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Self-monitoring of blood glucose in patients with dia-
betes who use insulin may contribute to improved
glycemic control and reduced hypoglycemia by

allowing for self-adjustments in insulin dose to be made
based on meter readings.1 Self-monitoring may also allow

for appropriate changes in diet and physical activity to be
made. However, the benefits of self-monitoring of blood
glucose for patients not using insulin are less clear. Hypo-
glycemia is less frequent in this population2 and is confined
mainly to those taking secretagogues. The degree to which
patients can adjust the dose of oral antidiabetes drugs in
response to readings is limited.

Nevertheless, self-monitoring of blood glucose is routinely
recommended for patients who are not using insulin.1 This
results in major investments in this technology by patients
and payers.3 In 2006, $250 million was spent on blood glu-
cose test strips in 8 publicly funded drugs plans in Newfound-
land and Labrador, Nova Scotia, Quebec, Ontario, Manitoba,
Saskatchewan and British Columbia, while over $120 million
was spent in privately funded drug plans in Canada.4 In some
publicly funded drug plans in Canada, blood glucose test
strips are among the top 5 classes in terms of total expendi-
ture,5 with costs exceeding those for all oral antidiabetes
drugs combined.4,6 It is estimated that more than 50% of the
total expenditure on blood glucose test strips is for patients
with type 2 diabetes who are not using insulin.3 Costs related
to test strips are expected to rise steadily5,7 because of the
increasing prevalence of type 2 diabetes.8

Decisions about the prescribing and reimbursement of
blood glucose test strips require consideration of information
about the costs and clinical benefits.9,10 As part of a larger ini-
tiative to determine the optimal use of this technology, we
sought to determine the cost-effectiveness of self-monitoring
of blood glucose for patients with type 2 diabetes who do not
use insulin, based on data from our systematic review11 of the
available clinical evidence.
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Background: The benefits of self-monitoring blood glucose
levels are unclear in patients with type 2 diabetes mellitus
who do not use insulin, but there are considerable costs. We
sought to determine the cost effectiveness of self-monitoring
for patients with type 2 diabetes not using insulin.

Methods: We performed an incremental cost-effectiveness
analysis of the self-monitoring of blood glucose in adults
with type 2 diabetes not taking insulin. We used the United
Kingdom Prospective Diabetes Study (UKPDS) model to fore-
cast diabetes-related complications, corresponding quality-
adjusted life years and costs. Clinical data were obtained
from a systematic review comparing self-monitoring with no
self-monitoring. Costs and utility decrements were derived
from published sources. We performed sensitivity analyses to
examine the robustness of the results.

Results: Based on a clinically modest reduction in hemoglo-
bin A1C of 0.25% (95% confidence interval 0.15–0.36) esti-
mated from the systematic review, the UKPDS model pre-
dicted that self-monitoring performed 7 or more times per
week reduced the lifetime incidence of diabetes-related
complications compared with no self-monitoring, albeit at a
higher cost (incremental cost per quality-adjusted life year
$113 643). The results were largely unchanged in the sensi-
tivity analysis, although the incremental cost per quality-
adjusted life year fell within widely cited cost-effectiveness
thresholds when testing frequency or the price per test strip
was substantially reduced from the current levels.

Interpretation: For most patients with type 2 diabetes not
using insulin, use of blood glucose test strips for frequent
self-monitoring (≥ 7 times per week) is unlikely to repre-
sent efficient use of finite health care resources, although
periodic testing (e.g., 1 or 2 times per week) may be cost-
effective. Reduced test strip price would likely also
improve cost-effectiveness. 
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Methods

Model and data sources
We performed an incremental cost-utility analysis of self-
monitoring of blood glucose using the United Kingdom
Prospective Diabetes Study (UKPDS) Outcomes Model. This
computer simulation model forecasts long-term health out-
comes and cost consequences in patients with type 2 diabetes
(Appendix 1, available at www.cmaj.ca/cgi/content /full/
cmaj.090765/DC112) The model estimates the risks of 7 dia-
betes-related complications based on data obtained from 3642
patients with type 2 diabetes who were enrolled in UKPDS.
Projections from this model have been validated using pub-
lished clinical and epidemiological studies.13

Relevant clinical outcomes associated with self-
monitoring of blood glucose in adults with type 2 diabetes not
using insulin were derived from our systematic review11 of
randomized controlled trials and observational studies com-
paring self-monitoring with no self-monitoring. We assessed
a number of outcomes, including hemoglobin A1C (HbA1C),
hypoglycemia, quality of life, long-term complications of dia-
betes and mortality. The methodology and results of the
review have been reported in full.11

