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EXECUTIVE SUMMARY 

Background 

Type 2 diabetes mellitus is a progressive metabolic disease that causes significant morbidity and mortality 
worldwide. Clinical practice guidelines recommend metformin as the first-line oral antidiabetes drug in 
most patients with type 2 diabetes when glycemic control cannot be achieved by lifestyle interventions. 
Many guidelines recommend the addition of a sulfonylurea when metformin monotherapy is insufficient; 
however, they lack specific recommendations regarding which agents are optimal when metformin and 
sulfonylurea combination therapy is inadequate. We therefore conducted an economic evaluation to 
examine the comparative cost-effectiveness of third-line antidiabetes pharmacotherapies in the 
management of patients with type 2 diabetes that is inadequately controlled on metformin and 
sulfonylurea combination therapy. 
 
Methods 

A cost-effectiveness analysis was conducted comparing four treatment classes as third-line therapy in the 
management of type 2 diabetes among patients who are inadequately controlled on metformin and 
sulfonylurea combination therapy. In addition to placebo, the four classes added to metformin and 
sulfonylurea combination therapy were: basal insulin (i.e., insulin neutral protamine Hagedorn [NPH] or 
long-acting insulin analogues), biphasic insulin (i.e., regular human insulin, insulin aspart, and insulin 
lispro), thiazolidinediones (TZDs) (i.e., rosiglitazone or pioglitazone), and dipeptidyl peptidase (DPP)-4 
inhibitors (i.e., sitagliptin). The price of the lowest cost alternative was applied for each drug class. It was 
assumed that patients used the average defined daily dose from the World Health Organization for each 
treatment. The doses for insulin products were obtained from a convenience sample of patients with type 
2 diabetes in British Columbia1 The United Kingdom Prospective Diabetes Study (UKPDS) Outcomes 
Model2 was used to forecast long-term diabetes-related complications and cost consequences for each 
treatment class. The impact of each treatment regimen on risk factors, such as glycosylated hemoglobin 
(A1C), body mass index (BMI), and body weight, was based on the results of a Canadian Agency for 
Drugs and Technologies in Health (CADTH) systematic review and mixed treatment comparison meta-
analysis.1 Based on patient attributes and control of risk factors, the cumulative incidence of diabetes-
related complications was forecasted over a 40-year time horizon using equations from UKPDS 68.2 The 
following other adverse events were also considered: overall hypoglycemia, severe hypoglycemia, and 
congestive heart failure.  
 
This economic evaluation took the perspective of a Canadian ministry of health. Costs from published 
Canadian sources and provincial drug formularies were incorporated within the model. Utility decrements 
were applied for diabetes-related complications3,4 and hypoglycemia.5,6  Both costs and quality-adjusted 
life-years (QALYs) were discounted at a rate of 5%. Sensitivity analyses were performed to examine the 
robustness of results to variation in model inputs and assumptions.  
 
Key Results and Interpretation 

The average daily cost of insulin NPH ($3.60) was comparable with generic pioglitazone ($3.40) and 
DPP-4 inhibitors ($3.81) when the additional cost of blood glucose test strips was included. Long-acting 
insulin analogues ($4.69), rosiglitazone ($5.92), the lowest cost biphasic human insulin ($5.45), and 
biphasic insulin analogue ($5.98) were among the more expensive treatments. 
 
In the reference case analysis, the addition of insulin NPH to metformin and sulfonylurea combination 
therapy was associated with the most favourable cost-effectiveness estimates among active treatments 
— the incremental cost per QALY gained was $60,800 relative to metformin and sulfonylurea combination 
therapy alone. Other active treatments added to metformin and sulfonylurea combination therapy were 
more costly and less effective in terms of QALYs gained compared with insulin NPH, although the 
differences were small (Range: 8.2190 QALYs with TZDs to 8.3251 QALYs with basal insulin).  
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Cost-effectiveness results were sensitive to variation in model inputs and assumptions (see Sensitivity 
analyses). Under the following scenarios, DPP-4 inhibitors became the most cost-effective option: a high 
disutility was assumed with insulin use, a higher risk of hypoglycemia among insulin users was modelled, 
and the costs of long-acting insulin analogues were applied to the basal insulin option rather than the cost 
of insulin NPH. However, even under these optimistic scenarios for DPP-4 inhibitors, the incremental cost 
per QALY gained exceeded $85,000 per QALY relative to metformin and sulfonylurea combination 
therapy alone. It should also be noted that the quality of evidence informing the variations in model inputs 
is limited or of low quality (see Study Limitations section below); hence, results from sensitivity analyses 
should be interpreted with caution. 
 
The results of the cost-effectiveness analysis were also found to be sensitive to the daily doses assumed 
for insulin products. When doses from the included randomized controlled trials (RCTs) were used in the 
analyses rather than data from a patient sample in British Columbia, the costs of insulins were lower and 
their corresponding cost-effectiveness estimates were more favourable (see page 11, table 7). 
 
Study Limitations 

The key limitation of this study was the lack of clinical data from long-term, high-quality studies that 
evaluated the comparative efficacy of third-line agents in terms of clinically relevant end points. Because 
of the limited data, surrogate end points (e.g., A1C) were used to forecast the occurrence of long-term 
diabetes-related complications based on data from the UKPDS study. The validity of A1C in forecasting 
cardiovascular end points in patients with type 2 diabetes has been debated.7,8  Moreover, the UKPDS 
Outcomes Model is based on data from patients who used older classes of drugs (e.g., metformin, 
sulfonylureas, and insulin). It is unclear whether or not the use of risk equations derived from patients 
using older classes of drugs for newer classes (e.g., TZDs and DPP-4 inhibitors) introduces significant 
bias in the projected incidence rates of diabetes complications.  
 
Another key limitation of this study is related to the complexities involved in modelling changes in 
treatments over time. Diabetes is a progressive disease requiring the use of multiple treatment regimens 
over the life of the patient. There is uncertainty over the treatments patients will add on or switch to after 
inadequate control on third-line therapy. Moreover, there are difficulties in assessing whether benefits 
conferred are attributable to the treatment of interest or subsequent treatments. Because of these 
considerations, the primary economic analysis assumed that patients remained on their respective third-
line therapy during their expected lifetime, without adding or switching to subsequent agents. Although 
this approach is not reflective of clinical practice given the progressive nature of diabetes, sensitivity 
analyses to examine the effect of this assumption revealed that it likely had minimal impact on cost-
effectiveness results. 
  
There was uncertainty regarding the disutility associated with insulin use,9-11 weight gain,12,13 and 
hypoglycemia.6 In the absence of good quality data for these inputs, conservative estimates were used for 
the base-case analysis. Nevertheless, we performed sensitivity analyses to examine the impact of these 
assumptions on cost-effectiveness results (see Sensitivity Analyses for additional details). Further 
research is needed that explores the impact of insulin use, weight gain, and hypoglycemia on quality of 
life.  
 
Finally, the primary economic analysis assumes no safety risks in using newer agents such as DPP-4 
inhibitors. These drugs have not been on the market as long as other agents and safety data is still 
emerging. Hence, the cost-effectiveness estimates for newer agents reported here may prove to be 
optimistic if important safety risks are uncovered in the future.   
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Conclusions 

This is the first Canadian cost-effectiveness analysis of treatments for type 2 diabetes that has compared 
third-line therapies, including the newer DPP-4 inhibitors, after inadequate control with metformin and 
sulfonylurea combination therapy. The findings suggest that the addition of insulin NPH to metformin and 
sulfonylurea combination therapy is the most cost-effective third-line therapy. However, under certain 
assumptions, the addition of DPP-4 inhibitors (sitagliptin) may be the most cost-effective option. Because 
of the lack of adequate clinical data, there was considerable uncertainty surrounding some of the key 
drivers in the economic analysis. These included the impact of insulin use and hypoglycemia on quality of 
life, the incidence of hypoglycemia across various treatments, and the clinical efficacy of DPP-4 inhibitors 
as third-line therapy. Well-designed studies are needed in these areas in order to more precisely define 
the cost-effectiveness of newer, more expensive, and less established antidiabetes medicines. 
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ECONOMIC EVALUATION  

1 INTRODUCTION 

Type 2 diabetes mellitus is a chronic, metabolic disorder caused by varying degrees of insulin resistance; 
the body usually produces insulin but is unable to use it properly.14 When inadequately managed, 
diabetes is likely to result in poor glycemic control.15 Impaired glycemic control, if prolonged, may result in 
diabetes-related complications (e.g., ischemic heart disease, stroke, blindness, end-stage renal disease, 
and lower limb amputation).16,17 The global prevalence of diabetes is estimated to be 177 million and is 
projected to increase to 300 million by 2025.18 It is estimated that 1.9 million Canadian men and women 
had been diagnosed with diabetes in 2005-2006, representing 6.2% of all men and 5.5% of all women. In 
addition, it is believed that a large number of Canadians have diabetes but have not been diagnosed.19   
 
Treatment of patients with type 2 diabetes mellitus usually begins with lifestyle modifications and oral 
antidiabetes drugs. Metformin is recommended as the first-line oral antidiabetes drug in most patients 
with type 2 diabetes mellitus when glycemic control cannot be achieved by lifestyle interventions alone.20-

