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ABBREVIATIONS 

A1C  glycosylated hemoglobin 
CAC COMPUS Advisory Committee 
CERC COMPUS Expert Review Committee 
COMPUS Canadian Optimal Medication Prescribing and Utilization Service 
CSII continuous subcutaneous insulin infusion 
GRADE Grading of Recommendations Assessment, Development and 

Evaluation 
ICUR incremental cost-utility ratio 
MDI multiple daily injection 
NPH neutral protamine Hagedorn 
QALY quality-adjusted life-year 
RCT randomized controlled trials 
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GLOSSARY 
Basal insulin: Intermediate- or long-acting insulin or insulin analogue preparations designed to 
mimic the action of basally secreted endogenous insulin. 

Biphasic insulin preparation: Pre-mixed insulin containing both a bolus and basal insulin in the 
same vial or cartridge (e.g., regular human insulin and insulin NPH). 

Body mass index:  Body weight in kilograms divided by the square of height in metres.  

Bolus insulin: Short- or rapid-acting insulin or insulin analogue preparations designed to mimic 
the endogenous secretion of insulin in response to food intake. 

Carry-over effect: Occurs in a crossover trial when the treatment given prior to crossover 
has residual effects that confound the interpretation of results after crossover. 

Confidence interval:  The probable range in which a population parameter lies based on a 
random sample of the population. The most commonly reported conference interval is the 95% 
confidence interval. 

Congestive heart failure: A condition in which an abnormality of cardiac structure or function 
results in an inability of the heart to fill with, or eject, sufficient blood to fulfill tissue 
requirements.  

Continuous subcutaneous insulin infusion: A method of insulin administration designed to 
mimic endogenous insulin secretion through continuous subcutaneous delivery of basal doses of 
short- or rapid-acting insulin via an insulin pump, and user-controlled bolus doses prior to food 
intake.   

Cost-effectiveness analysis: A form of economic evaluation that compares the costs and effects of 
two or more alternative treatments. 

Crossover trial: A type of experimental clinical study in which both intervention and control 
treatments are applied to each subject at different times.  Subjects are initially assigned (usually 
through randomization) to either the intervention or control treatment and, after a specified time, 
are switched to the alternative treatment.  

Diabetes mellitus: A group of common metabolic disorders characterized by hyperglycemia and 
caused by insufficient insulin secretion, reduced insulin sensitivity of target tissues, or both. 

Diabetic ketoacidosis: An acute complication of marked hyperglycemia (due to uncontrolled 
diabetes) characterized by increased fatty acid metabolism, accumulation of ketone bodies, and 
acidosis.   

Effectiveness: The extent to which a specific intervention, procedure, regimen, or service produces 
beneficial outcomes when deployed under routine circumstances.
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Efficacy: The degree to which a specific intervention, procedure, regimen, or service produces a 
beneficial outcome under ideal circumstances. 

Fasting plasma glucose: Plasma glucose level measured at least eight hours after caloric intake.  

Gestational diabetes mellitus:  Defined as glucose intolerance with first onset during pregnancy; 
usually a temporary condition.  

Health-related quality of life: A broad theoretical construct developed to explain and organize 
measures concerned with the evaluation of health status, attitudes, values, and perceived levels 
of satisfaction and general well-being with respect to either specific health conditions or life as a 
whole from the individual perspective.  

Hemoglobin A1C:  A glycated form of hemoglobin. Hemoglobin A1C levels reflect average 
glycemia over the course of 90 to 120 days, and are, therefore, commonly used as a measure of 
long-term glycemic control in diabetics.  

Heterogeneity (I2): This statistic describes the degree of variation, as a percentage, between the 
results of individual studies within a meta-analysis.   

Hyperglycemia: A qualitative term used to describe blood glucose that is above the normal range.  

Hypoglycemia: A qualitative term used to describe blood glucose that is below the normal range.  
Definitions vary across studies, although one or both of the following is usually required to define 
a hypoglycemic event: autonomic or neuroglycopenic symptoms characteristic of low blood 
glucose (e.g., trembling, sweating, hunger, confusion, weakness) that respond to carbohydrate 
intake, and/or a plasma glucose level below a specific value (threshold is usually between 3.4 to 
4.0 mmol/L).   

Incremental cost-utility ratio: Ratio of the difference in costs between an intervention and 
comparator, to the difference in effects measured in quality-adjusted life-years.  

Insulin analogue: Pharmaceutical agents produced through alterations of the amino acid 
sequence of regular human insulin with the intent to alter the pharmacokinetic properties of 
regular human insulin while maintaining its pharmacological effects. 

Ischemic heart disease: Heart disease caused by inadequate blood perfusion of the myocardium, 
which results in an imbalance between oxygen supply and demand.  

Long-acting insulin analogues: A class of insulin analogues — produced by introducing 
alterations in the amino acid sequence and/or molecular structure of regular human insulin — 
which mimics the action of basal endogenous insulin secretion by providing a prolonged, non-
fluctuating level of insulin activity.  

Meta-analysis: Statistical synthesis of the results of individual studies for the purpose of 
integrating findings and producing a single estimate of effect. 
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Monophasic insulin preparation: An insulin preparation containing a single type of insulin (i.e., 
not biphasic).  

Multiple daily injection: A method of insulin administration involving three or more daily 
subcutaneous injections of insulin (i.e., both basal and bolus insulins, in various combinations) 
designed to mimic endogenous insulin secretion. 

Neutral protamine Hagedorn: An insulin preparation with an intermediate duration of action 
produced through combination of regular human insulin with protamine.   

Nocturnal hypoglycemia: Hypoglycemic events that occur at night, usually between midnight 
and 6:00 a.m.  

Observational study: A type of epidemiological study in which the investigator does not 
determine exposure of subjects to the risk factor or treatment under study.   

Oral antidiabetic drug: One of several oral agents used to reduce hyperglycemia in patients with 
type 2 diabetes. 

Overall hypoglycemia: Defined in most studies by signs or symptoms of hypoglycemia, and/or 
blood glucose below a certain threshold (e.g., < 4 mmol/L).  

Quality-adjusted life-year: A health outcome measure that combines both quantity and quality 
of life. 

Randomized controlled trial: A prospective study designed to test the efficacy of an intervention 
in which patients are randomly allocated to either the treatment group or the control group.  

Rapid-acting insulin analogue: A class of insulin analogues — produced through alterations of 
the amino acid sequence of regular human insulin — designed to closely mimic the short duration 
of action of meal-induced endogenous insulin secretion. 

Rate ratio: The ratio of the person-time incidence rate in the exposed or experimental group to 
the person-time incidence rate in the control group.   

Regular human insulin: Unmodified, short-acting human insulin.   

Relative risk: The ratio of the absolute risk of an outcome of interest in the exposed or 
experimental group to the absolute risk of the outcome in the control group.   

Severe hypoglycemia: Severe hypoglycemia is defined as an event with characteristic 
hypoglycemic symptoms requiring assistance of another person.  Some studies also require the 
presence of blood glucose values below a certain threshold (e.g., < 4 mmol/L).   

Systematic review: A summary of the medical literature that uses explicit methods to identify, 
select, appraise, and analyze studies relevant to a particular clinical question.
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Transient ischemic attack:  Episodes of stroke symptoms that last only briefly; the current 
definition of duration is < 24 hours, but the average duration of a transient ischemic attack is 
about 12 minutes. 

Type 1 diabetes mellitus: Diabetes characterized by a lack of insulin secretion caused by 
pancreatic beta cell destruction. This form includes cases due to an autoimmune process and 
those for which the etiology of beta cell destruction is unknown. 

Type 2 diabetes mellitus: Diabetes characterized by insulin resistance and varying degrees of 
insulin deficiency, especially as the disease progresses.  

Weighted mean difference: A method of meta-analysis used to pool continuous measures (e.g., 
body weight) where the mean, standard deviation and sample size in each group are known. The 
relative weight given to each study is proportional to the inverse of the variance of the reported 
mean.  
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1 INTRODUCTION 
In March 2004, the Canadian Optimal Medication Prescribing and Utilization Service (COMPUS) 
was launched by the Canadian Coordinating Office for Health Technology Assessment (CCOHTA) 
— now the Canadian Agency for Drugs and Technologies in Health (CADTH) — as a service to 
federal, provincial, and territorial jurisdictions, and other stakeholders. COMPUS is a nationally 
coordinated program, funded by Health Canada.  
 
The goal of COMPUS is to optimize drug-related health outcomes and cost-effective use of drugs 
by identifying and promoting optimal drug prescribing and use. Where possible, COMPUS builds 
on existing applicable Canadian and international initiatives and research. COMPUS goals are 
achieved through three main approaches: 
• identifying evidence-based optimal therapy in prescribing and use of specific drugs 
• identifying gaps between evidence-based optimal therapy and clinical practice, then 

proposing evidence-based interventions to address these gaps 
• supporting the implementation of these interventions. 
 
Direction and advice are provided to COMPUS through various channels, including: 
• the COMPUS Advisory Committee (CAC):  includes representatives from the federal, provincial, 

and territorial health ministries, and related health organizations 
• the COMPUS Expert Review Committee (CERC):  an advisory body that makes 

recommendations related to the identification, evaluation, and promotion of optimal drug 
prescribing and use in Canada 

• stakeholder feedback. 
 
1.1 COMPUS Expert Review Committee  

CERC (Appendix A) consists of eight Core Members appointed to serve for all topics under 
consideration during their term of office, and three or more Specialist Experts appointed to 
provide their expertise in recommending optimal therapy on one or more specific topics.  For the 
insulin analogues, four endocrinologists/diabetes specialists were appointed as Specialist Experts.  
Two of the Core Members are Public Members who bring a lay perspective to the committee.  The 
remaining six Core Members hold qualifications as physicians, pharmacists, health economists or 
other relevant qualifications, with expertise in areas such as, but not limited to: family practice, 
internal medicine, institutional or community clinical pharmacy, pharmacoeconomics, clinical 
epidemiology, drug utilization expertise, methodology, affecting behaviour change (through 
health professional and/or patient, and/or policy interventions), and critical appraisal.  The Core 
Members, including Public Members, are appointed by the CADTH Board of Directors. 
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The mandate of CERC is advisory in nature and consists of providing recommendations and advice 
to CADTH’s COMPUS Directorate on assigned topics that relate to the identification, evaluation, 
and promotion of optimal practices in the prescribing and use of drugs across Canada. The overall 
perspective used by CERC members in producing recommendations is that of public health care 
policy makers in pursuit of optimizing the health of Canadians within available health care system 
resources.    
 

2 ISSUE  
The CAC has identified the management of diabetes mellitus as a priority area for optimal 
practice initiatives, based on the following criteria: 
• large deviations from optimal utilization (over- or under-use)  
• size of patient populations  
• impact on health outcomes and cost-effectiveness  
• potential to effect change  
• benefit to multiple jurisdictions  
• measurable outcomes.  

 
Within diabetes mellitus management, optimal use of the insulin analogues was identified by 
CAC as a priority topic.  Given the high prevalence and rising incidence of diabetes in Canada, the 
optimal prescribing and use of insulin and insulin analogues has the potential to positively impact 
health outcomes for a large number of patients.  Although the insulin analogues may have certain 
clinical advantages as compared to conventional insulins, acquisition costs of insulin analogues 
(i.e., insulin aspart, insulin lispro, insulin detemir, and insulin glargine) are greater than those for 
conventional insulin products (e.g., insulin neutral protamine Hagedorn [NPH] and regular human 
insulin). Given the increasing number of people diagnosed with diabetes mellitus each year, 
health care providers, consumers, and policy makers require evidence-based information on the 
optimal use of these agents. 

 

3 OBJECTIVE 
This report provides recommendations for the optimal prescribing and use of long- and rapid-
acting insulin analogues for policy decision makers, health care professionals, and patients. 
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4 PROJECT OVERVIEW 
Once a topic is selected, COMPUS 
undertakes activities related to key areas 
in the COMPUS procedure. The CAC 
provides advice and guidance throughout 
the process, from topic identification, 
through to feedback and approval of 
recommendations and supporting 
interventions. CERC, as described in 
Section 1.1, provides expert advice and 
recommendations on the topic area 
relating to the identification, evaluation, 
and promotion of optimal prescribing 
and use of drugs. A broad range of 
stakeholders are invited to provide 
feedback at key stages in the COMPUS 
process. 
 
To identify and promote the 
implementation of evidence-based and 
cost-effective therapy in the prescribing 
and use of long- and rapid-acting insulin 
analogues, COMPUS follows the process 
outlined in the flow chart to the right. 
 
This report represents the final optimal 
therapy recommendations  
by CERC (green box).  
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5 RESULTS 

5.1 Optimal Therapy Recommendations 

Through careful evaluation of the evidence (Section 6) and significant deliberation of the issues 
(Section 7), CERC produced 16 recommendations/suggestions on the use of insulin analogues in 
various populations (i.e., pre-adolescents, adolescents, adults, pregnant women, with type 1 and 
type 2 diabetes, and pregnant women with gestational diabetes).  CERC applied the GRADE 
methodology for developing recommendations (Section 6).  As stipulated by the GRADE method, 
the strength of a recommendation is reflected by the use of the words “suggests” or 
“recommends” (i.e., for a weak recommendation, “CERC suggests that….”, and for a strong 
recommendation, “CERC recommends that…”).  
 
A summary of CERC’s recommendations/suggestions is presented in Table 1; individual 
recommendations/suggestions are presented in Table 2.   
 

Table 1: Summary of CERC Recommendations/Suggestions 
 

When a basal insulin* is required, insulin NPH is recommended† over the long-acting insulin 
analogues (i.e., insulin glargine and insulin detemir) in most patients with type 1 and type 2 
diabetes.  If a long-acting insulin analogue is used, CERC recommends that either insulin 
glargine or insulin detemir can be used.  
 
When a bolus insulin‡ is required, either regular human insulin or the rapid-acting insulin 
analogues (i.e. insulin aspart and insulin lispro) are recommended§ in most patients with type 1 
diabetes, with the exception of adolescents.  In adolescents with type 1 diabetes, a rapid-acting 
insulin analogue is suggested over regular human insulin.  When a bolus insulin is required for 
patients with type 2 diabetes, regular human insulin is suggested over the rapid-acting insulin 
analogues.  If a rapid-acting insulin analogue is used, CERC recommends that either insulin 
aspart or insulin lispro be used. 

 
Detailed information around individual CERC recommendations/suggestions (i.e., vote results, the 
rating of overall quality of clinical evidence, the strength of the recommendation/suggestion, 
underlying values and preferences behind the recommendation/suggestion, clinical notes and 
context) are provided in Appendix B.   

                                                 
* Longer-acting insulin that controls blood glucose levels between meals and overnight. 
† For most children with type 1 diabetes, CERC suggests that insulin NPH be used in preference to long-acting insulin 
analogues. 
‡ Faster-acting insulin that provides the boost of insulin needed to stop the rise in blood glucose levels that occurs after 
meals. 
§ For most preadolescents and pregnant women with type 1 diabetes and women with gestational diabetes, CERC 
suggests that either regular human insulin or the rapid-acting insulin analogues can be used. 
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Table 2: Individual CERC Recommendations/Suggestions by Comparator/Populations 

Comparators and Populations Recommendation/Suggestion 
Type 1 diabetes mellitus in 
adults 

CERC recommends that insulin NPH be used in preference to either of the long-acting insulin analogues 
(i.e., insulin glargine or insulin detemir) in most adults with type 1 diabetes.  

Type 1 diabetes mellitus in 
children 

CERC suggests that insulin NPH be used in preference to either of the long-acting insulin analogues (i.e., 
insulin glargine or insulin detemir) in most children with type 1 diabetes. 

Type 2 diabetes mellitus in 
adults taking oral 
antidiabetic agents 

CERC recommends that insulin NPH be used in preference to either of the long-acting insulin analogues 
(i.e., insulin glargine or insulin detemir) in most adults with type 2 diabetes taking oral anti-diabetic 
agents and who require a basal insulin.  

Insulin NPH versus 
long-acting insulin 
analogues 

Type 2 diabetes mellitus in 
adults using pre-meal bolus 
insulin 

CERC recommends that insulin NPH be used in preference to either of the long-acting insulin analogues 
(i.e., insulin glargine or insulin detemir) in most adults with type 2 diabetes using pre-meal bolus insulin 
and who require a basal insulin.  

Type 1 diabetes mellitus in 
adults 

CERC recommends that either insulin glargine or insulin detemir be used in adults with type 1 diabetes if 
treatment with a long-acting insulin analogue is chosen. 

Lo
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Insulin glargine 
versus insulin 
detemir Type 2 diabetes mellitus in 

adults 
CERC recommends that either insulin glargine or insulin detemir be used in adults with type 2 diabetes 
taking oral antidiabetic agents if treatment with a long-acting insulin analogue is chosen. 

Type 1 diabetes mellitus in 
pre-adolescents 

CERC suggests that either regular human insulin or a rapid-acting insulin analogue (i.e., insulin lispro or 
insulin aspart) be used in most pre-adolescents with type 1 diabetes (CSII or MDI).   

Type 1 diabetes mellitus in 
adults using CSII 

CERC recommends that either regular human insulin or a rapid-acting insulin analogue (i.e., insulin aspart 
or insulin lispro) be used in most adults with type 1 diabetes using CSII.  

Type 1 diabetes mellitus in 
adults using MDI 

CERC recommends that either regular human insulin or a rapid-acting insulin analogue (i.e., insulin aspart 
or insulin lispro) be used in most adults with type 1 diabetes using MDI. 

Type 1 diabetes mellitus in 
pregnant women 

CERC suggests that either regular human insulin or a rapid-acting insulin analogue (i.e., insulin aspart or 
insulin lispro) be used in most pregnant women who have type 1 diabetes.  

Gestational diabetes mellitus CERC suggests that either regular human insulin or a rapid-acting insulin analogue (i.e., insulin lispro or 
insulin aspart) be used in most women who develop gestational diabetes.  

Type 1 diabetes mellitus in 
adolescents using MDI 

CERC suggests that insulin lispro be used in preference to regular human insulin in most adolescents with 
type 1 diabetes using MDI. 

Regular human 
insulin versus rapid-
acting insulin 
analogues 
 

Type 2 diabetes mellitus in 
adults 

CERC suggests that regular human insulin be used in preference to the rapid-acting insulin analogues (i.e., 
insulin lispro and insulin aspart) in most adults with type 2 diabetes who require bolus insulin therapy.   

Type 1 diabetes mellitus in 
children 

CERC recommends that either insulin lispro or insulin aspart be used in children with type 1 diabetes using 
CSII if treatment with a rapid-acting insulin analogue is chosen. 

Type 1 diabetes mellitus in 
adults 

CERC recommends that either insulin lispro or insulin aspart be used in adults with type 1 diabetes using 
CSII if treatment with a rapid-acting insulin analogue is chosen. 
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Insulin lispro versus 
insulin aspart 
 

Type 2 diabetes mellitus in 
adults 

CERC recommends that either biphasic insulin lispro or biphasic insulin aspart be used in adults with type 
2 diabetes using MDI if treatment with a biphasic rapid-acting insulin analogue preparation is chosen. 

CERC=COMPUS Expert Review Committee; CSII=continuous subcutaneous insulin infusion; MDI=multiple daily injection; NPH=neutral protamine Hagedorn. 
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5.2 Research Gaps  

An important aspect of COMPUS’ mandate includes the identification and dissemination of 
research gaps; that is, areas in which there is insufficient evidence to guide optimal prescribing 
and use.  The following sections outline gaps in research related to the use of insulin analogues.  
These gaps will benefit researchers and research funding organizations in their planning of future 
research in clinical practice.  The knowledge that results from such research will lead to improved 
clinical practice and better outcomes for patients with diabetes.   
 
5.2.1 Populations and comparisons with insufficient evidence 

Populations and comparisons for which evidence from randomized controlled trials (RCTs) was 
absent are shown in Table 3.   
 
Two populations that have yet to be studied in a comparative trial of insulin analogues versus 
conventional insulins are children and pregnant women with type 2 diabetes.  Furthermore, the 
long-acting insulin analogues have not been studied in pregnant women.  One of the objectives of 
the systematic reviews upon which CERC’s recommendations are based was to identify ethnic 
groups that may benefit from the use of insulin analogues.  First Nations populations were of 
special interest given the high prevalence of diabetes.1  No studies comparing insulin analogues to 
conventional insulins in this population were identified. 
 
5.2.2 Outcomes with insufficient evidence 

There was insufficient evidence for a number of outcomes considered important for making 
recommendations on the use of insulin analogues.  There were no studies that were adequately 
powered and of sufficient duration to measure the effect of the insulin analogues on the long-
term microvascular and macrovascular diabetes complications.  Efficacy outcomes were restricted 
to intermediate outcomes such as A1C and plasma glucose.  As well, the potential benefits of the 
insulin analogues regarding quality of life were infrequently reported.  In particular, increased 
convenience and reduced fear of hypoglycemia are often cited as benefits of the insulin 
analogues, yet these benefits have not been adequately quantified in RCTs.   
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Table 3:  Populations and Comparisons for which no RCT Evidence was found in the 
Systematic Reviews of Long-acting and Rapid-acting Insulin Analogues 

 
Long-acting Insulin Analogues Rapid-acting Insulin Analogues Population 

Insulin 
glargine 
versus 

insulin NPH 

Insulin 
detemir 
versus 

insulin NPH 

Insulin 
glargine 
versus 
insulin 

detemir 

Insulin 
lispro versus 

regular 
human 
insulin 

Insulin 
aspart 
versus 
regular 
human 
insulin 

Insulin lispro 
versus insulin 

aspart 

Pediatric 
Pre-adolescent 
type 1 diabetes 

B B* B† 

Adolescent type 
1 diabetes 

  X 

B* B‡ B† 

Pre-adolescent 
type 2 diabetes 

X X X X X X 

Adolescent type 
2 diabetes 

X X X X X X 

Adult 
Type 1 diabetes    B B X‡ 

Type 2 diabetes      M 

Pregnant 
women type 1 
diabetes 

X X X B B X 

Pregnant 
women type 2 
diabetes 

X X X X X X 

Gestational 
diabetes 

X X X B B X 

B=trials have only compared monophasic preparations, biphasic preparations have not been studied; M=trials have only compared 
biphasic preparations, monophasic preparations have not been studied; X=no comparative trials were identified 
* No studies in which insulins were administered as CSII were identified. 
†The only peer-reviewed study identified2 enrolled both pre-adolescents and  adolescents and did not report data for each subgroup.  
Insulins were administered as CSII. 
‡  The only study identified3 (published as an abstract) enrolled both pre-adolescents and  adolescents and did not report data for each 
subgroup.  Insulins were administered as MDI. 

 

6 THE EVIDENCE 
The clinical evidence for the insulin analogues was derived from two systematic reviews: Rapid-
acting Insulin Analogues for the Treatment of Diabetes Mellitus: Meta-analyses of Clinical 
Outcomes, and Long-acting Insulin Analogues for the Treatment of Diabetes Mellitus: Meta-
analyses of Clinical Outcomes, both conducted by COMPUS.4,5   These reviews were updates of 
existing systematic reviews on the rapid-acting insulin analogues (Short-acting Insulin Analogues 
for Diabetes Mellitus: Meta-analysis of Clinical Outcomes and Assessment of Cost Effectiveness, 
March 2007) and long-acting insulin analogues (Long-acting Insulin Analogues for Diabetes 
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Mellitus: Meta-analysis of Clinical Outcomes and Assessment of Cost Effectiveness, October 2007) 
from CADTH’s Health Technology Assessment program.6,7 A further update of the literature search 
was conducted for studies published between the search cut-off date of the COMPUS systematic 
reviews (April 2007) and September 2008 to identify any additional evidence that addressed 
existing recommendations or research gaps.  Although the systematic reviews included all 
relevant data from peer-reviewed articles, as well as abstracts and grey literature, CERC based its 
recommendations only on evidence from peer-reviewed studies.  Results from abstracts were 
assessed separately by the committee to determine their impact on the recommendations.  Cost-
effectiveness data for the insulin analogues were derived from pharmacoeconomic analyses 
conducted by COMPUS using the Center for Outcomes Research (CORE) Diabetes model.  The 
results of those analyses are presented in an Economic Report: An Economic Evaluation of Insulin 
Analogues for the Treatment of Patients with Type 1 and Type 2 Diabetes Mellitus in Canada.8  
Stakeholder feedback was requested and incorporated into both systematic reviews and the 
economic analyses, as directed by CERC. 
 

