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Abstract

Background: Electronic medical record (EMR) systems have the potential to facilitate appropriate laboratory testing.
We examined three common medical tests in primary care—hemoglobin A1c (HbA1c), lipid, and thyroid
stimulating hormone (TSH)— to assess whether adoption of a laboratory EMR system in Ontario had an impact on
the rate of inappropriate testing among primary care physicians.

Methods: We used FY2016–17 population-level laboratory data to estimate the association between adoption of a
laboratory EMR system and the rate of inappropriate testing. Inappropriate testing was assessed based on
recommendations for screening, monitoring, and follow-up that take into account risk factors related to patient age
and certain clinical conditions. To overcome the problem of potential endogeneity of physician choice to use the
EMR, the EMR penetration rate in the physician’s geographical area of practice was used as an instrumental variable
in an ordinary least squares (OLS) regression. We then simulated the change in the rate of inappropriate testing, by
physician payment model, as the EMR penetration rate increased from the baseline percentage.

Results: The simulation models showed that an increase in the rate of EMR penetration from a baseline average
was associated with a statistically significant decrease in inappropriate hbA1c and lipid testing, but a statistically
insignificant increase in inappropriate TSH testing. The impact of EMR penetration also varied by payment model.

Conclusions: This study demonstrated a positive association between availability of an EMR system and
appropriate service utilization. Varying impacts of the EMR system availability by primary care payment model may
be reflective of different incentives or attributes inherent in payment models. Policies to encourage physicians to
increase their use of laboratory EMR systems could improve the quality and continuity of patient care.
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Background
Appropriate clinical testing is an important aspect of
high-quality medical care [1], and there has been signifi-
cant interest in reducing potentially unnecessary labora-
tory and diagnostic testing in recent years [2, 3].
Advances in information technology, such as electronic

medical record (EMR) systems, have the potential to fa-
cilitate more appropriate laboratory testing and support
change in physician test ordering practices by providing
physicians with convenient access to patients’ past and
current laboratory test results. Studies have found that
the use of EMRs had a positive impact on reducing re-
peat diagnostic testing, where inappropriate testing was
defined as a deviation from clinical guidelines or from
test-specific intervals [4–8]. In 2014, access to an EMR
system with laboratory information, known as the
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Ontario Laboratories Information System (OLIS), be-
came available to many primary care physicians across
Ontario. OLIS is a central repository for all laboratory
tests done in Ontario and provides authorized physicians
access to a complete and comprehensive history of com-
munity, private, and hospital laboratory test orders and
results [9]. Benefits of OLIS include progress monitoring
of treatments, chronic disease management support,
timely access to information that makes it easier for phy-
sicians to view current and past test results and to make
treatment decisions at the point-of-care, and better care
coordination among physicians in different practices and
within health care teams [10]. Physicians access patient
laboratory reports in OLIS by logging in through the
EMR system and then setting a timeline to review previ-
ously completed laboratory tests for each specific date.
OLIS captures laboratory information of patients moving
between hospital, practitioner’s office, home care and
long-term care settings, which ensures fewer gaps in pa-
tient information. The greater availability and sharing of
patient information in OLIS may reduce the number of
unnecessary laboratory tests [10]. However, the effect of
the adoption of OLIS on inappropriate testing is not well
understood.
This study examined the association between wide-

spread availability of a laboratory EMR system and in-
appropriate testing among primary care physicians. We
assessed inappropriate testing based on recommenda-
tions for screening, monitoring, and follow-up of each
test for patients taking into account pertinent risk fac-
tors related to age and certain clinical conditions for
three common laboratory tests used in primary care:
hemoglobin A1c (HbA1c), lipid, and thyroid stimulating
hormone (TSH).

Methods
We conducted a cross-sectional observational study of
the effect of EMR penetration on the rate of inappropri-
ate testing in fiscal year (FY) 2016/17. Data were anon-
ymized and acquired from the Ontario Ministry of
Health and Long-Term Care (MOHLTC) under a data-
sharing agreement with the Ontario Medical Association
(OMA).