24 Recent utilization data indicate that the majority of patients with type 2 diabetes mellitus initiating 
pharmacotherapy in Canada are started on metformin.25 As type 2 diabetes mellitus is a progressive 
disease, glycemic levels are likely to worsen over time. Most patients eventually require two or more oral 
antidiabetes drugs, or the addition of insulin, to achieve or maintain target blood glucose levels.26,27 
Metformin is recommended as the first-line oral antidiabetes drug in most patients with type 2 diabetes 
when glycemic control cannot be achieved by lifestyle interventions alone. Following a detailed review of 
the clinical and cost-effectiveness of second-line agents for diabetes,28 the Canadian Agency for Drugs 
and Technologies in Health (CADTH) recently issued an optimal therapy recommendation stating that 
sulfonylureas should be used as second-line therapy for most patients inadequately controlled on 
metformin alone.29   
 
Eight classes of antidiabetes drugs are available as third-line therapy for patients with type 2 diabetes 
inadequately controlled on combination therapy with metformin and sulfonylureas: meglitinides, alpha-
glucosidase inhibitors, thiazolidinediones (TZDs), dipeptidyl peptidase (DPP)-4 inhibitors, glucagon-like 
peptide (GLP)-1 analogues, basal insulins, bolus insulins, and biphasic insulins. A majority of guidelines30-

33 recommend that insulin should be started as a third-line agent for most patients; however, other 
guidelines recommend either insulin or an additional oral antidiabetes agent.20,34  
 
Given the increasing prevalence of type 2 diabetes, there is a need to evaluate the evidence related to 
the clinical and cost-effectiveness of third-line drugs in order to facilitate their optimal use. As part of a 
larger initiative to determine the optimal use of third-line antidiabetes drugs, we sought to determine the 
cost-effectiveness of third-line therapy for patients with type 2 diabetes inadequately controlled with 
metformin and sulfonylurea combination therapy, based on our systematic review of the available clinical 

evidence.1  
 

2 METHODS 

2.1 Type of Economic Evaluation 

A cost-utility analysis was conducted in which the results are reported as incremental cost per quality-
adjusted life-year (QALY) gained.  
 

2.2 Target Population 

Patients with established type 2 diabetes that is inadequately controlled on metformin and a sulfonylurea 
were considered for this analysis. In the reference case analysis, patient characteristics (when available) 
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were obtained from a CADTH systematic review of 33 randomized controlled trials (RCTs) that 
investigated the use of third-line antidiabetes agents in patients with type 2 diabetes inadequately 
controlled on combination therapy with metformin and sulfonylureas.1  Otherwise, patient characteristics 
were obtained from large RCTs or published Canadian observational studies (Table 1).35 

 

Table 1: Characteristics of Hypothetical Patient Group 

Parameter  Estimate Reference 
Risk Factors 
Age (years) 57.7 (9.7) CADTH systematic review1 
Duration of diabetes (years) 9.5 (6.3) CADTH systematic review1 
Weight (kg) 89 (18) CADTH systematic review1 
Height (m) 1.69 (0.15) 4-T Study36 
BMI 31.2 (5.8)  CADTH systematic review1 
Sex 57% male CADTH systematic review1 
Ethnicity 94% Caucasian 

3% Afro-Caribbean 
5% Asian-Indian 

4-T Study36 

A1C (%) 8.61 (1.0) CADTH systematic review1 
Smoking Current = 16%  

Past = 49%  
Never = 35% 

4-T Study36 
DiGEM trial37 

Cholesterol (mmol/l) 4.5 (0.98) 4-T Study36 
LDL (mmol/l) 3.3 (0.9) 4-T Study36 
HDL (mmol/l) 1.2 (0.3) 4-T Study36 
Systolic blood pressure (mmHg) 139 (16) 4-T Study36 
History of diabetes related complications* 
History of ischemic heart disease 11% DICE Study35 
History of CHF 7% DICE Study35 
History of amputation 1% DICE Study35 
History of blindness 1% Ontario38 and Alberta Diabetes 

atlases39 
History of renal failure 1% Ontario38 and Alberta Diabetes 

atlases39 
History of stroke 5% DICE Study35 
History of MI 9% DICE Study35 
History of atrial fibrillation 4% DICE Study35 
History of PVD 3% Östgren 2004,40 Go 200141 

A1C = glycosylated hemoglobin; BMI = body mass index; CADTH = Canadian Agency for Drugs and Technologies in Health;            
CHF = congestive heart failure; HDL = high-density lipoprotein; LDL = low-density lipoprotein; MI = myocardial infarction;                   
PVD = peripheral vascular disease.  
*Time since pre-existing event estimated based on data from Ontario Diabetes Economic Model.42 
 

2.3 Treatments 

Four different treatments were compared with placebo, all in combination with metformin and 
sulfonylureas: basal insulin, biphasic insulin, TZDs, and DPP-4 inhibitors. The price of the lowest cost 
alternative was applied for each drug class. 
 
Alpha-glucosidase inhibitors and meglitinides, two additional classes indicated in Canada for the 
treatment of type 2 diabetes, were not included in the reference case because they are not widely used in 
Canadian clinical practice and do not yield significant improvements in glycemic control when added to 
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metformin and a sulfonylurea as third-line therapy.1 A third class, GLP-1 analogues, was also excluded 
from the analysis as no agent within this class had been approved by Health Canada at the time of the 
analysis. 
 
The majority of treatment strategies studied in the RCTs included in the CADTH systematic review of 
third-line therapies were classified as add-on (i.e., patients added their third-line treatment to metformin 
and sulfonylurea combination therapy) and a minority were classified as switch (i.e., discontinuation of 
both metformin and a sulfonylurea on initiation of the third-line therapy) or partial switch (i.e., 
discontinuation of either metformin or a sulfonylurea on initiation of third-line therapy). We therefore 
assumed that patients added third-line therapies to their existing treatment regimen of metformin and a 
sulfonylurea. However, because the use of TZDs is not indicated with metformin and sulfonylurea 
combination therapy in Canada, we conducted a sensitivity analysis for this class in which only metformin 
was continued after initiation of a TZD. It should be noted that because of the lack of clinical data, this 
sensitivity analysis assumes the same clinical effects as the combination of metformin, sulfonylurea, and 
a TZD. Further research is needed that compares the clinical effectiveness of adding a third-line agent to 
an existing regimen of metformin and a sulfonylurea versus partial switch strategies.  
 

2.4 Perspective 

This analysis was conducted from the perspective of a provincial health ministry. 
 

2.5 Efficacy and Adverse Events 

Treatment effects for the analysis were derived from a CADTH systematic review that included evidence 
from 33 RCTs investigating the use of third-line antidiabetes agents in patients with the disease that was 
inadequately controlled on combination therapy with metformin and a sulfonylurea.1  In this review, 
estimates of treatment differences in terms of hemoglobin A1C and body weight were obtained from 
mixed treatment comparison (MTC) meta-analysis (Table 2). Results for hypoglycemia were not pooled 
using MTC meta-analysis because of a high degree of variability across studies in hypoglycemia 
definitions and control group event rates; rather, only pairwise meta-analysis was performed. For the 
purposes of the economic analysis, hypoglycemia event rates for each treatment strategy were estimated 
by multiplying relative risk estimates from pairwise meta-analyses by the baseline event rates for overall 
hypoglycemia (2.3 events per patient-year) reported in the 4-T trial.36 The 4-T trial36 was chosen as the 
source of baseline event rates because it is a large, well-conducted RCT of long duration. In the primary 
analysis, it was assumed that the addition of DPP-4 inhibitors (sitagliptin) to metformin plus a sulfonylurea 
had a similar effect to adding TZDs, despite the higher hypoglycemia rates observed in one DPP-4 
inhibitor trial (relative risk [RR] 18.51 (2.52, 135.96)).43 This assumption was made because of the 
imprecision (i.e., wide confidence interval [CI]) of the risk estimate and because it did not align with other 
studies of DPP-4 inhibitors.44  
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Table 2: Estimates of Treatment Differences from CADTH Systematic Review 

Treatment versus Placebo plus Metformin plus a Sulfonylurea Effect Estimates (95% CrI) 
a) Change from baseline A1C (%) 
Basal insulin + Met + SU –1.17 (–1.57 to –0.81) 
Biphasic insulin + Met + SU –1.10 (–1.59 to –0.67) 
TZD + Met + SU –0.96 (–1.35 to –0.59) 
DPP-4 (sitagliptin) + Met + SU –0.89 (–1.51 to –0.26) 
b) Change from baseline body weight (kg) 
Basal insulin + Met + SU 1.85 (0.54 to 3.09) 
Biphasic insulin + Met + SU 3.35 (1.65 to 5.03) 
TZD + Met + SU 3.10 (1.73 to  4.43) 
DPP-4(sitagliptin) + Met + SU 1.11 (–1.36 to 3.57) 
c) Overall hypoglycemia 
Basal insulin + Met + SU versus Met + SU + placebo RR 1.73 (1.10 to 2.74) 
TZD + Met + SU versus Basal Insulin + Met + SU RR 0.65 (0.48 to 0.88) 
Biphasic + Met + SU versus Basal Insulin + Met + SU RR 1.24 (1.14 to 1.35) 
DPP-4 inhibitor + Met + SU versus Met + SU + placebo* RR 18.51 (2.52 to 135.96) 

Source: Taken in part from CADTH Clinical Report,1 Tables 12,14,17 
CADTH = Canadian Agency for Drugs and Technologies in Health; CrI = credible interval; DPP-4 = dipeptidyl peptidase-4; 
Met = metformin; RR = relative risk; SU = sulfonylurea; TZD = thiazolidinedione. 
*Because of the imprecision of this estimate and the lack of alignment with other studies indicating no increased risk of 
hypoglycemia, it was assumed in the economic analysis that addition of DPP-4 inhibitors (sitagliptin) to metformin plus a 
sulfonylurea had a similar effect on hypoglycemia rates as the addition of TZDs. 

