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ABSTRACT
Background Computerized decision support systems
(CDSSs) are believed to enhance patient care and reduce
healthcare costs; however the current evidence is limited
and the cost-effectiveness remains unknown.
Objective To estimate the long-term cost-effectiveness
of a CDSS linked to evidence-based treatment
recommendations for type 2 diabetes.
Methods Using the Ontario Diabetes Economic Model,
changes in factors (eg, HbA1c) from a randomized
controlled trial were used to estimate cost-effectiveness.
The cost of implementation, development, and
maintenance of the core dataset, and projected diabetes-
related complications were included. The base case
assumed a 1-year treatment effect, 5% discount rate,
and 40-year time horizon. Univariate, one-way sensitivity
analyses were carried out by altering different parameter
values. The perspective was the Ontario Ministry of
Health and costs were in 2010 Canadian dollars.
Results The cost of implementing the intervention was
$483 699. The one-year intervention reduced HbA1c by
0.2 and systolic blood pressure by 3.95 mm Hg, but
increased body mass index by 0.02 kg/m2, resulting in
a relative risk reduction of 14% in the occurrence of
amputation. The model estimated that the intervention
resulted in an additional 0.0117 quality-adjusted life year;
the incremental cost-effectiveness ratio was $160 845
per quality-adjusted life-year.
Conclusion The web-based prototype decision support
system slightly improved short-term risk factors. The
model predicted moderate improvements in long-term
health outcomes. This disease management program will
need to develop considerable efficiencies in terms of
costs and processes or improved effectiveness to be
considered a cost-effective intervention for treating
patients with type 2 diabetes.

BACKGROUND
Diabetes is the 7th leading cause of death in
Canada, and is a significant cause of disability and
morbidity.1 The burden of diabetes is enormous due
to the increased risk for complications (eg, stroke,
heart disease, peripheral vascular disease, retinop-
athy, and renal failure) arising from the disease.
More than 1.16 million (8.3%) Ontario residents are
estimated to have diabetes, and this number is
expected to grow to more than 1.9 million (11.9%)
by 2020.2 In Canada, $12.2 billion annually is spent
on healthcare, disability, and premature death costs
related to diabetes.3 Estimates suggest that the
economic burden of diabetes will increase by
another $4.7 billion by 2020 given the current
increasing trend in diabetes prevalence.3

Studies have demonstrated that diabetes compli-
cations can be prevented or delayed through periodic
health, eye, and foot examinations, alongwithcontrol
of blood glucose levels, lipids, glycated hemoglobin
(HbA1c), and other risk factors such as diet, weight,
and cigarette smoking.4e7 However, the development
and distribution of clinical guidelines which outline
preventive measures are insufficient to achieve
a satisfactory level of guideline adherence since
considerable demands are placed on the primary care
provider and the healthcare system. There are large
numbers of patients with diabetes, and the disease
itself is complex and progressive, requiring medical
care and monitoring, as well as social, psychological,
emotional, and educational support.7 Adherence to
evidence-based guidelines which promote diabetes
management is critical to the success of any plan to
reduce complications arising from diabetes.
There is widespread enthusiasm for computerized

decision support systems (CDSSs) to help to actively
implement clinical practice guidelines and provide
a patient communication system to facilitate
patients’ behavioral changes to allow for accessible,
efficient, and continued medical advice. While some
perceive that CDSSs improve the quality of care and
reduce healthcare costs for patients with chronic
disease, the current supporting evidence is limited
and the cost-effectiveness of these systems remains
unknown.8 9

