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Background:  To  reduce  physicians’  inappropriate  laboratory  requests  for their  patients,  administrators
have  used  methods  such  as  modifying  a laboratory  request  order  form  with  an  agreed  requesting  protocol
for the most  common  diagnoses  in  primary  health  care.
Objective:  To  study  the effects  of  removing  the erythrocyte  sedimentation  rate  (ESR) and  aspartate
transaminase  (AST)  which  are  considered  of limited  clinical  value  for primary  care  clinical  decision-
making  from  a computerized  laboratory  test  order  form.  These  tests  were  removed  to another  new  view
from  the  electronic  laboratory  menu  where  the physicians,  instead  of  just  ticking  the  desired  test  from
the  list,  had  to do 4–8  s extra  work  by writing  down  the  abbreviation  to order  the  test.
Methods:  An  observational  controlled  prospective  study  based  on  a  before-after  design  was  performed  by
removing  AST  and  ES  from  the  laboratory  test  order  form  of  the  computerized  laboratory  system  for  all
primary  care  in  the  city  of  Helsinki,  Finland.  The  numbers  of annual  and  monthly  use  of  AST and  ESR  and
their  controls,  alanine  transaminase  (ALT)  and  C-reactive  protein  (CRP)  ordered  by General  practitioners
(GPs)  was  recorded  over  an eight-year  period:  four  years  before  and  a four  years  after  the  removal  of  AST
and  ES.
Results:  Removing  AST  and ESR  from  the computerized  laboratory  test  order  form  decreased  their  use  by

up  to 90%,  whereas  the  use  of  the control  tests  increased  throughout  the  follow-up  period.  The  variation
in  use  of these  removed  tests  also  decreased.
Conclusion:  Removing  a laboratory  test  from  a computerized  laboratory  test  order  form  may  significantly
reduce  GPs’  use  of  the  laboratory  test.  Further  studies  are  needed,  however,  to  ensure  the  safety  of  this
type  of intervention.

© 2015  Elsevier  Ireland  Ltd.  All  rights  reserved.
. Introduction

Ample resources have been invested in efforts to improve the
uality of health care and its cost-effectiveness [1]. These actions

lso aim to improve care from the patients’ perspective. Due to
imited resources, decision makers have a responsibility to decide
ow to use these resources to maximize the benefits [1].
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Inadequate use of laboratory tests in primary care has been a
target of such interventions [2–6]. To reduce physicians’ inappro-
priate laboratory requests for their patients, administrators have
used methods such as involving a laboratory request menu with
an agreed requesting protocol for the most common diagnoses in
primary health care [2]. When incorporated into an electronic lab-
oratory request menu, this system provides electronic reminders,
which have proved effective in improving the quality of care [7–9].
These reminders have been reported to enhance better prescrib-
ing practices [10], better control over the treated disease [11] and

further better recording in patient charts [12].

Former findings suggested that laboratory test form design
influences test ordering by general practitioners (GPs) [13]. This
led to some relatively short experiments in primary care system
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f Israel [14,15]. Plain manipulation of computerized laboratory
est order forms of primary care practitioners by deleting certain
ests was found to decrease use of these deleted laboratory tests
y 31–41% relative to the pre-intervention month, with a further
ecrease by 36–53% the following month in a short two month
xperiment [14]. In a more extensive three year work, tests that
ere removed from a computerized laboratory order form showed

n decrease of 27% in the first year and a further 19,2% decrease in
he following year [15]. No educational programmes were reported
o be included in these interventions [14,15].

In 2006, the laboratory menu in Helsinki primary care was a
odification of a previously described laboratory menu [2] that
as incorporated into an electronic laboratory system and patient
edical records. The menu offered the most commonly used labo-

atory tests in primary care and reminded the GPs of the availability
nd usability of these tests. Less frequently used tests had to be
rdered with abbreviations available from the computerized lab-
ratory handbook, similar as described by Shalev [15]. So, this
omputerized laboratory test order form directed GPs’ use of lab-
ratory tests in primary care towards more appropriate use. The
orm contained 69 of the most commonly used laboratory tests,
et allowed clinicians to combine tests on the menu in any manner
e or she desired, even if the combinations were inappropriate for
linical decision-making.

Despite continuous medical training on the appropriate use of
ab tests GPs may  continue to order such lab test combinations that
ave limited value in clinical decision-making [2]. Although several
utative reasons for this behavior – often related to what is known
s so-called “defensive medicine” performed by primary care doc-
ors – have been suggested [4] the basic cause for this behavior
emains unclear. However, we also hypothesized that easy access
o laboratory tests in the computerized laboratory test order form
nd the public funding of medical care [16] with no sanctions, may
lso have contributed to the physicians’ behavior.