7 CONSIDERATION OF THE EVIDENCE 

7.1 CERC Process and Perspective 

CERC members consider both clinical-effectiveness (i.e., benefits, harms, and burdens) and cost 
and cost-effectiveness data when formulating recommendations. Committee members bring 
their individual expertise and experience to bear (as experts, general practitioners, 
interventionists, consumers, members of the public), and draw upon their own values and 
preferences to discuss the evidence and reach conclusions.   
 
The process by which draft recommendations are formulated by CERC consists of two main 
stages.  First, the committee considers the clinical evidence regarding safety and effectiveness and 
draws conclusions regarding clinically important differences (if any) among the therapies in 
question. Second, the committee reviews and considers the cost and cost-effectiveness evidence.  
The sequential consideration of the clinical evidence, followed by the economic evidence, allows 
for clear delineation of the impact that cost-effectiveness considerations have on the 
recommendations, thus increasing transparency of the deliberative process.  Optimal therapy 
recommendations are then formulated based on the efficacy, safety, and pharmacoeconomic 
data.  
 
The overall perspective used by CERC members in producing recommendations is that of public 
health care policy makers in pursuit of optimizing the health of Canadians within available health 
care system resources.   When possible, guidance is provided for management of specific 
subgroups of the identified population that may benefit from an alternate approach. To assist in 
knowledge transfer to intended audiences, the Committee also develops context statements 
related, but not limited to, safety, quality, and quantity of evidence, cost-effectiveness, and 
directness of evidence.
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COMPUS applied the Grading of Recommendations Assessment, Development and Evaluation 
(GRADE) approach to summarize the available evidence and facilitate the generation of optimal 
therapy recommendations by CERC.9 The GRADE methodology was developed by the GRADE 
Working Group, an international collaboration of methodologists, to provide committees charged 
with formulating recommendations with a framework for evaluating evidence. GRADE provides a 
systematic and transparent approach to appraise quality of evidence, weigh the balance of 
benefits versus harms, identify underlying values and preferences, and rate the overall strength of 
recommendations.10 The GRADE methodology is used by a number of organizations world-wide, 
including the World Health Organization11 and the American Thoracic Society.12  Details of the 
GRADE process as applied by COMPUS for the insulin analogues project, as well as the GRADE 
evidence profiles generated for this topic, have been reported previously.13 
 
The process by which CERC used the GRADE evidence profiles and economic data to generate 
optimal therapy recommendations for insulin analogues consisted of nine steps.  Each of these 
steps is described in further detail in Appendix C. 
 
1. Individual review of GRADE evidence profiles and provision of feedback. 
2. Discussion of clinical-effectiveness evidence and collated feedback from members. 
3. Identification of clinical findings based on clinical evidence of effectiveness and safety. 
4. Identification of draft optimal therapy recommendations based on clinical conclusions and 

cost and cost-effectiveness information.  
5. Identification of underlying values and preferences for each recommendation. 
6. Appraisal of overall quality of evidence. 
7. Grading strength of recommendations. 
8. Identification of research gaps. 
9. Consideration of stakeholder feedback and drafting of final optimal therapy 

recommendations. 
 
7.2 Specific Considerations       

Prior to initiation of the systematic reviews by COMPUS, members of CERC identified the 
outcomes for which evidence was required to make recommendations for the insulin analogues.  
These included: 
• long-term complications of diabetes (e.g., mortality, cardiovascular disease, nephropathy, 

retinopathy) 
• surrogate outcomes related to glycemic control (i.e., hemoglobin A1C, fasting plasma glucose, 

two-hour post-prandial plasma glucose) 
• other surrogate outcomes (e.g., lipids, blood pressure) 
• hypoglycemia 
• body weight 
• quality of life and patient satisfaction 
• resource use and costs. 
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For surrogate outcomes related to glycemic control, a published schema designed by Lassere et al. 
that assessed the validity of surrogate outcomes14 was employed to guide CERC’s deliberations. 
 
7.2.1 Hemoglobin A1C 

Hemoglobin A1C is the most frequently reported measure of long-term glycemic control in studies 
of anti-diabetes agents, including insulin analogues.  CERC deliberated extensively on the 
evidence available to support the validity of hemoglobin A1C as a surrogate outcome for clinically 
relevant complications of diabetes,14-38 and the minimal difference in this outcome that could be 
considered clinically relevant.39-41  All members of the committee believed there were important 
limitations associated with the use of A1C as a surrogate outcome.  Most felt that A1C was a valid 
surrogate in trials of type 1 diabetes, especially for microvascular complications.  There was less 
certainty regarding its validity in type 2 diabetes, especially with respect to cardiovascular 
outcomes due to the importance of numerous other risk factors such as blood pressure and lipid 
profile.  A minority felt that A1C was an invalid surrogate outcome for both type 1 and type 2 
diabetes given the low scores achieved for both conditions according to the surrogate validation 
schema.14   
 
The committee recognized that the widespread implementation in clinical practice of A1C as a 
parameter to monitor treatment efficacy in patients with either type 1 or type 2 diabetes has 
revolutionized diabetes care by allowing for the measurement of long-term glucose control.  
Furthermore, diabetes treatment guidelines define optimum glycemic control based on A1C 
targets.   CERC agreed on the use of a minimal clinically important difference in A1C between   
0.7% and 1% for use during the Committee’s deliberations.   Differences in A1C for the various 
comparators and across the different populations of interest, as based on analyses of available 
evidence, failed to approach this range.  
 
7.2.2 Fasting and post-prandial glycemia 

CERC restricted its deliberations on potential benefits of insulin analogues regarding fasting and 
post-prandial glucose to laboratory-measured plasma values.  Data from self-monitoring were 
excluded due to concerns regarding reliability.   Both fasting and post-prandial glucose scored low 
according to the validation schema for surrogate outcomes by Lassere et al.14  However, CERC 
recognized that post-prandial blood glucose is increasingly seen as an important target in the 
treatment of type 2 diabetes due to its potential association with cardiovascular outcomes. 
 
7.2.3 Hypoglycemia 

Members of CERC recognize that hypoglycemia, particularly severe and nocturnal episodes, pose a 
substantial barrier to achieving optimal glycemic control in patients with diabetes.  Evidence 
regarding the prevalence of nocturnal hypoglycemia, its clinical importance, its effects on quality 
of life, sleep, memory, and cardiovascular function were collected.  The evidence was reviewed  by 
CERC.42-68  
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Every effort was made to identify situations from the evidence profiles that demonstrated  
statistically significant differences in the incidences of hypoglycemia between comparator groups.  
These cases formed the basis for extensive deliberation by CERC prior to developing and voting on 
recommendations.  The effect (i.e., direction and effect size) of insulin analogues related to 
traditional insulin products on hypoglycemia was inconsistent across the different comparators 
and study populations.  Individual evidence profiles in Appendix B capture CERC’s extensive 
discussion on the available evidence related to hypoglycemia in the management of diabetes 
mellitus. 
 
Despite the lack of evidence, the Committee acknowledges the behavioural changes (e.g., 
purposefully running higher glycemic control) that may be associated with the fear of 
hypoglycemia.  CERC also recognizes the relative importance placed on avoiding hypoglycemia in 
patients who manage their diabetes with insulin.  These issues were discussed extensively by the 
Committee prior to developing and voting on recommendations. 
 
7.2.4 Quality of life and patient satisfaction 

CERC recognized that one of the potential benefits of the rapid-acting insulin analogues as 
compared to regular human insulin is increased flexibility in the timing and content of meals.  
This may result in improved quality of life and patient satisfaction.  Convenience and flexibility 
were, therefore, identified as being important factors influencing the choice of insulin by patients 
and clinicians.  As a result, the Committee carefully considered the available evidence on the 
insulin analogues pertaining to these outcomes.  Evidence regarding the minimal clinically 
important difference for commonly used instruments to measure patient satisfaction (e.g., the 
Diabetes Treatment Satisfaction Questionnaire) was also reviewed,69-72 although a minimal 
clinically important difference could not be identified from these studies.  Every effort was made 
to identify situations from the evidence profiles that demonstrated a statistically significant 
difference in quality of life instrument scores between comparator groups.  Individual evidence 
profiles in Appendix B capture CERC’s extensive discussion on the available evidence related to 
quality of life and patient satisfaction issues in the management of diabetes mellitus.  
 

8 NEXT STEPS 
These recommendations will be widely disseminated to encourage uptake and implementation by 
decision makers at various levels (e.g., policy decision makers, health care professionals, and 
patients). Gaps in practice/knowledge related to the use of insulin analogues will be identified by 
comparing the final recommendations to information on the current practice (Current Practice 
Analysis: Insulin Analogues. A Qualitative Analysis of Canadian Physician Perceptions and Use of 
Insulin Analogues) utilization (Current Utilization of Insulin Products in Canada) of these agents in 
Canada.73,74 
 
Key messages to promote the optimal prescribing and utilization of insulin analogues will be 
developed to address identified gaps in practice and knowledge.  Intervention tools will be 
populated with the key messages and related evidence for implementation in Canada.  
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10 APPENDIX B: Detailed Recommendations with 
Supporting Evidence 

1  Long-acting insulin analogues  
 
 1.1 Insulin NPH versus long-acting insulin analogues 

1.1.1 Type 1 diabetes mellitus in adults  
1.1.2 Type 1 diabetes mellitus in children  
1.1.3 Type 2 diabetes mellitus in adults taking oral antidiabetic agents 
1.1.4 Type 2 diabetes mellitus in adults using pre-meal bolus insulin 

 
 1.2 Insulin glargine versus insulin detemir 
  1.2.1 Type 1 diabetes mellitus in adults  

1.2.2 Type 2 diabetes mellitus in adults 
 
2 Rapid-acting insulin analogues  
  
 2.1 Regular human insulin versus rapid-acting insulin analogues 
  2.1.1 Type 1 diabetes mellitus in pre-adolescents  
  2.1.2 Type 1 diabetes mellitus in adults using continuous subcutaneous insulin infusion 
  2.1.3 Type 1 diabetes mellitus in adults using multiple daily injection  
  2.1.4 Type 1 diabetes mellitus in pregnant women  
  2.1.5 Gestational diabetes mellitus 
  2.1.6 Type 1 diabetes mellitus in adolescents using multiple daily injection 
  2.1.7 Type 2 diabetes mellitus in adults 
  
 2.2. Insulin lispro versus insulin aspart 
  2.2.1 Type 1 diabetes mellitus in children   
  2.2.2 Type 1 diabetes mellitus in adults 
  2.2.3 Type 2 diabetes mellitus in adults 
 
3 Clinical findings of insulin analogues 
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The detailed recommendation tables offer the following information: 
 

 Vote results — Indicates the number of CERC members voting in favour of the proposed draft 
recommendation statement. 

 
 CERC rating of overall quality of clinical evidence — Indicates results of the vote by CERC on 

the overall quality of the evidence available for a draft recommendation.  Possible ratings of 
quality were “low”, “moderate”, or “high”, and were based on criteria developed by the GRADE 
working group. 

 
 Strength of recommendation — Indicates the results of the vote by CERC on the strength of 

the draft recommendation, based on criteria developed by the GRADE working group.  Possible 
ratings are “strong” or “weak”. 

 
 Underlying values and preferences — Indicates the values and preferences that CERC 

members identified as most important in guiding the draft recommendation. 
 

 Clinical Note — Provides guidance from CERC regarding specific clinical considerations that 
may assist policy decision makers, clinicians, and patients in selecting optimal therapy. 

 
 Context — Lists key points arising from CERC’s deliberation of the clinical and economic 

evidence, as well as clinical issues, pertaining to the draft recommendation.  This information 
is provided to assist clinicians, patients, and policy decision makers with the interpretation 
and application of the recommendation. 
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CERC recommends that insulin NPH be used in preference to either of the long-acting insulin 
analogues (i.e., insulin glargine or insulin detemir) in most adults with type 1 diabetes.  

1  Long-acting insulin analogues  
1.1 Insulin NPH versus long-acting insulin analogues  

1.1.1 Type 1 diabetes mellitus in adults 

 

 
Glargine Detemir Vote Results 

(Number of CERC Members in Favour/Number Participating in Meeting) 8/11 7/11 
CERC Rating of Overall Quality of Clinical Evidence Low Moderate 

Strength of Recommendation Strong 
Underlying values and preferences: 
• Primary consideration: the incremental cost of long-acting insulin analogues over insulin NPH outweighs 

their modest clinical benefits. 
• Other values and preferences:  

 patient convenience and lifestyle benefits associated with availability of premixed insulins, and the 
option of mixing basal and bolus insulin doses in the same syringe.  Due to the onset of action of 
insulin NPH at 2 to 4 hours, a morning dose may also eliminate need for administration of bolus 
insulin at lunchtime — favours insulin NPH 

 there is greater clinical experience with insulin NPH — favours insulin NPH 
 reduced incidence of hypoglycemia (especially nocturnal) — favours long-acting insulin analogues. 

Clinical notes: 
• Based on CERC clinical opinion and limited evidence, long-acting insulin analogues can be tried in 

patients who experience significant hypoglycemia, particularly nocturnal and severe hypoglycemia, 
while using insulin NPH. 

• Some comparative studies demonstrated a reduced risk or incidence of hypoglycemia with long-acting 
insulin analogues versus insulin NPH.  This benefit, however, was not observed consistently across all 
studies, comparisons, and types of hypoglycemia (i.e., severe, nocturnal, overall).  Methodological 
limitations (e.g., lack of clear definitions for hypoglycemia in studies, high degree of heterogeneity in 
meta-analyses) associated with the outcome of hypoglycemia were also identified in most cases. 

• Of studies that reported data on hypoglycemia outcomes, subjects with a prior history of recurrent 
severe hypoglycemia were excluded in 7 of 9 trials comparing insulin detemir with insulin NPH and none 
of the trials comparing insulin glargine with insulin NPH.  

• Some members of CERC felt strongly that hypoglycemia is an important concern for some patients, and a 
potentially significant barrier to achieving optimal glycemic control.   
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Glargine Detemir Vote Results 
(Number of CERC Members in Favour/Number Participating in Meeting) 8/11 7/11 

CERC Rating of Overall Quality of Clinical Evidence Low Moderate 

Strength of Recommendation Strong 
Context: 
• Overall quality of evidence was low to moderate.   
• Studies primarily reported results regarding surrogate outcomes, and sparse data were available for 

long-acting insulin analogues concerning clinically important long-term outcomes.   
• Results from abstracts were identified for the outcomes of A1C, weight gain, nocturnal hypoglycemia, 

and overall hypoglycemia in the comparison of insulin NPH and insulin glargine.  Inclusion of the results 
from abstracts did not significantly affect the overall results derived from published peer-reviewed 
research (as determined by sensitivity analyses). 

• An updated search of the literature from the cut-off date of the COMPUS meta-analysis (April 2007) to 
September 2008 yielded two additional RCTs75,76 comparing insulin glargine with insulin NPH, and one 
additional RCT77 comparing insulin detemir with insulin NPH, in adults with type 1 diabetes.  In sensitivity 
analyses, these results did not have a significant impact on the existing pooled estimates of effect.   

• Only insulin glargine demonstrated a small but statistically significant difference in A1C compared with 
insulin NPH (0.12%), which was not considered clinically significant. 

• Mean differences in body weight as compared to insulin NPH were statistically significant in favour of 
both long-acting insulin analogues. 

• Patient satisfaction favoured long-acting insulin analogues.  However, the magnitude of the difference 
between treatments was of uncertain clinical significance.  

• Incremental cost-utility ratios for long-acting insulin analogues relative to insulin NPH in adults ranged 
from approximately $90,000 (glargine) to $390,000 (detemir) per QALY gained.   

 The unit cost of insulin glargine cartridges (15 mL) was $109.87 at the time the economic analysis was 
conducted.  This was recently reduced by approximately 23% to $85.17.  As part of univariate sensitivity 
analyses considered by CERC, the average acquisition cost of insulin glargine (including both vials and 
cartridges) in the model was reduced by 15%.  Since the cost of insulin glargine vials remains 
unchanged, a reduction in average cost of 15% adequately accounts for the reduced cost of insulin 
glargine vials, since cartridges were assumed to account for 65% of the insulin glargine market.  

 Results from a number of other univariate sensitivity analyses were also considered by CERC, 
including incorporation of a disutility for fear of hypoglycemia to the insulin NPH arm only, reduction 
of the cost of managing hypoglycemia, assumption of no A1C difference between long-acting insulin 
analogues and insulin NPH, and reduced discounting rates.  For both insulin glargine and insulin 
detemir, only the scenario in which disutility for fear of hypoglycemia was incorporated in the model 
(for the insulin NPH arm alone) resulted in ICUR values that fell within a range normally considered 
cost-effective.  

• Results from studies that compared a long-acting insulin analogue in combination with a rapid-acting 
insulin analogue versus a combination of insulin NPH and regular human insulin, in adults with type 1 
diabetes, were generally similar to studies in which the same bolus insulin was used in both treatment 
arms. 

• Long-acting insulin analogues potentially require more injections because they cannot be mixed with 
bolus insulins.   

• Patients can have wide variation in insulin NPH absorption/distribution (i.e., differences in duration of 
effect).  Insulin NPH variability is highly affected by shaking the vial before withdrawing the dose.  

A1C=glycosylated hemoglobin; CERC=COMPUS Expert Review Committee; NPH=neutral protamine Hagedorn; QALY=quality-adjusted 
life-year; RCTs=randomized controlled trials  
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Summary of findings table for insulin glargine versus insulin NPH in adults with type 1 diabetes 
(common pre-meal bolus insulin in both arms):  
 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate  
(95% CI) 

Quality of 
Evidence 

A1C (%) (WMD)        8 (N = 2,406)78-85  -0.12 (-0.25 to -0.01)h
* † Very low 

Severe hypoglycemia (relative risk)       6 (N = 2,113)78-80,82,83,86     0.81 (0.49 to 1.36)† Very low 
Severe hypoglycemia (rate ratio) 3 (N = 1,278)79,80,84 0.88 (0.54 to1.43)† ‡ Moderate 
Nocturnal hypoglycemia (relative risk)       5 (N = 1,943)78,79,84,85,87 0.97 (0.87 to 1.09)h

 Very low 
Nocturnal hypoglycemia (rate ratio)        4 (N = 916)79,82-84 0.67(0.37 to 1.23)h

†       Low 
Overall hypoglycemia (relative risk)       5 (N = 1,893)79,81,84,85,87   1.02 (0.97 to 1.07)h

†       Low 
Overall hypoglycemia 
(rate ratio) 

        2 (N = 670)79,82  0.82(0.52 to 1.28)h
†       Low 

Other surrogates Mean difference in body weight favoured insulin glargine over 
NPH [3 RCTs,79,84,87 (N = 1,138)2,, WMD (95% CI): -0.40 (-0.76 to -0.03), 
low quality].  No data for other surrogates. 

Long-term complications/mortality No difference between treatments for retinopathy.79  
No data for other complications. 
All cause mortality not estimable. 

HRQoL and patient satisfaction No difference between treatments for HRQoL.88 
Significantly higher patient satisfaction with insulin glargine as 
measured by the DTSQ [1 RCT,88 N = 517, WMD = 1.83 (0.82, 2.84), 
moderate quality]. 

Cost-effectiveness8 Incremental cost-utility analysis — base case: 
• C = $3,423; •  QALYs = 0.039;  ICUR = $87,932 per QALY gained 
 
Sensitivity analyses: 
1.   WMD for A1C = 0:  ICUR increases to $916,401 per QALY gained.  
2.   Cost of managing severe hypoglycemic episode increased to 
 C$440:  ICUR decreases to $71,067 per QALY gained. 
3.   Discount rates = 0% and 3% (for both costs and QALYs): ICUR 
 decreases to $45,645 and $66,828, respectively. 
4.  Incorporation of fear of hypoglycemia (disutility = 0.0052):      
       ICUR decreases to $17,225 per QALY gained. 
5.  Price of insulin glargine decreased by 15%:  ICUR decreases to 
 $60,860 per QALY gained. 
6.  Variation of other parameters in SAs did not change results 
 significantly. 

 A1C=hemoglobin A1C; CI=confidence interval; DTSQ=Diabetes Treatment Satisfaction Questionnaire; h=significant heterogeneity (I2 > 
50%);  HRQoL=health-related quality of life; ICUR= incremental cost-utility ratio; NPH=neutral protamine Hagedorn; QALY=quality-
adjusted life-year; RCT=randomized controlled trial;  SA=sensitivity analysis; WMD=weighted mean difference; ∆C=difference in costs 
between strategies; ∆QALY=difference in QALYs gained between strategies. 
*Two additional abstracts89,90 were identified; their inclusion in the meta-analysis did not significantly affect the overall estimate of effect 
on A1C. 
† An updated search of the literature from the cut-off date of the COMPUS meta-analysis (April 2007) to September 2008 yielded two 
additional RCTs75,76 comparing insulin glargine with insulin NPH.  In sensitivity analyses, these results did not have a significant impact on 
the existing pooled estimates of effect.   
‡ One additional abstract89 was identified; its inclusion in the meta-analysis did not significantly affect the overall estimate of effect on 
hypoglycemia.
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Summary of findings table for insulin detemir versus insulin NPH in adults with type 1 diabetes 
(common pre-meal bolus insulin in both arms):  
 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate (95% CI) Quality of 
Evidence 

A1C (%)        7 (N = 2,558)91-97 WMD =  -0.06 (-0.13 to 0.02)* Moderate 
Severe hypoglycemia  
(relative risk) 

7 (N = 2,442)91-96,98 RR = 0.74 (0.58 to 0.96)* Moderate 

Severe hypoglycemia  
(rate ratio) 

    7 (N = 2,442)91-94,96-98 0.95 (0.65 to 1.38)h
* Low 

Nocturnal hypoglycemia 
(relative risk) 

  6 (N = 2,311)91,93-97 0.92 (0.85 to 0.98) * Low 

Nocturnal hypoglycemia  
(rate ratio) 

8 (N = 2,695)91-98 0.66 (0.60 to 0.73)h
* Low 

Overall hypoglycemia  
(relative risk) 

6 (N = 2,110)91,93,94,96-98 1.00 (0.96 to 1.04) * Moderate 

Overall hypoglycemia  
(rate ratio) 

6 (N = 2,109)91,93,94,96-98 0.84 (0.74 to 0.97)h
* Low 

Other surrogates Mean body weight difference favoured detemir group over NPH group [6 
RCTs,91-96 N =2,302, WMD –0.73 (-1.42 to –0.03)h

*, low quality]. 
No data for other surrogates. 

Long-term complications / 
mortality 

No difference between treatments regarding ischemic heart disease, 
retinopathy, stroke/transient ischemic attack (TIA).94,96,97 
No difference between treatments regarding all cause mortality.96,97 

Cost-effectiveness8 Incremental cost-utility analysis — base case: 
• C = $4,344; •  QALYs = 0.011;  ICUR = $387,729 per QALY gained 
 
Sensitivity analyses: 
1.   WMD for A1C = 0:  ICUR increases to $1,958,928 per QALY gained.  
2.   Incorporation of fear of hypoglycemia (disutility = 0.0052):  ICUR 
 decreases to $25,666 per QALY gained. 
3.   Other SAs yielded ICURs > $150,000 per QALY gained. 

A1C=hemoglobin A1C; CI=confidence interval; h=significant heterogeneity (I2 > 50%);  ICUR=incremental cost-utility ratio; NA=not 
available in Canada as a vial (i.e., 1x10mL, 100units/mL); NPH=neutral protamine Hagedorn; QALY=quality-adjusted life-year; 
RCT=randomized controlled trial; SA=sensitivity analysis; TIA=Transient Ischemic Attack; WMD=weighted mean difference; 
• C=difference in costs between strategies; • QALY=difference in QALYs gained between strategies. 
* An updated search of the literature from the cut-off date of the COMPUS meta-analysis (April 2007) to September 2008 yielded one 
additional RCT77 comparing insulin detemir with insulin NPH.  In sensitivity analyses, these results did not have a significant impact on 
the existing pooled estimates of effect.   
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1.1.2 Type 1 diabetes mellitus in children 

 

 
 

Glargine Detemir Vote Results 
(Number of CERC Members in Favour/Number Participating in Meeting) 12/12 12/12 

CERC Rating of Overall Quality of Clinical Evidence Low Low 
Strength of Recommendation Weak 

Rationale for weak recommendation: 
• CERC graded the recommendation as weak due to the lack of a cost-effectiveness analysis and the low 

overall quality of the evidence.   
Underlying values and preferences: 
• Primary consideration: Although cost-effectiveness data were lacking for children with type 1 diabetes, 

CERC assessed that for most patients, the incremental cost of long-acting insulin analogues over 
insulin NPH outweighs their modest clinical benefits. 