The UKPDS model simulates the occurrence of clinical
events over the expected remaining lifetime of a patient with
type 2 diabetes (maximum 40 years). Simulated patients were
characteristic of those enrolled in randomized controlled trials
included in the systematic review.11 The ages and baseline risk
factors for diabetes-related complications of the simulated
patients (e.g., baseline HbA1C level, systolic blood pressure, 
cholesterol level) have been reported.14 Data on the history of 7
major diabetes-related complications captured in the UKPDS
Outcomes Model (Appendix 1) were not reported in the random-
ized controlled trials included in the systematic review. There-
fore, we assumed that patients in the hypothetical cohort in the

base-case analysis did not have a history of these complications.
We made this assumption because most randomized controlled
trials excluded patients with impending diabetes-related compli-
cations or a history of serious disease, and because less than 1%
of patients in Canada with type 2 diabetes aged 45–65 years have
a history of stroke, blindness, amputation or renal disease.14–16

We performed this analysis from the perspective of a
Canadian ministry of health.17 We obtained the unit costs for
blood glucose test strips ($0.73/strip) and dispensing fees
($7.00 per 100 strips) from the Ontario Public Drug Pro-
gram.18,19 We did not incorporate the costs for glucometers and
lancets, because they are often made available to patients at
no charge by manufacturers20 and they are usually not covered
by public drug plans. We assumed an average daily consump-
tion of 1.29 blood glucose test strips per patient on the basis
of the weighted average of actual (where reported) or per-
protocol testing frequencies across randomized controlled tri-
als included in the systematic review. This estimate closely
coincided with the results of a recent utilization study of
Ontario Public Drug Program beneficiaries.3

Resource utilization and costs (Table 1) associated with
managing diabetes-related complications were obtained from
the Ontario Ministry of Health and Long-term Care.23 Inpa-
tient, outpatient and emergency department visits, prescription
drug claims, long-term care and home care costs for managing
diabetes-related complications were included in the model.23

The costs were inflated to 2008 Canadian dollars using the
Health Component of the Canadian Consumer Price Index.26

Both costs and quality-adjusted life-years were discounted
at a rate of 5%, as recommended by the guidelines of the
Canadian Agency for Drugs and Technologies in Health.17

Outcomes
The primary outcome measure in the current analysis was
quality-adjusted life-years, which capture both quantity and

quality of life. We obtained quality
weights for included health states from a
US catalogue of EuroQol 5-dimension
(EQ-5D) scores.21,22 Patients with 
noninsulin-treated type 2 diabetes without
a history of diabetes-related complications
were assumed to have an EQ-5D score of
0.753.21,22 Disutilities associated with 
diabetes-related complications are
reported in Table 1.21–24

Statistical analysis
We performed 1-, 2- and multi-way sensi-
tivity analyses to examine the robustness
of the results to changes in the parameters
and model assumptions. A number of ran-
domized controlled trials included in the
systematic review included patients who
were taking either oral antidiabetes agents
or made lifestyle interventions. We there-
fore assessed the effect of HbA1C inputs
derived from pooling across the subset of
randomized controlled trials in which all
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Table 1: Modelled management costs and utility decrements  

 Annual cost,*21 Can$, 2008† Utility decrement‡22,23 

 Year Year 

Condition 1 ≥ 2 1 ≥ 2 

Myocardial infarction§  17 324 2 695 –0.041 –0.012 

Ischemic artery disease  5 394 3 114 –0.041 –0.024 

Heart failure 15 766 4 420 –0.055 –0.018 

Stroke§ 23 475 3 257 –0.052 –0.040 

Amputation 36 416 4 987 –0.280** –0.280** 

Blindness 2 884 2 055 –0.050 –0.050 

End-stage renal disease 23 365 10 604 –0.263** –0.263** 
*The average annual cost for patients without diabetes-related complications who are not self-
monitoring their blood glucose levels was $1507,21 while those who self-monitored had an annual cost 
of $150720 plus the cost of the blood glucose test strips. 
†Inflated to 2008 Canadian dollars using the health component of the Consumer Price Index. 
‡A utility is a quantitative expression of an individual’s preference for a health state; 1 represents a  
state of perfect health and 0 represents a state equivalent to death.25 
§Management costs for a fatal myocardial infarction are $9039; management costs for a fatal stroke 
are $8505.21  
**Utility decrements were not available from the US catalogue;22,23 therefore, they were obtained from 
another source that utilized the EQ-5D instrument.19 
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patients received oral antidiabetic agents or those in which all
patients received nonpharmacological interventions. We tested
the effect of varying the cost of the test strips, testing fre-
quency, baseline HbA1C levels and patient characteristics. We
also tested including a utility decrement for symptomatic
hypoglycemia. The detailed results from additional sensitivity
analyses are reported elsewhere.27 We generated cost-
effectiveness acceptability curves for the reference case, as
well as for alternative testing frequencies and test strip prices,
to illustrate the probability that the self-monitoring of blood
glucose is cost-effective across a range of decision-makers’
willingness-to-pay thresholds.28

Results

Our systematic review11 identified 7 randomized controlled
trials,29–35 enrolling a total of 2270 patients with type 2 dia-
betes managed with oral antidiabetes agents or lifestyle mea-
sures alone. These trials compared self-monitoring of blood
glucose with no self-monitoring. The
pooled difference in HbA1C was statisti-
cally significant in favour of self-
monitoring (weighted mean difference 
–0.25%, 95% confidence intervals [CI] 
–0.36% to –0.15%). The results were
similar in a number of subgroup analy-
ses, including the intensity of education
about the interpretation and application
of the test results, testing frequency, dia-
betes duration and baseline HbA1C level.
Based on limited evidence, self-
monitoring has failed to show consistent
benefits in terms of quality of life, patient
satisfaction, hypoglycemia, long-term
complications of diabetes and mortality.
These outcomes were therefore not
included in the cost-effectiveness analy-
sis of the reference case.