 
Most RCTs included in the meta-analysis were inadequately powered to detect differences between 
treatments in the rates of infrequent adverse events that may be of economic importance. These events 
include severe hypoglycemia in patients using insulin secretagogues or insulin and congestive heart 
failure in patients using TZDs. Event rates and treatment effects for such outcomes were therefore 
derived from large observational studies and RCTs. The baseline rates of severe hypoglycemia among 
patients using metformin (60 per 100,000 patients-years) as well as odds ratios (ORs) for patients using 
metformin plus a sulfonylurea (OR 4.04 (95% CI 3.27 to 4.98) or metformin plus a sulfonylurea plus 
insulin (OR 8.86 (95% CI 4.47 to 17.6), were derived from a population-based study by Bodmer et al.45 
Sensitivity analyses for this parameter were conducted using the higher rates of severe hypoglycemia 
reported in a study by Leese et al.46  
 
An increased risk of congestive heart failure (CHF) was assumed in the reference case for patients using 
TZDs [hazard ratio [HR] 2.10 (95% CI 1.35 to 3.27).47 One of the TZDs, rosiglitazone, has been reported 
to increase the risk of ischemic heart disease,48 although data from the recently published RECORD 
trial47 indicated no increase in risk. Because of the conflicting evidence,47 TZDs were not assumed to 
incur an additional risk of ischemic heart disease in the reference case analysis.  
 
The long-term safety profile of newer agents is largely unknown due to limited clinical experience in their 
use, and the evidence is often contradictory. Although data from longer-term clinical studies is required 
for more definitive assessment, the available data indicate that DPP-4 inhibitors are not associated with 
increased cardiovascular risk.49 The Food and Drug Administration has reported cases of acute 
pancreatitis among patients using DPP-4 inhibitors,50 although a large, recently published cohort study51 
reported no difference in risk of acute pancreatitis for initiators of sitagliptin (RR 1.0, 0.5 to 2.0) compared 
with those using metformin or glyburide. We therefore assumed no increases in cardiovascular risk (e.g., 
myocardial infarction, CHF) or pancreatitis among patients using DPP-4 inhibitors.  
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2.6 Time horizon 

A 40-year time horizon was used for the reference case analysis.  
 

2.7 Modelling 

The incidence of diabetes-related complications over the expected remaining lifetime of a hypothetical 
patient cohort was forecasted using the United Kingdom Prospective Diabetes Study (UKPDS) Outcomes 
Model (Figure 1).2 The UKPDS Outcomes Model2 is a computer simulation model that is used to forecast 
long-term health outcomes and cost consequences in patients with type 2 diabetes. The risk of 
developing seven diabetes-related complications (i.e., fatal or non-fatal myocardial infarction, other 
ischemic heart disease, stroke, heart failure, amputation, renal failure, and blindness) is estimated based 
on data from 3,642 patients with type 2 diabetes mellitus who were enrolled in the UKPDS. Each 
equation2 estimates the absolute risk of developing a complication, based on patient characteristics (e.g., 
age and sex, A1C, systolic blood pressure, cholesterol, body mass index (BMI), smoking history, and 
history of diabetes-related complications). Simulations are based on a probabilistic discrete-time illness 
model with annual cycles.2 Model projections have been validated against published clinical and 
epidemiological studies.52  
 

Figure 1: Schematic of UKPDS Model and Its Application in this Economic Analysis 
 

 
 
*Adapted and simplified from the original schematic by Clarke et al.2  
IHD = ischemic heart disease; MI = myocardial infarction; QALY = quality-adjusted life-year; UKPDS = United Kingdom Prospective 
Diabetes Study.  
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Patients are initially assigned to one of the five treatment regimens; the effect estimates for risk factors 
(A1C, BMI, body weight) were based on data from the CADTH systematic review of third-line therapies.1 
Based on patient attributes and control of risk factors, patients were propagated through the model, and 
the cumulative incidence of diabetes-related complications was forecasted for each treatment during the 
40-year time horizon. 
 
Three other adverse events were also considered (overall hypoglycemia, severe hypoglycemia, and 
congestive heart failure [only for TZDs]). Patients using insulin have an increased risk of overall and 
severe hypoglycemia relative to those using other oral antidiabetes drugs. However, the UKPDS 
Outcomes Model2 does not directly incorporate the costs and consequences associated with 
hypoglycemia. Because hypoglycemia has an impact on health-related quality of life (HRQoL) and in 
some instances (e.g., severe hypoglycemia) may result in health care resource use, it was necessary to 
capture any benefits conferred by third-line drugs associated with a lower risk of hypoglycemia. To do so, 
two submodels were developed that incorporated the increased risk of overall and severe hypoglycemia 
among patients using insulin and sulfonylureas.  
 
Modeling CHF risk in the UKPDS Outcomes Model is challenging since it is predicted by a number of 
surrogates (e.g., A1C, cholesterol), all of which influence multiple outcomes within the model. An 
increased risk of CHF in patients using TZDs [HR 2.10 (95% CI 1.35 to 3.27)47 was therefore incorporated 
by artificially increasing body weight by 30 kg. CHF is the only submodel in the UKPDS Outcomes Model 
that is influenced by body weight; therefore, no other outcomes were affected by the artificial increase in 
body weight.2 
 
Modelling changes in treatment sequences over time is challenging with any model, including the UKPDS 
Outcomes Model.2 There is uncertainty about which treatment patients will add-on or switch to after 
inadequate control on third-line therapy. Furthermore, when patients use multiple treatments over time, it 
is difficult to assess whether benefits conferred are attributable to the treatment of interest or subsequent 
treatments. Due to these considerations, it was assumed in the reference case that patients remained on 
their respective third-line therapy over their expected lifetime, without adding or switching to subsequent 
agents. This approach is admittedly not reflective of clinical practice given the progressive nature of 
diabetes; however, it enabled valid attribution of costs and consequences to each third-line treatment 
modelled in the analysis. The effect of this assumption was tested through sensitivity analyses, whereby 
patients using third-line therapy were assumed to add-on neutral protamine Hagedorn (NPH) insulin as 
fourth-line therapy after predefined criteria were met (i.e., when a patient’s A1C level reached or 
surpassed 9.0%). The addition of insulin to the treatment regimen of patients inadequately controlled with 
oral medications is recommended in clinical practice guidelines.20,53) However, to conduct these 
sensitivity analyses within the UKPDS model, the weight and hypoglycemia inputs had to be front-loaded 
(i.e., applied in year one) because unlike A1C, these parameters could not be modified over time. As 
such, some elements of the sensitivity analysis results could not be discounted appropriately. In future, if 
the UKPDS model is updated to enable more seamless integration of changes in treatment sequences 
over time, reanalysis may be warranted.  
 

2.8 Valuing Outcomes 

The primary outcome measure in the analysis was the QALY, which captures both quantity and quality of 
life. Patients with type 2 diabetes were assumed to have an EuroQol 5-dimension (EQ-5D) score of 0.753 
based on a US catalogue of EQ-5D scores from Sullivan et al.3,4 Quality weights for modelled long-term 
diabetes-related complications were also obtained from Sullivan et al. when available.3,4 Otherwise, utility 
scores were obtained from a study by Clarke et al., who also used the EQ-5D instrument.54 Estimates 
from Clarke et al.54 are often used in cost-effectiveness studies related to diabetes interventions.55 
However, unlike Sullivan et al.,3,4 Clarke et al.54 did not control for non-diabetes related complications or 
other confounding variables such as income, education, ethnicity, and number of comorbidities, all of 
which impact HRQoL.  
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Multiple complications were assumed to have an additive effect on utility.2 For example, the utility of a 
patient who has a myocardial infarction and then an amputation would first be decremented 0.0409, and 
then by a further 0.28.  
 

Table 3: Utility Decrements Associated with Modelled Diabetic Complication                 
Health States 3,4,54 

Complication  Utility Decrement 
(Year 1) 

Utility Decrement in Subsequent Years        
(Year ≥ 2 ) 

Ischemic heart disease –0.0412 –0.0240 
Myocardial infarction –0.0409 –0.0120 
Heart failure –0.0635 –0.0180 
Stroke –0.0524 –0.0400 
Amputation* –0.28 –0.28 
Blindness –0.0498 –0.0498 
Renal failure* –0.2630 –0.2630 

*Utility decrements were not available from the US catalogue;3,4  therefore, they were obtained from a study by Clarke et al.54  

 
There is limited evidence regarding the impact of hypoglycemia and fear of hypoglycemia on HRQoL.56 
Moreover, widely cited evidence6 in this area is of low quality.56 For the reference case analysis, patients 
experiencing mild-to-moderate hypoglycemia were assumed to have a transient reduction in HRQoL.57 
Patients were assumed to move to a health state characterized by moderate anxiety, with or without 
depression, and some limitations in performing usual activities; thus, resulting in a disutility of 0.167 
during the hypoglycemic episode.5 Each mild-to-moderate hypoglycemic episode was assumed to last for 
15 minutes, which coincides with the “15/15 rule”, i.e., 15 grams of carbohydrate followed by 15 minutes 
of waiting.58  Thus, each episode was associated with an annual decrement of 0.000004767 QALYs.5 In 
contrast, those having a severe hypoglycemic episode were assumed to experience a transient reduction 
in HRQoL, followed by a chronic decrement in HRQoL due to fear of future hypoglycemic episodes.56  An 
annual decrement of 0.01 was applied for each severe hypoglycemic event; the same decrement was 
applied in a recently published report56 by the National Institute for Health and Clinical Excellence (NICE). 
Currie et al.6 suggest a utility decrement of 0.047 associated with severe hypoglycemic episodes, and 
state that this utility decrement should be applied over one year. The face validity of this value is 
questionable as it implies that each severe hypoglycemic episode is equivalent to spending 17 days in a 
state of death, and that the disutility due to severe hypoglycemia is greater than that for more clinically 
severe events, such as myocardial infarction.3,4 Indeed, NICE found that the Currie study had significant 
methodological limitations, and considered the disutilities overstated.56 Nevertheless, we conducted a 
sensitivity analysis using the disutility of Currie et al.6    
 
We did not apply a utility decrement for weight gain in the primary economic analysis. Most widely cited 
studies12,13 derive such estimates from much larger weight differences (i.e., 13 kg to 30 kg)12,13  and it is 
unclear whether these can be applied to the smaller weight differences between agents observed in the 
MTC meta-analysis of third-line therapies. It is also uncertain whether these utility decrements are 
sustained over time. Nevertheless, we performed a sensitivity analysis based on data presented in the 
NICE obesity guidelines, in which we assumed a utility decrement of 0.001950135 per unit increase in 
BMI.12,13 This utility decrement was applied to each year of the simulation based on the estimated BMI for 
each treatment.  
 