The lack of cost-effectiveness studies published
in the literature is surprising given that well
developed methods exist that have the ability to
model the progression of diabetes and the lifetime
costs and outcomes associated with different
disease management strategies. Diabetes decision-
analytic models can simulate the impact of alter-
native interventions on the probability and costs of
experiencing complications.10e14 In fact, economic
evaluations have demonstrated that the substantial
costs of treating diabetes-related complications can
be reduced through investments in measures to
control blood glucose and blood pressure.15 16 The
mean quality-adjusted life years (QALYs) or mean
life years (LYs) gained from an intervention can be
quantified based on the estimated occurrence of
complications. These types of models can assist
policy-makers in the identification of probable long-
term benefits, costs, and consequences of different
resource allocation decisions.
The objective of this paper was to measure the

long-term cost-effectiveness of a community-based
CDSS for diabetes, shared between patients and
physicians, using a decision-analytic model, the
Ontario Diabetes Economic Model (ODEM).
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METHODS
Model parameterization
Diabetes intervention and study group
Pertinent patient information required to populate the economic
model was obtained from data collected from the Computeri-
zation of Medical Practices for the Enhancement of Therapeutic
Effectiveness (COMPETE) II pragmatic randomized trial
conducted in 47 primary care practices in three regions of
Ontario. COMPETE II was a web-based, continuously updated,
secure, patient-specific diabetes tracker, interfaced with the
patient’s electronic medical record (EMR) for physician access
and via a web portal and paper summary for patients, plus an
automated telephone reminder service for patients, on access,
quality, satisfaction, and continuity of care. The tracker was
designed to be seamlessly interfaced with any EMR system. All
patient information, including that collected by physicians from
clinical visits, by the COMPETE investigators from labs, and by
the patient themselves, was entered into the COMPETE central
data repository. Information on the status of each patient over
time with respect to key diabetes-related variables relative to
optimal targets was collected and displayed in an intuitive color-
coded format. Short recommendations and the most current
evidence-based information were also provided. The information
contained in the patient and physician versions was identical,
except that lay language was used in the advice for patients.17

The objective was to ensure that both the physician and the
patient had access to up-to-date values for each variable for
patient visits in order to improve the quality of diabetes
management in primary care. Patients in the control group were
provided with usual care from their physician.17 The primary
outcome measure of the pragmatic randomized trial was
a process composite score. This outcome was calculated as the
difference between the intervention and control groups in terms
of mean change for individual patients in a composite score of
process quality for the end of the study relative to baseline. The
process composite score represented the sum of the quality of
monitoring of each of the relevant variables (glycated hemo-
globin, blood pressure, low density lipoprotein cholesterol, body
mass index, albuminuria, foot check, smoking, and physical
activity) compared with their respective targets. The study
found that the mean difference in process composite score
improved significantly more in the intervention group than in
the control group (difference 1.27; p<0.001).17 This result
supports the fact that a behavioral change has taken place
following implementation of the CDSS.

The results of this trial have been published previously.17

Briefly, the study recruited 47 community-based primary care
providers who were already using EMR systems in their practice.
A total of 511 patients 18 years of age and older, with a diagnosis
of type 2 diabetes, were randomized into the study, 253 in the
intervention group and 258 in the control group. The mean age
of patients was 61 years (SD¼13.1) in the intervention group
and 60.5 years (SD¼11.9) in the control group (table 1).
Approximately 50% of the population in each group was female;
the average HbA1c was 7.0% (SD¼1.4) and 7.1% (SD¼1.6) in
the intervention and control groups, respectively. Roughly 12%
of patients in the intervention group and 16% in the control
group were smokers at baseline.17

The ODEM
The ODEM is a patient-level computerized simulation model
that uses an integrated system of parametric risk equations to
predict the likely occurrence and cost of seven major diabetes-
related complications (ie, myocardial infarction, amputation,

renal failure, stroke, blindness, ischemic heart disease, congestive
heart failure) over a lifetime for patients with specified charac-
teristics (eg, age and sex) and time-varying risk factors (eg,
HbA1c, systolic blood pressure). The parametric equations are
based on the United Kingdom Prospective Diabetes Study
Outcomes Model.12 The ODEM has been described in detail
elsewhere.7 Simulated patients enter the model with a pre-
specified health status and can experience one or more compli-
cations or die during any annual cycle over the 40-year time
horizon. The ODEM estimates complications, life-expectancy,
QALYs, and the costs of complications in people with type 2
diabetes. The primary outcome measure for this economic
evaluation is the QALY. Consequently, the economic evaluation
takes the form of a cost-utility analysis and calculates the
incremental cost per QALY gained.