• Other values and preferences:  
 patient convenience and lifestyle benefits associated with availability of premixed insulins, and the 
option of mixing basal and bolus insulin doses in the same syringe — favours insulin NPH 

 there is greater clinical experience with insulin NPH — favours insulin NPH 
 reduced incidence of hypoglycemia (especially nocturnal) — favours long-acting insulin analogues. 

Clinical notes: 
• Based on CERC clinical opinion and limited evidence, long-acting insulin analogues can be tried in 

patients who experience significant hypoglycemia, particularly nocturnal and severe hypoglycemia, 
while using insulin NPH. 

• Some comparative studies demonstrated a reduced risk/incidence of hypoglycemia with long-acting 
insulin analogues versus insulin NPH.  This benefit, however, was not observed consistently across all 
studies, comparisons, and types of hypoglycemia (i.e., severe, nocturnal, overall).  Methodological 
limitations (e.g., lack of clear definitions for hypoglycemia in studies, high degree of heterogeneity in 
meta-analyses) associated with the outcome of hypoglycemia were also identified in most cases. 

• Some members of CERC felt strongly that hypoglycemia is an important concern for some patients, 
and a potentially significant barrier to achieving optimal glycemic control.   

CERC=COMPUS Expert Review Committee; NPH=neutral protamine Hagedorn.

CERC suggests that insulin NPH be used in preference to either of the long-acting insulin 
analogues (i.e., insulin glargine or insulin detemir) in most children with type 1 diabetes. 
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Glargine Detemir Vote Results 
(Number of CERC Members in Favour/Number Participating in Meeting) 12/12 12/12 

CERC Rating of Overall Quality of Clinical Evidence Low Low 
Strength of Recommendation Weak 

Context: 
• Overall quality of evidence was low.   
• Studies primarily reported results regarding surrogate outcomes and sparse data were available for 

long-acting insulin analogues concerning clinically important long-term outcomes.   
• Results from abstracts were identified for the outcomes of A1C, severe hypoglycemia, and overall 

hypoglycemia for the comparison of insulin NPH and insulin glargine.  Inclusion of the results from 
abstracts did not significantly affect the overall results derived from published peer-reviewed research 
(as determined by sensitivity analyses). 

• An updated search of the literature from the cut-off date of the COMPUS meta-analysis (April 2007) to 
September 2008 yielded one additional RCT99 comparing insulin glargine with insulin NPH in children 
with type 1 diabetes.  In sensitivity analyses, these results did not have a significant impact on the 
existing pooled estimates of effect.   

• Differences in A1C were not statistically significant for either insulin glargine or insulin detemir 
compared with insulin NPH. 

• Long-acting insulin analogues potentially require more injections because they cannot be mixed with 
bolus insulins.   

• Patients can have wide variation in insulin NPH absorption/distribution (i.e., differences in duration of 
effect).  Insulin NPH variability is highly affected by shaking the vial before withdrawing the dose.   

• Since insulin NPH has an onset of effect of between 2 and 4 hours, a dose administered in the morning 
may be sufficient to control post-lunch glucose levels, thereby eliminating the need to administer an 
injection of bolus insulin at lunchtime.  In contrast, long-acting insulin analogues do not have a 
pronounced peak; therefore, an injection of bolus insulin is required before lunch.  This may be 
impractical during school hours for young children (<14 years of age). 

A1C=glycosylated hemoglobin; COMPUS=Canadian Optimal Medication Prescribing and Utilization Service; NPH=neutral protamine 
Hagedorn; RCT=randomized controlled trial  
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Summary of findings table for insulin glargine versus insulin NPH in children with type 1 diabetes 
(common premeal bolus insulin in both arms): 
 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate  
(95% CI) 

Quality of 
Evidence 

A1C (%) (WMD) 1 (N = 349)100 -0.22 (-0.53 to 0.09)* † Low 
Severe hypoglycemia (relative risk) 1 (N = 349)100 0.80 (0.56 to 1.15)* † Low 
Nocturnal hypoglycemia (relative risk) 1 (N = 349)100 0.71 (0.43 to 1.18) Low 
Overall hypoglycemia (relative risk) 1 (N = 349)100 1.01 (0.90 to 1.12)* † Moderate 
Other surrogates No difference between treatments regarding BMI.99 No data 

for other surrogates. 
Unit cost of drugs8 Vial, 1 x 10 mL, 100 units/mL: 

Insulin glargine = $55.07 
Insulin NPH (Humulin N) = $17.20 
Insulin NPH (Novolin ge NPH) = 18.33  

 
Cartridge, 5 x 3 mL, 100 units/mL: 
Insulin glargine = $109.87 ‡ 
Insulin NPH (Humulin N) = $35.68 
 Insulin NPH (Novolin ge NPH) = $35.97   

Average daily cost of drugs Data regarding average weight or insulin dose for this 
population are not available. 

Cost-effectiveness Data regarding cost-effectiveness of insulin glargine versus 
insulin NPH are not available for this population. 

A1C=hemoglobin A1C; BMI= body mass index; CI=confidence interval; NPH=neutral protamine Hagedorn; RCT=randomized controlled 
trial; WMD=weighted mean difference. 
*Two additional abstracts101,102 were identified; their inclusion in the meta-analysis did not significantly affect the overall estimate of 
effect on A1C or hypoglycemia. 
†An updated search of the literature from the cut-off date of the COMPUS meta-analysis (April 2007) to September 2008 yielded one 
additional RCT99 comparing insulin glargine with insulin NPH in children with type 1 diabetes.  In sensitivity analyses, these results did 
not have a significant impact on the existing pooled estimates of effect.  This study also reported a statistically non-significant result 
for rate of overall hypoglycemia. 
‡Unit cost was recently reduced to $85.17 by the manufacturer. 
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Summary of findings table for insulin detemir versus insulin NPH in children with type 1 diabetes 
(common premeal bolus insulin in both arms):  
 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate 
(95% CI) 

Quality of Evidence 

A1C (%) (WMD) 1 (N = 347)103 0.10 (-0.1 to 0.3) High 
Severe hypoglycemia (relative risk) 1 (N = 347)103  0.80 (0.5 to1.28) High 
Severe hypoglycemia (rate ratio) 1 (N = 347)103 0.94  (0.68 to 1.3) High 
Nocturnal hypoglycemia  
(relative risk) 

1 (N = 347)103 0.85 (0.77 to 0.94) High 

Nocturnal hypoglycemia (rate ratio) 1 (N = 347)103 0.77 (0.7 to 0.84) High 
Overall hypoglycemia (relative risk) 1 (N = 347)103 0.98 (0.94 to 1.01) High 
Overall hypoglycemia (rate ratio) 1 (N = 347)103 0.89 (0.86 to 0.93) High 
Other surrogates BMI: WMD in Z-score significantly favoured detemir (-0.18 (95% CI:   

-0.25 to -0.11)).103  No data for other surrogates. 
Unit cost of drugs8 Vial, 1 x 10 mL, 100 units/mL: 

Insulin detemir = not applicable 
Insulin NPH (Humulin N) = $17.20 
Insulin NPH (Novolin ge NPH) = 18.33 
 
Cartridge, 5 x 3 mL, 100 units/mL: 
Insulin detemir = $109.86 
Insulin NPH (Humulin N) = $35.68 
Insulin NPH (Novolin ge NPH) = $35.97 

Average daily cost of drugs Data regarding average weight or insulin dose for this population 
are not available. 

Cost-effectiveness Data regarding cost-effectiveness of insulin detemir versus NPH are 
not available for this population. 

A1C=hemoglobin A1C; CI= confidence interval; NA=not available in Canada as a vial (i.e., 1 x 10 mL, 100 units/mL); NPH=neutral 
protamine Hagedorn; RCT randomized controlled trial; WMD = weighted mean difference. 
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1.1.3 Type 2 diabetes mellitus in adults taking oral antidiabetic agents 

 

  
Glargine Detemir Vote Results 

(Number of CERC members in favour/number participating in meeting) 12/12 12/12 
CERC Rating of Overall Quality of Clinical Evidence Moderate Low 

Strength of recommendation Strong 
Underlying values and preferences: 
• Primary consideration: The incremental cost of long-acting insulin analogues over insulin NPH 

outweighs their modest clinical benefits. 
• Other values and preferences:  

 there is greater clinical experience with insulin NPH — favours insulin NPH 
 reduced incidence of hypoglycemia (especially nocturnal) — favours long-acting insulin analogues. 

Clinical notes: 
• Based on CERC clinical opinion and limited evidence, long-acting insulin analogues can be tried in 

patients who experience significant hypoglycemia, particularly nocturnal and severe hypoglycemia, 
while using insulin NPH. 

• Some studies demonstrated a reduced risk/incidence of hypoglycemia with long-acting insulin 
analogues versus insulin NPH. However, some effects were marginal and of uncertain clinical 
significance.  Furthermore, statistically significant effects were not observed consistently across all 
studies, comparisons, and types of hypoglycemia (i.e., severe, nocturnal, overall).  Methodological 
limitations (e.g., lack of clear definitions for hypoglycemia, failure to confirm hypoglycemia by blood 
glucose testing, high degree of heterogeneity in meta-analyses) associated with the outcome of 
hypoglycemia were also identified in most cases. 

• Of studies that reported data on hypoglycemia outcomes, subjects with a history of recurrent severe 
hypoglycemia were excluded in 2 of 3 trials comparing insulin detemir with insulin NPH.  Patients with 
a history of recurrent hypoglycemia were not excluded from trials comparing insulin glargine with 
insulin NPH.  

 Some members of CERC felt strongly that hypoglycemia is an important concern for some patients, 
and a potentially significant barrier to achieving optimal glycemic control.   

CERC recommends that insulin NPH be used in preference to either of the long-acting insulin 
analogues (i.e., insulin glargine or insulin detemir) in most adults with type 2 diabetes taking 
oral anti-diabetic agents who require a basal insulin.  
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Glargine Detemir Vote Results 
(Number of CERC Members in Favour/Number Participating in Meeting) 12/12 12/12 

CERC Rating of Overall Quality of Clinical Evidence Moderate Low 
Strength of Recommendation Strong 

Context: 
• Overall quality of evidence was low to moderate.   
• Studies primarily reported results regarding surrogate outcomes and sparse data were available for 

long-acting insulin analogues concerning clinically important long-term outcomes.   
• Results from abstracts were identified for the outcomes of A1C, fasting plasma glucose, body weight, 

nocturnal hypoglycemia, and overall hypoglycemia for the comparison of insulin NPH and insulin 
detemir.  Inclusion of the results from abstracts did not significantly affect the overall results derived 
from published peer-reviewed research (as determined by sensitivity analyses), except that the A1C 
difference was rendered statistically significant in favour of insulin NPH. 

• There were no significant differences in A1C. 
• Insulin detemir was associated with significantly less weight gain than insulin NPH. 
• The incremental cost-utility ratio for insulin detemir versus insulin NPH in patients using oral  
      antidiabetic agents was approximately $640,000 per QALY gained, while insulin glargine was      
       dominated by insulin NPH (i.e., it was less effective and more costly).   

 The unit cost of insulin glargine cartridges (15 mL) was $109.87 at the time the economic analysis 
was conducted.  This was recently reduced by approximately 23% to $85.17.  As part of univariate 
sensitivity analyses considered by CERC, the average acquisition cost of insulin glargine (including 
both vials and cartridges) in the model was reduced by 15%.  Since the cost of insulin glargine vials 
remains unchanged, a reduction in average cost of 15% adequately accounts for the reduced cost of 
insulin glargine vials, since cartridges were assumed to account for 65% of the insulin glargine 
market.  

 A recent RCT104 comparing the long-acting insulin analogues in patients with type 2 diabetes using 
oral antidiabetic agents reported higher mean daily doses of insulin detemir (0.78 IU/kg/day) were 
required as compared to insulin glargine (0.44 IU/kg/day).  In the economic analysis considered by 
CERC, the mean daily dose for both agents was 0.53 IU/kg/day.  For insulin detemir, this value is 
significantly lower than the mean daily dose reported in the RCT; therefore, the estimated base-
case ICUR is likely conservative.  In contrast, the results of the RCT suggest that the base-case ICUR 
may have been overestimated for insulin glargine.  Although long-acting insulin analogue doses 
were not subjected to sensitivity analysis, the sensitivity analysis in which the average cost of 
insulin glargine was reduced by 15% corresponds to the scenario in which the average dose is 
reduced by 15% (i.e., 0.45 IU/kg) while acquisition cost remains the same as in the base case.  The 
resulting ICUR ($450,000 per QALY gained) was still well above conventional thresholds of cost- 
effectiveness.      

 Results from a number of other univariate sensitivity analyses were also considered by CERC, 
including incorporation of a disutility for fear of hypoglycemia to the insulin NPH arm only, 
reduction of the cost of managing hypoglycaemia, assumption of no A1C differences between long-
acting insulin analogues and insulin NPH, and reduced discounting rates.  For both insulin glargine 
and insulin detemir, the scenario in which disutility for fear of hypoglycemia was incorporated in 
the model (for the insulin NPH arm alone) resulted in the lowest ICUR values (approximately 
$74,000 per QALY gained for insulin glargine, and $235,000 per QALY gained for insulin detemir).  

• Patients can have wide variations in insulin NPH absorption/distribution (i.e., differences in duration 
of effect).  Insulin NPH variability is highly affected by shaking the vial before withdrawing the dose.  

A1C=glycosylated hemoglobin; CERC=COMPUS Expert Review Committee; ICUR-incremental cost-utility ratio; NPH=neutral protamine 
Hagedorn; QALY=quality-adjusted life-year; RCT=randomized controlled trial  
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Summary of findings table for insulin glargine versus insulin NPH in adults with type 2 diabetes 
(using oral antidiabetic agents):  

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate (95% 
CI) 

Quality of 
Evidence 

A1C (%) (WMD) 9 (N = 3,397)105-113 -0.05 (-0.13 to 0.04) Moderate 

Fasting plasma glucose (mmol/L) 
(WMD) 

6 (N = 2,406)107-

110,113,114 
-0.10 (-0.28 to 0.07) Moderate 

Severe hypoglycemia (relative risk) 7 (N = 2,866)106-110,112,113 0.66 (0.29 to 1.48)h
 Very low 

Severe hypoglycemia (rate ratio) 3 (N = 1,681),109,110,112 0.51 (0.15 to 1.79)h Very low 
Nocturnal hypoglycemia (relative risk) 7 (N = 2,532),105-

108,110,112,113 
0.56 (0.47 to 0.68) Low 

Nocturnal hypoglycemia (rate ratio) 4 (N = 1,705),109,110,112,113 0.41 (0.29 to 0.59)h Low 
Overall hypoglycemia (relative risk) 8 (N = 2,642),105-108,110-113 0.87 (0.81 to 0.93)  Low 
Overall hypoglycemia (rate ratio) 4 (N =1,705),109,110,112,113 0.82 (0.64 to 1.06)h Low 
Other surrogates No difference between treatments in terms of body weight 

gain, BMI, mean systolic and diastolic blood pressure, LDL-C, 
and the percentage of patients who reached target A1C 
(≤7%).105-113 

Long-term complications / mortality No difference between treatments in terms of ischemic heart 
disease.107,110  Insufficient data for other complications or 
mortality. 

HRQoL and Patient Satisfaction Mean improvement in treatment satisfaction score 
significantly favoured insulin glargine over insulin NPH: 1 
RCT,110  N = 481, WMD (95%CI) = 0.60 (0.07 to 1.13), moderate 
quality. 

Cost-effectiveness8 Incremental cost-utility analysis — base case: 
• C=$4,945; •  QALYs = 0.008;  ICUR = $642,994 per QALY 
gained 

 
Sensitivity analyses: 
1.  WMD for A1C = 0: ICUR increases to $1,577,457 per QALY 
 gained. 
2.  Incorporation of fear of hypoglycemia (disutility =     
         0.0052): ICUR decreases to $73,989 per QALY gained. 
3.  Other SAs yielded ICURs >$450,000 per QALY gained. 

A1C=hemoglobin A1C; BMI=body mass index; CI=confidence interval; h=significant heterogeneity (I2 > 50%); HRQoL=health-related 
quality of life; ICUR= incremental cost-utility ratio; LDL-C=low-density lipoprotein cholesterol; NPH=neutral protamine Hagedorn; 
OAD=oral antidiabetic agent; QALY=quality-adjusted life-year; RCT=randomized controlled trial; SA=sensitivity analysis; 
WMD=weighted mean difference; • C=difference in costs between strategies; • QALY=difference in QALYs gained between strategies. 
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Summary of findings table for insulin detemir versus insulin NPH in adults with type 2 diabetes (using 
oral antidiabetic agents): 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate  
(95% CI) 

Quality of 
Evidence 

A1C (%) (WMD) 2 (N = 796)115,116 0.14 (-0.01 to 0.28)* Moderate 

Fasting plasma glucose (mmol/L) 
(WMD) 

2 (N = 784)115,116 -0.14 (-1.02 to 0.74)h
† Low 

Severe hypoglycemia (relative risk) 2 (N = 808)115,116 0.75 (0.03 to 20.01)h Very low 

Severe hypoglycemia (rate ratio) 1 (N = 463)115 0.13 (0.02 to 0.91) Low 

Nocturnal hypoglycemia  
(relative risk) 

2 (N = 808)115,116 0.53 (0.31 to 0.91)h Moderate 

Nocturnal hypoglycemia (rate ratio) 2 (N = 798)115,116 0.45 (0.38 to 0.54)† Moderate 
Overall hypoglycemia (relative risk) 2 (N = 808)115,116 0.65 (0.39 to 1.07)h Low 
Overall hypoglycemia (rate ratio) 2 (N = 798)115,116 0.54 (0.50 to 0.58)† Moderate 
Other surrogates Mean difference in body weight favoured insulin detemir over 

insulin NPH: 2 RCTs115,116 (N = 782); WMD (95%CI) = -1.27 (-1.95 to     
-0.58)h

†, low quality. 
No difference between treatments in percentage of patients who 
reached target A1C (≤7%) (1 RCT,115 N = 463). 
No data for other surrogate outcomes. 

Long-term complications/mortality No data for long-term complications. 
No difference between treatments regarding all cause mortality 
(1 RCT,116 N = 333, low quality) 

Cost-effectiveness8 Incremental cost-utility analysis — base case: 
• C = $6,521; •  QALYs =  -0.034;  ICUR = Dominated 
 
Sensitivity analyses: 
1.  WMD for A1C = 0: ICUR decreases to $882,155 per QALY 
 gained.  
2.  Incorporation of fear of hypoglycemia (disutility = 0.0052): 
 ICUR decreases to $234,606 per QALY gained. 
3.  Changes to other parameters in the model did not 
 significantly alter base case results.  

A1C = hemoglobin A1C; CI = confidence interval; h = significant heterogeneity (I2 > 50%); ICUR= incremental cost-utility ratio; NPH =  
neutral protamine Hagedorn; OAD = oral antidiabetic agent; QALY= quality adjusted life-year; RCT = randomized controlled trial;   
WMD = weighted mean difference;  • C= difference in costs between strategies; • QALY= difference in QALYs gained between 
strategies. 
*One additional abstract117 was identified; its inclusion in the meta-analysis resulted in an overall effect on A1C that was statistically 
significant in favour of insulin NPH. 
†One additional abstract117 was identified; its inclusion in the meta-analysis did not significantly affect the overall estimate of effect on 
fasting plasma glucose, hypoglycemia, or body weight. 
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CERC recommends that insulin NPH be used in preference to either of the long-acting insulin 
analogues (i.e., insulin glargine or insulin detemir) in most adults with type 2 diabetes using 
pre-meal bolus insulin who require a basal insulin. 

1.1.4 Type 2 diabetes mellitus in adults using pre-meal bolus insulin 

 
Glargine Detemir Vote Results 

(Number of CERC Members in Favour/Number Participating in Meeting) 12/12 12/12 
CERC Rating of Overall Quality of Clinical Evidence Moderate Low 

Strength of Recommendation Strong 
Underlying values and preferences: 
• Primary consideration: Although cost-effectiveness data were lacking for adults with type 2 diabetes 

treated with pre-meal bolus insulin, CERC assessed that for most patients, the incremental cost of 
long-acting insulin analogues over insulin NPH outweighs their modest clinical benefits. 

• Other values and preferences:  
 there is greater clinical experience with insulin NPH — favours insulin NPH 
 reduced incidence of hypoglycemia (especially nocturnal) — favours long-acting insulin analogues. 

Clinical notes: 
• Based on CERC clinical opinion and limited evidence, long-acting insulin analogues can be tried in 

patients who experience significant hypoglycemia, particularly nocturnal and severe hypoglycemia, 
while using insulin NPH. 

• Some studies demonstrated a reduced risk/incidence of hypoglycemia with long-acting insulin 
analogues versus insulin NPH. However, some effects were marginal and of uncertain clinical 
significance.  Furthermore, statistically significant effects were not observed consistently across all 
studies, comparisons, and types of hypoglycemia (i.e., severe, nocturnal, overall).  Methodological 
limitations (e.g., lack of clear definitions for hypoglycemia, failure to confirm hypoglycemia by blood 
glucose testing, high degree of heterogeneity in meta-analyses) associated with the outcome of 
hypoglycemia were also identified in most cases. 

• Subjects with a history of recurrent severe hypoglycemia were excluded in the only trial comparing 
insulin detemir with insulin NPH.  Patients with a history of hypoglycemia were not excluded from 
trials comparing insulin glargine with insulin NPH.  

 Some members of CERC felt strongly that hypoglycemia is an important concern for some patients, 
and a potentially significant barrier to achieving optimal glycemic control.   

Context: 
• Overall quality of evidence was low to moderate.   
• Studies primarily reported results regarding surrogate outcomes.  No data were available for long-

acting insulin analogues concerning clinically important long-term outcomes.   
• There were no significant benefits of long-acting insulin analogues regarding A1C. 
• Insulin detemir was associated with significantly less weight gain than insulin NPH. 
• Results from studies in which the combination of a long-acting insulin analogue and a rapid-acting 

insulin analogue was compared with the combination of insulin NPH and regular human insulin in 
adult type 2 diabetes were generally similar to those in which the same bolus insulin was used in both 
treatment arms. 

• Patients can have wide variation in insulin NPH absorption/distribution (i.e., differences in duration of 
effect).  Insulin NPH variability is highly affected by shaking the vial before withdrawing the dose.  

A1C=glycosylated hemoglobin; CERC=COMPUS Expert Review Committee; NPH=neutral protamine Hagedorn.
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Summary of findings table for insulin glargine versus insulin NPH in adults with type 2 diabetes using 
pre-meal bolus insulin (not using oral antidiabetic agents) 
 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate 
(95% CI) 

Quality of 
Evidence 

A1C (%) (WMD) 1 (N = 518)118 0.28 (0.07 to 0.49) Moderate 

Nocturnal hypoglycemia  
(relative risk) 

1 (N = 518)118 0.78 (0.62 to 0.98) Moderate 

Overall hypoglycemia  
(relative risk) 

1 (N = 518)118 0.92 (0.81 to 1.05) Moderate 

Other surrogates No difference in body weight (1 RCT,118 N = 518) and percentage that 
reached target A1C (≤ 7%) (1 RCT,119 N = 100).  No data for other 
surrogates. 

Unit cost of drugs8 Vial, 1 x 10 mL, 100 units/mL: 
Insulin glargine = $55.07 
Insulin NPH (Humulin N) = $17.20 
Insulin NPH (Novolin ge NPH) = 18.33 
 
Cartridge, 5 x 3 mL, 100 units/mL: 
Insulin glargine = $109.87* 
Insulin NPH (Humulin N) = $35.68 
Insulin NPH (Novolin ge NPH) = $35.97 

Average daily drug costs Insulin glargine = $3.24  
Insulin NPH = $1.49  

Cost-effectiveness Data regarding cost-effectiveness of insulin glargine versus NPH are 
not available for this population. 

A1C=hemoglobin A1C; CI=confidence interval; NPH=neutral protamine Hagedorn; RCT=randomized controlled trial; WMD=weighted 
mean difference.  
*Unit cost was recently reduced to $85.17 by the manufacturer. 



Optimal Therapy Recommendations for the Prescribing and Use of Insulin Analogues 31

Summary of findings table for insulin detemir versus insulin NPH in adults with type 2 diabetes using 
pre-meal bolus insulin (not using oral antidiabetic agents) 
 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate 
(95% CI) 

Quality of Evidence 

A1C (%) (WMD) 1 (N = 505)120  0.10 (-0.18 to 0.38) Moderate 

Fasting plasma glucose 
(mmol/L) (WMD) 

1 (N = 461)120 0.10 (-0.61 to 0.81) Moderate 

Nocturnal hypoglycemia 
(relative risk) 

1 (N = 505)120 0.66 (0.45 to 0.96) Moderate 

Overall hypoglycemia 
(relative risk) 

1 (N = 505)120 0.91 (0.75 to 1.11) Moderate 

Other surrogates Mean difference in body weight favoured insulin detemir over insulin 
NPH: 1 RCT,120 N = 505, WMD -0.80 (-1.46 to -0.14), moderate quality.  No 
data for other surrogates. 