The HbA1C benefit of self-monitoring
from the systematic review,11 when ana-
lyzed using the UKPDS Outcomes
Model, translated into small differences
(ranging from 0.08% to 0.40%, depend-
ing on the outcome) in cumulative inci-
dence rates of diabetes-related complica-
tions (Table 2). The numbers of patients
who would need to perform self-
monitoring to avert 1 diabetes-related
complication over a 40-year period
ranged from 228 to 1299 (Table 2). Self-
monitoring of blood glucose was associ-
ated with an additional 0.024 quality-
adjusted life-years and increased lifetime
costs of $2711, resulting in an incremen-
tal cost-utility ratio of $113 643 per
quality-adjusted life-year gained (Table
3). Cost-effectiveness acceptability
curves (Figure 1 and Figure 2) revealed

a probability of less than 10% that self-monitoring would be
cost-effective at a willingness-  to-pay threshold of $50 000
per quality-adjusted life-year, and a 40% probability of cost-
effectiveness at a threshold of $100 000 per quality-adjusted
life-year.10

The reduction in HbA1C associated with self-monitoring in
the only randomized trial that reported results for patients not
using pharmacotherapy for diabetes30 was smaller than in the
overall analysis (weighted mean difference –0.05%, 95% CI
–0.23 to 0.33), resulting in a cost per quality-adjusted life-
year gained of $292 144. The cost per quality-adjusted life-
year based on the pooled HbA1C difference in the subset of
randomized controlled trials30,31,35 in which all patients used
oral antidiabetes agents was $91 724 per quality-adjusted
life-year gained. The results were highly sensitive to the
price of the test strips and, to a lesser extent, testing fre-
quency (Table 4; Figure 1 and Figure 2),1,2,7,14–16,23,29–42 but the
results were largely unchanged if we varied most other para-
meters and assumptions.
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Table 2: Cumulative incidence of diabetes-related complications over a 40-year 
period among patients with type 2 diabetes who do not use insulin who self-
monitor their blood glucose levels and those who do not self-monitor 

 Cumulative incidence, %   

Condition 
No self-

monitoring 
Self-

monitoring 
Absolute risk 
reduction, % 

Number 
needed to treat  

Myocardial 
infarction 

36.58 36.21 0.38 266 

Ischemic artery 
disease 

13.12 13.04 0.09 1136 

Heart failure 17.64 17.20 0.44 228 

Stroke 16.34 16.14 0.20 500 

Amputation 3.55 3.34 0.21 467 

Blindness 8.69 8.49 0.19 518 

End-stage renal 
disease 

2.29 2.21 0.08 1299 

Table 3:  Benefits, costs and incremental cost utility ratios for self-monitoring 
blood glucose levels among patients with type 2 diabetes not using insulin* 

Measure† 
No self-

monitoring Self-monitoring Difference 

Life years gained 9.87038 9.89812 0.028 

Quality-adjusted life years 
gained 

7.29806 7.32191 0.024 

Total direct costs, Can$ 27 997 30 708 2 711 

Incremental cost per life-year 
gained 

  97 729‡ 

Incremental cost per quality-
adjusted life-year gained 

  113 643§ 

*Results from the reference case. 
†Discounted at 5% per year. 
‡Cost in Can$ per incremental life-year gained. 
§Cost in Can$ per incremental quality-adjusted life-year gained. 
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Interpretation

Our cost-effectiveness analysis was based on a systematic
review of the available clinical evidence,11 which showed a
clinically modest43 benefit in HbA1C levels among patients with
type 2 diabetes who self-monitored their blood glucose levels.
This result translated into a small reduction in diabetes-related
complications in the economic model. We found that self-

monitoring at a frequency of about 9 tests per week was asso-
ciated with an incremental cost of $113 643 per quality-
adjusted life-year gained, relative to no self-monitoring. Thus,
the clinical benefits of self-monitoring and the associated cost-
savings do not offset the cost of the blood glucose test strips.