We did not apply a utility decrement for insulin use in the primary economic analysis. Because some 
studies have reported that insulin use is associated with a reduction in quality of life,9-11 we conducted a 
sensitivity analysis where we assumed a one-time utility decrement of – 0.06 in year one based on trial 
data reported by Maddigan et al. showing that insulin use was associated with a difference in overall 
health utilities index-3 scores (– 0.06 [95% CI, – 0.03 to – 0.09]).10  A decrement was only applied in year 
one based on clinical expert opinion indicating that patients would adapt to using insulin after one year. It 
should be noted that the estimated utility decrement reported by Maddigan et al. has limited face validity 
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as it exceeds the disutilities associated with certain serious clinical events (e.g., myocardial infarction). 
We therefore ran a subsequent analysis using the upper limit of the CI (– 0.03) reported by Maddigan.  
   

2.9 Resource Use and Costs 

2.9.1 Cost of Drugs  

Unit costs for drugs were obtained from the Ontario Public Drug Program when available. (Appendix 1, 
Tables A1 and A2).59  Otherwise, prices were obtained from other public drug programs in Canada.60-63 
For the base-case analysis, the price of the lowest cost alternative was applied for each drug class (i.e., 
price of generic glyburide for sulfonylureas, generic pioglitazone for TZDs, insulin NPH for basal insulin, 
biphasic human insulin for biphasic insulin) plus a 10% mark-up and $7.00 pharmacy fee per 90-day 
supply. With the exception of metformin for which we assumed the use of maximal doses (2,000 mg/day), 
it was assumed that patients used the average defined daily dose from the World Health Organization64 
for each treatment. The doses for insulin products (0.53 U/kg, 0.75 U/kg, 1.2 U/kg, and 1.5 U/kg for long-
acting insulin analogues, insulin NPH, biphasic insulin analogues, and biphasic human insulin 
respectively) were obtained from a convenience sample of patients with type 2 diabetes in British 
Columbia.1  These doses differed from those in some of the RCTs included in the MTC meta-
analysis.36,65-67 We therefore ran sensitivity analyses where the dose of insulin was varied based on data 
from the RCTs.36,65-67  
 
2.9.2 Costs Due to Long-Term Diabetes Complications  

Resource utilization and costs associated with managing long-term diabetes-related complications were 
obtained from the Ontario Ministry of Health and Long-term Care (Table 4).42 Inpatient, outpatient, and 
emergency room visits, prescription drug claims, long-term care, and home care costs for managing 
diabetes-related complications were included in the model.42 Costs were inflated to 2009 Canadian 
dollars using the Health Component of the Canadian Consumer Price Index. The average annual cost for 
patients without diabetes-related complications who were using metformin plus a sulfonylurea was 
$1,689,42 while those using third-line therapy had an annual cost of $1,68942 plus the additional cost of 
third-line therapy and blood glucose test strips. 
 

Table 4: Management Costs of Long-Term Diabetes-Related Complications*42 

 Complications  Fatal ($) Non-Fatal ($) In Subsequent Years ($) 
Ischemic heart disease 0 5,623 3,246 
Myocardial infarction 9,422 17,964 2,809 
Heart failure 0 16,434 4,607 
Stroke 8,865 24,469 3,395 
Amputation 0 37,957 5,199 
Blindness 0 3,006 2,142 
Renal failure 0 24,355 11,054 

*Costs inflated to 2010 Canadian dollars (C$) using the health component of the Consumer Price Index. 
 

2.9.3 Costs Due to Hypoglycemic Episodes 

For the reference case, it was assumed that episodes of mild-to-moderate hypoglycemia had no impact 
on health service resource use.56 Resource utilization associated with managing a severe hypoglycemic 
episode was based on a study by Leese et al.46 (Table 5) and NICE.56 Management costs were based on 
data from the Alberta Case Costing Database (Table 5).68 Because resource use was derived from the 
United Kingdom, we presented this information to diabetes expert members of the Canadian Optimal 
Medication Prescribing and Utilization Service Expert Review Committee for verification. In general, they 
felt the data were reasonable, although the percentage of patients receiving glucagon was thought to be 
higher than that in Canada. As such, the average cost of a severe hypoglycemic episode may be 
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overestimated, biasing results against pharmacotherapies that are associated with an increased risk of 
hypoglycemia (e.g., insulin).  
 

Table 5: Resource Use and Costs Related to a Severe Hypoglycemic Episode46,56,68 

Resource Use Unit Cost ($)  Receiving* Weighted ($) 
Glucagon 93.69 90% 84.32 
Consultation with ambulance services only 600 34% 204.07 
Consultation with primary or emergency care only 208 7% 14.59 
Consultation with primary or emergency care and 
ambulance service† 

809 52% 420.49 

Direct or indirect hospital admission† 4,302 28% 1,204.67 
Average cost per severe hypoglycemic episode   1,928.14 

*Data from the United Kingdom.56 
†Unit cost from Alberta.68 
 
2.9.4 Costs Related to Self-Monitoring of Blood Glucose 

Patients using certain antidiabetes agents (i.e., insulin secretagogues, insulin) typically use more blood 
glucose test strips than those using other agents. For the reference case analysis, average daily 
utilization of blood glucose test strips for each drug class was derived from a recent utilization study in 
Ontario (Table 6).69 A cost of $0.72 per test strip plus a pharmacy fee of $7.00 per 100 test strips was 
applied. No mark-up was applied as test strips are not eligible for mark-up in the Ontario Public Drug 
Program. A sensitivity analysis was conducted where the additional cost of test strips was not considered. 
 

Table 6: Mean Daily Utilization of Blood Glucose Test Strips in 2008 by Seniors in           
the OPDP, by Type of Pharmacotherapy69 

Therapy Daily Use Standard Deviation 

Insulin  2.08 1.71 

Hypoglycemia-inducing oral glucose lowering drugs 1.16 0.94 

Non-hypoglycemia-inducing oral glucose lowering drugs 0.94 1.19 

OPDP = Ontario Public Drug Program. 
 
2.9.5 Discount rate 

All costs and outcomes were discounted on a 5% per year basis, as recommended by the CADTH 
guidelines.70 
 
2.9.6 Handling of Uncertainty 

Univariate Sensitivity Analyses  
Univariate sensitivity analyses were conducted to explore the impact of variation in model inputs and 
assumptions. Parameters varied in sensitivity analyses were selected based on findings from our cost-
effectiveness analysis of second-line therapy, in which we employed a similar methodology.1 The second-
line therapy sensitivity analysis results indicated that the results of the present study were most likely to 
be sensitive to the following changes: 
 Use of the most expensive agent within drug class rather than the lowest cost alternative (e.g., insulin 

glargine rather than insulin NPH). 
 Assumption that patients using oral medications as third-line therapy add-on insulin NPH when A1C ≥ 

9% (rather than remain on third-line therapy only over a lifetime). 
 Alpha-glucosidase inhibitors included as a comparator in the analysis. 
 Use of direct estimates of effect rather than estimates from MTC meta-analysis. 
 Use of insulin doses from RCTs rather than convenience sample from British Columbia.71 
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 Assumption of a higher incidence of severe hypoglycemia in patients using insulin (from Leese et al.46 
as opposed to Bodmer et al.45) 

 Assumption that weight gain is associated with a disutility.12,13 
 Removal of test strip costs from the analysis.  
 Assumption that insulin use is associated with a disutility in year one.10 
 Reduced time horizon (10 years rather than 40 years). 
  
Cost-effectiveness Acceptability Curves 
A non-parametric bootstrapping method,72,73 consisting of 999 bootstrap iterations of 100 patients each, 
was used to estimate the mean quality-adjusted life expectancy and lifetime costs for each treatment arm. 
Costs and effectiveness for each treatment, as derived from the 999 bootstrap iterations, were plotted as 
cost-effectiveness acceptability curves to convey the inherent uncertainty in the reference case results. 
Net benefits cost-effectiveness acceptability curves were generated based on the proportion of bootstrap 
iterations with the highest net monetary benefit74 across a range of willingness-to-pay thresholds, 
according to the following formula:  
 
Net monetary benefit = λ*E – C 
 
where λ = decision-maker’s willingness-to-pay per QALY gained; E = total QALYs for each treatment;      
C = total lifetime cost of each treatment. 
 