To intervene in this problem, the electronic laboratory menu was
odified. Certain tests which were scientifically [3–5] considered

o be of limited clinical value for primary care clinical decision-
aking were removed from the computerized laboratory test order

orm regardless of how often the clinicians used to prescribe these
ests. The medical education alone has not always been reported
o be enough to produce significant changes in physicians’ behav-
or in laboratory test prescribing [3]. This was also our experience
efore the present intervention because neither team teaching nor
eed-back delivered in superior-subordinate or development dis-
ussions altered clearly laboratory test prescribing practices in the
ocal public primary care before the present intervention. There-
ore, we also wanted to study what happens to the use of those
ests that were removed from our computerized laboratory test
rder form after the intervention. In this study we  explored the
ffects of deleting erythrocyte sedimentation rate (ESR) and aspar-
ate transaminase (AST) from this laboratory menu by comparing
Ps’ usage of them during the 4-year period before with 4-year
eriod after the removal.

. Methods

.1. Design

The present experiment is a prospective study with a before-
nd after-design in the primary care of the capital of Finland.
.2. Setting

The study was performed in the primary care center for the
ity of Helsinki and in the HUSLAB, a municipal commercial enter-
Medical Informatics 86 (2016) 49–53

prise providing laboratory services for the City of Helsinki and 21
other communities. The Helsinki primary care center serves about
550,000 inhabitants of the city.

2.3. Participants

The subjects of our study are GPs (n = 272) who serve this popu-
lation in primary care center. All the data was gathered and handled
in such a way  as to maintain patient and doctor anonymity. The reg-
istry keeper (health authorities of Helsinki and HUSLAB) accorded
permission for the study (permission number HEL 2012-01029T 13
02 01).

2.4. Procedure and measurement

In February–March 2007 two widely used laboratory tests con-
sidered to have low clinical relevance, ESR and AST [3–5], which
were relatively widely used in Helsinki primary care, were removed
from the computerized laboratory test order forms. This inter-
vention was implemented with a change in the computer system
resulting in a new form excluding these two  tests. This interven-
tion was supported with short meetings for delivering information
(maximum 1 h) in order to explain to GPs the reasons for removing
these tests from the menu. Thus, the GPs were still able to order
the removed tests but they had to find their abbreviations or code
numbers from the electronic laboratory book attached to the system
or to remember these codes to order them. To order the intervened
laboratory tests, a GP had to do 4–8 s extra work because, similarly
to Shalevs’ work [15], he/she had to open an another new view
from the electronic laboratory menu and write down the abbrevi-
ation of ESR or AST on an appropriate field of that view. Alanine
transaminase-test (ALT) which served as a control to AST-test and
C-reactive protein-test (CRP) which served as a control to ESR-test
were not removed from the computerized laboratory test order
form. To order these control tests, a GP just had to to select the
required laboratory test on the menu.

The ESR test is a highly non-specific test for inflammation and
tissue damage, and a pathological ESR test result alone leads to clin-
ical actions only when it is highly abnormal (>50 mm/h), unlike the
CRP test which is quick and clinically relevant to decision-making,
especially in acute situations and severe clinical conditions [17].
The AST test does not increase the clinical information obtained
with the ALT-test, yet GPs in Helsinki primary care generally used
these two tests together.

The annual frequencies of the ordered tests (ALT, AST, ESR and
CRP) served as the outcome measures. We  were also able to com-
pare monthly variations of the ALT and AST tests, which were often
used simultaneously prior to the intervention. The follow-up prior
to the intervention began in January 2003 and ended in December
2006, whereas the after intervention follow-up began in February
2007 and lasted through December 2010.

2.5. Statistical analysis

The numbers of annual laboratory test (per 1000 blood sam-
plings) with 95% confidence intervals (CI) were calculated assuming
a Poisson distribution. Rate ratios (RR) and statistical signifi-
cance between observation years were calculated by using Poisson
regression models or negative binomial regression models, as
appropriate. The assumptions of overdispersion in the Poisson
model were tested with the Lagrange multiplier test. The total num-
ber of laboratory samples prescribed in the health care of the City of

Helsinki was  used in analysis. The number of blood samples varied
between 516,261 samples/year (minimum, in 2005) and 614,397
(maximum, in 2004) and the number of visits to GPs varied between
441,028 visits/year (minimum, in 2009) and 484,304 (maximum, in
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Fig. 2. Use of CRP and ESR tests before and after removing the ESR test from the
laboratory menu. Means and 95% confidence levels are presented.
ig. 1. Use of ALT and AST tests before and after removing the AST test from the
aboratory menu. Means and 95% confidence levels are presented.

005). Stata 13.1, StataCorp LP (College Station, TX, USA) statistical
ackage was used for the analyses.

