copy was obtained.
To identify additional studies, the reference list of any po-
tentially eligible article was searched and authors with two

or more publications in the area or who had published in the
10 years preceding the start of our review were contacted.

Eligibility

Articles were included if either doctors, trainees (interns or
residents), or medical students were surveyed; there were
more than ten survey respondents; costs of D&T items were
estimated; results were expressed quantitatively; there was
a clear description of how authors defined Accurate Esti-
mates; and there was a clear description of how the True
Cost was determined. Because costs are variable and com-
plex, we believed it was only reasonable for doctors to have
knowledge of the total costs of the D&T item, whether that
cost was borne partially or completely by the patient and/or
the insurer (private or government), in their local practice
environment. Therefore, “True cost” was operationally de-
fined as the actual cost the study authors verified from one
or more locally relevant reliable sources for each D&T item
in their study. The definition of “Accurate Estimates” was
taken from the authors and typically fell within a defined
“accuracy range” (e.g., ±25 percent) around the true cost.
Articles were excluded if they were not published in English
or if participants were asked to estimate costs within ranges
or cost increments only (for example “please estimate which
$20 cost category/range is most appropriate for drug A”).
Both authors independently assessed each potential article
for eligibility. Differences in decisions about inclusion and
exclusion were resolved through consensus.

Data Extraction

From each eligible article, both authors independently ex-
tracted a range of data including information about the types
of items surveyed, the location of the study, and the demo-
graphics of the respondents. Where data were not reported
in a way that allowed extraction in one of our categories, we
attempted to calculate the information from available data
(e.g., number of respondents calculated from the number of
surveys distributed multiplied by the response rate). Com-
parisons within studies, such as differences between medical
student and resident accuracy, were extracted when available.
Authors were contacted for further data where necessary. Af-
ter each investigator independently extracted the above infor-
mation, the results were compared and differences resolved
by consensus.

Data Analysis

The studies were too diverse to combine meta-analytically
(different therapies, different cost estimation procedures, dif-
ferent groups of physicians). Mean accuracy (expressed as
the percent of physicians who correctly estimated D&T costs)
for each study was calculated by averaging the accuracy from
each participant group or D&T item estimated with weighting
for the number of estimation attempts. For example, if accu-
racy was 30 percent for D&T A (n = 100) and 50 percent
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for D&T B (n = 80), the average accuracy would be 39
percent ((0.30 × 100) + (0.5 × 80))/180). We calculated
nonparametric summaries (median and ranges [minimum–
maximum]) for the following outcomes: average cost ac-
curacy (within defined percent margins of error), average
percent of estimates over and under true cost or the margins
of error (as defined by the original authors) around the true
costs, and average percent error (|estimate − true cost| / true
cost).

Percent error is the statistic used to demonstrate the de-
gree of estimation error. To be reliable, each estimate error
(the amount above or below the true cost) must be converted
to an absolute value. If not, high estimates will be positive
numbers and low estimates will be negative numbers, and
when summed will partially cancel each other giving a lower
value and a false impression of accuracy. For example, if
the true cost of a D&T item is $100 and two doctors esti-
mate $50 and $150, respectively, the correct percent error
would be 50 percent. However, if absolute values were not
used, the percent error of the high estimation error would be
50 percent and the low would be −50 percent. This would
make the combined percent error 0 percent, indicating no
error in estimation and yield a false representation of perfect
accuracy.

Additionally, a priori defined subgroups, such as year
of publication (divided by median year of publication of
studies), location of study, training level of participants, and
specialty, were examined to determine whether these vari-
ables influenced the accuracy of the cost estimation. We also
examined the influence of study quality on estimation accu-
racy by separating studies with a similar accuracy range into
those of high and moderate–low quality. For this analysis, we
used weaknesses of response rate (≤50 percent or unclear),
sampling method (convenience or unclear), and survey dis-
tribution (unclear) as markers of quality. Although there is no
defined adequate response rate, low response rates can bias
surveys (5;38), and we believed 50 percent was generous.
Non-probability sampling, such as convenience sampling,
can bias studies because the sample is not representative of
the population. Different modes of questionnaire adminis-
tration have different inherent biases, and although there is
no clearly superior method (11), we believed the information
was important in reviewing surveys. High quality studies had
none of these weaknesses, moderate quality studies had one
weakness, and low quality had two or more weaknesses. The
use of these measures to assess quality has face validity as
it was based on our understanding of the places where the
greatest biases can occur in survey studies.