Unit cost of drugs8 Vial, 1 x 10 mL, 100 units/mL: 
Insulin detemir = not applicable 
Insulin NPH (Humulin N) = $17.20 
Insulin NPH (Novolin ge NPH) = 18.33 
 
Cartridge, 5 x 3 mL, 100 units/mL: 
Insulin detemir = $109.86 
Insulin NPH (Humulin N) = $35.68 
Insulin NPH (Novolin ge NPH) = $35.97 

Average daily prescription 
drug costs 

Insulin detemir = $3.54  
Insulin NPH = $1.49 

Cost-effectiveness Data regarding cost-effectiveness of insulin detemir versus insulin NPH 
are not available for this population. 

A1C=hemoglobin A1C; RCT=randomized controlled trial; CI=confidence interval; WMD=weighted mean difference; NPH=neutral 
protamine Hagedorn.  
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1.2 Insulin glargine versus insulin detemir  
 
1.2.1 Type 1 diabetes mellitus in adults 
 

  
Vote Results 

(Number of CERC Members in Favour/Number Participating in Meeting) 
11/12 

CERC Rating of Overall Quality of Clinical Evidence Moderate 
Strength of Recommendation Strong 

Underlying values and preferences: 
• Primary consideration: the desirability of allowing patients and clinicians to choose between agents 

similar in cost and effectiveness. 
• Some members expressed a preference for insulin detemir over glargine due to the reduced incidence 

of severe and nocturnal hypoglycemia observed with the former agent. 
Context: 
• Overall quality of evidence was moderate.   
• The single study reporting this comparison primarily reported results regarding surrogate outcomes.  

No data were available for clinically important long-term outcomes.   
• There were no significant differences in A1C. 
• Although reduced incidence rates of severe and nocturnal hypoglycemia were observed in favour of 

insulin detemir, CERC concluded that there was insufficient evidence to recommend insulin detemir 
over insulin glargine for the following reasons: 

 Statistically significant differences in favour of insulin detemir were not observed for all 
hypoglycemia outcomes. 

 Patients with a history of recurrent severe hypoglycemia were excluded from the study. 
 Insulin detemir was dosed twice daily while insulin glargine was dosed once daily in the RCT.  This 
may have contributed to the observed difference in hypoglycemia rates.  

• The average daily bolus dose was slightly lower in the insulin detemir arm than in the insulin glargine 
arm, whereas the average daily insulin detemir dose was slightly higher than the average daily insulin 
glargine dose. 

A1C=hemoglobin A1C; CERC=COMPUS Expert Review Committee; RCT=randomized controlled trial.

CERC recommends that either insulin glargine or insulin detemir be used in adults with type 1 
diabetes if treatment with a long-acting insulin analogue is chosen.
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Summary of findings table for insulin detemir versus insulin glargine in adults with type 1 diabetes 
(common pre-meal bolus insulin in both arms) 
 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate 
(95% CI) 

Quality of 
Evidence 

A1C (%) (WMD) 1 (N = 320)121 -0.03 (-0.26 to 0.2) High 
Severe hypoglycemia (relative risk) 1 (N = 320)121 0.25 (0.07 to 0.86) Moderate 
Severe hypoglycemia (rate ratio) 1 (N = 320)121 0.41 (0.2 to 0.86) High 
Nocturnal hypoglycemia (relative risk) 1 (N = 320)121 0.94 (0.75 to 1.17) High 
Nocturnal hypoglycemia (rate ratio) 1 (N = 320)121 0.66 (0.58 to 0.76) High 
Overall hypoglycemia (relative risk) 1 (N = 320)121 1.05 (0.93 to 1.19) High 
Overall hypoglycemia (rate ratio) 1 (N = 320)121 0.96 (0.92 to 1.02) High 
Other surrogates No difference between treatments in terms of body weight.121 

No data for other surrogates. 
Unit cost of drugs8 Vial, 1 x 10 mL, 100 units/mL: 

Insulin detemir = NA 
Insulin glargine = $55.07 
 
Cartridge, 5 x 3 mL, 100 units/mL : 
Insulin detemir = $109.86  
Insulin glargine = $109.87* 

Average daily drug cost8  Insulin detemir = $1.41 
Insulin glargine = $1.29 

Cost-effectiveness Data regarding cost-effectiveness of insulin detemir versus 
insulin glargine are not available for this population. 

A1C=hemoglobin A1C; CI=confidence interval; RCT=randomized controlled trial; WMD=weighted mean difference. 
* Unit cost was recently reduced to $85.17 by the manufacturer. 
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CERC recommends that either insulin glargine or insulin detemir be used in adults with type 2 
diabetes taking oral antidiabetic agents if treatment with a long-acting insulin analogue is 
chosen. 

1.2.2 Type 2 diabetes mellitus in adults 

 
  

Vote Results 
(Number of CERC Members in Favour/Number Participating in Meeting) 

9/11 

CERC Rating of Overall Quality of Clinical Evidence High 
Strength of Recommendation Strong 

Underlying values and preferences: 
• Primary consideration: the desirability of allowing patients and clinicians to choose between agents 

similar in cost and effectiveness. 
Context: 
• Overall quality of evidence was moderate.   
• The single study reporting this comparison primarily reported results regarding surrogate outcomes.  

No data were available for clinically important long-term outcomes.   
• There were no significant differences in A1C or hypoglycemia. 
• Insulin detemir was associated with significantly less weight gain than insulin glargine.104 
• Insulin detemir was dosed twice daily at the end of the study in 55% of patients.  Insulin glargine was 

dosed once daily in all patients.104  
• The average daily dose of  insulin detemir (0.78 units/kg) was higher than the average daily dose of 

insulin glargine (0.44 units/kg).104   

A1C=hemoglobin A1C; CERC=COMPUS Expert Review Committee
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Summary of findings table for insulin detemir versus insulin glargine in adults with type 2 diabetes 
(using oral antidiabetic agents) 
 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate  
(95% CI) 

Quality of 
Evidence 

A1C (%) (WMD) change from baseline 1 RCT104 (N = 543) 0.02 (-0.17,0.21) Moderate 
Severe hypoglycemia (relative risk) 1 RCT104 (N = 582) 0.63 (0.21,1.89) High 
Severe hypoglycemia (rate ratio) 1 RCT104 (N = 582) 1.13 (0.43,2.92) High 
Nocturnal hypoglycemia (relative risk) 1 RCT104 (N = 582) 1.02 (0.81,1.29) High 
Nocturnal hypoglycemia (rate ratio) 1 RCT104 (N = 582) 1.01 (0.87,1.17) High 
Overall hypoglycemia (relative risk) 1 RCT104 (N = 582) 0.89 (0.76, 1.06) High 
Overall hypoglycemia (rate ratio) 1 RCT104 (N = 582) 0.94 (0.85,1.04) High 
Weight gain (kg) (WMD) 1 RCT104 (N = 482) -0.9 (-2.01, 0.21)* High 
Unit cost of drugs8 Vial, 1 x 10 mL, 100 units/mL: 

Insulin detemir = NA 
Insulin glargine = $55.07 
 
Cartridge, 5 x 3 mL, 100 units/mL : 
Insulin detemir = $109.86  
Insulin glargine = $109.87† 

Average daily drug cost8 Insulin detemir = $3.54 
Insulin glargine = $3.24 

Cost-effectiveness Data regarding cost-effectiveness of insulin detemir versus 
insulin glargine are not available for this population. 

A1C=hemoglobin A1C; CI=confidence interval; NA=not applicable; RCT=randomized controlled trial; WMD=weighted mean difference.  
* The difference in weight gain between insulin detemir and insulin glargine is reported as being statistically significant by the authors 
of the RCT, based on an analysis that was adjusted for region, type of OAD used, and baseline weight.104  The estimate presented in the 
Summary of Findings table is the result of an unadjusted comparison.    
† Unit cost was recently reduced to $85.17 by the manufacturer. 
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2 Rapid-acting insulin analogues 
2.1 Regular human insulin versus rapid-acting insulin analogues  

2.1.1 Type 1 diabetes mellitus in pre-adolescents 

 
Lispro 
(MDI) 

Aspart 
(MDI) 

Lispro 
(CSII) 

Vote Results 
(Number of CERC Members in Favour/Number Participating in Meeting) 

9/11 10/11 10/11 
CERC Rating of Overall Quality of Clinical Evidence Low Low Low 

Strength of Recommendation Weak Weak Weak 
Rationale for weak recommendations: 
• CERC graded the recommendation as weak due to the low quality of the clinical evidence and lack of a 

cost-effectiveness analysis.  
Underlying values and preferences: 
• Primary consideration: Although cost effectiveness information was not available for this population, 

CERC assessed that the incremental cost of rapid-acting insulin analogues over regular human insulin 
was balanced by its benefit regarding convenience and dietary flexibility.   

Clinical notes: 
• The use of regular human insulin may be considered when: 

 affordability is an important consideration 
 more clinical experience is highly valued. 

• The use of rapid-acting insulin analogues may be considered when flexibility of insulin administration 
regarding meals is of primary importance, and in patients with unpredictable dietary patterns. 

• No RCTs comparing insulin aspart with regular human insulin in pre-adolescents using CSII were 
identified.  However, one study2 compared insulin aspart with insulin lispro, both administered as CSII, in 
a combined sample of pre-adolescents and adolescents (see Recommendation 2.2.1).  Except for a 
somewhat lower rate of overall hypoglycemia in the insulin aspart arm, there were no statistically 
significant differences between insulin aspart and insulin lispro concerning A1C or hypoglycemia.2   

 Based on clinical opinion and limited evidence, CERC suggests that rapid-acting insulin analogues may 
be considered in patients who experience significant hypoglycemia while using regular human 
insulin, or for whom hypoglycemia is a major concern.   

 Some comparative studies demonstrated a reduced risk/incidence of hypoglycemia with insulin lispro 
versus regular human insulin.  This benefit, however, was not observed consistently across all studies, 
comparisons, and types of hypoglycemia (i.e., severe, nocturnal, overall).  Methodological limitations 
(e.g., lack of how hypoglycemia was defined, high degree of heterogeneity in the meta-analyses) 
associated with the outcome of hypoglycemia were also identified in most cases. 

 Subjects with a history of recurrent severe hypoglycemia were excluded in 1 of 6 trials comparing 
insulin lispro with regular human insulin that reported data on hypoglycemia outcomes, and in the 
only trial comparing insulin aspart with regular human insulin. 

Some members of CERC felt strongly that hypoglycemia, in particular nocturnal and severe 
hypoglycemia, is an important concern for some patients, and a potentially significant barrier to 
achieving optimal glycemic control.   

A1C=hemoglobin A1C; CERC=COMPUS Expert Review Committee; CSII=continuous subcutaneous insulin infusion; MDI=multiple daily 
injection

CERC suggests that either regular human insulin or a rapid-acting insulin analogue (i.e., insulin 
lispro or insulin aspart) be used in most pre-adolescents with type 1 diabetes (CSII or MDI).   
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Lispro (MDI) Aspart (MDI) Vote Results 
(Number of CERC Members in Favour/Number  

Participating in Meeting) 
9/11 10/11 

CERC Rating of Overall Quality of Clinical Evidence Low Low 
Strength of Recommendation Weak 

Context: 
• Overall quality of evidence was low. 
• Studies primarily reported results regarding surrogate outcomes.  There were no data available for rapid-

acting insulin analogues concerning clinically important long-term outcomes.   
• There were no significant differences between treatments in A1C. 
• Marginal benefits were observed in favour of insulin lispro regarding overall hypoglycemia in CSII users, 

but there were no significant differences in any hypoglycemia type in the MDI population. 
• Statistically significant differences were reported in favour of insulin lispro regarding patient satisfaction 

in both CSII and MDI populations, and in favour of insulin aspart regarding parent satisfaction with 
continuing treatment.  However, the magnitude of the observed differences was of uncertain clinical 
significance.  

• Results from an abstract3 comparing insulin aspart with regular human insulin and insulin lispro in 378 
children aged 6 to 18 years with type 1 diabetes using MDI could not be pooled with the available peer-
reviewed studies since data for the subgroup of pre-adolescent subjects were not reported.  No 
significant differences between treatment groups in A1C or hypoglycemia rates were reported.  

• The option of administering a rapid-acting insulin analogue after meals may be an important advantage 
for children < 5 years of age since administration of regular human insulin 20 to 30 minutes before meals 
is impractical for many families. 

• For patients using CSII, the insulin pumps frequently need to be removed (i.e., due to line blockage or 
sporting activities); hence, the same insulin for MDI (in combination with a basal insulin) and CSII should 
be used. 

• No studies were identified that compared insulin aspart with regular human insulin in pre-adolescents 
using CSII. 

A1C=hemoglobin A1C; CERC=COMPUS Expert Review Committee; CSII=continuous subcutaneous insulin infusion; MDI=multiple daily 
injection
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Summary of findings table for insulin lispro versus regular human insulin in pre-adolescents with 
type 1 diabetes (using continuous subcutaneous insulin infusion)  
 

Outcome # RCTs 
 (Total Sample 

Size) 

Effect Estimate (95% 
CI) 

Quality of 
Evidence 

A1C (%) (WMD) 1 (N = 27)122 0.06 (-0.47 to 0.59)* Very low 
Severe hypoglycemia (relative risk) 1 (N = 27)122 1.00 (0.15 to 6.59) Very low 
Overall hypoglycemia (rate ratio) 1 (N = 27)122 0.82 (0.75 to 0.89) Very low 
HRQoL and patient satisfaction There was a statistically significant increase in patient satisfaction 

with insulin lispro compared to regular human insulin  (1 RCT;122    
N = 54). 

Unit cost of drugs8 Vial, 1 x 10 mL, 100 units/mL: 
Insulin lispro = $25.79 
Short-acting HI (Humulin R) = $17.20 
Short-acting HI (Novolin ge Toronto) = $18.33 
 
Cartridge, 5 x 3 mL, 100 units/mL: 
Insulin lispro = $51.59 
Short-acting HI (Humulin R) = $35.68 
Short-acting HI (Novolin ge Toronto) = $35.97  

Average daily cost of drugs Data regarding average weight or insulin dose are not available 
for this population. 

Cost-effectiveness Data regarding cost-effectiveness of insulin lispro versus regular 
human insulin are not available for this population. 

A1C=hemoglobin A1C; CI=confidence interval; HI=human insulin; HRQoL=Health-related quality of life; RCT=randomized controlled 
trial; WMD=weighted mean difference. 
* Carry-over effect was reported for A1C and results are analyzed during the first period of treatment. 
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Summary of findings table for insulin lispro versus regular human insulin in pre-adolescents with 
type 1 diabetes (using multiple daily injection)  
 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate  
(95% CI) 

Quality of 
Evidence 

A1C (%) (WMD) 4 (N = 286)123-126 0.14  (-0.18 to 0.46)* Moderate 
Severe hypoglycemia (relative risk) 3 (N = 222)122,123,125 0.69 (0.24 to 2.01) Low 
Nocturnal hypoglycemia (rate ratio) 3 (N = 234)124-126 0.96 (0.74 to 1.26) Low 
Overall hypoglycemia (rate ratio) 5 (N = 338)122-126 0.99 (0.88 to 1.12)h

 Low 
HRQoL and patient satisfaction Three studies124-126 reported that parents of children with type 1 

diabetes preferred insulin lispro over HI because of convenience, 
based on responses to questionnaires.  

Unit cost of drugs8 Vial, 1 x 10 mL, 100 units/mL: 
Insulin lispro = $25.79 
Short-acting HI (Humulin R) = $17.20 
Short-acting HI (Novolin ge Toronto) = 18.33 
 
Cartridge, 5 x 3 mL, 100 units/mL: 
Insulin lispro = $51.59 
Short-acting HI (Humulin R) = $35.68 
Short-acting HI (Novolin ge Toronto) = $35.97 

Average daily cost of drugs Data regarding average weight or insulin dose are not available for 
this population. 

Cost-effectiveness Data regarding cost-effectiveness of insulin lispro versus regular 
human insulin are not available for this population. 

A1C=hemoglobin A1C; CI=confidence interval; h=significant heterogeneity (I2 > 50%); HI=human insulin; HRQoL=health-related quality 
of life; RCT=randomized controlled trial; WMD=weighted mean difference.  
* One additional abstract3 reporting a comparison of insulin lispro with regular human insulin in children aged 6 to 18 years with type 1 
diabetes was identified.  These results could not be pooled with the results presented in the Summary of Findings table since data for 
the subgroup of pre-adolescent subjects were not reported.  This study reported no difference in A1C between insulin lispro and regular 
human insulin. 
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Summary of findings table for insulin aspart versus regular human insulin in pre-adolescents with 
type 1 diabetes (using multiple daily injection) 

A1C=hemoglobin A1C; CI=confidence interval; DTSQ-M=Diabetes Treatment Satisfaction Questionnaire-Modified; HI=human insulin; 
RCT=randomized controlled trial; WMD=weighted mean difference. 
*One additional abstract3 reporting a comparison of insulin aspart with regular human insulin in children aged 6 to 18 years with type 1 
diabetes was identified.  These results could not be pooled with the results presented in the Summary of Findings table since data for 
the subgroup of pre-adolescent subjects were not reported.  This study reported no difference in A1C between insulin aspart and 
regular human insulin.  

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate 
(95% CI) 

Quality of 
Evidence 

A1C (%) (WMD) 1 RCT127 (N = 24) 0.10 (-0.52,0.72)* Low 
Overall hypoglycemia (relative risk) 1 RCT127 (N = 24) 1.06 (0.96,1.17) Low 
Parent satisfaction with diabetes 
treatment (DTSQ-M, question 1) (WMD) 

1 RCT127 (N = 24) 0.4 (-0.59,1.39) Low 

Parent satisfaction with continuing 
treatment (DTSQ-M, question 7) (WMD) 

1 RCT127 (N = 24) 1.1 (0.17,2.03) Moderate 

Unit cost of drugs8 Vial, 1 x 10 mL, 100 units/mL: 
Insulin aspart = $25.34 
Short-acting HI (Humulin R) = $17.20 
Short-acting HI (Novolin ge Toronto) = 18.33 
 
Cartridge, 5 x 3 mL, 100 units/mL : 
Insulin aspart = $50.71 
Short-acting HI (Humulin R) = $35.68 
Short-acting HI (Novolin ge Toronto) = $35.97 

Average daily cost of drugs Data regarding average weight or insulin dose are not 
available for this population. 

Cost-effectiveness Data regarding cost-effectiveness of insulin aspart versus 
regular human insulin are not available for this population. 
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2.1.2 Type 1 diabetes mellitus in adults using CSII 
 
   
 
 

Lispro Aspart Vote Results 
(Number of CERC Members in Favour/Number Participating in Meeting) 10/11 10/11 

CERC Rating of Overall Quality of Clinical Evidence Low Low 

Strength of Recommendation Strong 
Underlying values and preferences: 
• Primary consideration: Although cost-effectiveness information was not available for this population, CERC 

assessed that the incremental cost of the rapid-acting insulin analogues over regular human insulin was 
balanced by their benefits (i.e., reduced likelihood of nocturnal hypoglycemia, and convenience and dietary 
flexibility.)  

Clinical notes: 
• The use of regular human insulin may be considered when: 

 affordability is an important consideration 
 more clinical experience is highly valued. 

• The use of a rapid-acting insulin analogue may be considered when flexibility of insulin administration 
regarding meals is of primary importance, and for patients with unpredictable dietary patterns. 

 Based on CERC clinical opinion and limited evidence, a rapid-acting insulin analogue may be tried in 
patients who experience significant hypoglycemia while using regular human insulin, or for whom 
hypoglycemia is a major concern.  

 Some comparative studies demonstrated a reduced risk/incidence of hypoglycemia with rapid-acting 
insulin analogues versus regular human insulin. However, some effects were marginal and of uncertain 
clinical significance. Furthermore, statistically significant effects were not observed consistently across 
all studies, comparisons, and types of hypoglycemia (i.e., severe, nocturnal, overall).  Methodological 
limitations (e.g., lack of how hypoglycemia was defined, high degree of heterogeneity in the meta-
analyses) associated with the outcome of hypoglycemia were also identified in most cases. 

 Of studies that reported data on hypoglycemia outcomes, subjects with a history of severe hypoglycemia 
were excluded from both trials comparing insulin aspart with regular human insulin, and 2 of 6 trials 
comparing insulin lispro with regular human insulin. 

 Some members of CERC felt strongly that hypoglycemia, in particular nocturnal and severe 
hypoglycemia, is an important concern for some patients, and a potentially significant barrier to 
achieving optimal glycemic control.   

Context: 
• Overall quality of evidence was low. 
• Studies primarily reported results regarding surrogate outcomes.  There were no data available for rapid-

acting insulin analogues concerning clinically important long-term outcomes.   
• Results from an abstract were identified for the outcome of severe hypoglycemia in the comparison of regular 

human insulin and insulin lispro.  Inclusion of this result did not significantly affect the overall result derived 
from published peer-reviewed research (as determined by sensitivity analyses). 

• Differences in A1C were marginal. 
• Statistically significant benefits of rapid-acting insulin analogues regarding patient satisfaction were observed 

inconsistently.   Furthermore, the magnitude of the observed differences was of uncertain clinical significance.  
Similarly, quality-of-life data, where available, were inconclusive. 

• For patients using CSII, the insulin pumps frequently need to be removed (i.e., due to line blockage or sporting 
activities); hence, the same insulin for MDI (in combination with a basal insulin) and CSII should be used. 

A1C=hemoglobin A1C; CERC=COMPUS Expert Review Committee; CSII=continuous subcutaneous insulin infusion; MDI=multiple daily 
injection

CERC recommends that either regular human insulin or a rapid-acting insulin analogue (i.e., 
insulin aspart or insulin lispro) be used in most adults with type 1 diabetes using CSII.  
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Summary of findings table for insulin lispro versus regular human insulin in adults with type 1 
diabetes (using continuous subcutaneous insulin infusion)  
 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate  
(95% CI) 

Quality of 
Evidence 

A1C (%) (WMD) 6 (N = 595)128-133 -0.18 (-0.32 to -0.05) Moderate 
2-hour post-prandial glucose 
(mmol/L) (WMD) 

1 (N = 116)131 -2.89 (-4.48 to -1.3) Very low 

Severe hypoglycemia (relative risk) 2 (N = 140)128,131 1.50 (0.26 to 8.65)* Low 
Nocturnal hypoglycemia (rate ratio) 1 (N = 67)128 0.67 (0.51 to 0.88) Low 
Overall hypoglycemia (rate ratio) 4 (N = 451)128,131,132,134 1.07 (0.98 to 1.16)h

 Low 
Other surrogates No difference between lispro and HI in body weight gain (4 RCTs, 

(N = 278).129,131,133,135 No data for other surrogates. 
HRQoL and patient satisfaction Two studies130,134 reported no significant difference regarding 

satisfaction between lispro and regular human insulin, while 
two132,135 reported statistically significant improvement in 
satisfaction with insulin lispro. 

Unit cost of drugs8 Vial, 1 x 10 mL, 100 units/mL: 
Insulin lispro = $25.79 
Short-acting HI (Humulin R) = $17.20 
Short-acting HI (Novolin ge Toronto) = 18.33 
 
Cartridge, 5 x 3 mL, 100 units/mL: 
Insulin lispro = $51.59 
Short-acting HI (Humulin R) = $35.68 
Short-acting HI (Novolin ge Toronto) = $35.97 

Average daily cost of drugs Data regarding average weight or insulin dose are not available 
for this population. 

Cost-effectiveness Data regarding cost-effectiveness of insulin lispro versus regular 
human insulin are not available for this population. 