3 RESULTS 

3.1 Cost of Treatments  

In the reference case, insulin NPH had the lowest treatment cost; however, when the additional cost of 
test strips was included, the cost of insulin NPH was similar to that of generic pioglitazone and the lowest 
cost DPP-4 inhibitor. Generic pioglitazone, DPP-4 inhibitors, and insulin NPH were less expensive than 
rosiglitazone, long-acting insulin analogues, biphasic human insulin, or biphasic insulin analogues (Table 
7). However, when we applied insulin doses from RCTs rather than the convenience sample from British 
Columbia, insulin NPH had the lowest treatment cost even after the additional cost of test strips.  
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Table 7: Average Daily Costs of Treatments with and without the Additional                
Costs of Blood Glucose Test Strips, Stratified by Source of Insulin Dose 

Insulin Dose from British 
Columbia Convenience Sample* 

Insulin Dose from Included RCTs† Treatment 

Daily treatment 
cost without 

test strips‡ ($) 

Daily treatment 
cost with test 

strips§ ($) 

Daily treatment 
cost without 
test strips ($) 

Daily treatment 
cost with test 

strips ($) 
Insulin NPH 1.95 3.60 1.08 2.72 
Pioglitazone¶ 2.50 3.41 2.50 3.41 
Rosiglitazone 5.00 5.92 5.00 5.92 
Biphasic human insulin 3.81 5.45 1.88 3.52 
DPP-4 inhibitors 2.88 3.80 2.88 3.80 
Long-acting insulin 
analogues 

3.04 4.69 2.04 3.68 

Biphasic insulin 
analogues 

4.34 5.98 1.88 3.51 

DPP = dipeptidyl peptidase; NPH = neutral protamine Hagedorn; RCT= randomized controlled trial. 
*Insulin doses obtained from a patient sample in British Columbia: 0.53 U/kg, 0.75 U/kg, 1.2 U/kg, and 1.5 U/kg for long-acting 
insulin analogues, insulin NPH, biphasic insulin analogues, and biphasic human insulin respectively.  
†Insulin doses obtained from RCTs36,65,67 included in the systematic review: 0.35 U/kg,67 0.42 U/kg,67 0.53U/kg,36 and 0.76U/kg65 
U/kg for long-acting insulin analogues, insulin NPH, biphasic insulin analogues, and biphasic human insulin respectively. 

‡The cost of the lowest cost alternative was applied for each drug class plus a 10% mark-up and $7.00 pharmacy fee per 90-day 
supply. It was assumed that patients used the average defined daily dose from the World Health Organization for each treatment. 
§Patients using insulin were assumed to use 2.1 test strips per day while those using oral drugs in combination with sulfonylureas 
used 1.16 test strips per day, based on data from Ontario Drug Benefit. 
¶Based on the cost of 30 mg generic pioglitazone in Saskatchewan, Alberta, and Non-Insured Health Benefits (NIHB) program; in 
Ontario, generic pioglitazone costs less ($1.57) under the Ministry's Exceptional Access program. 
 

3.2 Reference Case Analysis  

With the exception of CHF in patients using TZDs, differences in 40-year cumulative incidence rates of 
long-term diabetes complications between active comparators were small (absolute ≤ 1%) (Table 8). 
However, absolute risks for active treatments were lower compared with metformin plus a sulfonylurea 
alone, particularly for myocardial infarction, stroke, amputation, and blindness.  
 

Table 8: Cumulative Incidence of Long-Term Diabetes Related Complications During         
a 40-Year Period: Primary Economic Analysis 

Complications  Met + SU Met + SU + 
BasI 

Met + SU +  
BipI 

Met + SU + 
TZD* 

Met + SU 
DPP-4 

(sitagliptin) 
IHD 8.9% 8.4% 8.5% 8.3% 8.5% 
MI 25.5% 24.4% 24.5% 26.7% 24.5% 
CHF 11.3% 11.1% 11.6% 20.7%* 11.0% 
Stroke 11.4% 10.8% 10.9% 12.2% 11.1% 
Amputation 5.8% 4.6% 4.7% 4.7% 5.0% 
Blindness 5.7% 5.2% 5.1% 5.0% 5.3% 
Renal Failure 3.4% 3.3% 3.3% 3.1% 3.3% 

BasI = basal insulin; BipI = biphasic insulin; CHF = congestive heart failure; DPP = dipeptidyl peptidase; IHD = ischemic heart 
disease; Met = metformin; MI = myocardial infarction; SU = sulfonylurea; TZDs = thiazolidinediones,  
*The reference case assumes that TZDs are associated with an increased risk of CHF based on evidence from the RECORD trial.47    
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Total lifetime costs and QALYs, as well as incremental cost-effectiveness results from the primary 
economic analysis, are presented in Table 9. Among the active treatments, basal insulin was associated 
with the lowest total lifetime costs ($44,206), while use of biphasic insulin incurred the highest lifetime 
costs ($48,317). With the exception of TZDs, there were very small differences in QALYs gained between 
active treatments (Range of 8.3059 with DPP-4 inhibitor to 8.3251 with basal insulin). Among active 
treatments, basal insulin was associated with the most favourable cost-effectiveness estimate, with an 
incremental cost of $60,049 per QALY gained. Other active treatments were more expensive and less 
effective than basal insulin.  
 

Table 9: Total Lifetime Costs, Quality-Adjusted Life-Years, and Incremental Cost-
Effectiveness Results from the Reference Case Analysis 

Treatment Average 
Costs 

Incurred 
during 

Lifetime ($) 

Average QALYs Gained 
during Lifetime  

Incremental Cost-Effectiveness 
Results 

Met + SU 39,128 8.2405 NA 
Met + SU + BasI 44,206 8.3251 $60,049 per QALY gained (relative 

to Met + SU) 
Met + SU + DPP-
4 (sitagliptin) 

44,717 8.3059 
 

Dominated by Met + SU + BasI 

Met + SU + TZD* 45,936 8.2191 Dominated by Met + SU + BasI 
Met + SU +  BipI 48,317 8.3198 Dominated by Met + SU + BasI 

BasI = basal insulin ; DPP = dipeptidyl peptidase; Met = metformin; NA = not applicable; QALY = quality-adjusted life-year; SU = 
sulfonylurea; TZD = thiazolidinedione. 
*The reference case assumes that TZDs are associated with an increased risk of CHF based on evidence from the RECORD trial.47    
 
 
The cost-effectiveness acceptability curve (Figure 2) shows that basal insulin had the highest probability 
of being most cost-effective beyond willingness-to-pay thresholds of about $62,000 per QALY.  
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Figure 2: Cost-Effectiveness Acceptability Curve for the Reference Case Economic Analysis 

  
 
BasI = basal insulin; BipI = biphasic insulin; DPP = dipeptidyl peptidase; SU = sulfonylurea; Met = metformin. 

 

3.3 Sensitivity Analyses  

Cost-effectiveness results were sensitive to variation in model inputs and assumptions. This finding is 
attributable to the similar treatment costs between generic pioglitazone, insulin NPH, biphasic human 
insulin, and DPP-4 inhibitors (sitagliptin). In particular, cost-effectiveness results varied depending on the 
assumed impact of hypoglycemia, weight gain, and insulin injections on HRQoL; dose and choice of 
insulin products; and rates of severe hypoglycemia (Table 10).  
 
Impact of Mild-to-Moderate Hypoglycemia on Health-Related Quality of Life  
In the reference case analysis, patients experiencing mild-to-moderate hypoglycemia were assumed to 
have a transient reduction in HRQoL.57 Each mild-to-moderate hypoglycemic episode was assumed to 
last for 15 minutes, with an annual decrement of 0.000004767 QALYs.5 Levy et al.75 reported that each 
mild-to-moderate hypoglycemic episode was associated with a chronic disutility of 0.0033 QALYs over 
one year, implying that each mild-to-moderate episode is equivalent to spending 1.2 days in a state of 
death (i.e., utility equals zero). When we applied this disutility in a sensitivity analysis, DPP-4-inhibitors 
(sitagliptin) emerged as the most cost-effective option, with an incremental cost-utility ratio (ICUR) of 
$90,007 per QALY (relative to metformin and a sulfonylurea alone). Other treatments were either 
dominated or extendedly dominated.*  
 
Impact of Severe Hypoglycemia on Health-Related Quality of Life  
In the reference case analysis, those having a severe hypoglycemic episode were assumed to have a 
transient reduction in HRQoL, followed by a chronic decrement of 0.01 (based on data from NICE56) due 
to a fear of future hypoglycemic episodes. The disutility estimate for severe hypoglycemia used by NICE56 

                                                 
* Extended dominance refers to a treatment that is dominated by a mix of alternative therapies. A mix of therapies would result in 
higher QALYS gained at an equivalent cost as providing all patients a particular treatment. 
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is smaller than that reported elsewhere. Currie et al.6 suggest that a utility decrement of 0.047 should be 
applied over one year after an episode of severe hypoglycemia. This estimate is of questionable face 
validity as it is equivalent to spending 17 days in a state of death, implying that severe hypoglycemia is a 
more dire consequence in terms of quality of life than even myocardial infarction (which has a utility 
decrement of 0.041).3,4  Nevertheless, we ran a sensitivity analysis using the estimate by Currie et al., 
and found a negligible impact on cost-effectiveness results. Basal human insulin remained the most 
favourable option among active comparisons, with an ICUR of $69,892 per QALY gained.  
 