. Results

The frequency for prescribing the ALT test increased from 162.1
CI 95%: 161.1–163.2) to 232.1 tests/1000 blood samples (CI 95%:
30.9–233.3) during the follow-up [RR = 1.43 (95% CI: 1.41–1.44),

 < 0.001]. Before the intervention, the frequency of prescribing
he AST test increased slightly during the period between 2003
89.97 tests/1000 blood samples, CI 95%: 89.2–90.7) and 2006
100.6 tests/1000 blood samples, CI 95%: 99.7–101.4) [RR = 1.12
95% CI: 1.10–1.13), p < 0.001], but after the intervention, the fre-
uency eventually decreased to 28.5 tests/1000 blood samples (CI
5%: 28.0–28.9) in 2010 [RR = 0.32 (95% CI: 0.31–0.33), p < 0.001]
Fig. 1).

Similarly, the frequency of prescribing the CRP test increased
rom 273.0 tests/1000 blood samples (CI 95%; 271.7–274.3) to 344.7
ests/1000 blood samples (CI 95%: 343.2–346.2) during the seven-
ear follow-up [RR = 1.26 (95% CI: 1.25–1.27), p < 0.001]. Before the
ntervention, the frequency of prescribing the ESR test remained
elatively stable between 2003 (139.4 tests/1000 blood samples,
I 95%: 138.5–140.4) and 2006 (137.6 tests/1000 blood samples,
I 95%: 136.6–138.6) [RR = 0.99 (95% CI: 0.98–1.01), p = 0.055]. The

ntervention was associated with a decrease. In 2010, the frequency
f ESR tests was 60.9/1000 blood samples (CI 95%: 60.2–61.5)
RR = 0.44 (95% CI: 0.42–0.45), p < 0.001] (Fig. 2).

The monthly variation in the use of AST tests disappeared after
he intervention, whereas that same variation remained in the use
f the ALT test (Fig. 3). The lowest frequencies in the use of the
aboratory tests studied occurred in July, which is the most common

onth for annual leave in Finland.

. Discussion

In this study, the removal of AST and ESR from the comput-
rized laboratory test order form led to GPs significantly lower
se of these laboratory tests. The former interventions (e.g. team

eaching and feed-back delivered in superior-subordinate or devel-
pment discussions) alone altered only modestly if at all laboratory
rescribing practices towards better use of guidelines. However,
odifying electronic laboratory test order form supported clearly
Fig. 3. Monthly use of ALT and AST tests before and after removing the AST test from
the  laboratory menu.

use of guideline-based laboratory prescribing. The effect of this
intervention was  stronger than described in the former similar
studies [14,15] and highly sustainable. The results suggest that in
efficacy of promoting desirable changes the present type of inter-
vention was among the most efficient ones when compared with
any other reported effects of on-screen, point of care computer
reminders on processes and outcomes of care [6–8].

Medical education alone has not always been reported to be
enough to produce the change in physicians’ behavior just in
laboratory test prescribing in all studies [2,3]. In absence of a
control group, we cannot claim that the education we  provided
before intervention had no effect on laboratory test prescribing
in the present experiment. However, this putative effect of edu-
cation was small. Feed-back delivered in superior-subordinate or
development discussions were not either very effective in altering
laboratory test prescribing practices in the local public primary care
during our four year control period before the present intervention.
In Sweden, it was  reported that education alone was enough to

reduce inappropriate laboratory test use of GPs [5]. For unknown
reason, educating GPs was just not, however, enough to change
significantly clinical practices in this particular matter with the
present GP population. Therefore, something else was worth try-
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ng to enhance the effects of the education which we  were able to
ffer before the intervention and to make GPs follow guidelines in
aboratory prescribing.

As an alternative strategy for the present intervention, elec-
ronic reminders which have usually been thought to improve
he quality of work [6–9] might be applied. Although electronic
eminders are effective and useful, GPs ’ compliance to use them is
ot necessary always high for various reasons [18]. Thereby, other
ethods may  also enhance the use of modified laboratory test order

orms or electronic reminders as a tool for improving the quality
f care when applied simultaneously. Different educational inter-
entions [19–22] could serve as an adjunctive method for these
nterventions to improve the quality of laboratory prescribing. In
he present experiment, the GPs received minimal information in
hort meetings explaining why these tests were removed from the
omputerized laboratory test order form, but no training on how to
se the available test selection. Thus, the most effective component

n the present intervention was not necessarily increasing knowl-
dge or smoothing usability, but rather “selling inconvenience” by
roducing extra work. This inconvenience was not a major one,
ince all the tests removed from the computerized laboratory test
rder form were still relatively easily available to the GPs after the
ntervention producing only a few seconds extra work as in former
tudies [14,15]. Yet, defensive behaviour, fear of uncertainty, lack of
xperience, use of protocols and guidelines, “routine” clinical prac-
ice, inadequate educational feedback, clinician’s unawareness of
he cost of tests, belief that test results are considered more sig-
ificant than physical examination or history taking, desire to be
omplete, and collective ordering have been reported to be puta-
ive reasons identified for excessive ordering of tests by physicians
23–25]. Nevertheless, the present intervention was highly effec-
ive against these factors since it successfully decreased the use of
he AST test by as much as 80–90%. A putative explanation for the
resent observation is that others than professional considerations,
.g. context-related factors, modulate strongly the use of laboratory
ests in primary care [26].