Costs
Ontario-specific diabetes-related healthcare costs in the ODEM
The costs assigned to the seven diabetes-related complications in
the ODEM were obtained from a large prospective cohort of
individuals with diabetes (n¼734 113) over a 10-year time period
representing over 4.4 million patient-years in Ontario. The
actual annual resource utilization profiles of each diabetes
patient and their experience of complications were obtained.
Unit costs were collected from various Canadian sources (eg,
Ontario Drug Benefit Formulary, Statistics Canada) and assigned
to all healthcare resource utilization (eg, inpatient hospital,
emergency room visits). The values represent the direct medical
costs of each of the seven diabetes-related complications in the
year in which an event occurs (eg, immediate costs), as well as
the costs in subsequent years associated with the ongoing
management of the complication (eg, long-term costs). For
example, the cost of suffering a myocardial infarction in the year
of the event is $19 015 and the cost associated with treating this
patient in subsequent years is $4246.

Program implementation costs
Program development and implementation costs were tabulated.
Included in the total were the costs associated with hiring
personnel to develop and test the diabetes tracker, provide input
into data standards and technical specifications, ongoing project
management, and all computer-relevant infrastructure required
for the intervention. These expenses were assigned to the treat-
ment group only. All costs are presented in 2010 Canadian dollars.

Parameterization of ODEM
Data from the COMPETE II randomized trial were used as
inputs into the ODEM. The differences between the interven-
tion and control groups in the key risk factors (ie, HbA1c,

Table 1 Baseline characteristics of patients enrolled in COMPETE II
(n¼511)17

Clinical variable Intervention (n[253) Control (n[258)

Mean age at study entry (SD) 61.0 (13.1) 60.5 (11.9)

Duration of diabetes, years (SD) 8.7 (9.0) 10.0 (10.7)

Female, n (%) 130 (51.4) 122 (47.3)

HbA1c, % (SD) 7.0 (1.4) 7.1 (1.6)

Systolic blood pressure 134.8 (15.5) 134.6 (16.5)

Diastolic blood pressure 76.2 (9.8) 75.0 (9.6)

HDL cholesterol 1.40 (0.88) 1.32 (0.44)

LDL cholesterol 2.48 (0.56) 2.62 (0.65)

BMI 32.1 (8.2) 31.6 (6.9)

BMI, body mass index; HDL, high density lipoprotein; LDL, low density lipoprotein.
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systolic blood pressure, cholesterol, and smoking status) over the
course of the study were calculated and run through the model
to provide estimates of life expectancy, QALYs, and costs.
Statistically significant improvements were observed in the
treatment group for HbA1c (�0.20%, p¼0.029) and systolic
blood pressure (�3.95 mm Hg, p¼0.036) relative to the control
group. There was also a reduction in the number of smokers in
the treatment group (�0.02) but this was not statistically
significant. Body mass index actually increased in the patients
receiving the intervention compared to those who were not
randomized to the treatment group.17

Incremental cost-effectiveness ratios were calculated using the
net cost of implementing the diabetes tracker and the cost of
treating complications as well as the effectiveness (ie, QALYs)
predicted over a patient’s lifetime. In the base case, we assumed
that there were no continuing benefits of the program in terms
of its impact on risk factors beyond the one-year intervention
period. Given that we could not be certain that the behavioral
change, and thus the effect on clinical outcomes, would be
sustained past the study period, the treatment effect was
assumed to last for only 1 year. The model had a 40-year time
horizon, and a discount rate of 5% for both costs and effects.
The perspective for the economic evaluation was the Ontario
Ministry of Health and Long-term Care.