Data sources
Individual community laboratory test-level data were ob-
tained from the Ontario Health Insurance Plan (OHIP)
laboratory claims database for FY 2016/17. Data on phy-
sician’s age, sex, practice location area, and associated
payment model were obtained from the OHIP Corporate
Provider Database, and data on patient’s age and sex
were obtained from the Registered Persons Database. In-
formation on the percentage of EMR uptake (penetra-
tion) in FY 2016/17 by geographical area, known as local

health integration network (LHIN) in Ontario, were pro-
vided by OntarioMD [11].
Diagnostic information was extracted to summarize

patient-level clinical complexity by processing physician
billing data from OHIP claims, hospital discharge re-
cords from Canadian Institute for Health Information’s
(CIHI) Discharge Abstract Database, and in-hospital and
community-based ambulatory care records from CIHI’s
National Ambulatory Care Reporting System using the
CIHI Population Grouping Methodology [12, 13]. CIHI’s
Pop Grouper, as it is more commonly known, pools
diagnostic code data (10,000 ICD-9 and 18,000 ICD-10
codes) from all available care settings to create a com-
prehensive set of 226 clinically-meaningful Health Con-
ditions representing chronic and acute illness [13].
Detailed information on the CIHI Pop Grouper is pro-
vided in Additional file 1: Appendix A.

Study population
The study population included all patients eligible and
registered for OHIP coverage in FY 2016/17 who had at
least one out-of-hospital hbA1c, TSH, or lipid test or-
dered by a primary care physician. The unit of analysis
was the primary care physician. Physicians who ordered
less than 100 specific labs per year may not represent
the general population of primary care practitioners
(e.g., they may be new to practice, employed part-time,
acting in temporary roles, or may have primary care as a
secondary specialty) and were excluded from the analysis
to avoid biasing results.

Access to laboratory EMR system
Individual physician use of the laboratory EMR may be
endogenous since conscientious physicians may be both
more likely to use OLIS and to follow guidelines for ap-
propriate test ordering. Therefore, the percentage of
EMR uptake (penetration) in FY 2016/17 within a physi-
cian’s geographical area was used as an instrumental
variable in an ordinary least squares (OLS) regression. A
table and map listing the EMR penetration rate by geo-
graphical area (LHIN) can be found in Additional file 1:
Appendix B1 and B2.

Inappropriate laboratory testing
The laboratory tests analyzed in this study were hbA1c,
lipid, and TSH. These tests were chosen because they
are all commonly ordered tests for screening, chronic ill-
ness assessment or monitoring by primary care physi-
cians. We employed two different approaches to define
inappropriate testing. Firstly, we used repeat testing as a
measure of inappropriateness based on accepted guide-
lines for screening, monitoring, and follow-up of each
test that treats all patients the same, regardless of age
and clinical history and is in line with prior research on
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inappropriate testing of hbA1c, lipid, and TSH [14, 15].
Using this definition, any hbA1c test done within 3
months of a previous test (plus/minus 2 weeks), a TSH
test done within 8 weeks of a previous test (plus/minus
2 weeks), and a lipid test done within 3 months of a pre-
vious test (plus/minus 2 weeks) were deemed to have
been ordered inappropriately [14–19].
We then introduced an enhanced approach to meas-