A1C=hemoglobin A1C; CI=confidence interval; h=significant heterogeneity (I2 > 50%); HI=human insulin; HRQoL=health-related quality 
of life; RCT=randomized controlled trial; WMD=weighted mean difference . 
* One additional abstract136 was identified; its inclusion in the meta-analysis did not significantly affect the overall estimate of effect on 
hypoglycemia. 
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Summary of findings table for insulin aspart versus regular human insulin in adults with type 1 
diabetes (using continuous subcutaneous insulin infusion)  
 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate (95% 
CI) 

Quality of 
Evidence 

A1C (%) (WMD) 2 (N = 147)128,137 -0.31 (-0.54 to -0.081) Low 
Severe hypoglycemia (relative risk) 1 (N = 118)128 0.33 (0.01 to 8.02) Low 
Nocturnal hypoglycemia (rate ratio) 1 (N = 118)128 0.55 (0.43 to 0.70) Low 
Overall hypoglycemia (rate ratio) 2 (N = 175)128,137 0.58 (0.40, 0.85) Low 
Unit cost of drugs8 Vial, 1 x 10 mL, 100 units/mL: 

Insulin aspart = $25.34 
Short-acting HI (Humulin R) = $17.20 
Short-acting HI (Novolin ge Toronto) = $18.33 
 
Cartridge, 5 x 3 mL, 100 units/mL: 
Insulin aspart = $50.71 
Short-acting HI (Humulin R) = $35.68 
Short-acting HI (Novolin ge Toronto) = $35.97 

Average daily cost of drugs Data regarding average weight or insulin dose are not available 
for this population. 

Cost-effectiveness Data regarding cost-effectiveness of insulin aspart versus regular 
human insulin are not available for this population. 

A1C=hemoglobin A1C; CI=confidence interval; HI=human insulin; RCT=randomized controlled trial; WMD= weighted mean difference. 
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2.1.3 Type 1 diabetes mellitus in adults using MDI 
 
 
 
 
 

Lispro Aspart Vote Results 
(Number of CERC Members in Favour/Number Participating in Meeting) 8/11 8/11 

CERC Rating of Overall Quality of Clinical Evidence Moderate Moderate
Strength of Recommendation Strong 

Underlying values and preferences: 
• Primary consideration: Results from the cost-effectiveness analyses demonstrated that the rapid-acting 

insulin analogues and regular human insulin are equivalent. 
Clinical notes: 
• The use of regular human insulin may be considered when: 

 affordability is an important consideration 
 more clinical experience is highly valued. 

• The use of a rapid-acting insulin analogue may be considered when flexibility of insulin administration 
regarding meals is of primary importance, and for patients with unpredictable dietary patterns. 

 Based on CERC clinical opinion and limited evidence, a rapid-acting insulin analogue may be tried in 
patients who experience significant hypoglycemia while using regular human insulin, or for whom 
hypoglycemia is a major concern.  

 Some comparative studies demonstrated a reduced risk or incidence of hypoglycemia with rapid-acting 
insulin analogues versus regular human insulin. However, some effects were marginal and of uncertain 
clinical significance.   Furthermore, statistically significant effects were not observed consistently across 
all studies, comparisons, and types of hypoglycemia (i.e., severe, nocturnal, overall).  Methodological 
limitations (e.g., lack of how hypoglycemia was defined, high degree of heterogeneity in the meta-
analyses) associated with the outcome of hypoglycemia were also identified in most cases. 

 Of studies that reported data on hypoglycemia outcomes, subjects with a history of severe hypoglycemia 
were excluded from 3 of 6 trials comparing insulin aspart with regular human insulin, and 3 of 13 trials 
comparing insulin lispro with regular human insulin. 

 Some members of CERC felt strongly that hypoglycemia, in particular nocturnal and severe 
hypoglycemia, is an important concern for some patients, and a potentially significant barrier to 
achieving optimal glycemic control.   

Context: 
• Overall quality of evidence was moderate. 
• Studies primarily reported results regarding surrogate outcomes.  There were insufficient data available for 

rapid-acting insulin analogues regarding clinically important long-term outcomes.   
• In addition to the published peer-reviewed research, results from an abstract were also identified for the 

outcome of quality of life for the comparison of regular human insulin with insulin lispro.  It reported 
statistically significant improvement with insulin lispro regarding overall well-being, depression, anxiety, 
and energy, but not in positive well-being.  One abstract reporting significantly greater patient satisfaction 
with insulin aspart compared with regular human insulin was also identified. 

• Differences in A1C were marginal. 
• Statistically significant benefits of rapid-acting insulin analogues regarding patient satisfaction were 

observed inconsistently.  Furthermore, the magnitude of the observed differences was of uncertain clinical 
significance.  Similarly, the quality-of-life data, where available, were inconclusive. 

• Differences across studies regarding the choice of basal insulin and frequency of dosing may have increased 
heterogeneity in the measurement of hypoglycemia (especially nocturnal).   

A1C=hemoglobin A1C; CERC=COMPUS Expert Review Committee; MDI=multiple daily injection.

CERC recommends that either regular human insulin or a rapid-acting insulin analogue (i.e., 
insulin aspart or insulin lispro) be used in most adults with type 1 diabetes using MDI. 
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Summary of findings table for insulin lispro versus regular human insulin in adults with type 1 
diabetes (using multiple daily injection)  
 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate 
(95% CI) 

Quality of Evidence 

A1C (%) (WMD) 16 (N = 5,426)138-153 -0.06 (-0.14 to 0.02) Moderate 

2-hour post-prandial plasma 
glucose (mmol/L) (WMD) 

2 (N = 2,036)138,141 -0.99 (-1.54, -0.45) Low 

Severe hypoglycemia 
(relative risk) 

6 (N = 4,221)138,143-145,152,153 0.78 (0.65 to 0.94) Moderate 
 

Nocturnal hypoglycemia 
(rate ratio) 

3 (N = 658)145,147,151 0.58 (0.35, 0.98)h Low 

Overall hypoglycemia  
(rate ratio) 

12 (N = 5,193)138-140,143-147,150,152-

154 
0.96 (0.86 to 1.06)h Low 

Other surrogates No significant difference between treatments in body weight gain  
(7 RCTs).138,140,145-147,149,155 No data for other surrogates. 

HRQoL and patient 
satisfaction 

Three RCTs140,147,156 showed a statistically significant increase in 
satisfaction with lispro compared to HI. 
Two RCTs145,156 reported no statistically significant difference between 
lispro and HI using Well-being Questionnaire (WBQ). One RCT156 also 
reported no statistically significant difference between the two 
treatments in WBQ anxiety and energy domains.* 

Cost-effectiveness8 Incremental cost-utility analysis — base case: 
• C = $182; •  QALYs = 0.006;  ICUR = $28,996 per QALY gained 

 
Sensitivity analyses: 
1.  WMD for A1C = 0: ICUR increases to $673,041 per QALY gained.  
2.  Cost of managing severe hypoglycemic episode increased to C$440: 
 insulin lispro becomes cost-saving. 
3.  Incorporation of fear of hypoglycemia (disutility = 0.0052):  ICUR 
 decreases to $1,117 per QALY gained. 
4.  Changes to other parameters in the model did not significantly alter 
 base case results. 

 A1C=hemoglobin A1C; CI=confidence interval; h=significant heterogeneity (I2 > 50%); HRQoL=health-related quality of life; 
ICUR=incremental cost-utility ratio; QALY=quality-adjusted life-year; RCT=randomized controlled trial; WMD=weighted mean 
difference; • C=difference in costs between strategies; • QALY=difference in QALYs gained between strategies.  
*One additional abstract157 reported statistically significant overall improvement in WBQ with insulin lispro, and improvement in the 
depression, anxiety, and energy domains, but not in the positive well-being domain. 
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Summary of findings table for insulin aspart versus regular human insulin in adults with type 1 
diabetes (using multiple daily injection)  
 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate  
(95% CI) 

Quality of Evidence 

A1C (%) (WMD) 5 (N = 2,888)158-162 -0.12 (-0.19 to -0.06) Moderate 
Severe hypoglycemia (relative risk) 3 (N = 1,696)159,162,163 0.83 (0.66 to 1.03) Moderate 
Overall hypoglycemia (rate ratio) 6 (N = 3,096)158-163 0.97 (0.88 to 1.08) 

h Very low 
Other surrogates No significant difference between treatments in BMI (1 RCT).161 No 

data for other surrogates. 
HRQoL and patient satisfaction One RCT71 found significant superiority of insulin aspart over HI on 

overall treatment satisfaction.* Another RCT162 showed no 
differences overall, although aspart provided more flexibility than 
HI. 

Cost-effectiveness8 Incremental cost-utility analysis — base case: 
Insulin aspart is cost-saving compared to regular human insulin 
(• C = -$620; • QALYs = 0.055, ICUR = Cost Saving) 
 
Sensitivity analyses: 
1. WMD for A1C = 0: ICUR increases to $104,598 per QALY gained.  
2. Changes to other parameters in the model did not alter base case 
results. 

A1C=hemoglobin A1C; BMI= body mass index; CI=confidence interval; h=significant heterogeneity (I2 > 50%); HRQoL=health-related 
quality of life; ICUR=incremental cost-utility ratio; QALY=quality-adjusted life-year; RCT=randomized controlled trial; RR=relative risk; 
WMD=weighted mean difference; • C=difference in costs between strategies; • QALY=difference in QALYs gained between strategies. 
*One additional abstract164 was identified which reported greater satisfaction with insulin aspart compared to human insulin.  
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2.1.4 Type 1 diabetes mellitus in pregnant women 
 

 
 

Lispro Aspart Vote Results 
(Number of CERC Members in Favour/Number Participating in Meeting) 7/11 8/11 

CERC Rating of Overall Quality of Clinical Evidence Low Low 
Strength of Recommendation Weak 

Rationale for weak recommendations: 
• CERC graded the recommendation as weak due to the low quality of the clinical evidence and lack of a cost 

effectiveness analysis.  Members were also divided between the improved convenience and lifestyle benefits of 
the rapid-acting insulin analogues versus the more robust experience with regular human insulin and fetal 
safety.   

Underlying values and preferences: 
• Primary consideration: Although cost-effectiveness information was not available for this population, CERC 

assessed that the incremental cost of the rapid-acting insulin analogues over regular human insulin was 
balanced by their benefits in convenience and dietary flexibility.   

Clinical notes: 
• Although there is more clinical experience regarding the safety of regular human insulin in pregnancy as 

compared to the rapid-acting insulin analogues, the available data on the rapid-acting insulin analogues from 
observational studies was considered reassuring.  As well, a companion publication165 to the single RCT166 
comparing insulin aspart with regular human insulin in this population reported no statistically significant 
differences between treatments in fetal or perinatal outcomes, including fetal loss, birth weight, mean 
gestational age at delivery, perinatal mortality, and mode of delivery (including C-section).  Although not 
statistically significant, there was a tendency towards lower rates of pre-term delivery in the insulin aspart arm.165 

• CERC does not advocate switching insulin products in a patient with type 1 diabetes who becomes pregnant. 
• The use of regular human insulin may be considered when: 

 affordability is an important consideration 
 more clinical experience for use in pregnancy is highly valued. 

• The use of a rapid-acting insulin analogue may be considered when flexibility of insulin administration regarding 
meals is of primary importance, and in patients with unpredictable dietary patterns. 

 Based on CERC clinical opinion and limited evidence from other populations, a rapid-acting insulin analogue 
may be tried in pregnant patients who experience significant hypoglycemia while using regular human 
insulin, or for whom hypoglycemia is a major concern.  

 None of the studies in pregnant women demonstrated a statistically significant benefit regarding 
hypoglycemia for the rapid-acting insulin analogues versus regular human insulin.   

 Some members of CERC felt strongly that hypoglycemia, in particular nocturnal and severe hypoglycemia, is 
an important concern for some patients, and a potentially significant barrier to achieving optimal glycemic 
control.   

Context: 
• Overall quality of evidence was low. 
• Most data were on surrogate outcomes.  No studies reported 2-hour post-prandial blood glucose levels (which are 

related to increased birth weight), rates of kernicterus, rates of C-sections , or increased length of hospital stay.   
• No significant differences in A1C. 
• Insulin aspart was favoured for patient satisfaction; this difference was largely due to increased flexibility in the 

timing of doses.  However, the magnitude of the observed difference was of uncertain clinical significance. 
• Observational studies on rapid-acting insulin analogues in pregnancy do not demonstrate fetal or maternal risk. 

A1C=hemoglobin A1C; CERC=COMPUS Expert Review Committee; RCT=randomized controlled trial

CERC suggests that either regular human insulin or a rapid-acting insulin analogue (i.e., insulin 
aspart or insulin lispro) be used in most pregnant women who have type 1 diabetes.  
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Summary of findings table for insulin lispro versus regular human insulin in adult pregnant women 
with type 1 diabetes 
 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate 
(95% CI) 

Quality of Evidence 

A1C (%) (WMD) 1 (N = 33)167 0.20 (-1.03 to 1.43) Very low 
Severe hypoglycemia (relative risk) 1 (N = 33)167 0.21(0.01 to 4.10) Very low 
Unit cost of drugs8 Vial, 1 x 10 mL, 100 units/mL: 

Insulin lispro = $25.79 
Short-acting HI (Humulin R) = $17.20 
Short-acting HI (Novolin ge Toronto) = 18.33 
 
Cartridge, 5 x 3 mL, 100 units/mL: 
Insulin lispro = $51.59 
Short-acting HI (Humulin R) = $35.68 
Short-acting HI (Novolin ge Toronto) = $35.97 

Average daily cost of drugs Data regarding average weight or insulin dose are not available 
for this population. 

Cost-effectiveness Data regarding cost-effectiveness of insulin lispro versus regular 
human insulin are not available for this population. 

A1C= hemoglobin A1C; CI= confidence interval; HI=human insulin; RCT= randomized controlled trial; WMD=weighted mean difference. 
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Summary of findings table for insulin aspart versus regular human insulin in adult pregnant women 
with type 1 diabetes* 
 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate 
(95% CI) 

Quality of 
Evidence 

A1C (%) (WMD) 1 (N = 322)166 -0.08 (-0.28 to 0.12) Low 
Severe hypoglycemia (relative risk) 1 (N = 322)166 0.72 (0.36 to 1.46) Low 
Nocturnal hypoglycemia (relative risk) 1 (N = 322)166 0.76 (0.57 to 1.03) Low 
Overall hypoglycemia (relative risk) 1 (N = 322)166 0.97 (0.66 to 1.44) Low 
HRQoL and patient satisfaction Treatment with insulin aspart was associated with significantly 

greater patient satisfaction than HI (P = 0.031).  Willingness to 
continue was also higher for the aspart group, but the 
statistical significance was not reported. 

Unit cost of drugs8 Vial, 1 x 10 mL, 100 units/mL: 
Insulin aspart = $25.34 
Short-acting HI (Humulin R) = $17.20 
Short-acting HI (Novolin ge Toronto) = 18.33 
 
Cartridge, 5 x 3 mL, 100 units/mL : 
Insulin aspart = $50.71 
Short-acting HI (Humulin R) = $35.68 
Short-acting HI (Novolin ge Toronto) = $35.97 

Average daily cost of drugs Data regarding average weight or insulin dose are not available 
for this population. 

Cost-effectiveness Data regarding cost-effectiveness of insulin aspart versus 
regular human insulin are not available for this population. 

A1C=hemoglobin A1C; CI=confidence interval; HRQoL=health-related quality of life; RCT=randomized controlled trial; WMD=weighted 
mean difference.  
*A companion publication165 to this study reported no statistically significant differences between treatments in fetal or perinatal 
outcomes, including fetal loss, birth weight, mean gestational age at delivery, perinatal mortality, and mode of delivery (including       
C-section).  Although not statistically significant, there was a tendency towards lower rates of pre-term delivery in the insulin aspart 
arm.165
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2.1.5 Gestational diabetes mellitus  
 

 
Lispro Aspart Vote Results 

(Number of CERC Members in Favour/Number Participating in Meeting) 7/11 8/11 
CERC Rating of Overall Quality of Clinical Evidence Low Low 

Strength of Recommendation Weak Weak 
Rationale for weak recommendations: 
• CERC graded the recommendation as weak due to the low quality of the clinical evidence and lack of a 

cost-effectiveness analysis.  Members were also divided between the improved convenience and 
lifestyle benefits of rapid-acting insulin analogues versus the more robust experience with regular 
human insulin regarding fetal safety.   

Underlying values and preferences: 
• Primary consideration: Although cost effectiveness information was not available for this population, 

CERC assessed that the incremental cost of rapid-acting insulin analogues over regular human insulin 
was balanced by its benefits of convenience and dietary flexibility.   

Clinical notes:  
• Although there is more clinical experience regarding the safety of regular human insulin in pregnancy 

as compared to the rapid-acting insulin analogues, the available data on the rapid-acting insulin 
analogues from observational studies was considered reassuring.  

• The use of regular human insulin may be considered when: 
 affordability is an important consideration 
 more clinical experience for use in pregnancy is highly valued. 

• The use of a rapid-acting insulin analogue may be considered when flexibility of insulin administration 
regarding meals is of primary importance, and in patients with unpredictable dietary patterns. 

 Based on CERC clinical opinion and limited evidence from other populations, a rapid-acting insulin 
analogue may be tried in women with gestational diabetes who experience significant 
hypoglycemia while using regular human insulin, or for whom hypoglycemia is a major concern.  

 None of the studies in gestational diabetes demonstrated a statistically significant benefit 
regarding hypoglycemia for rapid-acting insulin analogues versus regular human insulin.   

 Some members of CERC felt strongly that hypoglycemia, in particular nocturnal and severe 
hypoglycemia, is an important concern for some patients, and a potentially significant barrier to 
achieving optimal glycemic control.   

Context: 
• Overall quality of evidence was low. 
• Most data were on surrogate outcomes.  Neither study reported 2-hour post-prandial blood glucose 

levels (which are related to increased birth weight), rates of kernicterus, rates of C-sections, or 
increased length of hospital stay.   

• No significant differences in A1C. 
• Observational studies on rapid-acting insulin analogues in pregnancy do not demonstrate fetal or 

maternal risk. 
• Gestational diabetes is usually diagnosed at 26 to 28 weeks, well past the organogenesis phase during 

which congenital abnormalities are an issue.   

A1C=hemoglobin A1C; CERC=COMPUS Expert Review Committee

CERC suggests that either regular human insulin or a rapid-acting insulin analogue (i.e., insulin 
lispro or insulin aspart) be used in most women who develop gestational diabetes.  
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Summary of findings table for insulin lispro versus regular human insulin in women with gestational 
diabetes 
 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate  
(95% CI) 

Quality of 
Evidence 

A1C (%) (WMD) 2 (N = 91)168,169 0.06 (-0.11 to 0.23) Very low 
Overall hypoglycemia (difference in 
mean % of all blood glucose readings 
that were <3 mmol/L) 

1 RCT (N = 42)168 -1.32 (-3.07 to  0.43) Very low 

Other surrogates No difference between treatments in mean body weight gain  
(1 RCT).169 No data for other surrogates. 

Unit cost of drugs8 Vial, 1 x 10 mL, 100 units/mL: 
Insulin lispro = $25.79 
Short-acting HI (Humulin R) = $17.20 
Short-acting HI (Novolin GE Toronto) = 18.33 
 
Cartridge, 5 x 3 mL, 100 units/mL: 
Insulin lispro = $51.59 
Short-acting HI (Humulin R) = $35.68 
Short-acting HI (Novolin ge Toronto) = $35.97 

Average daily cost of drugs Data regarding average weight or insulin dose are not available 
for this population. 

Cost-effectiveness Data regarding cost-effectiveness of insulin lispro versus 
regular human insulin are not available for this population. 

A1C=hemoglobin A1C; CI=confidence interval; RCT=randomized controlled trial; WMD=weighted mean difference.
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Summary of findings table for insulin aspart versus regular human insulin in women with gestational 
diabetes 
 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate (95% 
CI) 

Quality of 
Evidence 

A1C (%) (WMD) 1 RCT170 (N = 27) 0.00 (-0.30,0.30) Low 
Severe hypoglycemia 1 RCT170 (N = 27) Not estimable* Low 
Nocturnal hypoglycemia 
(relative risk) 

1 RCT170 (N = 27) 3.71 (0.47,29.06) Low 

Nocturnal hypoglycemia  
(rate ratio) 

1 RCT170 (N = 27) 2.79 (0.56,13.80) Low 

Overall hypoglycemia  
(relative risk) 

1 RCT170 (N = 27) 2.04 (0.97,4.28) Low 

Overall hypoglycemia  
(rate ratio) 

1 RCT170 (N = 27) 5.37 (2.64,10.89) Low 

Unit cost of drugs8 Vial, 1 x 10 mL, 100 units/mL: 
Insulin aspart = $25.34 
Short-acting HI (Humulin R) = $17.20 
Short-acting HI (Novolin ge Toronto) = 18.33 
 
Cartridge, 5 x 3 mL, 100 units/mL : 
Insulin aspart = $50.71 
Short-acting HI (Humulin R) = $35.68 
Short-acting HI (Novolin ge Toronto) = $35.97 

Average daily cost of drugs Data regarding average weight or insulin dose are not available for 
this population. 

Cost-effectiveness Data regarding cost-effectiveness of insulin aspart versus regular 
human insulin are not available for this population. 

A1C=hemoglobin A1C; RCT=randomized controlled trial; CI=confidence interval; WMD=weighted mean difference. 
*No patients reported severe hypoglycemia in either treatment group.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Optimal Therapy Recommendations for the Prescribing and Use of Insulin Analogues 53

2.1.6 Type 1 diabetes mellitus in adolescents using MDI 
 

  
Vote Results 

(Number of CERC Members in Favour/Number Participating in Meeting) 
8/11 

CERC Rating of Overall Quality of Clinical Evidence Low 
Strength of Recommendation Weak 

Rationale for weak recommendations: 
• CERC graded the recommendation as weak due to the low quality of the clinical evidence, marginal 

benefits of insulin lispro, and lack of a cost-effectiveness analysis.   
Underlying values and preferences: 
• Primary consideration: Although cost-effectiveness information was not available for this population, 

CERC assessed that the benefits of insulin lispro over regular human insulin (i.e., reduced incidence of 
nocturnal and overall hypoglycemia and flexibility of dosing) outweighed the incremental cost 
associated with insulin lispro.  Insulin lispro also provides a better fit for individuals with unpredictable 
patterns of dietary intake and physical activity. 

• Some Committee members favoured regular human insulin because there is greater clinical 
experience with this agent. 

Context: 
• Overall quality of evidence was low. 
• Studies primarily reported results regarding surrogate outcomes.  There were no data available for 

insulin lispro concerning clinically important long-term outcomes, patient satisfaction, or quality of 
life.   

• No significant differences in A1C were observed. 
• Except for nocturnal hypoglycemia, differences in hypoglycemia were marginal.  The average number 

of episodes per patient per 30 days was 1.0 in the insulin lispro arm and 1.7 with regular human insulin. 
• Results from an abstract3 comparing insulin aspart with regular human insulin in children aged 6 to 18 

years with type 1 diabetes using MDI were also considered.  No significant differences between 
treatment groups in A1C or hypoglycemia rates were reported.  However, insulin aspart was not 
included in the recommendation since subgroup data on adolescents were not presented, and because 
the results were not presented in a peer-reviewed publication. 

A1C=hemoglobin A1C; CERC=COMPUS Expert Review Committee; MDI=multiple daily injection. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CERC suggests that insulin lispro be used in preference to regular human insulin in most 
adolescents with type 1 diabetes using MDI.  
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Summary of findings table for insulin lispro versus regular human insulin in adolescents with type 1 
diabetes (using multiple daily injection)  
 

Outcome # RCTs 
 (Total sample size) 

Effect Estimate 
(95% CI) 

Quality of Evidence 

A1C (%) (WMD) 1 (N = 926)171 -0.01 (-0.21 to 0.19)* Low 
Severe hypoglycemia (relative risk) 1 (N = 926)171 1.0 (0.29 to 3.43) Low 
Nocturnal hypoglycemia (rate ratio) 1 (N = 926)171 0.61 (0.57 to 0.64) Low 
Overall hypoglycemia (rate ratio) 1 (N = 926)171 0.90 (0.88 to 0.93) Low 
Unit cost of drugs8 Vial, 1 x 10 mL, 100 units/mL: 

Insulin lispro = $25.79 
Short-acting HI (Humulin R) = $17.20 
Short-acting HI (Novolin ge Toronto) = 18.33  
 
Cartridge, 5 x 3 mL, 100 units/mL: 
Insulin lispro = $51.59 
Short-acting HI (Humulin R) = $35.68 
Short-acting HI (Novolin ge Toronto) = $35.97 

Average daily cost of drugs Data regarding average weight or insulin dose are not available 
for this population. 

Cost-effectiveness Data regarding cost-effectiveness of insulin lispro versus regular 
human insulin are not available for this population. 