We also performed two sensitivity analyses. To minimize
the heterogeneity inherent in comparing studies with multiple
different services, we compared the average cost accuracies
for specific D&T items among four or more studies. When
data could not be combined and nonparametric statistics such
as medians and ranges must be used, there is a concern that
larger studies are weighted equally with smaller ones. To de-

termine the potential influence of “weighting,” we performed
sensitivity analyses where the median nonparametric statistic
was selected based on the number of services in each study,
the number of physicians in each study, or the total number
of estimates in each study.

Lastly, where data could be extracted from studies on
the true cost of an individual D&T item, we examined the
influence of the true cost in two dimensions—are doctors
better able to estimate the cost of inexpensive items ver-
sus expensive ones (accuracy), and do doctors underestimate
the cost of expensive items and overestimate the cost of inex-
pensive ones (estimation pattern). We undertook this analysis
because we have previously shown that the true cost has the
largest influence on the accuracy and estimation pattern for
drugs (3). To separate D&T items into high and low cost
groups, in each study we looked at the cost of the items in
the study to see if there were distinct cost groups that might
serve to delineate high from low cost items (For example, if
a study had twenty-five items with ten items under $5 and
the remaining fifteen items over $40, we would separate the
groups that way). If there was no distinct high and low cost
group, we used the median D&T item cost for best high/low
cost dividing point for that study.

Ethics approval was not required as the research involved
publicly available material.

RESULTS

Literature Search and Selection

A study flow diagram is provided in Figure 1. Eleven au-
thors were contacted to identify possible studies, and six
responded to yield two previously unidentified studies, nei-
ther of these studies was ultimately included. From a total
of 2,954, fourteen studies were included in the systematic
review (1;2;4;12;14;16;21;25;29;31;33;34;36;39).

Study Characteristics

The main characteristics and methodological aspects of each
study are provided in Table 1. Studies were conducted from
1976 to2004 in five countries with the United States (n = 5),
United Kingdom (n = 4), and Canada (n = 3) predominat-
ing. Seven studies included licensed physicians only, one
involved house staff only, and five included a mixture of
participants (licensed physicians, house staff, and medical
students). Four studies involved general practitioners (GP)
alone, five specific specialists groups, three a mix, and two
were unclear as to the specialty of the doctors.

Hospital-based studies in Canada, Denmark, Italy,
United Kingdom, and United States defined true costs as
acquisition costs (12;34), billing costs (14;36;39), costs ob-
tained through surveys (21), and wholesale costs paid by
the hospital (4;16;25). Three outpatient studies used surveys
(29;31;33) and two used a combination of billing and acqui-
sition costs (1;2).
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Original Search: 2954Articles
PubMed 1420
Econolit 258
Embase1 46
Cochrane 129
References 999
AuthorContact

For Full Review: 85Articles
PubMed 47
Embase
References 33
AuthorContact

Excluded by Titleor Abstract
2869 Articles

Included In Systematic Review:
14 Studies

PubMed 5
References 9

Excluded on Full Review: 71
True Cost Determination Unclear 18
Not Quantitative Data 16
Inadequate Information 10
Not Cost Estimation Study 6
Review Article
Non-English
Too few Participants 2
Participants Not Physicians 2
Therapeutics Only 11

2

3

2

4
2

Figure 1. Study identification and selection.

Studies looked at physicians’ knowledge of three broad
categories of D&T items—investigations (1;2;14;21;29;31;
33;36;39), medical supplies (4;12;14;16;25;29;34), and med-
ical care (1;2;14;39) (Supplementary Table S1, which
can be viewed online at http://www.journals.cambridge.
org/jid_thc). The number of different D&T items estimated
per study ranged from one (cost of mammography) to
forty.