ure inappropriateness wherein criteria for hbA1c, TSH,
and lipid testing were derived from guidelines and rec-
ommendations on testing for patients with risk factors
based on age and/or clinical conditions that justified or-
dering a laboratory test [16–21]. In the enhanced frame-
work, hbA1c tests were considered inappropriate as
follows: tests done within 3 months of a previous test for
patients without a specific clinical condition in the past
year, tests done on patients younger than 40 without a
specific clinical condition such as diabetes, and tests
done more than once per year on patients aged 40 and
older without a specific clinical condition [18]. For TSH
testing, inappropriate testing included any test done for
patients of any age without a specific clinical condition,
and any test done within 3 months of a previous test for
patients without a specific clinical condition in the past
year [19, 20]. For lipid testing, any test done for patients
younger than 40 without a specific clinical condition
such as hypertension, any test done within 3 years of a
previous test for patients 40 and older without a specific
clinical condition, and any test done within 3 months of
a previous test on patients without a specific clinical
condition were considered inappropriate [21]. This ap-
proach to measuring inappropriateness emphasized both
specificity, which limits the number of false positives
(tests that were defined as inappropriate when in fact
they were appropriate), and sensitivity, which limits the
number of false negatives (tests that were defined as ap-
propriate when in fact they were inappropriate).
Clinical conditions were identified in the data using

patient-level diagnostic information from the CIHI Pop
Grouper. The guidelines for each test based on patient
age and clinical diagnosis, as well as a list of the specific
clinical conditions/concerns where ordering additional
laboratory tests may be warranted to guide clinical
course, can be found in Additional file 1: Appendix C.

Patient clinical complexity
Patient risk scores (which reflect patient complexity as
proxied by cost risk) were calculated based on the pres-
ence of one or more CIHI Health Conditions in the pre-
vious five years. These scores were then normalized to
the population of patients included in this study who
had laboratory tests done in Ontario in FY 2016/17 so
that patients with a risk score greater than 1 were more
complex than average for the study population, while

those with a risk score less than 1 were less complex
than average.

Physician choice of payment model
We controlled for the physicians’ choice of payment and
practice models: traditional fee-for-service (FFS); a
retrospective payment model with elements of pay-for-
performance (enhanced FFS); a predominantly prospect-
ive payment model mixed with FFS and elements of
pay-for-performance (blended capitation); and a blended
capitation model with an interdisciplinary team of family
physicians, nurse practitioners, registered nurses, social
workers, dietitians, and other health care professionals
(interdisciplinary blended capitation model). Primary care
physicians in other payment models were excluded, since
these models comprise only a small proportion of the
province’s physicians.

Statistical analysis
First, we compared basic physician and patient descrip-
tive statistics for the four different payment models. The
descriptive statistics were presented separately for
hbA1c, lipid, and TSH tests, and included the total num-
ber of physicians and patients, average patient age, per-
centage of male patients, average patient complexity,
average normalized patient complexity, average phys-
ician age, average percentage of male physicians, average
percentage of EMR uptake geographically, average per-
centage of inappropriate laboratory tests ordered, and
average percentage of patients with at least one inappro-
priate test by payment model. The total number of pa-
tients in each payment model was not mutually
exclusive. If the same patient received an hbA1c test
order from both an FFS physician and a blended capita-
tion physician, that patient would be counted twice in
this metric. Descriptive statistics on both the standard
and enhanced measures were reported.
Second, OLS regression was used to estimate the asso-

ciation between adoption of a laboratory EMR system
and the rate of inappropriate testing for hbA1c, lipid,
and TSH laboratory tests. Here, the enhanced measure
of inappropriateness, based on patient age and clinical
conditions, were employed. Physician and patient char-
acteristics including physician age, physician sex, average
patient age, percentage of male patients, and average pa-
tient complexity were included as control variables in
the regression. The OLS model used for calculating the
overall impact of EMR penetration on inappropriate
testing was as follows:

Y ¼ a0 þ b1X þ b2Z ð1Þ

where Y is the rate of inappropriate testing at the
physician-level, X is the set of physician and patient
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control variables mentioned above, and Z is the percent-
age of penetration of the laboratory EMR system by geo-
graphical area. A second model was used to estimate the
impact of EMR penetration on inappropriate testing by
physician payment model as follows:

Y ¼ a0 þ b1X þ b2Z þ c1EFFS þ c2BC þ c3IBC
þ d1 EFFS�Zð Þ þ d2 BC�Zð Þ þ d3 IBC�Zð Þ ð2Þ

where EFFS is a dummy variable equal to 1 if the phys-
ician was in an enhanced FFS model and 0 otherwise;
BC is a dummy variable equal to 1 if the physician was
in a blended capitation model and 0 otherwise; IBC is a
dummy variable equal to 1 if the physician was in an
interdisciplinary blended capitation model and 0 other-
wise. These dummy variables for physician payment
model were included to estimate the association between
adoption of the EMR system and the rate of inappropri-
ate testing separately for each payment model. The ref-
erence, or omitted, category was the FFS model. The
interaction variables of EMR penetration with the physi-
cian’s payment model represented the marginal associ-
ation between the percentage of inappropriate testing
and EMR penetration of FFS physicians compared to
other physicians (enhanced FFS, blended capitation and
interdisciplinary blended capitation).
Using the OLS regression results from the two models

above, we simulated the change in the rate of inappro-
priate testing as the EMR penetration rate increased
from the baseline percentage for the average rate of
EMR penetration (Z = EMR penetration mean at base-
line). Results were reported in increments from increases
of 5 percentage points up to 25 percentage points. For
each physician payment model, the simulation would be
calculated using model (2) as

YFFS ¼ a0 þ b1X þ b2Z ð3Þ

YEFFS ¼ a0 þ b1X þ b2Z þ c1EFFS þ d1 EFFS�Zð Þ ð4Þ

YBC ¼ a0 þ b1X þ b2Z þ c2BC þ d2 BC�Zð Þ ð5Þ

Y IBC ¼ a0 þ b1X þ b2Z þ c3IBC þ d3 IBC�Zð Þ ð6Þ

where the coefficients from the OLS regression were
multiplied by the descriptive statistic averages, and Z
is the EMR penetration rate starting at baseline and
increased by 5 percentage points for each simulation.
The baseline value was the average EMR penetration
rate for physicians in the sample for each laboratory
test. All analyses were conducted using Stata 15
(College Station, TX).

Results
Descriptive statistics
Table 1 shows the descriptive statistics for ordering of
hbA1c, lipid, and TSH tests by payment model for FY
2016/17. Physicians in the interdisciplinary blended capi-
tation model had the lowest rate of inappropriate testing
for hbA1c tests, while EFFS physicians had the lowest
rate for inappropriate lipid and TSH tests compared to
other models. The interdisciplinary blended capitation
model also had the highest normalized patient complex-
ity and percentage of EMR penetration rate for all three
laboratory tests.

OLS regression simulation models
The OLS regression results are presented in Table 2
(overall results) and Table 3 (results by payment model).
Figs. 1, 2 and 3 present the results of the simulation
models using these OLS regressions. Rates shown were
adjusted using OLS regression to control for physician
age and sex as well as average patient age, sex, and com-
plexity among patients who were tested by the physician.
If the simulated rate of inappropriate testing was nega-
tive, the rate was presented as 0% or no effect. The
simulation models showed that at the baseline EMR
penetration rate of 35.3%, the rates of inappropriate
hbA1c, TSH, and lipid testing were 4.6, 4, and 1.6%, re-
spectively. An increase in the EMR penetration rate of
25 percentage points from baseline was associated with a
statistically significant decrease in inappropriate hbA1c
testing to 2.3%, a statistically insignificant increase in in-
appropriate TSH testing to 4.2% and a statistically sig-
nificant decrease in inappropriate lipid testing to 1.3%
(Figs. 1, 2 and 3).
Results by payment model indicated that the rate of

inappropriate testing for the three laboratory tests at the
baseline EMR penetration rate was highest for FFS phy-
sicians. Fig.1 shows that an increase in the EMR penetra-
tion rate of 25 percentage points from baseline would be
associated with a decrease in inappropriate hbA1c test-
ing for all payment models. On the other hand, an in-
crease in EMR penetration rate was associated with a
slight increase in the rate of inappropriate TSH testing
(Fig. 2), but the OLS coefficients were statistically insig-
nificant. For lipid testing, an increase in the EMR pene-
tration rate of 25 percentage points from baseline would
result in a decrease in inappropriate testing, except for
in the case of the interdisciplinary blended capitation
model where there was a slight increase (Fig. 3).