A1C=hemoglobin A1C; CI=confidence interval; RCT=randomized controlled trial; WMD=weighted mean difference. 
*One additional abstract3 reporting a comparison of insulin lispro with regular human insulin in children aged 6 to 18 years with type 1 
diabetes was identified.  These results could not be pooled with the results presented in the Summary of Findings table since data for 
the subgroup of adolescent subjects were not reported.  This study reported no difference in A1C between insulin lispro and regular 
human insulin.  
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2.1.7 Type 2 diabetes mellitus in adults 
 
 
 
 
 
 

Aspart Lispro Vote Results 
(Number of CERC Members in Favour/Number Participating in Meeting) 8/11 8/11 

CERC Rating of Overall Quality of Clinical Evidence Low Low 
Strength of Recommendation Weak Weak 

Rationale for weak recommendations 
• CERC graded the recommendation as weak due to the low quality of the clinical evidence, and uncertainty 

in underlying values and preferences.   
Underlying values and preferences: 
• Primary consideration: The incremental cost of the rapid-acting insulin analogues over regular human 

insulin was not felt to be worthwhile considering the cost-effectiveness information.  
• Other values and preferences:  

 reduction in hypoglycemia (especially nocturnal) — favours insulin lispro. 
 flexibility of insulin administration regarding meals — favours rapid-acting insulin analogues. 
 there is greater clinical experience with regular human insulin — favours regular human insulin. 

Context: 
• Overall quality of evidence was low. 
• Studies primarily reported results regarding surrogate outcomes.  There were sparse data available for 

rapid-acting insulin analogues concerning clinically important long-term outcomes.   
• Results from an abstract were identified for the outcome of A1C and overall hypoglycemia in the 

comparison of regular human insulin and insulin aspart.  Inclusion of this result rendered the A1C estimate 
derived from published peer-reviewed research statistically non-significant (as determined by sensitivity 
analyses), but did not significantly affect the overall result for overall hypoglycemia. 

• An updated search of the literature from the cut-off date of the COMPUS meta-analysis (April 2007) to 
September 2008 yielded one additional RCT172 comparing biphasic insulin lispro with biphasic human 
insulin, and one RCT173 comparing insulin aspart with regular human insulin (both in combination with 
metformin), in adults with type 2 diabetes.  In sensitivity analyses, these results did not have a significant 
impact on the existing pooled estimates of effect.   

• No clinically significant differences in A1C were observed. 
• There were no significant differences in patient satisfaction or quality of life (insulin lispro). 
• Insulin aspart studies were variable regarding the basal insulin used, and the frequency of dosing.  Some 

studies used biphasic insulin aspart. 
• Hypoglycemia benefits in favour of rapid-acting insulin analogues were inconsistently observed.  Clear 

definitions for hypoglycemia were not provided in all trials.  Of studies that reported data on hypoglycemia 
outcomes, 3 of 11 trials comparing insulin lispro with regular human insulin, and none of the trials 
comparing insulin aspart with regular human insulin, excluded subjects with a history of severe 
hypoglycemia.   

• Studies comparing biphasic insulin preparations (i.e., premixed rapid-acting insulin analogue versus 
premixed human insulin) were pooled with studies of monophasic preparations.  There were no apparent 
differences in magnitude or direction of effect between the two subgroups regarding A1C or hypoglycemia.  

• The incidence of hypoglycemia in type 2 diabetes is expected to be lower than in type 1 diabetes.  Subgroups 
of patients prone to hypoglycemia may benefit from insulin lispro. 

A1C=hemoglobin A1C; CERC=COMPUS Expert Review Committee; RCT=randomized controlled trial.

CERC suggests that regular human insulin be used in preference to the rapid-acting insulin 
analogues (i.e., insulin lispro and insulin aspart) in most adults with type 2 diabetes who 
require bolus insulin therapy.   
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Summary of findings table for insulin lispro versus regular human insulin in adults with type 2 diabetes  
 

Outcome # RCTs   
 (Total Sample Size) 

Effect Estimate (95% CI) Quality of 
Evidence 

A1C (%) (WMD) 11 (N = 3,093)139,142,151,153,174-

180 
-0.03 (-0.12 to 0.06)*  Low 

2-hour post-prandial plasma 
glucose (mmol/L) (WMD) 

1  (N = 74)181 -1.10 (-2.21 to 0.01) Low 

Severe hypoglycemia (relative risk) 2  (N=1,622)175,178 0.43 (0.08 to 2.37) Low 
Severe hypoglycemia (rate ratio) 1  (N=1,444)175 0.20 (0.02 to 1.71) Low 
Nocturnal hypoglycemia  
(relative risk) 

1 (N = 178)178 1.63 (0.71 to 3.73) Low 

Nocturnal hypoglycemia  
(rate ratio) 

3  (N = 1,718)151,175,179 0.58 (0.48 to 0.70) Moderate 

Overall hypoglycemia  
(relative risk) 

3 (N = 384)175,178,180 1.18 (0.91 to 1.54) Moderate 

Overall hypoglycemia (rate ratio) 8 (N = 2,746)139,153,175-

177,179,181,182 
0.97 (0.91 to 1.03)h Low 

Other surrogates No difference in weight (3 RCTs,175,177,179 N = 1,682), BMI (1 RCT,174 N = 
40), LDL-cholesterol (2 RCTs,174,175 N = 1,484), or total cholesterol: HDL 
ratio (2 RCTs,174,175 N = 1,484). No data for other surrogates. 

Long-term complications / 
mortality 

No difference in all cause mortality (1 RCT, N = 80).180 No data for 
complications. 

HRQoL and patient satisfaction No difference in patient satisfaction or HRQoL (energy, anxiety and 
flexibility) (1 RCT, N = 885).156 

Cost-effectiveness8 Incremental cost-utility analysis — base case: 
• C=$784; •  QALYs=0.006;  ICUR = $130,865 per QALY gained 
 
Sensitivity analyses: 
1.  WMD for A1C = 0: ICUR decreases to $80,445 per QALY gained.  
2.  Cost of managing severe hypoglycemic episode increased to  
 C$440: insulin lispro becomes cost saving.  
3.  Incorporation of fear of hypoglycemia (disutility=0.0052): ICUR  
 decreases to $12,115 per QALY gained. 
4.  Other SAs yielded ICURs>$100,000 per QALY gained. 
5.  The incremental cost-effectiveness scatter-plot revealed a large 
 degree of dispersion (i.e., uncertainty) in the ICUR estimate.   
 This was further demonstrated in the cost-effectiveness  
 acceptability curve, which showed that the probability ILis was  
 cost effective versus regular human insulin was only 46.3% and 
 49.4% at willingness to pay thresholds of $50,000 and   
 $100,000 per QALY gained, respectively. 

A1C=hemoglobin A1C; BMI=body mass index; CI=confidence interval; h=significant heterogeneity (I2 > 50%); HDL=high-density 
lipoprotein; HRQoL=health-related quality of life; LDL-C=low-density lipoprotein cholesterol;  QALY=quality-adjusted life-year; 
RCT=randomized controlled trial; ICUR= incremental cost-utility ratio; SA=sensitivity analysis; WMD=weighted mean difference; 
• C=difference in costs between strategies; • QALY=difference in QALYs gained between strategies.                                                                 
*An updated search of the literature from the cut-off date of the COMPUS meta-analysis (April 2007) to September 2008 yielded one 
additional RCT172 comparing biphasic insulin lispro with biphasic human insulin in adults with type 2 diabetes.  In sensitivity analyses, 
these results did not have a significant impact on the existing pooled estimates of effect.   
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Summary of findings table for insulin aspart versus regular human insulin in adults with type 2 
diabetes  
 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate (95% 
CI) 

Quality of 
Evidence 

A1C (%) (WMD) 4 (N = 421)183-186  -0.18 (-0.24 to -0.12) * † Low 
Fasting plasma glucose (mmol/L) 
(WMD) 

1 (N = 93)186 
 

-0.67 (-2.47 to 1.13) Low 

Severe hypoglycemia (relative risk) 1 (N = 121)183 0.39 (0.11 to 1.36)† Low 
Nocturnal hypoglycemia (relative risk) 1 (N = 93)186 0.65 (0.28 to 1.53) Low 
Overall hypoglycemia (relative risk) 3 (N = 369)183,184,186 1.04 (0.85 to 1.28) ‡ Moderate 
Overall hypoglycemia (rate ratio) 2 (N = 276) 183,184 0.72 (0.64 to 0.80) † Moderate 
Other surrogates No difference in weight gain (2 RCTs,183,186 N = 214) or 

cholesterol: HDL ratio (1 RCT, N = 42). No data for other 
surrogates. 

Long-term complications/mortality No difference in congestive heart failure (1 RCT, N = 125) and all 
cause mortality (1 RCT, N = 125).183 No data for other 
complications. 

Cost-effectiveness8 Incremental cost-utility analysis — base case: 
• C=$333; •  QALYs=0.015;  ICUR = $22,488 per QALY gained 
 
Sensitivity analyses: 
1. WMD for A1C = 0:  ICUR increases to $543,584 per QALY 
 gained. 
2. Cost of managing severe hypoglycemic episode increased 
 to C$440: insulin aspart becomes cost-saving.  
3. Incorporation of fear of hypoglycemia (disutility = 0.0052):  
 ICUR decreases to $4,429 per QALY gained. 
4. Changes to other parameters in the model did not 
 significantly alter base-case results; ICUR < $25,000 per 
 QALY gained. 
5. The incremental cost-effectiveness scatter-plot revealed a 
 large degree of dispersion (i.e., uncertainty) in the ICUR 
 estimate.  This uncertainty was further demonstrated in 
 the cost-effectiveness acceptability curve, which showed 
 that the probability that insulin aspart was cost-effective 
 versus regular human insulin was only 51.1% and 53.6% at 
 willingness-to-pay thresholds of $50,000 and $100,000 per 
 QALY gained, respectively. 

A1C=hemoglobin A1C; CI=confidence interval; HDL=high-density lipoprotein; ICUR=incremental cost-utility ratio; QALY=quality- 
adjusted life-year; RCT=randomized controlled trial; WMD=weighted mean difference; • C= difference in costs between strategies; 
• QALY= difference in QALYs gained between strategies  
*Two additional abstracts187,188 were identified; their inclusion in the meta-analysis resulted in a statistically non-significant difference 
in A1C.  
† An updated search of the literature from the cut-off date of the COMPUS meta-analysis (April 2007) to September 2008 yielded one 
additional RCT173 comparing insulin aspart with regular human insulin (both in combination with metformin), in adults with type 2 
diabetes.  In sensitivity analyses, these results did not have a significant impact on the existing pooled estimates of effect.   
‡ One additional abstract187 was identified; its inclusion in the meta-analysis did not significantly affect the overall estimate of effect on 
hypoglycemia. 



Optimal Therapy Recommendations for the Prescribing and Use of Insulin Analogues 58

2.2 Insulin lispro versus insulin aspart 
 
2.2.1 Type 1 diabetes mellitus in children  
 

 
Vote Results 

(Number of CERC Members in Favour/Number Participating in Meeting) 
10/11 

CERC Rating of Overall Quality of Clinical Evidence Moderate 
Strength of Recommendation Weak 

Underlying values and preferences: 
• Primary consideration: The desirability of allowing patients and clinicians to choose between agents 

similar in cost and effectiveness. 
Context: 
• Overall quality of evidence was low. 
• Studies primarily reported results regarding surrogate outcomes.  There were no data on the effects of 

insulin aspart versus insulin lispro on clinically important long-term outcomes.   
• There was no significant difference in A1C.  
• The rate of overall hypoglycemia was slightly reduced in the insulin aspart arm versus insulin lispro.  

No other differences in hypoglycemia were observed.  
• For patients using CSII, the insulin pumps frequently need to be removed (i.e., due to line blockage or 

sporting activities); hence, the same insulin for MDI and CSII should be used. 

A1C=hemoglobin A1C; CERC=COMPUS Expert Review Committee; CSII=continuous subcutaneous insulin infusion; MDI=multiple daily 
injection. 

CERC recommends that either insulin lispro or insulin aspart be used in children with type 1 
diabetes using CSII if treatment with a rapid-acting insulin analogue is chosen. 
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Summary of findings table for insulin lispro versus insulin aspart in children with type 1 diabetes 
(using continuous subcutaneous insulin infusion) 
 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate 
(95% CI) 

Quality of 
Evidence 

A1C (%) (WMD) 1 RCT2 (N = 296) -0.10 (-0.27, 0.07) Moderate 
Severe hypoglycemia (relative risk) 1 RCT2 (N = 298) 1.20 (0.54, 2.64) Moderate 
Severe hypoglycemia (rate ratio) 1 RCT2 (N = 298) 1.40 (0.65, 3.01) Moderate 
Nocturnal hypoglycemia (relative risk) 1 RCT2 (N = 298) 1.06 (0.86, 1.31) Moderate 
Nocturnal hypoglycemia (rate ratio)  1 RCT2 (N = 298) 0.93 (0.78, 1.12) Moderate 
Overall hypoglycemia (relative risk)  1 RCT2 (N = 298) 1.01 (0.95, 1.07) Moderate 
Overall hypoglycemia (rate ratio)  1 RCT2 (N = 298) 1.20 (1.13, 1.26) Moderate 
Other surrogates No significant difference in body weight (1 RCT2, N=296). 
Unit cost of drugs8 Vial, 1 x 10 mL, 100 units/mL: 

Insulin lispro = $25.79 
Insulin aspart = $25.34  
 
Cartridge, 5 x 3 mL, 100 units/mL: 
Insulin lispro = $51.59 
Insulin aspart = $50.71 

Average daily cost of drugs Data regarding average weight or insulin dose are not 
available for this population. 

Cost-effectiveness Data regarding cost-effectiveness of insulin lispro versus 
insulin aspart are not available for this population. 

A1C=hemoglobin A1C; CI=confidence interval; RCT=randomized controlled trial; WMD=weighted mean difference. 
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2.2.2 Type 1 diabetes mellitus in adults  
 

 

Vote Results 
(Number of CERC Members in Favour/Number Participating in Meeting) 

11/11 

CERC Rating of Overall Quality of Clinical Evidence Low 
Strength of Recommendation Strong 

Underlying values and preferences: 
• Primary consideration: The desirability of allowing patients and clinicians to choose between agents 

similar in cost and effectiveness. 
Context: 
• Overall quality of evidence was low. 
• Studies primarily reported results regarding surrogate outcomes.  There were no data on the effects of 

insulin aspart versus insulin lispro on clinically important long-term outcomes.   
• There was no significant difference in A1C.  
• Overall hypoglycemia was slightly reduced in the insulin aspart arm in type 1 diabetes.  No other 

differences in hypoglycemia were observed.  
• For patients using CSII, the insulin pumps frequently need to be removed (i.e., due to line blockage or 

sporting activities); hence, the same insulin for MDI and CSII should be used. 

A1C=hemoglobin A1C; CERC=COMPUS Expert Review Committee; CSII=continuous subcutaneous insulin infusion; MDI=multiple daily 
injection 
 
Summary of findings table for insulin lispro versus insulin aspart in adults with type 1 diabetes (using 
continuous subcutaneous insulin infusion)  
 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate (95% CI) Quality of 
Evidence 

A1C (%) (WMD) 1 (N = 87)128 0.25 (-0.20 to 0.71) Low 
Nocturnal hypoglycemia 
(rate ratio) 

1 (N = 87)128 1.20 (0.89 to 1.68) Low 

Overall hypoglycemia  
(rate ratio) 

1 (N = 87)128 1.49 (1.37 to 1.63) Low 

Unit cost of drugs8 Vial, 1 x 10 mL, 100 units/mL: 
Insulin lispro = $25.79 
Insulin aspart = $25.34 
 
Cartridge, 5 x 3 mL, 100 units/mL: 
Insulin lispro = $51.59 
Insulin aspart = $50.71 

Average daily cost of drugs Data regarding average weight or insulin dose are not available for this 
population. 

Cost-effectiveness Data regarding cost-effectiveness of insulin lispro versus insulin aspart are 
not available for this population. 

A1C=hemoglobin A1C; CI=confidence interval; RCT=randomized controlled trial; WMD=weighted mean difference. 

CERC recommends that either insulin lispro or insulin aspart be used in adults with type 1 
diabetes using CSII if treatment with a rapid-acting insulin analogue is chosen. 
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2.2.3 Type 2 diabetes mellitus in adults  
 

 
 

Vote Results 
(Number of CERC Members in Favour/Number Participating in Meeting) 

11/11 
 

CERC Rating of Overall Quality of Clinical Evidence Low 
Strength of Recommendation Strong 

Underlying values and preferences: 
• Primary consideration: The desirability of allowing patients and clinicians to choose between agents 

similar in cost and effectiveness. 
Context: 
• Overall quality of evidence was low. 
• Studies primarily reported results in terms of surrogate outcomes.  There were no data on the effects 

of insulin aspart versus insulin lispro on clinically important long-term outcomes.   
• There was no significant difference between treatments in terms of hypoglycemia. 

A1C=hemoglobin A1C; CERC=COMPUS Expert Review Committee 
 
 
Summary of findings table for biphasic insulin lispro versus biphasic insulin aspart in adults with  
type 2 diabetes (using multiple daily injection, not using oral antidiabetic agents)  
 

Outcome # RCTs 
 (Total Sample Size) 

Effect Estimate (95% CI) Quality of 
Evidence 

A1C (%) (WMD) 1 (N = 133)189 0.14 (-0.03 to 0.31) Low 
Overall hypoglycemia (rate ratio) 1 (N = 133)189 0.90 (0.77 to 1.07) Low 
Unit cost of drugs8 Cartridge, 5 x 3 mL, 100 units/mL: 

Biphasic insulin lispro = $51.59 
Biphasic insulin aspart = $49.78 

Cost-effectiveness Data regarding cost-effectiveness of biphasic insulin lispro versus 
biphasic insulin aspart are not available for this population. 

A1C=hemoglobin A1C; CI=confidence interval; RCT=randomized controlled trial; WMD=weighted mean difference. 
 
 

CERC recommends that either biphasic insulin lispro or biphasic insulin aspart be used in 
adults with type 2 diabetes using multiple daily injection if treatment with a biphasic rapid-
acting insulin analogue preparation is chosen. 
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3 Clinical findings of insulin analogues 

 
 

Long-acting Insulin Analogues 
Either insulin NPH or insulin glargine can be used in: 
• pre-adolescents, adolescents, or adults with type 1 diabetes 
• adults with type 2 diabetes who are using a pre-meal bolus insulin or using oral antidiabetic 

agents.  
Either insulin NPH or insulin detemir can be used in: 
• pre-adolescents or adolescents with type 1 diabetes 
• adults with type 2 diabetes who are using a pre-meal bolus insulin. 
Insulin detemir can be used over insulin NPH in: 
• adults with type 1 diabetes 
• adults with type 2 diabetes who are concurrently using oral antidiabetic agents. 
Either insulin detemir or insulin glargine can be used in adults with type 1 diabetes who choose 
to use a long-acting insulin analogue. 

 
Rapid-acting Insulin Analogues 
 Insulin lispro can be used over regular human insulin in adolescents with type 1 diabetes using 
MDI. 

Either regular human insulin or a rapid-acting insulin analogue (lispro or aspart) can be used in: 
• pre-adolescents with type 1 diabetes using CSII or MDI (lispro) 
• women who develop gestational diabetes (lispro) and pregnant women (lispro, aspart) with 

type 1 diabetes 
• adults with type 1 diabetes using CSII (lispro, aspart) or MDI (lispro, aspart) 
• adults with type 2 diabetes who require bolus insulin therapy (lispro, aspart). 
There were no significant differences found in the following direct comparisons: 
• insulin aspart and insulin lispro in adults with type 1 diabetes using CSII 
• biphasic insulin lispro and biphasic insulin aspart in adults with type 2 diabetes. 

CSII=continuous subcutaneous insulin infusion; MDI=multiple daily injection 

The following clinical findings, which represent an intermediate step in the CERC 
deliberative process, are derived solely from CERC’s considerations of clinical evidence 
regarding insulin analogues. Economic evidence was not considered at this stage.  Therefore, 
they do not represent CERC’s recommendations and suggestions for the optimal prescribing 
and use of insulin analogues. CERC’s optimal therapy recommendations for insulin analogues 
are presented in summary form (Section 5.1) and detailed form (Appendix B). 
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11 APPENDIX C: DETAILED CERC PROCESS 
The steps that CERC followed for generating draft optimal therapy recommendations are 
presented here. 
 
1. Individual review of GRADE evidence profiles and provision of feedback 

CERC members were provided with the GRADE evidence profiles and a graphical summary of the 
results presented in the profiles. Committee members completed a feedback form for each GRADE 
evidence profile.  Feedback was collated and provided to CERC members in advance of the 
Committee meeting. 
 
2. Discussion of clinical-effectiveness evidence and collated feedback from members 

CERC members discussed the evidence presented in the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) evidence profiles and the associated feedback.  
Context and clinical issues raised during the discussion were recorded for each evidence profile.  
GRADE Summary of Findings tables, which were generated to reflect the body of generated 
information, contained: 
• Key results from the GRADE evidence profiles 
• Draft clinical findings 
• Summary of values and preferences expressed by CERC members 
• Summary of feedback on the criteria used to assess strength of recommendations. 
 
3. Identification of clinical findings based on clinical evidence of effectiveness and safety 

Each member of CERC participating in the meeting voted for one clinical finding statement, the 
single most important value or preference that guided their choice, and the overall quality of the 
available evidence.  Points of discussion relating to the clinical finding statement were 
documented as context.  A summary of the clinical findings is provided in Appendix B.   
 
4. Identification of draft optimal therapy recommendations based on clinical conclusions 
 and cost/cost effectiveness information 

CERC reviewed and discussed the results from the pharmacoeconomic analyses commissioned by 
COMPUS. Where one treatment strategy appeared to be more effective than the alternative, CERC 
assessed whether the increase in cost associated with the increase in effectiveness represented 
reasonable “value for money”. There is no empirical basis for assigning a value (or values) to the 
cut-off between cost-effectiveness and cost ineffectiveness. 
 
Conclusions from the pharmacoeconomic analyses were added to the GRADE Summary of 
Findings tables. Costing data were supplied where cost-effectiveness results were not available. 
Draft optimal therapy recommendations, reflecting both clinical and cost/cost-effectiveness 
results, were prepared as a starting point for CERC’s deliberation and voting.  Voting was 
conducted by secret ballot.  Quorum consisted of a minimum of five core CERC members, and 50% 
of members appointed as clinical experts in the management of diabetes.  A majority vote was 
sufficient for a draft recommendation to be accepted.  Each vote concluded with a Committee 
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discussion on the vote results in which members were given an opportunity to discuss factors 
behind their individual votes.  Draft recommendations could be modified by CERC during their 
deliberations.  
 
Draft recommendations and GRADE Summary of Findings tables containing both the clinical and 
cost/cost effectiveness data are provided in Appendix B. 
 

 
5. Identification of underlying values and preferences for each recommendation 

An important component of each draft optimal therapy recommendation is a clear statement 
underlying values and preferences that supported CERC’s choice of one alternative over another. 
These statements reflect the values expressed by CERC during their assessment of the clinical and 
cost/cost-effectiveness evidence.  Where the clinical-effectiveness and cost/cost-effectiveness 
evidence failed to demonstrate important differences between treatments, recommendations 
were formulated to reflect that either treatment is considered appropriate.  The values and 
preferences statements for each treatment option are provided as a guide for patients, clinicians, 
and decision-makers in selecting the most appropriate treatment alternative.  
 
6. Appraisal of overall quality of evidence 

CERC voted on the overall quality of clinical evidence available for each recommendation.  Possible 
ratings were “high”, “moderate”, and “low”.  This rating was based on an assessment of evidence 
quality across all outcomes considered “important” or “critical” by CERC.  Where evidence was 
lacking for such outcomes, an overall rating of “low” was more likely, regardless of the quality of 
evidence for outcomes reported in studies.  For example, the overall quality of evidence could be 

Which treatment strategy to use? 

If there is strong evidence that one treatment strategy dominates the alternative strategies 
(that is, it is both more effective and less costly), clearly this strategy would be chosen. 
However, if one treatment strategy is more effective but also more costly, then the choice is 
less clear and a pharmacoeconomic analysis can be undertaken to determine and compare the 
cost-effectiveness of the alternatives.     
 
Pharmacoeconomic evaluations are the systematic assessment and comparative analysis of 
the costs and consequences of competing alternative treatment strategies.  The results of a 
pharmacoeconomic evaluation are expressed as the difference in costs of the alternative 
strategies (incremental costs) divided by the difference in health outcomes of the alternative 
strategies (incremental health outcomes). Evaluations can be conducted in the form of a cost-
effectiveness analysis (CEA) or a cost utility analysis (CUA).  In a CEA, the costs are measured in 
monetary units and the health outcome is measured in a natural or clinical unit.   In a CUA, the 
costs are measured in monetary units and the health outcome is expressed in quality-adjusted 
life years (QALYs). A QALY is a measurement of health outcome that considers both quantity 
and quality of life.   
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rated “low” due to the lack of data on long-term complications of diabetes, even if there was high- 
quality evidence available regarding surrogate outcomes such as A1C.  
 