Study Quality

The method of survey distribution was unclear in four
studies (14;16;29;39), and sampling was convenience or
unclear in eight studies (4;14;16;21;25;29;31;34). The re-
sponse rates were ≤50 percent or unknown in four stud-

ies (2;14;29;39). Only four (29 percent) of fourteen stud-
ies (1;12;33;36) did not have any of these three weaknesses
(Supplementary Table S2, which can be viewed online at
http://www.journals.cambridge.org/jid_thc). In addition, of
nine studies attempting to quantify the degree of estimation
error (for example percent error) (1;2;4;16;21;25;31;33;34),
six used average estimations without regard for signage
(i.e., averaging overestimates with underestimates) or inade-
quately described the calculation(4;16;25;31;33;34). In total,
eleven (79 percent) of the fourteen studies had one or more of
these four weaknesses, and only three trials (1;12;36) were
without significant weaknesses. There was also a large vari-
ation in study design: four methods were used to determine
true costs, and reasonable accuracy was defined nine different
ways.
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Table 1. Study Characteristics

Number
responding Mode of True cost

Publication Participants’ (response Sample survey determined
First author year Country training level Specialty rate as%) selection administration from

Allan 1 (1) 2002 Canada HS GP 82 (85) Entire Meeting/mail Billing/
acquisition

Allan 2 (2) 2004 Canada Lic GP 283 (47.2) Random Mail Billing/
acquisition

Bailey (4) 1993 UK Lic/HS Anesthesia 40 (100) Convenience Face to face Wholesale
Conti (12) 1998 Italy Lic/HS Mix 60 (100) Random Face to face Acquisition
Dresnick (14) 1979 USA Lic/HS/MS Mix 427 (ns) Unclear Unclear Billing
Fairbass (16) 1988 UK Lic Anesthesia 20 (100) Unclear Unclear Wholesale
Innes (21) 2000 Canada Lic Emergency 75 (100) Convenience Face to face Survey
Mills (25) 1993 UK Lic Anesthesia 20 (100) Convenience Face to face Wholesale
Perrine (29) 1982 USA Lic/HS GP 58 (48∗) Unclear Unclear Survey
Ringenberg (31) 1988 USA HS GP 65 (72) Convenience Meeting Survey
Saunders (33) 1994 USA Lic Mix 506 (57) Random Mail Survey
Schlunzen (34) 1999 Denmark Lic Anesthesia 47 (92.2) Unclear Hospital mail Acquisition
Skipper (36) 1976 USA Lic/HS/MS ns 61 (68) Random Hospital mail Billing
Wynick (39) 1985 UK Lic ns 82 (48) Entire Unclear Billing

∗Exact number surveyed unclear (“approximately 120”) so response rate approximate.
HS, house staff; Lic, licensed physicians; MS, medical students; GP, general practitioner or family physician; Mix, mixture of specialized physicians; ns,
not specified.

Table 2. Estimation Accuracy Summaries

No. of Median%
Definition studies (range) References

All medical care
Within 75/80–120/125% 7 33 (13–41) (1;2;12;14;21;29;36)
Within 50–150/200% 8 50 (38–68) (1;2;4;16;25;31;31;34;39)
Overestimationa 5 34 (27–46) (1;2;21;36;39)
Underestimationa 5 48 (23–59) (1;2;21;36;39)
Percent errorb 3 54 (47–92) (1;2;21)

Investigation
Within 75/80–120/125% 6 33 (25–40) (1;2;14;21;29;36)
Within 50–150/200% 4 54 (49–68) (1;2;31;39)
Overestimationa 5 34 (4–41) (1;2;21;36;39)
Underestimationa 5 48 (38–64) (1;2;21;36;39)
Percent errorb 3 53 (48–92) (1;2;21)

Medical supplies
Within 50–150/200% 5 44 (38–60) (4;16;25;34;39)

Medical care visit
Within 75/80–120/125% 3 50 (41–53) (1;2;14)
Within 50–150/200% 3 66 (60–82) (1;2;39)
Overestimationa 3 74 (12–80) (1;2;39)
Underestimationa 3 20 (6–26) (1;2;39)

aPercent of estimates above or below the accuracy ranges around the true costs. Ranges were true cost
(1;2), the range of true (21), 75–125 (36), and 50–200 (39).
b|Estimate − True Cost| / True Cost.