Discussion
This study demonstrated an association between the
adoption of a widespread laboratory EMR system and a
reduction in the rate of inappropriate hbA1c and lipid
tests. EMR penetration, in contrast, was not related to
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Table 1 Descriptive statistics on hbA1c, TSH and lipid tests in FY2016/17 by payment model
Payment Model FFS EFFS BC IBC Total

HbA1c Tests

Total number of physicians 1768 2139 2424 1960 8291

Total number of patients 473,345 1,041,662 962,224 643,576 3,064,417

Average physician age 47.0 53.3 52.0 49.4 50.7

Average % of male physicians 53.5% 57.2% 54.1% 52.2% 54.3%

Average patient age 56.3 56.0 59.7 60.9 58.3

Average % of male patients 45.5% 45.4% 45.6% 46.9% 45.9%

Average patient complexity 3.93 3.44 3.68 4.05 3.76

Average normalized patient complexity 1.03 0.90 1.01 1.11 1.00

% EMR penetration 34.9% 35.0% 34.4% 37.0% 35.3%

Average % of inappropriate lab tests 5.4% 4.4% 4.3% 4.6% 4.6%

Average % of inappropriate lab tests based on patient
age and clinical condition

6.0% 4.6% 4.2% 3.9% 4.6%

Average % of patients with at least one inappropriate lab test 9.5% 7.6% 8.4% 9.1% 8.4%

Average % of patients with at least one inappropriate lab
test based on patient age and clinical condition

7.5% 6.2% 5.7% 5.3% 6%

TSH Tests

Total # of physicians 1807 2196 2459 1917 8379

Total # of patients 511,432 1,164,682 1,003,941 584,782 3,198,964

Average physician age 50.1 53.5 53.5 50.9 52.5

Average % of male physicians 57.0% 59.9% 58.3% 56.7% 58.4%

Average patient age 51.6 50.9 55.1 56.1 53.2

Average % of male patients 36.0% 37.6% 35.5% 33.4% 36.0%

Average patient complexity 3.53 3.12 3.44 3.85 3.41

Average normalized patient complexity 1.03 0.91 1.01 1.13 1.00

% EMR penetration 34.9% 35.0% 34.4% 37.0% 35.3%

Average % of inappropriate lab tests 4.1% 2.9% 2.9% 3.4% 3.3%

Average % of inappropriate lab tests based on patient age and
clinical condition

5.1% 3.3% 4.1% 4.9% 4.3%

Average % of patients with at least one inappropriate lab test 4.9% 3.2% 3.1% 3.4% 3.5%

Average % of patients with at least one inappropriate lab test
based on patient age and clinical condition

5.6% 3.7% 4.1% 4.7% 4.3%

Lipid Tests

Total # of physicians 1562 2153 2422 1876 8013

Total # of patients 461,066 1,146,751 1,005,537 594,909 3,161,228

Average physician age 50.8 54.3 54.0 51.0 53.1

Average % of male physicians 61.7% 63.9% 63.1% 61.8% 63.0%

Average patient age 54.5 54.5 58.8 60.0 56.8

Average % of male patients 46.8% 47.0% 47.9% 49.2% 47.6%

Average patient complexity 3.08 2.90 3.13 3.37 3.08

Average normalized patient complexity 1.00 0.94 1.01 1.09 1.00

% EMR penetration 34.9% 35.0% 34.4% 37.0% 35.3%

Average % of inappropriate lab tests 4.8% 3.3% 2.8% 2.8% 3.3%

Average % of inappropriate lab tests based on patient age
and clinical condition

2.1% 1.5% 1.5% 1.5% 1.6%

Average % of patients with at least one inappropriate lab test 5.8% 4.0% 3.5% 3.3% 4.0%