7. Grading strength of recommendations 

The final step in the GRADE methodology is assigning the strength of each recommendation as 
either “strong” or “weak”. This rating is intended to convey the degree of confidence the 
committee has that adherence to the recommendation will result in the desired outcome.12  As 
stipulated by the GRADE process, strength of recommendations is reflected by the use of the 
words “suggests” or “recommends” (i.e., for weak recommendations, “CERC suggests that….” and 
for strong recommendations, “CERC recommends that…”).   
 

According to the GRADE Working Group, the rating of strength has implications for how 
users interpret a recommendation.12   
 
A “strong” recommendation: 
1. is likely to be followed by most well-informed patients. 
2. is unlikely to require decision aids to elicit patient values and preferences. 
3. can often be implemented as policy.  

 
A “weak” recommendation: 
1.  is likely to be followed by the majority of well-informed patients; however, a significant 
 minority would choose not to follow the recommendation. 
2.  requires careful consideration of patient values and preferences.  Decision aids may be 
 helpful in determining the course of action. 
3.  is likely to require debate and involvement of multiple stakeholders before policy can be 
 determined. 

 
A proposed rating of strength (i.e., either “strong” or “weak”) was assigned to each 
recommendation, and feedback was provided by CERC members regarding the level of their 
agreement with the ratings.  To facilitate this process, a summary of all prior CERC deliberations 
for each recommendation was distributed to members.  This summary contained: the 
recommendation (with vote results), rating of overall quality of evidence (with vote results), 
listing of values and preferences (with vote results), a statement regarding the weight given by 
the committee to the economic evidence, a summary of contextual information, and proposed 
strength of recommendation.  The proposed strength for each recommendation was based on 
answering four questions put forward by the GRADE Working Group as points of consideration 
when evaluating recommendation strength: 
 
1. Is the available evidence of lower quality? 
2. Is there uncertainty regarding the balance of benefits versus harms and burdens? 
3. Is there uncertainty or are there differences in values and preferences? 
4. Is there uncertainty about whether the net benefits are worth the costs? 
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An affirmative answer to one or more of these questions resulted in downgrading of a 
recommendation to “weak”. Where recommendations were graded as weak, the rationale 
supporting CERC’s decision is provided with the recommendation. 
 
8. Identification of research gaps 

Where there was insufficient information upon which to produce optimal therapy 
recommendations, CERC identified “gaps” in research/knowledge. These primarily consisted of 
treatment comparisons and populations for which no peer-reviewed reports of randomized 
controlled trials were identified.  Research gaps were also identified when there was a paucity of 
comparative data on outcomes of interest for particular treatment comparisons or populations.   
 
9. Consideration of stakeholder feedback and drafting of final optimal therapy 
 recommendations 

Stakeholder feedback was elicited through a web-based process on a report containing draft 
optimal therapy recommendations, summaries of the available evidence, and research gaps.  This 
feedback was collated and provided to CERC for consideration prior to drafting of the final optimal 
therapy recommendations for insulin analogues.  



Optimal Therapy Recommendations for the Prescribing and Use of Insulin Analogues 67

12 REFERENCES  
1. Diabetes in Canada: Highlights from the National Diabetes Surveillance System 2004-2005 [Internet]. 
 Ottawa: Public Health Agency of Canada; 2008. Available: http://www.phac-
 aspc.gc.ca/publicat/2008/dicndss-dacsnsd-04-05/pdf/dicndss-04-05-eng.pdf (accessed 2008 Jun 26). 

 2. Weinzimer SA, Ternand C, Howard C, Chang CT, Becker DJ, Laffel LM, et al. A randomized trial 
comparing continuous subcutaneous insulin infusion of insulin aspart versus insulin lispro in children and 
adolescents with type 1 diabetes. Diabetes Care 2008;31(2):210-5. 

 3. Arslanian S, Foster C, Wright NM, Stender S, Hale P, Hale D. Insulin aspart compared to regular insulin 
and insulin lispro in basal bolus therapy with NPH to treat pediatric patients with type 1 diabetes mellitus 
[abstract]. 41st Annual Meeting of the European Association for the Study of Diabetes (EASD); 2005 Sep 
10; Athens.  

 4. Canadian Agency for Drugs and Technologies in Health. Long-acting insulin analogues for the treatment of 
diabetes mellitus: meta-analyses of clinical outcomes. Optimal Therapy Report - COMPUS [Internet]. 
2008;2(1). Available: http://cadth.ca/media/compus/reports/compus_Long-Acting-Insulin-Analogs-
Report_Clinical-Outcomes.pdf (accessed 2008 Apr 9). 

 5. Canadian Agency for Drugs and Technologies in Health. Rapid-acting insulin analogues for the treatment 
of diabetes mellitus: meta-analyses of clinical outcomes. Optimal Therapy Report - COMPUS [Internet]. 
2008;2(2). Available: http://cadth.ca/media/compus/reports/compus_Rapid-Acting-Insulin-Analogues-
Report_Clinical=Outcomes.pdf (accessed 2008 Apr 9). 

 6. Tran K, Banerjee S, Li H, Cimon K, Daneman D, Simpson S, et al. Long-acting insulin analogues for 
diabetes mellitus: meta-analysis of clinical outcomes and assessment of cost-effectiveness [Internet]. 
Ottawa: Canadian Agency for Drugs and Technologies in Health; 2007. (Technology Report no 92). 
Available: http://www.cadth.ca/media/pdf/341b_Long-acting-insulin_tr_e.pdf (accessed 2007 Dec 14). 

 7. Banerjee S, Tran K, Li H, Cimon K, Daneman D, Simpson S, et al. Short-acting insulin analogues for 
diabetes mellitus: meta-analysis of clinical outcomes and assessment of cost-effectiveness [Internet]. 
Ottawa: Canadian Agency for Drugs and Technologies in Health; 2007. (Technology Report no 87). 
Available: http://www.cadth.ca/media/pdf/341A_Insulin_tr_e.pdf (accessed 2007 Dec 14). 

 8. Canadian Agency for Drugs and Technologies in Health. An economic evaluation of insulin analogues for 
the treatment of patients with type 1 and type 2 diabetes mellitus in Canada. Optimal Therapy Report - 
COMPUS [Internet]. 2008;2(4). Available: 
http://cadth.ca/media/compus/reports/compus_Economic_IA_Report.pdf (accessed 2008 Apr 11). 

 9. The GRADE working group [Internet].  [place unknown]: The GRADE Working Group; 2008. Available: 
http://www.gradeworkinggroup.org/index.htm (accessed 2008 Oct 16). 

 10. Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, et al. Grading quality of evidence and 
strength of recommendations. BMJ [Internet]. 2004;328(7454):1490. Available: 
http://www.bmj.com/cgi/reprint/328/7454/1490 (accessed 2009 Jan 14). 

 11. Schunemann HJ, Hill SR, Kakad M, Bellamy R, Uyeki TM, Hayden FG, et al. WHO rapid advice 
guidelines on pharmacological management of humans infected with avian influenza A (H5N1) virus. 
Lancet Infect Dis 2007;7(1):21-31. 

 12. Schunemann HJ, Jaeschke R, Cook DJ, Bria WF, El-Solh AA, Ernst A, et al. An official ATS statement: 
grading the quality of evidence and strength of recommendations in ATS guidelines and recommendations. 
Am J Respir Crit Care Med 2006;174(5):605-14. 

 13. Canadian Agency for Drugs and Technologies in Health. GRADE evidence profiles: long- and rapid-acting 
insulin analogues for the treatment of diabetes mellitus. Optimal Therapy Report - COMPUS [Internet]. 
2008;2(3). Available: http://cadth.ca/media/compus/reports/compus_GRADE-REPORT.pdf (accessed 2008 
Apr 9). 



 

Optimal Therapy Recommendations for the Prescribing and Use of Insulin Analogues 68

 14. Lassere MN, Johnson KR, Boers M, Tugwell P, Brooks P, Simon L, 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(3):607-15. 

 15. Rohlfing CL, Wiedmeyer HM, Little RR, England JD, Tennill A, Goldstein DE. Defining the relationship 
between plasma glucose and HbA(1c): analysis of glucose profiles and HbA(1c) in the Diabetes Control and 
Complications Trial. Diabetes Care [Internet]. 2002;25(2):275-8. Available: 
http://care.diabetesjournals.org/cgi/reprint/25/2/275 (accessed Jan 14). 

 16. Larsen ML. The clinical usefulness of glucated haemoglobin in diabetes care evaluated by use of a medical 
technology assessment strategy. Dan Med Bull 1997;44(3):303-15. 

 17. Goldstein DE, Little RR, Lorenz RA, Malone JI, Nathan DM, Peterson CM. Tests of glycemia in diabetes. 
Diabetes Care [Internet]. 2004;27(7):1761-73. Available: 
http://care.diabetesjournals.org/cgi/content/full/27/7/1761 (accessed 2006 Sep 7). 

 18. Canadian Diabetes Association 2003 clinical practice guidelines for the prevention and management of 
diabetes in Canada. Can J Diabetes [Internet]. 2003;27(Suppl 2):i-S140. Available: 
http://www.diabetes.ca/cpg2003/downloads/cpgcomplete.pdf (accessed 2007 Aug 1). 

 19. Diabetes Control and Complications Trial Research Group. Effect of intensive therapy on the 
microvascular complications of type 1 diabetes mellitus. JAMA 2002;287(19):2563-9. 

 20. Gerstein HC. Glycosylated hemoglobin: finally ready for prime time as a cardiovascular risk factor. Ann 
Intern Med [Internet]. 2004;141(6):475-6. Available: http://www.annals.org/cgi/reprint/141/6/475.pdf  
(accessed 2009 Jan 20). 

 21. Khaw KT, Wareham N, Bingham S, Luben R, Welch A, Day N. Association of hemoglobin A1c with 
cardiovascular disease and mortality in adults: the European prospective investigation into cancer in 
Norfolk. Ann Intern Med [Internet]. 2004;141(6):413-20. Available: 
http://www.annals.org/cgi/reprint/141/6/413.pdf (accessed 2007 Sep 7). 

 22. Clarke PM, Gray AM, Briggs A, Farmer AJ, Fenn P, Stevens RJ, et al. A model to estimate the lifetime 
health outcomes of patients with type 2 diabetes: the United Kingdom Prospective Diabetes Study 
(UKPDS) Outcomes Model (UKPDS no. 68). Diabetologia 2004;47(10):1747-59. 

 23. Selvin E, Marinopoulos S, Berkenblit G, Rami T, Brancati FL, Powe NR, et al. Meta-analysis: glycosylated 
hemoglobin and cardiovascular disease in diabetes mellitus. Ann Intern Med [Internet]. 2004;141(6):421-
31. Available: http://www.annals.org/cgi/reprint/141/6/421.pdf  (accessed 2009 Jan 20). 

 24. Reusch JE. Diabetes, microvascular complications, and cardiovascular complications: what is it about 
glucose? J Clin Invest [Internet]. 2003;112(7):986-8. Available: http://www.jci.org/cgi/reprint/112/7/986 
(accessed 2007 Sep 7). 

 25. The Diabetes Control and Complications Trial Research Group. The effect of intensive treatment of 
diabetes on the development and progression of long-term complications in insulin-dependent diabetes 
mellitus. N Engl J Med 1993;329(14):977-86. 

 26. UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-glucose control with sulphonylureas or 
insulin compared with conventional treatment and risk of complications in patients with type 2 diabetes. 
Lancet 1998;352(9131):837-53. 

 27. Fleming TR, DeMets DL. Surrogate end points in clinical trials: are we being misled? Ann Intern Med 
1996;125(7):605-13. 

 28. Diabetes Control and Complications Trial Research Group. The relationship of glycemic exposure (HbA1c) 
to the risk of development and progression of retinopathy in the diabetes control and complications trial. 
Diabetes 1995;44(8):968-83. 

 29. Diabetes Control and Complications Trial Research Group. Effect of intensive diabetes treatment on the 
development and progression of long-term complications in adolescents with insulin-dependent diabetes 
mellitus: Diabetes Control and Complications Trial. J Pediatr 1994;125(2):177-88. 



 

Optimal Therapy Recommendations for the Prescribing and Use of Insulin Analogues 69

 30. UK Prospective Diabetes Study (UKPDS) Group. Effect of intensive blood-glucose control with metformin 
on complications in overweight patients with type 2 diabetes (UKPDS 34). Lancet 1998;352(9131):854-65. 

 31. Ewart RM. The case against aggressive treatment of type 2 diabetes: critique of the UK prospective 
diabetes study. BMJ 2001;323(7317):854-8. 

 32. Stratton IM, Adler AI, Neil HA, Matthews DR, Manley SE, Cull CA, et al. Association of glycaemia with 
macrovascular and microvascular complications of type 2 diabetes (UKPDS 35): prospective observational 
study. BMJ [Internet]. 2000;321(7258):405-12. Available: http://www.bmj.com/cgi/reprint/321/7258/405 
(accessed 2007 May 3). 

 33. Rosen CJ. The rosiglitazone story--lessons from an FDA Advisory Committee meeting. N Engl J Med 
2007;357(9):844-6. 

 34. Richter B, Bandeira-Echtler E, Bergherhoff K, Clar C, Ebrahim SH. Rosiglitazone for type 2 diabetes 
mellitus. Cochrane Database Syst Rev 2007;3: CD006063. 

 35. Kahn SE, Haffner SM, Heise MA, Herman WH, Holman RR, Jones NP, et al. Glycemic durability of 
rosiglitazone, metformin, or glyburide monotherapy. N Engl J Med [Internet]. 2006;355(23):2427-43. 
Available: http://content.nejm.org/cgi/reprint/355/23/2427.pdf (accessed 2009 Jan 20). 

 36. Nissen SE, Wolski K. Effect of rosiglitazone on the risk of myocardial infarction and death from 
cardiovascular causes. N Engl J Med 2007;356(24):2457-71. 

 37. Oiknine R, Bernbaum M, Mooradian AD. A critical appraisal of the role of insulin analogues in the 
management of diabetes mellitus. Drugs 2005;65(3):325-40. 

 38. Ohkubo Y, Kishikawa H, Araki E, Miyata T, Isami S, Motoyoshi S, et al. Intensive insulin therapy prevents 
the progression of diabetic microvascular complications in Japanese patients with non-insulin-dependent 
diabetes mellitus: a randomized prospective 6-year study. Diabetes Res Clin Pract 1995;28(2):103-17. 

 39. Bowker SL, Majumdar SR, Johnson JA. Systematic review of Indicators and measurements used in 
controlled studies of quality improvement for Type-2 diabetes. Can J Diabetes [Internet]. 2005;29(3):230-
8. Available: http://www.diabetes.ca/files/Johnson_Systematic_Review-pages%20230-238.pdf (accessed 
2007 Aug 29). 

 40. A Canadian consensus for the standardized evaluation of quality improvement interventions in Type-2 
diabetes: development of a quality indicator set. Can J Diabetes 2005;29(3):220-9. 

 41. Pargluva™ Muraglitazar (BMS-298585) [Internet].  Advisory Committee Briefing Document. Rockville 
(MD): U.S. Food and Drug Agency; 2005. Available: 
http://www.fda.gov/ohrms/dockets/ac/05/briefing/2005-4169B2_01_01-BMS-Pargluva.pdf (accessed 2007 
Dec 17). 

 42. The DCCT Research Group. Epidemiology of severe hypoglycemia in the diabetes control and 
complications trial. Am J Med 1991;90(4):450-9. 

 43. Banarer S, Cryer PE. Sleep-related hypoglycemia-associated autonomic failure in type 1 diabetes: reduced 
awakening from sleep during hypoglycemia. Diabetes 2003;52(5):1195-203. 

 44. Wentholt IME, Maran A, Masurel N, Heine RJ, Hoekstra JBL, DeVries JH. Nocturnal hypoglycaemia in 
Type 1 diabetic patients, assessed with continuous glucose monitoring: frequency, duration and 
associations. Diabet Med 2007;24(5):527-32. 

 45. Pillar G, Schuscheim G, Weiss R, Malhotra A, McCowen KC, Shlitner A, et al. Interactions between 
hypoglycemia and sleep architecture in children with type 1 diabetes mellitus. J Pediatr 2003;142(2):163-8. 

 46. Jones TW, Porter P, Sherwin RS, Davis EA, O'Leary P, Frazer F, et al. Decreased epinephrine responses to 
hypoglycemia during sleep. N Engl J Med 1998;338(23):1657-62. 

 47. Cryer PE. Diverse causes of hypoglycemia-associated autonomic failure in diabetes. N Engl J Med 
2004;350(22):2272-9. 

 48. Davis S, Alonso MD. Hypoglycemia as a barrier to glycemic control. J Diabetes Complicat 2004;18(1):60-8. 



 

Optimal Therapy Recommendations for the Prescribing and Use of Insulin Analogues 70

 49. Porter PA, Byrne G, Stick S, Jones TW. Nocturnal hypoglycaemia and sleep disturbances in young 
teenagers with insulin dependent diabetes mellitus. Arch Dis Child 1996;75(2):120-3. 

 50. Veneman T, Mitrakou A, Mokan M, Cryer P, Gerich J. Induction of hypoglycemia unawareness by 
asymptomatic nocturnal hypoglycemia. Diabetes 1993;42(9):1233-7. 

 51. Fanelli CG, Pampanelli S, Porcellati F, Bolli GB. Shift of glycaemic thresholds for cognitive function in 
hypoglycaemia unawareness in humans. Diabetologia 1998;41(6):720-3. 

 52. Eichenbaum H. Hippocampus: cognitive processes and neural representations that underlie declarative 
memory. Neuron 2004;44(1):109-20. 

 53. Plihal W, Born J. Effects of early and late nocturnal sleep on priming and spatial memory. 
Psychophysiology 1999;36(5):571-82. 

 54. Jauch-Chara K, Hallschmid M, Gais S, Schmid SM, Oltmanns KM, Colmorgen C, et al. Hypoglycemia 
during sleep impairs consolidation of declarative memory in type 1 diabetic and healthy humans. Diabetes 
Care 2007;30(8):2040-5. 

 55. Cryer PE, Davis SN, Shamoon H. Hypoglycemia in diabetes. Diabetes Care [Internet]. 2003;26(6):1902-
12. Available: 
http://care.diabetesjournals.org/cgi/reprint/26/6/1902?maxtoshow=&HITS=10&hits=10&RESULTFORM
AT=&fulltext=Hypoglycemia+in+diabetes&searchid=1&FIRSTINDEX=0&sortspec=relevance&resourcet
ype=HWCIT (accessed 2008 Oct 15). 

 56. Robinson RT, Harris ND, Ireland RH, MacDonald IA, Heller SR. Changes in cardiac repolarization during 
clinical episodes of nocturnal hypoglycaemia in adults with Type 1 diabetes. Diabetologia 2004;47(2):312-5. 

 57. Murphy NP, Ford-Adams ME, Ong KK, Harris ND, Keane SM, Davies C, et al. Prolonged cardiac 
repolarisation during spontaneous nocturnal hypoglycaemia in children and adolescents with type 1 
diabetes. Diabetologia 2004;47(11):1940-7. 

 58. Davis RE, Morrissey M, Peters JR, Wittrup-Jensen K, Kennedy-Martin T, Currie CJ. Impact of 
hypoglycaemia on quality of life and productivity in type 1 and type 2 diabetes. Curr Med Res Opin 
2005;21(9):1477-83. 

 59. Prieto L, Sacristan JA. What is the value of social values? The uselessness of assessing health-related 
quality of life through preference measures. BMC Med Res Methodol 2004;4:10. 

 60. Ware JE, Jr. SF-36 health survey update. Spine 2000;25(24):3130-9. 

 61. King P, Kong MF, Parkin H, MacDonald IA, Tattersall RB. Well-being, cerebral function, and physical 
fatigue after nocturnal hypoglycemia in IDDM. Diabetes Care [Internet]. 1998;21(3):341-5. Available: 
http://care.diabetesjournals.org/cgi/reprint/21/3/341  (accessed 2009 Jan 20). 

 62. Bendtson I, Kverneland A, Pramming S, Binder C. Incidence of nocturnal hypoglycaemia in insulin-
dependent diabetic patients on intensive therapy. Acta Med Scand 1988;223(6):543-8. 

 63. DeVries JH, Wentholt IM, Masurel N, Mantel I, Poscia A, Maran A, et al. Nocturnal hypoglycaemia in 
type 1 diabetes--consequences and assessment. Diabetes Metab Res Rev 2004;20 Suppl 2:S43-S46. 

 64. Radan I, Rajer E, Uršiè Bratina N, Neubauer D, Kržišnik C, Battelino T. Motor activity during 
asymptomatic nocturnal hypoglycemia in adolescents with type 1 diabetes mellitus. Acta Diabetol 
2004;41(2):33-7. 

 65. Porter PA, Keating B, Byrne G, Jones TW. Incidence and predictive criteria of nocturnal hypoglycemia in 
young children with insulin-dependent diabetes mellitus. J Pediatr 1997;130(3):366-72. 

 66. Amin R, Ross K, Acerini CL, Edge JA, Warner J, Dunger DB. Hypoglycemia prevalence in prepubertal 
children with type 1 diabetes on standard insulin regimen: use of continuous glucose monitoring system. 
Diabetes Care [Internet]. 2003;26(3):662-7. Available: http://care.diabetesjournals.org/cgi/reprint/26/3/662  
(accessed 2009 Jan 20). 



 

Optimal Therapy Recommendations for the Prescribing and Use of Insulin Analogues 71

 67. Beregszàszi M, Tubiana-Rufi N, Benali K, Noël M, Bloch J, Czernichow P. Nocturnal hypoglycemia in 
children and adolescents with insulin-dependent diabetes mellitus: prevalence and risk factors. J Pediatr 
1997;131(1:Pt:1):t-33. 

 68. Wiltshire EJ, Newton K, McTavish L. Unrecognised hypoglycaemia in children and adolescents with type 
1 diabetes using the continuous glucose monitoring system: prevalence and contributors. Journal of 
Paediatrics & Child Health 2006;42(12):758-63. 

 69. Bradley C. The Diabetes Treatment Satisfaction Questionnaire: DTSQ. In: Bradley C, editor. Handbook of 
psychology and diabetes: a guide to psychological measurement in diabetes research and management. 
Langhorne (PA): Harwood Academic Publishers; 1994. p.111-32. 

 70. Bott U, Mühlhauser I, Overmann H, Berger M. Validation of a diabetes-specific quality-of-life scale for 
patients with type 1 diabetes. Diabetes Care [Internet]. 1998;21(5):757-69. Available: 
http://care.diabetesjournals.org/cgi/reprint/21/5/757 (accessed 2007 Oct 11). 

 71. Bott U, Ebrahim S, Hirschberger S, Skovlund SE. Effect of the rapid-acting insulin analogue insulin aspart on 
quality of life and treatment satisfaction in patients with Type 1 diabetes. Diabet Med 2003;20(8):626-34. 

 72. Pouwer F, Snoek FJ, Heine RJ. Ceiling effect reduces the validity of the Diabetes Treatment Satisfaction 
Questionnaire. Diabetes Care [Internet]. 1998;21(11):2039. Available: 
http://care.diabetesjournals.org/cgi/reprint/21/11/2039b (accessed 2007 Oct 11). 

 73. Canadian Agency for Drugs and Technologies in Health. Current practice analysis: insulin analogues. A 
qualitative analysis of Canadian physician perceptions and use of insulin analogues. Optimal Therapy 
Report - COMPUS [Internet]. 2008;2(6). Available: http://cadth.ca/media/compus/reports/compus_Insulin-
Analogues-Current-Practice-Analysis.pdf (accessed 2008 Apr 11). 

 74. Canadian Agency for Drugs and Technologies in Health. Current utilization of insulin products in Canada. 
Optimal Therapy Report - COMPUS [Internet]. 2008;2(5). Available: 
http://cadth.ca/media/compus/reports/compus_Current-Utilization-Report.pdf (accessed 2008 Apr 11). 

 75. Chatterjee S, Jarvis-Kay J, Rengarajan T, Lawrence IG, McNally PG, Davies MJ. Glargine versus NPH 
insulin: efficacy in comparison with insulin aspart in a basal bolus regimen in type 1 diabetes--the glargine 
and aspart study (GLASS) a randomised cross-over study. Diabetes Res Clin Pract 2007;77(2):215-22. 