Impact of Weight Gain on Health-Related Quality of Life  
We did not apply a utility decrement for weight gain in the reference case analysis. However, we 
performed a sensitivity analysis assuming a utility decrement of 0.001950135 per unit increase in BMI, 
based on data presented in the NICE obesity guidelines†.12,13 In this scenario, basal insulin remained the 
most cost-effective option; however, the cost-effectiveness estimates for insulin NPH became less 
favourable — the ICUR increased from $60,049 to $75,537 per QALY gained relative to metformin and a 
sulfonylurea.  
 
Impact of Insulin Injections on Health-Related Quality of Life  
We did not apply a utility decrement for insulin use in the reference case analysis. Some studies have 
reported that insulin use is associated with a reduction in quality of life;9-11 therefore, we ran a sensitivity 
analysis where we assumed a one time decrement of –0.06 based on data from a trial by Maddigan et 
al.10 Because this estimate exceeded the disutilities for even some serious complications (e.g., 
myocardial infarction),3,4 we ran a subsequent analysis using the lower limit of the CI (–0.03). This 
decrement was only applied in year one based on clinical expert opinion. When these disutilities for 
insulin were applied in a sensitivity analysis, results for insulin NPH became less favourable. In fact, DPP-
4 inhibitors became the most cost-effective option for third-line therapy (with an ICUR of $85,561 relative 
to metformin and a sulfonylurea alone) when the larger decrement was applied. 
 
Doses of Insulin Products  
The doses of insulin NPH (0.75 U/kg) and biphasic human insulin (1.5 U/kg) assumed in the model were 
based on a dataset from patients with type 2 diabetes in British Columbia. The doses reported in this 
British Columbia dataset were higher than those in some of the RCTs included in the MTC meta-
analysis.36,65-67 We therefore ran sensitivity analyses where the dose of insulin was varied, based on data 
from the RCTs.36,65-67  For this sensitivity analysis, we assumed an insulin NPH dose of 0.42 U/kg and a 
biphasic insulin dose of 0.76 U/kg.36,65-67 In this scenario, cost-effectiveness estimates for basal insulin 
became more favorable — the ICUR decreased from $60,049 to $37,607 per QALY gained relative to 
metformin and a sulfonylurea.  
 
Choice of Insulin Product within Class 
The primary economic analysis applied the lowest cost comparator within each class and assumed 
treatment effects at the class level. For example, we applied pooled treatment effects from all basal 
insulin products (e.g., insulin glargine, insulin NPH, and insulin detemir) and assumed the treatment cost 
of insulin NPH. However, we ran additional analyses where we used the treatment costs of different drugs 
within each class. When we applied the treatment cost for insulin glargine, rather than insulin NPH, cost-
effectiveness results for basal insulin deteriorated significantly, such that DPP-4 inhibitors became the 
most cost-effective strategy with an ICUR of $85,561 per QALY gained relative to metformin and a 
sulfonylurea. Insulin glargine was associated with an ICUR of $175,037 per QALY gained relative to DPP-
4 inhibitors. Similarly, when we used the price of rosiglitazone rather than generic pioglitazone, the 
lifetime costs of TZDs increased and became even less favourable than in the reference case analysis.  
 
 
 
 
 

                                                 
† Decrement calculated from NICE obesity guidelines (0.56*-0.001762115+0.46*-0.002094241)12,13   
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Rates of Severe Hypoglycemia  
The baseline rates of severe hypoglycemia among patients using metformin, metformin plus a 
sulfonylurea, or metformin plus a sulfonylurea plus insulin were derived from a population-based study by 
Bodmer et al.,45 who reported 0.0006, 0.002, and 0.005 severe events per patient-year for metformin, 
metformin plus sulfonylureas, and metformin plus sulfonylureas plus insulin respectively. When we ran a 
sensitivity analysis based on the higher estimates reported by Leese et al.46 (i.e., 0.0005, 0.009, and 
0.118 events per patient-year), DPP-4 inhibitors became the most cost-effective strategy with an ICUR of 
$85,561 per QALY gained relative to metformin plus a sulfonylurea. Basal insulin was associated with an 
ICUR of $95,973 per QALY gained relative to DPP-4 inhibitors. 
 
Lower Cost of Pioglitazone 
Pioglitazone is not listed as a benefit in the Ontario Drug Benefit Formulary, although it is a listed benefit 
in the Saskatchewan Public Drug Plan. The unit cost of generic pioglitazone 30 mg in Saskatchewan 
($2.20) was used in the reference case analysis. However, generic pioglitazone 30 mg, authorized in 
Ontario through the Ministry's Exceptional Access Program, is reimbursed at a unit cost of $1.57. When 
we re-ran the cost-effectiveness analysis using the Ontario cost, the cost-effectiveness estimates did not 
change significantly. Basal human insulin remained the most cost-effective option with an incremental 
cost of $60,049 per QALY. Other treatments were more expensive and less effective than basal human 
insulin. However, the ICUR for DPP-4 inhibitors relative to generic pioglitazone went from being less 
expensive and more effective (dominant) to $26,262 per QALY. 
 
Other Sensitivity Analyses  
Cost-effectiveness results were generally robust in other sensitivity analyses: adding insulin NPH when 
A1C  ≥9%;  using direct estimates of effect; higher disutility associated with severe hypoglycemia; and 
inclusion of alpha-glucosidase inhibitors as a comparator. Basal insulin continued to be the most cost-
effective third-line treatment, with incremental cost per QALY values ranging from $59,951 to $63,245. 
Results, however, were sensitive to inclusion of the cost of test strips in the analysis, as well as the time 
horizon. When the cost of test strips was excluded, cost-effectiveness estimates for basal insulin became 
more favourable — the ICUR decreased from $60,049 to $41,414 per QALY gained relative to metformin 
and a sulfonylurea. When time horizons of five or 10 years were used rather than 40 years, the ICUR for 
insulin NPH increased from $60,049 to $182,885 and $104,568 per QALY gained relative to metformin 
and a sulfonylurea respectively. 
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Table 10: Summary of Results from Sensitivity Analyses 

Analysis  Met + SU + BasI Met + SU +  BipI Met + SU + TZD* Met + SU DPP-4 
Primary economic analysis $60,049 

 (relative to Met + SU) 
dominated by Met + SU + BasI dominated by Met + SU 

+ BasI 
dominated by Met + SU + 

BasI 

Price of rosiglitazone used rather 
than generic pioglitazone. 

$60,049 
 (relative to Met + SU) 

dominated by Met + SU + BasI dominated by Met + SU 
+ BasI 

dominated by Met + SU + 
BasI 

Price of long-acting insulin 
analogue used rather than insulin 
NPH. 

$175,037 (relative to Met + 
SU + DPP-4) 

dominated by Met + SU + BasI dominated by Met + SU 
+ BasI 

$85,561 (relative to Met + 
SU) 

Cost of pioglitazone from Ontario 
Ministry's Exceptional Access 
Program rather than cost in 
Saskatchewan.  

$60,049 
 (relative to Met + SU) 

dominated by Met + SU + BasI dominated by Met + SU 
+ BasI 

dominated by Met + SU + 
BasI 

Use estimates of effect from direct 
pairwise meta-analyses.  

$59,951 
 (relative to Met + SU) 

dominated by Met + SU + BasI dominated by Met + SU 
+ BasI 

dominated by Met + SU + 
BasI 

Model assumes that patients use 
Met + TZD rather than Met + SU + 
TZD (since Met + SU + TZD is not 
indicated for use in Canada). 

$60,049 
 (relative to Met + SU) 

dominated by Met + SU + BasI dominated by Met + SU 
+ BasI 

dominated by Met + SU + 
BasI 

Patients add-on insulin NPH when 
A1C ≥ 9% (rather than static third-
line therapy over lifetime). 

$63,245 
(relative to Met + SU) 

dominated by Met + SU + BasI dominated by Met + SU 
+ BasI 

dominated by Met + SU + 
BasI 

Patients using insulin NPH in 
combination with metformin and 
SU drop SU and switch to 
biphasic human insulin when A1C 
≥ 9% (rather than static third-line 
therapy over lifetime). 

$70,771 
(relative to Met + SU) 

dominated by Met + SU + BasI dominated by Met + SU 
+ BasI 

dominated by Met + SU + 
BasI 

alpha-glucosidase inhibitors 
included as a comparator  
(∆ A1C, –0.46 [–0.96 to 0.03]; ∆ 
weight –0.43 (–2.20 to 1.44)]. 

$60,049, (relative to Met + 
SU)  

dominated by Met + SU + BasI dominated by a blend of 
Met + SU and Met + SU 

+ BasI 

dominated by Met + SU + 
BasI 

Insulin dose for basal human 
insulin and biphasic human insulin 
from RCTs36,65-67  (rather than 
doses from BC dataset).36 

$37,797 
 (relative to Met + SU) 

dominated by Met + SU + BasI dominated by Met + SU 
+ BasI 

dominated by Met + SU + 
BasI 

Pioglitazone not associated with 
any adverse events. 

$60,049, (relative to Met + 
SU)  

dominated by Met + SU + BasI dominated by a blend of 
Met + SU and Met + SU 

+ BasI 

dominated by Met + SU 
oral antidiabetes drug + 

BasI 

Higher rate of severe 
hypoglycemia (from Leese et al.46 

$96,973 (relative to Met + 
SU + BasI) 

dominated by Met + SU + DPP-4  dominated by Met + SU 
+ DPP-4  

$85,561 
 (relative to Met + SU) 
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Table 10: Summary of Results from Sensitivity Analyses 

Analysis  Met + SU + BasI Met + SU +  BipI Met + SU + TZD* Met + SU DPP-4 
as opposed Bodmer et al.45)  

Higher disutility associated with 
severe hypoglycemia (from Currie 
et al. rather than NICE). 