The present intervention originated from the administration of
rimary care and was performed by modulating the information
echnology (IT) used. Relatively little prior research is available
bout the efficacy of modulating IT as a method for improving the
uality of care and this literature is partially inconsistent [27]. The
resent intervention was planned by the clinical leaders of the local
rimary care and this clinical leadership is essential in developing
nd performing IT-based interventions [28]. Because clinical lead-
rs belong to the health care staff, too, the present finding is in
ine with the evidence suggesting that projects originating from
he patient or health care staff initiative and aimed at improving
he quality of care are more likely to be successfully implemented
han those originating from the administration of health care [29].
et, the present system offers one possibility for administration to
rive IT-based intervention to modulate behavior of clinicians, in
his case GPs. Since any single implementation alone is unlikely
ffectively instill good clinical practice [7] other interventions suit-
ble for enhancing the presently described intervention should be
onsidered. Training programs [19–21] and auditing with feedback
rograms [22] could enhance the present intervention by explain-

ng appropriately to the staff why the intervention was  performed
nd how to use the laboratory tests adequately.

It must be noted here that modulating laboratory test order
orm is not the same as computerized support for clinical decision-

aking. Decision support technologies purport to optimize the use
f diagnostic tests in clinical practice by offering direct help with

iagnostics and treatment through actively giving advice on how
o proceed [30]. Computerized support of clinical decision-making
lso serves to inhibit the underuse and overuse of diagnostic tests
Medical Informatics 86 (2016) 49–53

and has important implications for health outcomes and costs
[8,9,31].

The present data suggest that laboratory test order forms may
also tempt physicians to overuse the requests, if made too easy.
Thus, physicians may  not always consider the consequences of their
actions. Therefore, administration should always very critically
consider which electronic forms for different kind of prescriptions
to take into practice and which not.

Present intervention offers one possibility for the administra-
tion to drive IT-based intervention to modulate the clinical behavior
of physicians which may  hypothetically lead to considerable cost
savings. Controlling costs is one of the factors which brought
overutilization of laboratory tests to the interests of the admin-
istration in primary care [2–5]. Yet, further work with a larger scale
of intervention should focus on rapid access menus before studying
the effect of the present intervention on overall laboratory costs.

4.1. Limitations

Before-after setting was not optimal to study the present inter-
vention. An optimal situation would have been to be able to arrange
a control group for the present intervention. Unfortunately, it was
not possible to arrange that in the primary care of Helsinki.

The main question that remains unanswered is whether the
present guidance of clinical activities by “selling inconvenience”
(in this case 4–8 s extra work) is safe. In the present case which
eradicates the double-use of AST–ALT tests, should see no major
problems because the both tests are usually requested as screening
methods for hepatocellular injury, and for that purpose, ALT is more
specific and sensitive [17]. The situation is a bit different when com-
paring CRP and ESR tests because they are clinically used in slightly
different situations: ESR is a rather unspecific and slowly reacting
indicator of inflammation and used mainly to detect the activity of
certain chronic inflammations such as rheumatoid arthritis. CRP, on
the other hand, serves merely to detect the activity of more acute
inflammations/infections [17]. Nevertheless, further studies of the
safety of this intervention are underway.

5. Conclusions

Modulating a computerized laboratory test order form reduced
use of inappropriate laboratory tests by 80–90% and led to GPs more
thoroughly considering the use of laboratory tests.
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Summary table
What was already known on the topic:

• Due to limited health care resources, decision makers have
a responsibility to decide how to intervene in health care
system to maximize the benefits and thereby inadequate use
of laboratory tests in primary care has become a target of
such interventions.

• Former findings suggested that laboratory test form design
influences test ordering.

• Plain manipulating computerized laboratory test order forms
of primary care practitioners by making it somewhat more
inconvenient to order clinically less relevant laboratory tests
via removing these articles from the test order forms was
found to decrease the use of these tests.

What this study added to our knowledge:

• When applicable, manipulating static order forms, in this
case computerized laboratory test order form, of primary
care practitioners offers one possibility for the administra-
tion to drive IT-based intervention to modulate the clinical
behavior of GPs in a highly sustainable manner.

• The present intervention had high efficacy in promoting
desirable changes when compared with any other reported
effects of on-screen, point of care computer reminders on
processes and outcomes of care.

• Administration should always very carefully consider which
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