Average % of patients with at least one inappropriate lab test
based on patient age and clinical condition

2.7% 1.9% 1.8% 1.8% 1.9%
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inappropriate TSH testing. This finding is in line with
results from previous studies that showed evidence of
overutilization of TSH testing in Ontario family medi-
cine practices [22] and no reduction in TSH testing
upon introduction of an intervention aimed at reducing
TSH laboratory service utilization in Ontario [23]. As
discussed in these studies, interventions targeting reduc-
tion in TSH testing may not be effective due to incon-
sistent screening guidelines and clinician uncertainty in
assessing specific symptoms related to the thyroid.

Unlike hbA1c and lipid tests which are discrete tests to
assess for and guide around specific conditions, TSH
testing is used beyond accepted guidelines to help clarify
uncertain clinical pictures. This is because the thyroid
hormones physiologically affect the body in innumerous
ways, both directly and indirectly. Therefore, diagnostic
pathways unrelated to accepted guidelines will often sug-
gest TSH testing when there is clinical uncertainty. Al-
though one of the goals of OLIS is to reduce repeat
testing, due to clinical ambiguity of certain tests such as

Table 2 OLS results (overall); outcome variable = % inappropriate laboratory tests

Variable HbA1c TSH Lipid

% OLIS Penetration −0.0913a 0.0049 −0.0148a

Control Variables

Average patient age −0.0039a 0.0003a −0.0003a

Average percentage of male patients −0.0297a −0.0331a −0.0043

Average patient complexity 0.0036a 0.0089a 0.0048a

Sex of physician (=1 if male; =0 if female) 0.0050a −0.0015 0.0004

Physician age −0.0002a −0.0004a 0.0000a

Constant −0.0039a 0.0229a 0.0242a

Number of physicians 8291 8379 8013

R2 0.492 0.285 0.099
asignificant at 1% level

Table 3 OLS results by payment model; outcome variable = % inappropriate laboratory tests

Variable HbA1c TSH Lipid

% OLIS Penetration −0.0818a 0.0097 −0.0276a

Payment model: reference category: FFS

EFFS 0.0122 −0.0067 −0.0064

BC 0.0082 0.0034 −0.0089c

IBC −0.0118 −0.0059 −0.0178a

Payment model x % OLIS Penetration: reference category: FFS x % OLIS Penetration

EFFS x % OLIS Penetration −0.0734a −0.0109 0.0019

BC x % OLIS Penetration −0.0340 −0.0322 0.0103

IBC x % OLIS Penetration 0.0291 0.0034 0.0346a

Control Variables

Average patient age −0.0041a 0.0004a −0.0003a

Average percentage of male patients −0.0301a −0.0330a −0.0044

Average patient complexity 0.0035a 0.0085a 0.0045a

Sex of physician (=1 if male; =0 if female) 0.0053a −0.0016c 0.0002

Physician age −0.0001b −0.0003a 0.0001a

Constant 0.3201a 0.0242a 0.0290a

Number of physicians 8291 8379 8013

R2 0.513 0.298 0.118
asignificant at 1% level
bsignificant at 5% level
csignificant at 10% level
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TSH, higher uptake of the laboratory EMR may not ne-
cessarily be associated with reductions in inappropriate
use for all tests.
This study also showed varying impacts of the EMR sys-

tem by primary care payment model, which may reflect
different incentives or attributes inherent in payment
models to appropriately order tests. For example, switch-
ing from an enhanced FFS model to a blended capitation
or an interdisciplinary blended capitation model was
shown to be associated with a 3 and 9% reduction, re-
spectively, in inappropriate hbA1c testing, suggesting an

improvement in continuity of care for blended capitation
physicians [24]. Self-selection into a payment/practice
model may have been related to physician preference re-
garding practice style [25], which may also have affected
the choice of accessing OLIS prior to ordering a labora-
tory test where physicians need to individually review pre-
viously completed tests. This may be regarded as a time
constraint for some physicians, especially those in retro-
spective payment models such as FFS. Since selection into
the payment model may be correlated with selection of
adopting the laboratory EMR system, and we did not