In our sensitivity analyses, we explored conditions under
which cost-effectiveness estimates may vary. The results did not
change substantially with changes in the assumed HbA1C benefit
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Figure 2: Cost-effectiveness acceptability curves for 2-way sensitivity analyses, in which HbA1C estimates of effect and self-monitoring of
blood glucose (SMBG) testing frequencies were both varied.
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Reference case; price = $0.73
75% price decrease ($0.18)

50% price decrease ($0.36)

25% price decrease ($0.55)
Price of low-cost alternative on Ontario formulary ($0.40) 

Alternative price on other formularies ($0.81) 

Figure 1: Cost-effectiveness acceptability curves for different prices per blood glucose test strip. These curves show the probability that
performing self-monitoring of blood glucose (SMBG) is cost-effective relative to not performing self-monitoring in patients with type 2
diabetes who are not using insulin, across a range of decision-makers’ willingness to pay-thresholds.
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of self-monitoring, higher baseline HbA1C levels, or when the
cohort was modified to reflect patient characteristics (e.g., dia-
betes-related complications, duration of diabetes) observed in

the Canadian setting (Table 4). Cost-effectiveness estimates,
however, were highly sensitive to changes in the price per test
strip and testing frequency. Cost-effectiveness acceptability
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Table 4: Incremental cost-utility ratios for the comparison of self-monitoring of blood glucose with no self-monitoring in patients 
with type 2 diabetes not using insulin  

Analysis ICUR (Can$/QALY) 

Reference case 113 643 

One-way sensitivity analyses  

Lower limit of 95% CI for WMD in HbA1c from 7 RCTs25-31 (ΔHbA1c = –0.39%) 77 706 

Upper limit of 95% CI for WMD in HbA1c from 7 RCTs25-31 (ΔHbA1c = –0.15%) 189 376 

WMD in HbA1c from good-quality RCTs25,29,31 (ΔHbA1c = –0.21%33) 133 829 

ΔHbA1c estimate from observational study33 (ΔHbA1c = –0.57%33) 47 512 

WMD in HbA1c from RCTs26,30 that used intensive education* (ΔHbA1c = –0.28%33) 99 916 

Price per test strip reduced by 25% (Can$0.55/strip) 86 129 

Price per test strip reduced by 50% (Can$0.36/strip) 58 615 

Price per test strip reduced by 75% (Can$0.18/strip) 31 101 

Lowest price per test strip in Ontario Drug Benefits Program (Can$0.40/strip) 63 892 

Alternative formulary list price (Can$0.81/strip) 123 143 

History of diabetes-related complications reflective of patients in the DICE study and Canadian diabetes 
atlases13-15,32,‡ 

89 656 

No. of tests per week†  

1 (0.14/day)34 6 322 

2 (0.29/day)34 19 571 

4 (0.57/day)34 46 445 

7 (1/day)35 86 168 

12 (1.71/day)25,30 152 095 

Two-way sensitivity analyses  

Self-monitoring < 1/day, (ΔHbA1c = –0.20%; frequency = 0.77/day)25-27 81 654 

Self-monitoring 1–2/day, (ΔHbA1c = –0.26%; frequency = 1.46/day)29,31 122 416 

Self-monitoring > 2/day, (ΔHbA1c = –0.47%; frequency = 3.5/day)28,30 169 120 

Baseline HbA1c < 8.0% (WMD in HbA1c% = 0.16%, baseline HbA1C = 7.5%) 213 503 

Baseline HbA1c, 8.0%–10.5% (WMD in HbA1c% = 0.30%, baseline HbA1C = 8.7%) 94 443 

Multi-way sensitivity analyses  

Patients using OADs, 3 RCTs26,27,31§ 91 724 

Patients using insulin,34** 1 RCT26,27,31 91 693 

Patients using diet-only therapy,†† 1 RCT13 292 144 

Note: CI = confidence interval, DICE = Diabetes in Canada Evaluation, HbA1c = hemoglobin A1c, ΔHbA1c = changes in HbA1c levels, ICUR = incremental cost-utility 
ratio, OAD = oral antidiabetes drug, OALY = quality-adjusted life-year, RCT = randomized controlled trial, WMD = weighted mean difference. 
*Instruction in self-interpretation and application. 
†One-way sensitivity analysis in which the HbA1c estimate of effect was held constant at –0.25% (95% CI –0.36% to –0.15%) favouring self-monitoring and testing 
frequency is varied. 
‡Proportion of patients with a history of complications reflective of patients in the Diabetes in Canada Evaluation and Ontario and Alberta Diabetes Atlases (i.e., 
1% of patients were assumed to have history of blindness,13-15 end-stage renal disease,13-15 amputation;13-15,32 4%36,37 and 2%32 of patients had history of atrial 
fibrillation and peripheral vascular disease on diagnosis of diabetes; 2% have history of stroke; 9% have history of myocardial infarction; 13-15 4% have congestive 
heart failure; 13-15 and 10% had a history of ischemic heart disease13-15; average time since event was based on data from the Ontario Diabetes Economic Model16). 
§Baseline HbA1c = 8.3%; WMD in HbA1c%: –0.24 (–0.36,–0.11); mean age = 61 yr; mean duration of diabetes = 4.9 yr; frequency = 1.08 test strips/day; cost of test 
strip = Can$0.73/strip; time horizon = 40 yr; discount rate = 5%; we assumed no history of diabetes-related complications, because these data were not reported  
in 3 RCTs.1,2,6 