$69,892 
 (relative to Met + SU) 

dominated by Met + SU + BasI dominated by Met + SU 
+ BasI 

dominated by Met + SU + 
BasI 

Higher disutility associated with 
mild-to-moderate hypoglycemia 
(from Levy et al.75 rather than the 
CADTH insulin analogues 
report57). 

dominated by a blend of Met 
+ SU and Met + SU + DPP-4 

dominated by Met + SU + DPP-4  dominated by Met + SU 
+ DPP-4  

$90,007 
 (relative to Met + SU) 

Model incorporates reduced 
quality of life associated with 
increased weight gain.12,13 

$75,537 
(relative to Met + SU) 

dominated by Met + SU + BasI dominated by a blend of 
Met + SU and Met + SU 

+ BasI 

dominated by Met + SU + 
BasI 

Price of test strips not included in 
cost-effectiveness analysis (as 
opposed to included, as per 
published utilization data). 

$41,414 (relative to Met + 
SU) 

dominated by Met + SU + BasI dominated by Met + SU 
+ BasI 

dominated by Met + SU + 
BasI 

Cost of DPP-4 inhibitors is $2.30 
rather than $2.55.  

$60,049 
 (relative to Met + SU) 

dominated by Met + SU + BasI dominated by Met + SU 
+ BasI 

dominated by a blend of 
Met + SU and Met + SU + 

BasI 

Disutility of 0.030 associated with 
insulin use in year one (rather 
than no disutility). 

$78,661 (relative to Met + 
SU) 

dominated by Met + SU + DPP-4  dominated by Met + SU 
+ DPP-4  

$664,044 
 (relative to Met + SU + 

BasI) 

Disutility of 0.060 associated with 
insulin use in year one (rather 
than no disutility). 

dominated by a blend of Met 
+ SU and Met + SU + DPP-4 

dominated by Met + SU + DPP-4  dominated by Met + SU 
+ DPP-4  

$85,561 
 (relative to Met + SU) 

Time horizon of 10 years (rather 
than 40 years). 

$104,568 
(relative to Met + SU) 

dominated by Met + SU + BasI dominated by a blend of 
Met + SU and Met + SU 

+ BasI 

dominated by Met + SU + 
BasI 

Time horizon of five years (rather 
than 40 years). 

$182,885 
(relative to Met + SU) 

dominated by Met + SU + BasI dominated by a blend of 
Met + SU and Met + SU 

+ BasI 

dominated by Met + SU + 
BasI 

BasI = basal insulin; BipI = biphasic insulin; CADTH = Canadian Agency for Drugs and Technologies in Health; DPP = dipeptidyl peptidase; Met = metformin; NICE = National Institute 
for Health and Clinical Excellence; SU = sulfonylurea; TZDs = thiazolidinediones. 
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4 DISCUSSION 

4.1 Summary of Main Findings   

This is the first Canadian cost-effectiveness analysis of treatments for type 2 diabetes that has compared 
third-line therapies, including the newer DPP-4 inhibitors, after inadequate control with metformin and 
sulfonylurea combination therapy. We found that the addition of insulin NPH to metformin and 
sulfonylurea combination therapy was associated with the most favourable cost-effectiveness estimates 
among active treatments — the incremental cost per QALY gained in the reference case analysis was 
$60,800 relative to metformin and sulfonylurea combination therapy alone. Other active treatments added 
to metformin and sulfonylurea combination therapy were more costly and less effective in terms of QALYs 
gained compared with insulin NPH, although the absolute differences in both costs and consequences 
were small. Cost-effectiveness results were, however, sensitive to variation in model inputs and 
assumptions. Under the following scenarios, DPP-4 inhibitors became the most cost-effective option: a 
high disutility was assumed with insulin use, a higher risk of hypoglycemia among insulin users was 
modelled, and the costs of long-acting insulin analogues were applied to the basal insulin option rather 
than the cost of insulin NPH.  
 

4.2 Strengths and Limitations  

There are a number of strengths of this study. First, this is the first economic analysis to simultaneously 
assess the relative cost-effectiveness of newer and older treatments available for third-line antidiabetes 
therapy in Canada. Second, clinical inputs, when available, were derived from a recent systematic review 
and MTC meta-analysis, which used both direct and indirect evidence, specifically in patients with type 2 
diabetes that is inadequately controlled with metformin and sulfonylurea combination therapy. Third, our 
analysis followed a transparent and accepted methodology and adheres to the Guidelines for the 
Economic Evaluation of Health Technologies in Canada.70 Fourth, the Therapeutic Review Panel (TRP), 
which is comprised of endocrinologists, family physicians, pharmacists, and health economists, provided 
advice throughout the analysis. Fifth, this economic evaluation uses the well-validated UKPDS Outcomes 
Model.2 The ability of the UKPDS Outcome Model2 to forecast long-term diabetes-related complications in 
patients with type 2 diabetes mellitus has been validated against published clinical and epidemiological 
studies.76 Sixth, as recommended by economic guidelines,3,4 disutility estimates used in the current 
economic analyses were obtained from a community-based US EQ-5D catalogue.3,4 Finally, detailed 
sensitivity and variability analyses were performed to examine the robustness of results to variation in 
model parameters and assumptions.  
 
Despite its strengths, this analysis has certain limitations that warrant discussion. First, there were 
considerable weaknesses in the available clinical evidence. A majority of RCTs included in CADTH’s 
systematic review of third-line therapies were assessed as being of poor methodological quality, were 
less than one year in duration, and had inadequate power to detect differences in clinically relevant end 
points. As well, there were possible limitations to the external validity of the available clinical evidence, as 
described in detail in the systematic review report.1  Because of the lack of sufficient data on clinically 
relevant outcomes, surrogate end points (e.g., A1C) were used to forecast the occurrence of long-term 
diabetes-related complications. The validity of surrogate outcomes, particularly A1C, in forecasting 
cardiovascular end points in patients with type 2 diabetes has been debated.7,8 Moreover, the UKPDS 
Outcomes Model is based on data from patients who used older classes of drugs (e.g., metformin, 
sulfonylureas, insulin). It is unclear whether equations derived from patients using older classes of drugs 
can be applied to newer agents (e.g., TZDs and DPP-4 inhibitors).  
 
It is also noteworthy that the available clinical evidence for some classes of drugs in the MTC meta-
analysis was more substantive than others. For example, evidence from the DPP-4 inhibitor class was 
limited to a single RCT comparing sitagliptin with placebo, both added to metformin and sulfonylureas; 
there were no trials involving saxagliptin or vildagliptin (which were not approved by Health Canada at the 
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time of this therapeutic review). In contrast, there were 13 RCTs for basal insulins (insulin NPH or long-
acting insulin analogues) added to metformin and sulfonylureas.  
 
With respect to safety, we were unable to include the potential risks of newer agents, such as DPP-4 
inhibitors, as there is relatively limited clinical experience in their use. Consequently, the analysis may be 
biased somewhat against older agents, such as insulin or TZDs, as their adverse effect profile is better 
characterized. If safety data emerges over time suggesting that DPP-4 inhibitors are associated with 
harm, then cost-effectiveness estimates for DPP-4 inhibitors would be less favourable than reported here.  
 
Apart from issues related to the clinical evidence, certain aspects of the modelling approach may also 
have introduced a degree of bias in the results. The UKPDS model does not explicitly incorporate a 
number of morbidities (e.g., peripheral neuropathy and ulceration) related to diabetes.2  Furthermore, 
some complications are represented as a single end point (e.g., blindness and end-stage renal disease) 
in the model rather than intermediate states (e.g., retinopathy and nephropathy) that may themselves be 
associated with reduced HRQoL. Since a reduced incidence of these outcomes and the resulting benefits 
in terms of HRQoL and reduced treatment costs are not captured, use of the UKPDS model may result in 
slight overestimation of incremental cost-effectiveness ratios. However, the impact of this factor on cost-
effectiveness estimates is likely minimal since the CADTH meta-analysis reported only modest 
differences between active comparators in terms of glycemic control. 
 
Modelling changes in treatment sequences over time is challenging with any model, including the UKPDS 
Outcomes Model.2 There is uncertainty about which treatment patients will add-on or switch to after 
inadequate control on third-line therapy. Furthermore, when patients use multiple treatments over time, it 
is difficult to assess whether benefits conferred are attributable to the treatment of interest or subsequent 
treatments. Because of these considerations, it was assumed in the primary economic analysis that 
patients remained on their respective third-line therapy over their expected lifetime, without adding or 
switching to subsequent agents. Since this approach is not reflective of clinical practice given the 
progressive nature of diabetes, a sensitivity analysis was conducted whereby patients were assumed to 
add insulin as fourth-line therapy once A1C had reached 9.0% on third-line therapy. However, to conduct 
these sensitivity analyses within the UKPDS model, the weight and hypoglycemia inputs had to be front-
loaded (i.e., applied in year one) because unlike A1C, these parameters could not be modified over time. 
As such, results from these sensitivity analyses should be interpreted with caution as some elements are 
not discounted appropriately. In future, if the UKPDS model is updated to enable more seamless 
integration of changes in treatment sequences over time, reanalysis of these sensitivity analyses may be 
warranted.  
 
Modelling the increased risk of CHF associated with TZD use in the UKPDS model was challenging as 
there is no risk multiplier for this event. As such, the risk of CHF was artificially increased among patients 
using TZDs by increasing body weight by 30 kg among this patient population. CHF is the only submodel 
in the UKPDS Outcomes Model that is directly influenced by BMI.2  However, this approach would have 
had a minor impact on the incidence of other cardiovascular outcomes that are influenced by CHF.  
 