Estimation Accuracy

Table 2 summarizes cost accuracy outcomes. Using the more
restrictive criterion of accuracy (75/80–120/125 percent),
accuracy for all D&T items was 33 percent; increasing to
50 percent with a more liberal criterion of 50–150/200 per-
cent. Investigations and medical care visits showed the same
pattern of better percent accuracy with more liberal crite-

ria. Except for the cost of a medical care visit, average
cost accuracy was not more than 54 percent whatever the
criterion used. Underestimation tended to be greater than
overestimation, with the exception of medical care visits,
and percent error was in the range of 50 percent, but it
could only be measured for three studies that dealt with
investigations.
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Table 3. Between-Study Comparisons in Cost Accuracy

No. of Median%
studies (range) References

75/80–120/125%
Country

Canada 3 30 (27–34) (1;2;21)
USA 3 35 (33–41) (14;29;36)

Year
≤1990 3 35 (33–41) (14;29;36)
≥1991 4 29 (13–34) (1;2;12;21)

Physician
Generalist 3 30 (27–33) (1;2;29)
Specialist 3 34 (13–41) (12;14;21)

Quality
High 3 27(13–35) (1;12;36)
Moderate–low 4 33 (30–41) (2;14;21;29)

50%–150/200%
Country

UK 4 47 (44–60) (4;16;25;39)
Canada, USA, Denmark 4 53 (38–68) (1;2;31;34)

Year
≤1990 3 48 (44–68) (16;31;39)
≥1991 5 51 (38–60) (1;2;4;25;34)

Physician
Generalist 3 56 (51–68) (1;2;31)
Specialist 4 46 (38–60) (4;16;25;34)

Training
Licensed 5 48 (44–60) (2;16;25;34;39)
House staff 3 51 (47–68) (1;4;31)

In the sensitivity analysis of estimation accuracy (for
studies using ±20 percent or ±25 percent), the number of
therapies, the number of physicians, and the number of esti-
mations for each study did not change the median accuracy
more than 1 percent. Estimation variability between studies
is compared by removing some of the heterogeneity and fo-
cusing on individual D&T items common to four or more
studies (Supplementary Figure S1, which can be viewed on-
line at http://www.journals.cambridge.org/jid_thc).

Subgroup Analysis

Table 3 presents nonparametric summaries for subgroups us-
ing the most commonly used margin of error (75/80–120/125
percent). The median percent accuracy clustered around
30 percent and was not significantly affected by the country
where the study took place (Canada versus the United States),
the median year of publication (≤1990 versus ≥1991), or
the specialty of the respondents (general practitioners versus
specialists). The studies where doctors worked in a mix of
community and hospital settings all involved general practi-
tioners, whereas the studies where doctors worked primarily
in hospital settings all involved specialists. Therefore, the
results when different types of work settings are compared
(mix of community and hospital versus primarily hospital)
are identical to those when general practitioners and spe-
cialists are compared. Results using a wider margin of error
(50–150/200 percent) were somewhat better as would be ex-
pected but once again were not different within subgroups,

including the additional subgroup of training level (licensed
doctor versus house staff).

There were insufficient data to present median accura-
cies and ranges for the low and moderate quality groups
separately; therefore, we combined data for these two. Me-
dian percent accuracy was slightly worse (27 percent; range,
13–35 percent) for high quality studies compared with those
of moderate–low quality (33 percent; range, 30–41 percent).

Four studies (1;2;21;39) provided enough data (true cost
and the percent of high/low estimations for each D&T item)
to examine whether the true cost of each item affected the
estimation pattern, that is, did doctors consistently underesti-
mate the cost of high priced items and overestimate the price
of low priced ones. Analysis of the 100 D&T items in these
studies showed this was not the case (binomial test, 51/100,
p = .92).

Seven studies (1;2;14;21;29;31;39) provided enough
data (true cost and estimation accuracy for each D&T item) to
examine whether doctors are better able to estimate the true
cost of expensive items, compared with inexpensive ones.
Our results showed that expensive items are not estimated
more accurately than inexpensive items. Compared with the
mean estimation accuracies for these seven studies, thirty-six
of seventy-nine (46 percent) inexpensive D&T items had a
higher estimation accuracy, whereas thirty-six of sixty-seven
(54 percent) of expensive D&T times had a higher estimation
accuracy (46 percent versus 54 percent, Fisher’s exact test,
p = .41).