**Based on data from Barnett and colleagues,26,27,31 we assumed that 7% of patients would experience a symptomatic hypogylcemic episode with an excess of 2.38 
episodes per year in the no self-monitoring arm. For each episode, we assumed that patients move to a health state characterized by moderate anxiety, with or 
without depression and have some problems with performing usual activities.38 Consequently, a disutility of 0.16738 was used for 15 min for each episode; baseline 
HbA1c = 8.3%; WMD in HbA1c %: –0.24 (–0.36, –0.11); mean age = 61 yr; mean duration of diabetes = 4.9 yr; frequency = 1.08 test strips/day; cost of test 
strip = Can$0.73/strip; time horizon = 40 yr; discount rate = 5%; we assumed no history of diabetes-related complications, because these data were not reported in 
3 RCTs in which patients used oral antidiabetes drugs.26,27,31  
††Baseline HbA1c = 7.5%; WMD in HbA1c%: –0.05 (–0.33, 0.23); mean age = 66 yr; mean duration of diabetes = 3 yr; frequency = 0.71 test strips/day; cost of test 
strip = Can$0.73/strip; time horizon = 40 yr; discount rate = 5%; we assumed no history of diabetes-related complications, because these data were not reported  
in 3 RCTs.1,2,6 
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curves showed that a greater than 50% reduction in the price per
test strip would result in a substantial increase in the probability
that self-testing is cost-effective. Results from 1- and 2-way sen-
sitivity analyses also suggested that lower testing frequencies
(e.g., 1–2 tests per week) would be the most likely to yield
favourable cost-effectiveness estimates. This is not surprising
because the incremental HbA1C benefit of each subsequent test
per day is likely to be progressively smaller, while the cost of
test strips increases linearly with the number used. Further well-
designed randomized controlled trials are needed to assess the
role of self-monitoring at lower testing frequencies in patients
with type 2 diabetes who are not using insulin.

Our results differ from those reported in earlier incremental
cost-utility analyses.36,44,45 Two of the previous studies36,44 found
more favourable cost-effectiveness estimates, likely because of
the use of data from an observational study,37 which found
larger HbA1C differences in favour of self-monitoring than our
systematic review. Conversely, the other economic study45

reported results less favourable to self-monitoring primarily
because the HbA1C results were from a single clinical trial. Dif-
ferences in utility decrements may also explain some of the
differences in the results between these studies. Health-related
quality-of-life scores in 2 earlier analyses36,44 were based on
data from patients with type 2 diabetes24 and the authors did
not control for nondiabetes-related complications and other
confounding variables such as income, education, ethnicity
and number of comorbidities, all of which affect health-related
quality of life. In contrast, we obtained utility decrements from
a community-based EQ-5D catalogue in the United States,21,22

which was adjusted for determinants of health (e.g., age, sex,
income, education) and chronic conditions other than diabetes. 

The choice of economic model may also contribute to differ-
ences between our analysis and previous studies. We used the
UKPDS Outcomes Model,12 while 2 previous studies36,44 used the
Center for Outcomes Research (CORE) Diabetes Model.46 The
UKPDS Outcomes Model uses updated regression equations
derived from UKPDS68,12 while the CORE Diabetes Model46

uses regression equations derived from the older UKPDS56 Risk
Engine.47 Thus, the UKPDS Outcomes Model12 provides a more
accurate estimate of events examined in UKPDS because it uses
a wider variety of inputs, including knowledge of previous
events, and incorporates updated risk factor data over time.36

Limitations
Our study had several limitations. First, cost-effectiveness
results are limited by available clinical evidence.11 Second, the
model used HbA1C, a surrogate outcome, to project the occur-
rence of long-term consequences related to diabetes. The
validity of this outcome continues to be debated in the litera-
ture, particularly for cardiovascular outcomes in patients with
type 2 diabetes.48,49 Thus, the benefits of self-monitoring blood
glucose in terms of reduced rates of complications may be
overstated. Third, the UKPDS model36 does not explicitly
incorporate a number of morbidities (e.g., peripheral neuropa-
thy, ulceration) related to diabetes. As well, some complica-
tions are represented as a single outcome (e.g., blindness, end-
stage renal disease) in the model rather than intermediate
states such as (e.g., retinopathy, nephropathy) that may them-

selves be associated with reduced health-related quality of life.
Since a reduced incidence of these outcomes because of self-
monitoring and the resulting benefits in terms of health-related
quality of life and reduced treatment costs may not be cap-
tured, the use of the UKPDS model may result in a slight over-
estimation of the incremental cost-effectiveness ratios.12 Long-
term follow-up data from UKPDS may provide additional data
for these states, at which time a reassessment of the cost-
effectiveness of self-monitoring in patients with type 2 dia-
betes may be warranted. 

Finally, the analysis of the reference case did not incorpo-
rate hypoglycemic episodes, including severe hypoglycemia.
Episodes of hypoglycemia, however, are infrequent2 in
patients with type 2 diabetes not using insulin, with the excep-
tion of those using insulin secretagogues (i.e., sulfonyureas,
meglinatides). Additionally, there is little evidence that use of
self-monitoring alters the risk of hypoglycemia, even in
patients using sulfonylureas.35 If future studies reveal that self-
monitoring of blood glucose is associated with a reduced risk
of hypoglycemia, especially severe hypoglycemia, this analy-
sis should be revisited given the potential impact of this com-
plication on clinical outcomes and resource utilization.