With respect to the inputs used in the analysis, there was considerable uncertainty regarding the disutility 
associated with insulin use,9-11 weight gain,12,13 and hypoglycemia,6 as well as event rates for severe 
hypoglycemia. In the absence of good data for these inputs, conservative estimates were used for the 
reference case analysis. Because of the similar daily cost of insulin NPH, generic pioglitazone, and DPP-
4 inhibitors, cost-effectiveness results were sensitive to variation in these disutilities. For example, when a 
large disutility was applied for insulin use, DPP-4 inhibitors became the most cost-effective option. Hence, 
a more precise understanding of the relative cost-effectiveness of third-line agents requires further 
research to estimate the incidence of severe hypoglycemia in insulin users, as well as the impact of 
insulin use, weight gain, and hypoglycemia on quality of life.    
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4.3 Results in Relation to Previous Studies    

NICE recently conducted a cost-effectiveness analysis of third-line therapies in the management of type 2 
diabetes.77 NICE compared six treatments in the management of diabetes: human insulin, pioglitazone, 
glargine, biphasic insulin analogue, rosiglitazone, and exenatide. NICE also used the UKPDS Outcomes 
Model to forecast long-term diabetes-related complications and cost consequences across the various 
treatments, and reported that human insulin was the most cost-effective option.77  Unlike our analysis, 
NICE cost-effectiveness estimates were robust to variation in model inputs and assumptions. This 
difference may be due to the fact that DPP-4 inhibitors were not considered by NICE. In our analysis, 
DPP-4 inhibitors were more cost-effective than insulin NPH in a number of sensitivity analyses because of 
their similar clinical efficacy and cost. 

 

4.4 Policy Considerations 

This report provides policy-makers with evidence to make informed decisions regarding the prescribing 
and use of third-line diabetes pharmacotherapies in their jurisdictions. Findings, however, are specific to 
patients who have inadequate glycemic control with metformin and sulfonylurea combination therapy, 
which represents the most commonly used approach to second-line therapy.78   
 
In some instances, patients may be unwilling or unable to use insulin as their third-line therapy and may 
wish to use an oral diabetes agent instead. While insulin NPH was the most cost-effective option in most 
cases, a DPP-4 inhibitor was most cost-effective in the most pessimistic scenarios with respect to the 
tolerability and acceptability of insulin. Other oral agents available for third-line treatment were less cost-
effective than DPP-4 inhibitors. Apart from considerations of cost-effectiveness, it is worth noting that 
many patients who choose a DPP-4 inhibitor as third-line therapy will eventually require insulin as fourth-
line therapy due to the progressive nature of diabetes. Although combined use of a DPP-4 inhibitor with 
insulin is not currently approved in Canada, DPP-4 inhibitors are indicated with insulin in Europe, and this 
indication is under review by the Food and Drug Administration in the US. Hence, there is a risk that DPP-
4 inhibitors initiated as third-line therapy may be continued with insulin, especially if combined use with 
insulin is eventually approved in Canada. Such treatment regimens would be associated with significant 
costs and uncertain clinical and economic benefits.  

  

4.5 Generalizability 

This analysis was conducted for Canadian provincial ministries of health using Canadian cost data (such 
as that of blood glucose test strips), clinical characteristics of patients with diabetes in Canada, and 
validation of inputs by Canadian diabetes experts. Within the limitations of the available clinical data, and 
modelling of long-term outcomes using surrogate indicators, the results of this cost-effectiveness analysis 
should be generalizable to all Canadian settings, but application of these results to other settings may be 
inappropriate.  
 

5 CONCLUSIONS 

This is the first Canadian cost-effectiveness analysis that has compared third-line therapies for the 
management of type 2 diabetes, including the newer DPP-4 inhibitors. The findings suggest that for most 
patients, the use of insulin NPH is the most cost-effective third-line therapy. This result was driven 
primarily by price and efficacy — insulin NPH is either lower or similar in price (depending on the dose 
used) than other treatment options and it is associated with the largest improvements in QALYs gained. 
Sensitivity analyses demonstrated that DPP-4 inhibitors (sitagliptin) may be the most cost-effective option 
under scenarios that were more pessimistic regarding insulin than the reference case, although these 
results should be interpreted with caution because of the low quality of the underlying clinical data. 
Furthermore, the long-term safety profile of newer agents, such as DPP-4 inhibitors, is largely unknown 
because of limited clinical experience; hence, the analysis may be biased to a degree against older 
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agents such as insulin. In order to define the relative cost-effectiveness of newer third-line agents versus 
older agents with greater certainty, longer-term studies that provide more robust data on clinically 
important outcomes, safety, quality of life, and patient preferences are required. 
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APPENDIX 1: COST COMPARISON TABLES   

Costs are manufacturer list prices, unless otherwise specified.  
 

Table A1: Cost of Oral Antidiabetes Drugs Available in Canada 
Drug / Comparator Strength Dosage 

Form 
Price 

($) 
Mean Recommended 

Doses 
Average Daily 
Drug Cost ($) 

DPP-4 inhibitors 
Sitagliptin (Januvia)* 100 mg Tablet 2.55 100 mg daily 2.55 
Saxagliptin (Onglyza)* 5 mg Tablet 2.55 5 mg daily 2.55 
TZDs 
Pioglitazone (generics)† 15 mg 

30 mg 
45 mg 

Tablet 1.57 
2.20 
3.31 

15 mg to 45 mg  
daily 

1.57 to 3.31 

Rosiglitazone (Avandia)‡ 2 mg 
4 mg 
8 mg 

Tablet 1.49  
2.34 
3.35 

4 mg to 8 mg daily 2.34 to 3.35 

Insulin Secretagogues, Meglitinides 
Nateglinide (Starlix)‡ 60 mg 

120 mg 
Tablet 0.58  

0.58  
60 mg to 180 mg daily 0.58 

Repaglinide (Gluconorm)‡ 0.5 mg 
1.0 mg 
2.0 mg 

Tablet 0.32 
0.345 
0.35  

0.5 mg to 4 mg daily 0.32 to 0.70 

Alpha-glucosidase inhibitors 

Acarbose (Glucobay) 50 mg 
100 mg 

Tablet 0.26 
0.36 

50 mg to 100 mg, 3 times 
daily  

0.78 to 1.08 

Sources: Ontario Drug Benefit59 (Feb 2010) prices unless stated otherwise.  
DPP = dipeptidyl peptidase; TZD = thiazolidinedione. 
*Quebec62 (January 2010). 
†Manitoba61 (Feb 2010). 
‡Saskatchewan63 (Feb 2010).  
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Table A2: Cost of Insulin Products Available in Canada 
Drug / Comparator Strength Dosage Form Price ($) Cost per mL ($) 

Rapid acting insulin analogues 

Insulin aspart (NovoRapid) 100 U/mL 5 x 3 mL cartridge 
10 mL vial 

55.47 
27.71 

3.70 
2.77 

Insulin glulisine (Apidra) 100 U/mL 5 x 3 mL prefilled 
pen 

10 mL vial 

47.47 
23.74 

3.16 
2.37 

Insulin lispro (Humalog) 100 U/mL 5 x 3 mL prefilled 
pen 

5 x 3 mL cartridge 
10 mL vial 

          66.99* 
53.75 
26.85 

4.47 
3.58 
2.69 

Short-acting human insulin 

Humulin-R 100 U/mL 5 x 3 mL cartridge 
10 mL vial 

39.26 
20.00 

2.62 
2.00 

Novolin ge Toronto 100 U/mL 5 x 3 mL cartridge 
10 mL vial 

40.03 
20.40 

2.67 
2.04 

Intermediate-acting human insulin 

Humulin-N 100 U/mL 5 x 3 mL cartridge 
10 mL vial 

39.26 
20.00 

2.62 
2.00 

Novolin ge NPH 100 U/mL 5 x 3 mL cartridge 
10 mL vial 

39.88 
20.40 

2.66 
2.04 

Long-acting insulin analogues 

Insulin glargine (Lantus) 100 U/mL 5 x 3 mL cartridge 
10 mL vial 

86.87 
57.91 

5.79 
5.79 

Insulin detemir (Levemir) 100 U/ml 5 x 3 mL cartridge 98.48 6.57 

Pre-mixed 

Biphasic insulin aspart 30/70 
(NovoMix 30) 

100 U/ml 5 x 3 mL cartridge 
  

51.87 3.46 

Humalog Mix 25  
Lispro/lispro protamine 

100 U/mL 
(25% and 

75%) 

5 x 3 mL cartridge 53.75 3.58 

Humalog Mix 50 
Lispro/lispro protamine 

100 U/mL 
(50% and 

50%) 

5 x 3 mL cartridge 53.75 3.58 

Novolin ge 30/70 100 U/mL 5 x 3 mL cartridge 
10 mL vial 

39.84 
20.40 

2.66 
2.04 

Humulin 30/70 100 U/mL 5 x 3 mL cartridge 
10 mL vial 

39.26 
20.00 

2.62 
2.00 

Novolin ge 40/60 100 U/mL 5 x 3 mL cartridge 40.80 2.72 

Novolin ge 50/50 100 U/mL 5 x 3 mL cartridge 40.80 2.72 

Source: Ontario Drug Benefit59 (Feb 2010) prices unless stated otherwise. 
NPH = neutral protamine Hagedorn.  
*Pharmaceutical Pricing System Buyer’s Guide79 (January 2009).  
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