Fig. 1 Inappropriate hbA1c testing rate plus simulated effect of increasing EMR penetration rate by selected percentage points (baseline+Xpp)

Fig. 2 Inappropriate TSH testing rate plus simulated effect of increasing EMR penetration rate by selected percentage points (baseline+Xpp)
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control for this selection, the impact of EMR adoption on
inappropriate testing should be interpreted as an associ-
ation rather than a causal relationship.
Prior studies of inappropriate utilization have used

deviation from guidelines that do not take into account
patient age or clinical condition criteria to define in-
appropriate repeat testing [5, 14, 15]. However, guide-
lines, as the name suggests, are not hard and fast rules
and there are often general and sensible clinical reasons
to deviate from them. For example, an adolescent who is
prescribed oral isotretinoin to treat severe acne will have
monthly lipid tests well before the recommended screen-
ing age guideline of 40 years old. In this study we
constructed a measure of inappropriateness that used
patient age and clinical criteria to identify laboratory
tests that may have been requested earlier than the rec-
ommended guidelines but should not be considered
medically inappropriate or unnecessary.
To our knowledge, this is the first study that

attempted to measure the effect of the adoption of the
laboratory EMR system on rates of inappropriate testing
in Ontario. Owing to the universal public funding of the
Ontario healthcare system, we were able to capture
nearly all out-of-hospital laboratory tests ordered by the
physicians in our study sample.
OLIS provides easier access to laboratory testing data and

information for health care providers, but it does not pro-
vide them with laboratory guidelines and recommenda-
tions. If soft nudges were imbedded in the EMR system,
this might be effective at encouraging desirable physician
test ordering behavior. For example, an alert system that
notifies the physician when a test is being ordered before
the recommended time interval for repeat testing may re-
duce inappropriate testing. Other policies to promote
greater adoption of OLIS among primary care physicians

include strategies or technologies that allow for easier ac-
cess of OLIS within an EMR, removing time constraints
and disincentives of use, such as allowing physicians to
search for specific completed laboratory tests without
manually navigating through each patient laboratory report.

Limitations
There were several potential limitations to our study. First,
tests ordered by primary care physicians outside a primary
care practice setting were not available in our data. How-
ever, this limitation did not likely affect our results be-
cause the tests included in this study were selected for
their outpatient-focused qualities and are rarely ordered in
acute care settings. Second, we lacked data on other clin-
ical risk factors, such as family history and ethnicity, that
may have a role in the decision-making related to test or-
dering. These factors are not captured in the CIHI Pop
Grouper directly. Third, due to the cross-sectional nature
of the study, we could not infer causality of EMR adoption
on rates of inappropriate testing. Lastly, the exact mechan-
ism by which EMR adoption affects appropriate use of
testing remains an area for future research.

Conclusion
This study demonstrated a positive association between
availability of a laboratory EMR system and appropriate
service utilization. Policies to encourage or incentivize
physicians to increase their use of EMR systems could
not only lower unnecessary health care costs but also
improve the quality and continuity of patient care. As
health care provision becomes more complex in re-
sponse to aging populations and advances in technology,
it is imperative that healthcare systems determine ways
to promote comprehensiveness and continuity.

Fig. 3 Inappropriate lipid testing rate plus simulated effect of increasing EMR penetration rate by selected percentage points (baseline+Xpp)
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