Sensitivity analyses
Simple sensitivity analyses were conducted based on different
assumptions regarding the duration of the program and treat-
ment effect (ie, 5 and 10 years). This will look at the potential
impact of sustaining the behavior change over a longer time
period. In addition, both the costs and effects were discounted at
rates of 3% and 0%.

RESULTS
Diabetes tracker implementation costs
When the costs associated with the direct labor, consultant and
sub-contracts, and direct material necessary to develop and
implement the COMPETE II Tracker were taken into account,
the total upfront investment was $483 699 or $1912 per patient.

Model predictions of long-term complications and death
Over the one-year treatment period, the ODEM estimated that
the one-year intervention resulted in a relative risk reduction of
14% in the occurrence of amputation in the group with access to
the diabetes tracker compared to the patients in the control
group (table 2). However, if the intervention is removed at the
end of the 1-year time period, these short-term benefits are
dramatically reduced over the longer term and patient outcomes
from the intervention group begin to resemble those of the
control. For example, once the follow-up is extended to 40 years,
the relative risk reduction for amputations is reduced to 1.5%
from 14%.

Cost-effectiveness results
As shown in table 3, the incremental mean lifetime cost per
patient in the intervention arm was estimated to be $1912. The
ODEM estimated that the avoidance of complications realized
through the intervention would result in an additional 0.0117
QALYs. The incremental cost-effectiveness ratio was estimated to
be $156970 per life year gained and $160845 per QALY gained.

Sensitivity analyses
If the patients in the model were treated for 5 years, there was
an increase in the number of incremental QALYs from 0.0117 in

the base case to 0.0421, an increase of about 260% (table 4). This
is a result of the reductions in downstream complications due to
the intervention. These reductions in complications and thus
increase in quality of life and life years gained translated into an
incremental cost-effectiveness ratio of $186 728. The increase in
the incremental cost-effectiveness ratio is due to the increase in
program costs being extended by $1912 per patient per year for
the 5-year treatment period. Similarly, if the treatment period
was extended to 10 years, there was more than a sixfold increase
in the number of QALYs gained compared to the base case and
the incremental cost-effectiveness ratio was $173 654.
For the 40-year projection, the discount rate was changed to

0% and 3% to explore its impact on the incremental cost-
effectiveness ratios. Results presented in table 4 showed that
these changes did not change the fact that the diabetes tracker
still had a high cost per QALY.

DISCUSSION
This study used a diabetes decision-analytic economic model to
assess the cost-effectiveness of an integrated providerepatient
web-based decision support prototype system for type 2 dia-
betes. The CDSS studied here was shown to slightly improve
the clinical outcomes in key diabetes-related variables following
its implementation. The economic evaluation showed that these
modest changes generated a small amount of savings due to the
reduction in the costs associated with treating fewer complica-
tions, however these were not offset by the high intervention
implementation costs.
This study contributes significantly to the literature since it

included a full enumeration of the total costs required to develop
(eg, capital outlay) and implement (eg, labor, clinical team
involvement) the CDSS in addition to healthcare costs. This has
been identified as a shortcoming of the limited number of
studies in the literature that have provided some information on
the effect of disease management on healthcare resource utili-
zation or costs.9 The authors acknowledge that our investiga-
tion of the costs of the CDSS did not include the costs of future
maintenance. In any event, the costs were synthesized with the

Table 2 Predicted one-year cumulative first event rates as a result of
the program and treatment effect duration of 1 year

Complication Control (per 1000) 1-year program (per 1000) ARR RRR

IHD 5.9 5.5 0.4 8%

MI 28.5 26.4 2.1 7%

Heart failure 6.3 5.9 0.3 5%

Stroke 9.7 8.5 1.2 12%

Amputation 2.1 1.8 0.3 14%

Blindness 4.2 4.0 0.3 7%

Renal failure 0.8 0.7 0.1 9%

ARR, absolute risk reduction; IHD, ischemic heart disease; MI, myocardial infarction; RRR,
relative risk reduction.