DISCUSSION

Physician awareness of D&T medical care cost items is poor.
Only 33 percent of estimates were within ±20 percent or ±25
percent of the true cost and 50 percent were within ±50 per-
cent or in the 50–200 percent range of the true cost. Country,
year of study, level of training, and specialty seem to have
limited impact over both primary accuracy ranges. For ex-
ample, within the ±50 percent or 50–200 percent accuracy
range, generalists seem to be more accurate than specialists
(56 percent versus 46 percent respectively) but at the ±20
percent or ±25 percent accuracy ranges generalists are less
accurate than specialists (30 percent versus 34 percent, re-
spectively). Comparing accuracy over different D&T items,
the median accuracy (within ±50 percent or 50–200 percent)
improves approximately 10 percent from medical supplies
(44 percent) to investigations (54 percent) to medical care
visits (66 percent). However, the range of accuracies within
these groups overlap, with an accuracy for medical supplies
(60 percent) in one study (25) the same as that for the medi-
cal care visits (60 percent) in another (1). Study quality may
have impacted the results as mid and low quality studies
have higher estimation accuracy than high quality studies,
33 percent (range, 30–41) versus 27 percent (range, 13–35),
respectively. Unfortunately, there are inadequate numbers of
studies in the different quality subgroups to allow for further
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comparisons, so it remains uncertain how much lower quality
trials may bias results favorably.

Compared with the corresponding study on drugs (3),
estimation accuracy in this study was slightly better (33 per-
cent for D&T versus 31 percent for drugs) and the median
error was considerably less (54 percent for D&T versus 243
percent for drugs). This finding suggests that, although doc-
tors have difficulty getting within a particular margin of error
(e.g., ±20 percent or ±25 percent), they have a better sense
of the approximate cost of D&T items compared with drugs.
Supplementary Figure S1 (which can be viewed online at
http://www.journals.cambridge.org/jid_thc) shows that vari-
ability between studies persists even when focusing on the
same tests. In the study on the accuracy of the estimation
of the cost of drugs (3), the true cost of the drugs explained
a good part of this variability. However, in this study, there
was no consistent pattern. In Innes et al. (21), the true cost
of a urine culture was almost twice as much as in some other
studies, and the accuracy of doctors in Innes was higher than
other studies in which doctors also estimated urine culture
costs. In Perrine (29), the true cost of urinalysis was only
one third the cost in some other studies, but the accuracy of
doctors in Perrine was still higher than other studies in which
doctors estimated urinalysis costs.

Looking over all studies with available data, the true
cost of D&T items did not influence estimation accuracy
or the pattern of estimation (whether doctors would guess
high or low), whereas for drugs, the true cost appears to be
the strongest predictor of estimation accuracy and estimation
pattern (3). As the true cost of items increases, the acceptable
percent margin of error makes the absolute dollar margin of
error quite large. For example, in a study using ±25 percent
as the acceptable margin of error, a doctor would have to be
within $0.25 ($0.75 to $1.25) of an item costing $1 compared
with $25 for an item costing $100. Therefore, it is surprising
that accuracy was not significantly better with higher cost
items.

Other studies that have focused on pharmaceuticals have
shown that doctors do care about healthcare costs regardless
of whether the patient or a third party pays (10;30;35). Fur-
thermore, when cost information is provided or if doctors re-
ceive feedback/education about costs (7;9;22;32), they mod-
ify their behaviour and reduce costs. Clearly, more could be
done to help doctors improve their ordering and reduce costs.
We suggest providing cost information with lab and diag-
nostic imaging requisitions. Additionally, physicians should
also receive feedback and education on the cost of individual
items that they have ordered along with how they compare
with their peers and suggestions for modifying their prac-
tices.

Limitations

Although our review could potentially have been biased by
the exclusion of non-English studies, no studies in other lan-
guages were identified by our search strategy. Only three of

the fourteen studies are from 2000 and later, so it is possible
that the findings of this review do not reflect physicians’ cur-
rent awareness of D&T items. However, as physician aware-
ness did not appear to change over the 30-year span of these
studies, it is highly likely that it remains poor. Finally, all but
two of the fourteen studies came from Canada, the United
Kingdom, or the United States, and results may be different
in other countries.
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