Conclusion
We found that self-monitoring of blood glucose was associ-
ated with a modest reduction in HbA1C in patients with type 2
diabetes not treated with insulin. Within the limitations of
modelling and the available clinical data, frequent use of self-
monitoring in this population is associated with unfavourable
cost-effectiveness estimates and is unlikely to represent an
efficient use of finite health care resources. This result did not
change substantially with changes to a number of inputs,
including the type of antidiabetes therapy, degree of glycemic
control at baseline and history of diabetes-related complica-
tions. However, reduced frequency (e.g., 1 or 2 times per
week) or a reduction in the price of test strips would likely
improve the cost-effectiveness of routine self-monitoring in
this population.

This article has been peer reviewed.

Competing interests: Scott Klarenbach and Ehud Ur have received hono-
raria for participation in the COMPUS Expert Review Committee. None
declared for Chris Cameron and Doug Coyle. 

Contributors: All of the authors contributed to the conception and design of
the study. Chris Cameron conducted the analysis, and all authors assisted in
the interpretation of the results. Chris Cameron, with the help of Scott
Klarenbach, Doug Coyle and Ehud Ur, drafted the manuscript. All of the
authors critically reviewed the manuscript for important intellectual content
and approved the final version submitted for publication.

Acknowledgements: The authors thank Melissa Severn for developing and
implementing the literature search strategies, Heather Bennett for her input
into study design and Sumeet Singh and Denis Belanger for their critical
review of the manuscript. Scott Klarenbach is supported by Population Health
Investigator Award from Alberta Heritage Foundation for Medical Research. 

Funding: This cost-effectiveness was conducted by researchers at the Canadian
Agency for Drugs and Technologies in Health (CADTH). CADTH is an inde-
pendent, not-for-profit agency funded by Canadian federal, provincial and territo-
rial governments to provide credible, impartial advice and evidence-based infor-
mation about the effectiveness of drugs and other health technologies to
Canadian health care decision makers. For more information, visit www.cadth.ca. 

CMAJ6



Research

REFERENCES
1. Canadian Diabetes Association 2008 clinical practice guidelines for the prevention

and management of diabetes in Canada. Can J Diabetes 2008;32(Suppl 1):i-S201.
Available: www.diabetes.ca/files/cpg2008/cpg-2008.pdf (accessed 2009 Oct. 7).

2. Bodmer M, Meier C, Krahenbuhl S, et al. Metformin, sulfonylureas, or other
antidiabetes drugs and the risk of lactic acidosis or hypoglycemia: a nested case–
control analysis. Diabetes Care 2008;31:2086-91.

3. Canadian Agency for Drugs and Technologies in Health. Optimal therapy report:
current utilization of blood glucose test strips in Canada.  Ottawa (ON): The Agency;
2009. Available: www.cadth.ca/media/pdf/compus_CU_Report-BGTS.pdf (accessed
2009 Oct. 7).

4. Cameron C, Virani A, Dean H, et al. Current utilization and expenditure on blood
glucose test strips in Canada. Can J Diabetes. In press. 

5. 2005/06 report card for the Ontario drug benefit program [PowerPoint presentation].
Toronto (ON): Ministry of Health and Long-Term Care; 2006. Available:
www.health.gov.on.ca/english/public/pub/ministry_reports/odb_report05/drug_rep.
html (accessed 2009 Oct. 7).

6. Utilization of oral antiglycemics in Canada. [unpublished dataset]. Ottawa (ON):
Brogan, Inc.; 2008. 

7. 2004/05 report card for the Ontario drug benefit program. [Powerpoint presenta-
tion]. Toronto (ON): Ministry of Health and Long-Term Care; 2005. Available:
www.health.gov.on.ca/english/public/pub/ministry_reports/odb_report04/drug_rep
.html (accessed 2009 Oct. 7).

8. Diabetes in Canada. Highlights from the National Diabetes Surveillance System
2004-2005. Ottawa (ON): Public Health Agency of Canada; 2008. Available:
www.phac-aspc.gc.ca/publicat/2008/dicndss-dacsnsd-04-05/pdf/dicndss-04-05-
eng.pdf (accessed 2009 Oct. 7).

9. Laupacis A. Economic evaluations in the canadian common drug review. Pharma-
coeconomics 2006;24:1157-62.

10. Laupacis A, Feeny D, Detsky AS, et al. How attractive does a new technology
have to be to warrant adoption and utilization? Tentative guidelines for using clini-
cal and economic evaluations. CMAJ 1992;146:473-81.

11. Canadian Agency for Drugs and Technologies in Health. Systematic review of use
of blood glucose test strips for the management of diabetes mellitus. Ottawa (ON):
The Agency; 2008. Available: www.cadth.ca /media/pdf/BGTS_SR _Report _of
_Clinical  _Outcomes.pdf (accessed 2009 Oct 9).