Table 3 Incremental cost-effectiveness analysis results from the
Ontario Diabetes Economic Model (ODEM) (base case analysis)

Disease
management
costs

Intervention
costs

Mean
lifetime
cost/patient QALYs LYs

Intervention $61 340 $1912 $63 252 7.6507 9.9688

Control $61 367 0 $61 367 7.6390 9.9567

Incremental ($26) $1912 $1886 0.0117 0.0120

ICER $160 845 $156 970

ICER, incremental cost-effectiveness ratio; LYs, life years; QALYs, quality adjusted life years.
Note, numbers do not add up exactly owing to rounding.
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consequences or outcomes of the intervention (ie, cost-utility
analysis) to produce a full economic evaluation (ie, costs and
effects).

There are a number of other strengths of this evaluation. First,
the effectiveness of the CDSS that was input into the economic
model came from a randomized controlled trial, so there can be
little debate over the quality of the evidence. Second, the
economic model uses validated risk equations from the United
Kingdom Prospective Diabetes Study12 that followed patients
for up to 20 years with a median follow-up greater than
10 years. Second, the costs of treating diabetes and diabetes-
related complications in the model are based on actual health-
care resource utilization of people with diabetes in the province
of Ontario. On the request of the Ontario Health Technology
Advisory Committee, Ministry of Health and Long-term Care,
the model has been used to evaluate a number of different
treatment strategies. For example, the model estimated that
a primary care multidisciplinary diabetes management program
introduced in Sault Ste. Marie, Ontario,7 as well as bariatric
surgery,18 would be considered cost-effective treatments
for adults with type 2 diabetes while insulin pumps were
not cost-effective for adults with insulin-dependent type 2
diabetes.19

Although the ODEM has proven useful, the model has a few
limitations. One of the limitations of the model is its inability to
assess uncertainty, both Monte Carlo error (chance variability
between individuals) and parameter uncertainty (uncertainty in
estimates). The focus of economic evaluation is on expected
costs and effects, and the uncertainty surrounding those
expected values. The overall purpose of probabilistic modeling is
to reflect the uncertainty in the input parameters (eg, demo-
graphics, costs) of the decision model and describe what this
means for uncertainty over the outputs of interest: measures of
cost, effect, and cost-effectiveness, and how this impacts deci-
sion making (ie, decision uncertainty) and the confidence that
can be placed in the analysis results. Uncertainty over the results
of an analysis implies the possibility of incorrect decision
making that would impose a cost in terms of benefits fore-
gone.20 A new model interface is being planned which aims to
address this limitation.

Similarly, while this first version of the COMPETE II diabetes
CDSS is not cost-effective, future iterations should benefit from
the efficiency of experience and improved implementation for
better effectiveness.

CONCLUSIONS
While the COMPETE II intervention resulted in clinical gains,
the cost-effectiveness analysis indicated that the tracker was
a costly intervention in the treatment of diabetes.

In conclusion, providing computer decision support for dia-
betes management in primary care modestly improved short-
term risk factors and as a result, the ODEM predicted moderate

improvements in long-term health outcomes. These improve-
ments were not offset by the high intervention costs. However,
it must be acknowledged that the CDSS was implemented in
a small group of practices and broader implementation would
enable considerable economies of scale in initiating and main-
taining the system. In addition, the intervention period was
short and over the longer term the intervention may be more
economically attractive given that the upfront investment in
infrastructure has been made (eg, roll-out costs).
The acceptance and diffusion of new information technolo-

gies used to manage chronic diseases is limited without evidence
of both clinical and cost effectiveness. This study is one of the
only true economic evaluations (ie, includes both costs and
effects) of a CDSS for diabetes management. Although CDSSs
for chronic disease management may improve the quality of
care for patients with chronic disease, long-term studies are
required to show the economic benefit and financial return on
investment.9
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