12. Clarke PM, Gray AM, Briggs A, et al. A model to estimate the lifetime health out-
comes of patients with type 2 diabetes: the United Kingdom Prospective Diabetes
Study (UKPDS) Outcomes Model (UKPDS no. 68). Diabetologia 2004;47:1747-59.

13. Mount Hood 4 Modeling Group. Computer modeling of diabetes and its complica-
tions: a report on the fourth Mount Hood Challenge Meeting. Diabetes Care 2007;30:
1638-46 Available http://care.diabetesjournals.org/cgi/reprint/30/6/1638 (accessed
2009 Oct. 7).

14. Alberta diabetes atlas 2007. Edmonton (AB): Institute of Health Economics; 2007.
Available: www.achord.ca/documents/AlbertaDiabetesAtlas2007_002.pdf
(accessed 2009 Oct. 7).

15. Hux JE, Booth GL, Slaughter PM, et al., editors. Diabetes in Ontario: an ICES
practice atlas. Toronto (ON): Institute for Clinical Evaluative Sciences; 2003.
Available: www.ices.on.ca/webpage.cfm?site_id=1& org_id=31 &morg _id=0&
gsec _id =0& item_id=1312 (accessed 2009 Oct. 7).

16. Harris SB, Ekoe JM, Zdanowicz Y, et al. Glycemic control and morbidity in the
Canadian primary care setting (results of the diabetes in Canada evaluation study).
Diabetes Res Clin Pract 2005;70:90-7.

17. Canadian Agency for Drugs and Technologies in Health. Guidelines for the eco-
nomic evaluation of health technologies: Canada. 3rd ed. Ottawa (ON): The
Agency; 2006. Available: www.cadth.ca/media /pdf/186 _Economic Guidelines _e .pdf
(accessed 2009 Oct. 7).

18. Ontario drug benefit formulary/comparative drug index: electronic version. [database
online]. Toronto (ON): Ministry of Health and Long-Term Care; 2008. Available:
www.health.gov.on.ca/english/providers/program/drugs/odbf_eformulary.html
(accessed 2007 Feb. 13).

19. Ontario drug benefit: dispensing fees. Toronto (ON): Ministry of Health and Long-
Term Care; 2007. Available: www.health.gov.on.ca/english/public/pub/drugs 
/dispense .html (accessed 2008 June 23).

20. OneTouch blood glucose meters. Burnaby (BC): LifeScan Canada Ltd; 2007.
Available: www.onetouch.ca/english/index.asp (accessed 2009 Oct. 7).

21. O’Reilly D, Hopkins R, Blackhouse G, et al. Development of an Ontario Diabetes
Economic Model (ODEM) and application to a multidisciplinary primary care
diabetes management program. Hamilton (ON): Program for Assessment of Tech-
nology in Health (PATH); 2006. Available: www.path-hta.ca/diabetes.pdf
(accessed 2009 Oct. 7).

22. Sullivan PW, Ghushchyan V. Preference-based EQ-5D index scores for chronic
conditions in the United States. Med Decis Making 2006;26:410-20.

23. Sullivan PW, Lawrence WF, Ghushchyan V. A national catalog of preference-based
scores for chronic conditions in the United States. Med Care 2005;43:736-49.

24. Clarke P, Gray A, Holman R. Estimating utility values for health states of type 2
diabetic patients using the EQ-5D (UKPDS 62). Med Decis Making 2002;22:340-9.

25. Berger ML, Bingefors K, Hedblom EC, et al., editors. Health care cost, quality,
and outcomes: ISPOR book of terms. Lawrenceville (NJ): International Society for
Pharmacoeconomics and Outcomes Research; 2003.

26. Consumer price index (CPI), 2001 basket content, monthly (1992=100). In: CAN-
SIM table. Ottawa (ON): Statistics Canada; 2007.

27. Canadian Agency for Drugs and Technologies in Health. Cost-effectiveness of
blood glucose test strips in the management of adult patients with diabetes
[DRAFT]. Ottawa (ON): The Agency; 2009. Available: www.cadth.ca/media/pdf
/compus_Draft_BGTS_Consolidated_Econ_Report.pdf (accessed 2009 Oct. 7).

28. Dahlof C, Dimenas E, Olofsson B. Documentation of an instrument for assessment
of subjective CNS-related symptoms during cardiovascular pharmacotherapy. Car-
diovasc Drugs Ther 1989;3:919-27.

29. Davidson MB, Castellanos M, Kain D, et al. The effect of self monitoring of blood
glucose concentrations on glycated hemoglobin levels in diabetic patients not tak-
ing insulin: a blinded, randomized trial. Am J Med 2005;118:422-5.

30. Farmer A, Wade A, Goyder E, et al. Impact of self monitoring of blood glucose in
the management of patients with non-insulin treated diabetes: open parallel group
randomised trial. BMJ 2007;335:132.

31. Guerci B, Drouin P, Grangé V, et al. Self-monitoring of blood glucose significantly
improves metabolic control in patients with type 2 diabetes mellitus: the Auto- 
Surveillance Intervention Active (ASIA) study. Diabetes Metab 2003;29:587-94.

32. Muchmore DB, Springer J, Miller M. Self-monitoring of blood glucose in over-
weight type 2 diabetic patients. Acta Diabetol 1994;31:215-9.

33. O’Kane MJ, Bunting B, Copeland M, et al. Efficacy of self monitoring of blood
glucose in patients with newly diagnosed type 2 diabetes (ESMON study): ran-
domised controlled trial. BMJ 2008;336:1174-7.

34. Schwedes U, Siebolds M, Mertes G; SMBG Study Group. Meal-related structured
self-monitoring of blood glucose: effect on diabetes control in non-insulin-treated type
2 diabetic patients. Diabetes Care 2002;25:1928-32. Available: http://care.diabetes
journals.org/cgi/reprint/25/11/1928 (accessed 2009 Oct. 7).

35. Barnett AH, Krentz AJ, Strojek K, et al. The efficacy of self-monitoring of blood
glucose in the management of patients with type 2 diabetes treated with a gliclazide
modified release-based regimen. A multicentre, randomized, parallel-group, 6-month
evaluation (DINAMIC 1 study). Diabetes Obes Metab 2008;10: 1239-47.

36. Palmer AJ, Dinneen S, Gavin JR, et al. Cost-utility analysis in a UK setting of self-
monitoring of blood glucose in patients with type 2 diabetes. Curr Med Res Opin 2006;
22: 861-72.

37. Karter AJ, Ackerson LM, Darbinian JA, et al. Self-monitoring of blood glucose
levels and glycemic control: the Northern California Kaiser Permanente Diabetes
Registry. Am J Med 2001;111:1-9.

38. Scherbaum WA, Ohmann C, Abholz HH, et al. Effect of the frequency of self-
monitoring blood glucose in patients with type 2 diabetes treated with oral antidia-
betic drugs-a multi-centre, randomized controlled trial. PLoS One 2008;3:e3087.

39. Canadian Diabetes Association 2003 clinical practice guidelines for the prevention and
management of diabetes in Canada. Can J Diabetes 2003;27(Suppl 2):i-S140. Avail-
able: www.diabetes.ca/cpg2003/downloads/cpgcomplete.pdf (accessed 2009 Oct. 7).

40. Ostgren CJ, Merlo J, Rastam L, et al. Atrial fibrillation and its association with
type 2 diabetes and hypertension in a Swedish community. Diabetes Obes Metab
2004;6:367-74.

41. Go AS, Hylek EM, Phillips KA, et al. Prevalence of diagnosed atrial fibrillation in
adults: national implications for rhythm management and stroke prevention: the
AnTicoagulation and Risk Factors in Atrial Fibrillation (ATRIA) Study. JAMA
2001;285:2370-5.

42. Calculating the U.S. population-based EQ-5D index score. Rockville (MD):
Agency for Healthcare Research and Quality; 2005. Available: www.ahrq.gov /rice
/EQ5Dscore.htm (accessed 2009 Oct. 7).

43. Bowker SL, Majumdar SR, Johnson JA. Systematic review of indicators and mea-
surements used in controlled studies of quality improvement for type-2 diabetes.
Can J Diabetes 2005;29:230-8. Available: www.diabetes.ca/files/Johnson_Sys-
tematic_Review-pages%20230-238.pdf (accessed 2009 Oct. 7).

44. Tunis SL, Minshall ME. Self-monitoring of blood glucose in type 2 diabetes: cost-
effectiveness in the United States. Am J Manag Care 2008;14:131-40.

45. Simon J, Gray A, Clarke P, et al. Cost effectiveness of self monitoring of blood
glucose in patients with non-insulin treated type 2 diabetes: economic evaluation of
data from the DiGEM trial. BMJ 2008;336:1177-80..

46. Palmer AJ, Roze S, Valentine WJ, et al. The CORE Diabetes Model: projecting
long-term clinical outcomes, costs and cost-effectiveness of interventions in dia-
betes mellitus (types 1 and 2) to support clinical and reimbursement decision-mak-
ing. Curr Med Res Opin 2004;20(Suppl 1):S5-26.

47. Stevens RJ, Kothari V, Adler AI, et al.; United Kingdom Prospective Diabetes
Study (UKPDS) Group. The UKPDS risk engine: a model for the risk of coronary
heart disease in type II diabetes (UKPDS 56). Clin Sci (Lond) 2001;101:671-9.

48. Lassere MN, Johnson KR, Boers M, et al. Definitions and validation criteria for
biomarkers and surrogate endpoints: development and testing of a quantitative
hierarchical levels of evidence schema. J Rheumatol 2007;34:607-15.

49. Rosen CJ. The rosiglitazone story–lessons from an FDA Advisory Committee
meeting. N Engl J Med 2007;357:844-6.

Correspondence to: Mr. Chris Cameron, Health Economist, Canadian
Optimal Medication Prescribing and Utilization Service (COMPUS),
Canadian Agency for Drugs and Technologies in Health (CADTH),
600-865 Carling Ave., Ottawa ON  K1S 5S8; chrisc@cadth.ca

CMAJ 7



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