 76. Hassan K, Rodriguez LM, Johnson SE, Tadlock S, Heptulla RA. A randomized, controlled trial comparing 
twice-a-day insulin glargine mixed with rapid-acting insulin analogs versus standard neutral protamine 
Hagedorn (NPH) therapy in newly diagnosed type 1 diabetes. Pediatrics [Internet]. 2008;121(3):e466-
e472. Available: http://pediatrics.aappublications.org/cgi/reprint/121/3/e466. 

 77. Bartley PC, Bogoev M, Larsen J, Philotheou A. Long-term efficacy and safety of insulin detemir compared 
to Neutral Protamine Hagedorn insulin in patients with Type 1 diabetes using a treat-to-target basal-bolus 
regimen with insulin aspart at meals: a 2-year, randomized, controlled trial. Diabet Med 2008;25(4):442-9. 

 78. Pieber TR, Eugene-Jolchine I, Derobert E, The European Study Group of HOE 901 in type 1 diabetes. 
Efficacy and safety of HOE 901 versus NPH insulin in patients with type 1 diabetes. Diabetes Care 
[Internet]. 2000;23(2):157-62. Available: 
http://care.diabetesjournals.org/cgi/reprint/23/11/1666?maxtoshow=&HITS=10&hits=10&RESULTFORM
AT=&author1=raskin&andorexactfulltext=and&searchid=1&FIRSTINDEX=0&sortspec=relevance&volu
me=23&resourcetype=HWCIT  (accessed 2009 Jan 20). 

 79. Raskin P, Klaff L, Bergenstal R, Halle JP, Donley D, Mecca T. A 16-week comparison of the novel insulin 
analog insulin glargine (HOE 901) and NPH human insulin used with insulin lispro in patients with type 1 
diabetes. Diabetes Care 2000;23(11):1666-71. 

 80. Ratner RE, Hirsch IB, Neifing JL, Garg SK, Mecca TE, Wilson CA, et al. Less hypoglycemia with insulin 
glargine in intensive insulin therapy for type 1 diabetes. Diabetes Care [Internet]. 2000;23(5):639-43. 
Available: http://care.diabetesjournals.org/cgi/reprint/23/5/639.pdf   (accessed 2009 Jan 20). 

 81. Rosenstock J, Park G, Zimmerman J, U.S. Insulin Glargine (HOE 901) Type 1 Diabetes Investigator 
Group. Basal insulin glargine (HOE 901) versus NPH insulin in patients with type 1 diabetes on multiple 



 

Optimal Therapy Recommendations for the Prescribing and Use of Insulin Analogues 72

daily insulin regimens. Diabetes Care [Internet]. 2000;23(8):1137-42. Available: 
http://care.diabetesjournals.org/cgi/reprint/23/8/1137.pdf   (accessed 2009 Jan 20). 

 82. Rossetti P, Pampanelli S, Fanelli C, Porcellati F, Costa E, Torlone E, et al. Intensive replacement of basal 
insulin in patients with type 1 diabetes given rapid-acting insulin analog at mealtime: a 3-month 
comparison between administration of NPH insulin four times daily and glargine insulin at dinner or 
bedtime. Diabetes Care [Internet]. 2003;26(5):1490-6. Available: 
http://care.diabetesjournals.org/cgi/reprint/26/5/1490  (accessed 2009 Jan 20). 

 83. Porcellati F, Rossetti P, Pampanelli S, Fanelli CG, Torlone E, Scionti L, et al. Better long-term glycaemic 
control with the basal insulin glargine as compared with NPH in patients with Type 1 diabetes mellitus 
given meal-time lispro insulin. Diabet Med 2004;21(11):1213-20. 

 84. Fulcher GR, Gilbert RE, Yue DK. Glargine is superior to neutral protamine Hagedorn for improving 
glycated haemoglobin and fasting blood glucose levels during intensive insulin therapy. Intern Med J 
2005;35(9):536-42. 

 85. Home PD, Rosskamp R, Forjanic-Klapproth J, Dressler A, Bartusch-Marrain P, Egger T, et al. A 
randomized multicentre trial of insulin glargine compared with NPH insulin in people with type 1 diabetes. 
Diabetes Metab Res Rev 2005;21(6):545-53. 

 86. Ge ZZ, Zhang DZ, Xiao SD, Chen Y, Hu YB. Does eradication of Helicobacter pylori alone heal duodenal 
ulcers? Aliment Pharmacol Ther 2000;14(1):53-8. 

 87. Hershon KS, Blevins TC, Mayo CA, Rosskamp R. Once-daily insulin glargine compared with twice-daily 
NPH insulin in patients with type 1 diabetes. Endocr Pract 2004;10(1):10-7. 

 88. Witthaus E, Stewart J, Bradley C. Treatment satisfaction and psychological well-being with insulin 
glargine compared with NPH in patients with type 1 diabetes. Diabet Med 2001;18(8):619-25. 

 89. Bolli G, Songini M, Trovati M, Del Prato S, Ghirlanda G, Cordera R, et al. Transfer of patients with type 1 
diabetes from NPH insulin to insulin glargine as basal insulin: a multicentre, randomised, parallel-group, 
open-label study [abstract]. Diabetologia 2006;49 Suppl 1:607.  

 90. Pesic M, Radenkovic S, Zivic S, Velojic M, Dimic D, Mikic D. Comparison between NPH insulin and 
insulin glargine in intensive insulin therapy in type 1 diabetes mellitus [abstract on the Internet]. Endocrine 
Abstracts [8th European Congress of Endocrinology] 2006;11(P328). Available: http://www.endocrine-
abstracts.org/ea/0011/ea0011p328.htm  (accessed 2009 Jan 20). 

 91. Vague P, Selam JL, Skeie S, De Leeuw I, Elte JW, Haahr H, et al. Insulin detemir is associated with more 
predictable glycemic control and reduced risk of hypoglycemia than NPH insulin in patients with type 1 
diabetes on a basal-bolus regimen with premeal insulin aspart. Diabetes Care [Internet]. 2003;26(3):590-6. 
Available: http://care.diabetesjournals.org/cgi/reprint/26/3/590.pdf   (accessed 2009 Jan 20). 

 92. Home P, Bartley P, Russell-Jones D, Hanaire-Broutin H, Heeg JE, Abrams P, et al. Insulin detemir offers 
improved glycemic control compared with NPH insulin in people with type 1 diabetes: a randomized 
clinical trial. Diabetes Care [Internet]. 2004;27(5):1081-7. Available: 
http://care.diabetesjournals.org/cgi/reprint/27/5/1081?maxtoshow=&HITS=10&hits=10&RESULTFORM
AT=&author1=home&andorexactfulltext=and&searchid=1&FIRSTINDEX=0&sortspec=relevance&volu
me=27&resourcetype=HWCIT  (accessed 2009 Jan 20). 

 93. Russell-Jones D, Simpson R, Hylleberg B, Draeger E, Bolinder J. Effects of QD insulin detemir or neutral 
protamine Hagedorn on blood glucose control in patients with type I diabetes mellitus using a basal-bolus 
regimen. Clin Ther 2004;26(5):724-36. 

 94. Standl E, Lang H, Roberts A. The 12-month efficacy and safety of insulin detemir and NPH insulin in 
basal-bolus therapy for the treatment of type 1 diabetes. Diabetes Technol Ther 2004;6(5):579-88. 

 95. De Leeuw I, Vague P, Selam JL, Skeie S, Lang H, Draeger E, et al. Insulin detemir used in basal-bolus 
therapy in people with type 1 diabetes is associated with a lower risk of nocturnal hypoglycaemia and less 
weight gain over 12 months in comparison to NPH insulin. Diabetes Obes Metab 2005;7(1):73-82. 



 

Optimal Therapy Recommendations for the Prescribing and Use of Insulin Analogues 73

 96. Pieber TR, Draeger E, Kristensen A, Grill V. Comparison of three multiple injection regimens for Type 1 
diabetes: morning plus dinner or bedtime administration of insulin detemir vs. morning plus bedtime NPH 
insulin. Diabet Med 2005;22(7):850-7. 

 97. Kolendorf K, Ross GP, Pavlic-Renar I, Perriello G, Philotheou A, Jendle J, et al. Insulin detemir lowers the 
risk of hypoglycaemia and provides more consistent plasma glucose levels compared with NPH insulin in 
Type 1 diabetes. Diabet Med 2006;23(7):729-35. 

 98. Hermansen K, Madsbad S, Perrild H, Kristensen A, Axelsen M. Comparison of the soluble basal insulin 
analog insulin detemir with NPH insulin: a randomized open crossover trial in type 1 diabetic subjects on 
basal-bolus therapy. Diabetes Care [Internet]. 2001;24(2):296-301. Available: 
http://care.diabetesjournals.org/cgi/reprint/24/2/296.pdf   (accessed 2009 Jan 20). 

 99. Mianowska B, Szadkowska A, Czerniawska E, Pietrzak I, Bodalski J. Insulin glargine improves fasting 
blood glucose levels in prepubertal children with unsatisfactorily controlled type 1 diabetes. Endokrynol 
Diabetol Chor Przemiany Materii Wieku Rozw 2007;13(4):189-93. 

 100. Schober E, Schoenle E, Van Dyk J, Wernicke-Panten K, the Pediatric Study Group on Insulin Glargine. 
Comparative trial between insulin glargine and NPH insulin in children and adolescents with type 1 
diabetes mellitus. J Pediatr Endocrinol Metab 2002;15(4):369-76. 

 101. Kawamura T, Higashide T, Hirose M, Kimura K, Inada H, Niihira S, et al. Prospective, randomized, 
crossover study using insulin glargine and aspart compared with basal-bolus using NPH in Japanese 
children and adolescents with type 1 diabetes [poster]. 65th Annual Scientific Sessions; 2005 Jun 10; San 
Diego. Poster no 1890-P. 

 102. Chase HP, Arslanian S, White N, Usiskin K, Tamborlane W. Insulin glargine (GLAR) vs intermediate-
acting insulin in adolescents with type 1 diabetes (T1DM) using multiple daily injection (MDI) therapy 
[abstract]. Diabetologia 2006;49(Suppl 1):559-60, SEP.  

 103. Robertson KJ, Schoenle E, Gucev Z, Mordhorst L, Gall MA, Ludvigsson J. Insulin detemir compared with 
NPH insulin in children and adolescents with Type 1 diabetes. Diabet Med 2007;24(1):27-34. 

 104. Rosenstock J, Davies M, Home PD, Larsen J, Koenen C, Schernthaner G, et al. A randomised, 52-week, 
treat-to-target trial comparing insulin detemir with insulin glargine when administered as add-on to 
glucose-lowering drugs in insulin-naive people with type 2 diabetes. Diabetologia 2008;51(3):408-16. 

 105. Yki-Järvinen H, Dressler A, Ziemen M, HOE 901/3002 Study Group. Less nocturnal hypoglycemia and 
better post-dinner glucose control with bedtime insulin glargine compared with bedtime NPH insulin 
during insulin combination therapy in type 2 diabetes. Diabetes Care [Internet]. 2000;23(8):1130-6. 
Available: http://care.diabetesjournals.org/cgi/reprint/23/8/1130.pdf   (accessed 2009 Jan 20). 

 106. Fritsche A, Schweitzer MA, H„ring HU, 4001 Study Group. Glimepiride combined with morning insulin 
glargine, bedtime neutral protamine hagedorn insulin, or bedtime insulin glargine in patients with type 2 
diabetes. A randomized, controlled trial. Ann Intern Med 2003;138(12):952-9. 

 107. HOE 901/2004 Study Investigators Group. Safety and efficacy of insulin glargine (HOE 901) versus NPH 
insulin in combination with oral treatment in Type 2 diabetic patients. Diabet Med 2003;20(7):545-51. 

 108. Massi Benedetti M, Humburg E, Dressler A, Ziemen M, 3002 Study Group. A one-year, randomised, 
multicentre trial comparing insulin glargine with NPH insulin in combination with oral agents in patients 
with type 2 diabetes. Horm Metab Res 2003;35(3):189-96. 

 109. Riddle MC, Rosenstock J, Gerich J, on behalf of the Insulin Glargine 4002 Study Investigators. The treat-
to-target trial: randomized addition of glargine or human NPH insulin to oral therapy of type 2 diabetic 
patients. Diabetes Care [Internet]. 2003;26(11):3080-6. Available: 
http://care.diabetesjournals.org/cgi/reprint/26/11/3080 (accessed 2009 Jan 20). 

 110. Eliaschewitz FG, Calvo C, Valbuena H, Ruiz M, Aschner P, Villena J, et al. Therapy in type 2 diabetes: 
insulin glargine vs. NPH insulin both in combination with glimepiride. Arch Med Res 2006;37(4):495-501. 



 

Optimal Therapy Recommendations for the Prescribing and Use of Insulin Analogues 74

 111. Yki-Järvinen H, Kauppinen-Mäkelin R, Tiikkainen M, Vähätalo M, Virtamo H, Nikkilä K, et al. Insulin 
glargine or NPH combined with metformin in type 2 diabetes: the LANMET study. Diabetologia 
2006;49(3):442-51. 

 112. Pan CY, Sinnassamy P, Chung KD, Kim KW, on behalf of the LEAD Study Investigators Group. Insulin 
glargine versus NPH insulin therapy in Asian Type 2 diabetes patients. Diabetes Res Clin Pract 
2007;76(1):111-8. 

 113. Wang XL, Lu JM, Pan CY, Mu YM, Dou JT, Ba JM, et al. Evaluation of the superiority of insulin glargine 
as basal insulin replacement by continuous glucose monitoring system. Diabetes Res Clin Pract 
2007;76(1):30-6. 

 114. Rachmani R, Levi Z, Slavachevski I, Avin M, Ravid M. Teaching patients to monitor their risk factors 
retards the progression of vascular complications in high-risk patients with Type 2 diabetes mellitus--a 
randomized prospective study. Diabet Med 2002;19(5):385-92. 

 115. Hermansen K, Davies M, Derezinski T, Martinez RG, Clauson P, Home P. A 26-Week, Randomized, 
Parallel, Treat-to-Target Trial Comparing Insulin Detemir With NPH Insulin as Add-On Therapy to Oral 
Glucose-Lowering Drugs in Insulin-Naive People With Type 2 Diabetes. Diabetes Care [Internet]. 
2006;29(6):1269-74. Available: http://care.diabetesjournals.org/cgi/reprint/29/6/1269 (accessed 2007 Jan 
9). 

 116. Philis-Tsimikas A, Charpentier G, Clauson P, Ravn GM, Roberts VL, Thorsteinsson B. Comparison of 
once-daily insulin detemir with NPH insulin added to a regimen of oral antidiabetic drugs in poorly 
controlled type 2 diabetes. Clin Ther 2006;28(10):1569-81. 

 117. Tajima N, Iwamoto Y, Kaku K, Kawamori R, Nishida T, Kobayashi M. Once-daily insulin detemir added 
to oral antidiabetic drugs results in less weight gain and a trend for reduced hypoglycaemia in comparison 
to NPH insulin in Japanese patients with type 2 diabetes [abstract]. Diabetologia 2006;49(Suppl 1):609. 

 118. Rosenstock J, Schwartz SL, Clark CM, Jr., Park GD, Donley DW, Edwards MB. Basal insulin therapy in 
type 2 diabetes: 28-week comparison of insulin glargine (HOE 901) and NPH insulin. Diabetes Care 
[Internet]. 2001;24(4):631-6. Available: 
http://care.diabetesjournals.org/cgi/reprint/24/4/631?maxtoshow=&HITS=10&hits=10&RESULTFORMA
T=&andorexactfulltext=and&searchid=1&FIRSTINDEX=0&sortspec=relevance&volume=24&firstpage=
631&resourcetype=HWCIT  (accessed 2009 Jan 20). 

 119. Fonseca V, Bell DS, Berger S, Thomson S, Mecca TE. A comparison of bedtime insulin glargine with 
bedtime neutral protamine Hagedorn insulin in patients with type 2 diabetes: subgroup analysis of patients 
taking once-daily insulin in a multicenter, randomized, parallel group study. Am J Med Sci 
2004;328(5):274-80. 

 120. Haak T, Tiengo A, Draeger E, Suntum M, Waldhäusl W. Lower within-subject variability of fasting blood 
glucose and reduced weight gain with insulin detemir compared to NPH insulin in patients with type 2 
diabetes. Diabetes Obes Metab 2005;7(1):56-64. 

 121. Pieber TR, Treichel HC, Hompesch B, Philotheou A, Mordhorst L, Gall MA, et al. Comparison of insulin 
detemir and insulin glargine in subjects with Type 1 diabetes using intensive insulin therapy. Diabet Med 
2007;24(6):635-42. 

 122. Tubiana-Rufi N, Coutant R, Bloch J, Munz-Licha G, Delcroix C, Montaud-Raguideau N, et al. Special 
management of insulin lispro in continuous subcutaneous insulin infusion in young diabetic children: a 
randomized cross-over study. Horm Res 2004;62(6):265-71. 

 123. Deeb LC, Holcombe JH, Brunelle R, Zalani S, Brink S, Jenner M, et al. Insulin lispro lowers postprandial 
glucose in prepubertal children with diabetes. Pediatrics [Internet]. 2001;108(5):1175-9. Available: 
http://pediatrics.aappublications.org/cgi/reprint/108/5/1175  (accessed 2006 Dec 18). 

 124. Fairchild JM, Ambler GR, Genoud-Lawton CH, Westman EA, Chan A, Howard NJ, et al. Insulin lispro 
versus regular insulin in children with type 1 diabetes on twice daily insulin. Pediatr Diabetes 
2000;1(3):135-41. 



 

Optimal Therapy Recommendations for the Prescribing and Use of Insulin Analogues 75

 125. Ford-Adams ME, Murphy NP, Moore EJ, Edge JA, Ong KL, Watts AP, et al. Insulin lispro: a potential role 
in preventing nocturnal hypoglycaemia in young children with diabetes mellitus. Diabet Med 
2003;20(8):656-60. 

 126. Tupola S, Komulainen J, Jääskeläinen J, Sipilä I. Post-prandial insulin lispro vs. human regular insulin in 
prepubertal children with type 1 diabetes mellitus. Diabet Med 2001;18(8):654-8. 

 127. Danne T, Rastam J, Odendahl R, Nake A, Schimmel U, Szczepanski R, et al. Parental preference of 
prandial insulin aspart compared with preprandial human insulin in a basal-bolus scheme with NPH insulin 
in a 12-wk crossover study of preschool children with type 1 diabetes. Pediatr Diabetes 2007;8(5):278-85. 

 128. Bode B, Weinstein R, Bell D, McGill J, Nadeau D, Raskin P, et al. Comparison of insulin aspart with 
buffered regular insulin and insulin lispro in continuous subcutaneous insulin infusion: a randomized study 
in type 1 diabetes. Diabetes Care [Internet]. 2002;25(3):439-44. Available: 
http://care.diabetesjournals.org/cgi/content/full/25/3/439  (accessed 2009 Jan 20). 

 129. Hedman CA, Orre-Pettersson AC, Lindström T, Arnqvist HJ. Treatment with insulin lispro changes the 
insulin profile but does not affect the plasma concentrations of IGF-I and IGFBP-1 in type 1 diabetes. Clin 
Endocrinol (Oxf) 2001;55(1):107-12. 

 130. Johansson UB, Adamson UC, Lins PE, Wredling RA. Improved blood glucose variability, HbA1c insuman 
Infusat© and less insulin requirement in IDDM patients using insulin lispro in CSII. The Swedish 
Multicenter Lispro Insulin Study. Diabetes Metab 2000;26(3):192-6. 

 131. Raskin P, Holcombe JH, Tamborlane WV, Malone JI, Strowig S, Ahern JA, et al. A comparison of insulin 
lispro and buffered regular human insulin administered via continuous subcutaneous insulin infusion pump. 
J Diabetes Complicat 2001;15(6):295-300. 

 132. Renner R, Pfutzner A, Trautmann M, Harzer O, Sauter K, Landgraf R, et al. Use of insulin lispro in 
continuous subcutaneous insulin infusion treatment. Results of a multicenter trial. Diabetes Care 
1999;22(5):784-8. Available: http://care.diabetesjournals.org/cgi/reprint/22/5/784  (accessed 2009 Jan 20). 

 133. Zinman B, Tildesley H, Chiasson JL, Tsui E, Strack T. Insulin lispro in CSII: results of a double-blind 
crossover study. Diabetes 1997;46(3):440-3. 

 134. Schmauß S, König A, Landgraf R. Human insulin analogue [LYS(B28), PRO(B29)]: the ideal pump 
insulin? Diabet Med 1998;15(3):247-9. 

 135. Melki V, Renard E, Lassmann-Vague V, Boivin S, Guerci B, Hanaire-Broutin H, et al. Improvement of 
HbA1c and blood glucose stability in IDDM patients treated with lispro insulin analog in external pumps. 
Diabetes Care 1998;21(6):977-82. Available: http://care.diabetesjournals.org/cgi/reprint/21/6/977 
(accessed 2009 Jan 20). 

 136. Linkeschova R, Spraul M, Jatzkowski E, Ebrahim S, Schwarz M, Richter B, et al. Quality of life, treatment 
satisfaction and diabetes control on insulin lispro and regular human insulin during CSII: a randomised 
double-blind crossover study. Diabetes Metab 2003;29(Hors serie 2):4S226. 

 137. Bode BW, Strange P. Efficacy, safety, and pump compatibility of insulin aspart used in continuous 
subcutaneous insulin infusion therapy in patients with type 1 diabetes. Diabetes Care [Internet]. 
2001;24(1):69-72. Available: http://care.diabetesjournals.org/cgi/reprint/24/1/69  (accessed 2009 Jan 20). 

 138. Anderson JH, Brunelle RL, Koivisto VA, Pfützner A, Trautmann ME, Vignati L, et al. Reduction of 
postprandial hyperglycemia and frequency of hypoglycemia in IDDM patients on insulin-analog treatment. 
Diabetes 1997;46(2):265-70. 

 139. Anderson JH, Brunelle RL, Koivisto VA, Trautmann ME, Vignati L, DiMarchi R, et al. Improved 
mealtime treatment of diabetes mellitus using an insulin analogue. Clin Ther 1997;19(1):62-72. 

 140. Annuzzi G, Del Prato S, Arcari R, Bellomo DA, Benzi L, Bruttomesso D, et al. Preprandial combination of 
lispro and NPH insulin improves overall blood glucose control in type 1 diabetic patients: a multicenter 
randomized crossover trial. Nutr Metab Cardiovasc Dis 2001;11(3):168-75. 



 

Optimal Therapy Recommendations for the Prescribing and Use of Insulin Analogues 76

 141. Caixàs A, Pérez A, Payés A, Otal C, Carreras G, Ordóñez-Llanos J, et al. Effects of a short-acting insulin 
analog (insulin lispro) versus regular insulin on lipid metabolism in insulin-dependent diabetes mellitus. 
Metab Clin Exper 1998;47(4):371-6. 

 142. Chan WB, Chow CC, Yeung VT, Chan JC, So WY, Cockram CS. Effect of insulin lispro on glycaemic 
control in Chinese diabetic patients receiving twice-daily regimens of insulin. Chin Med J (Engl) 
2004;117(9):1404-7. 

 143. Ciofetta M, Lalli C, Del Sindaco P, Torlone E, Pampanelli S, Mauro L, et al. Contribution of postprandial 
versus interprandial blood glucose to HbA1c in type 1 diabetes on physiologic intensive therapy with lispro 
insulin at mealtime. Diabetes Care [Internet]. 1999;22(5):795-800. Available: 
http://care.diabetesjournals.org/cgi/reprint/22/5/795   (accessed 2009 Jan 20). 

 144. Ferguson SC, Strachan MW, Janes JM, Frier BM. Severe hypoglycaemia in patients with type 1 diabetes 
and impaired awareness of hypoglycaemia: a comparative study of insulin lispro and regular human insulin. 
Diabetes Metab Res Rev 2001;17(4):285-91. 

 145. Gale EA, UK Trial Group. A randomized, controlled trial comparing insulin lispro with human soluble 
insulin in patients with Type 1 diabetes on intensified insulin therapy. Diabet Med 2000;17(3):209-14. 

 146. Garg SK, Carmain JA, Braddy KC, Anderson JH, Vignati L, Jennings MK, et al. Pre-meal insulin analogue 
insulin lispro vs Humulin R insulin treatment in young subjects with type 1 diabetes. Diabet Med 
1996;13(1):47-52. 

 147. Holleman F, Schmitt H, Rottiers R, Rees A, Symanowski S, Anderson JH, et al. Reduced frequency of 
severe hypoglycemia and coma in well-controlled IDDM patients treated with insulin lispro. Diabetes Care 
1997;20(12):1827-32. 

 148. Jacobs MA, Keulen ET, Kanc K, Casteleijn S, Scheffer P, Deville W, et al. Metabolic efficacy of 
preprandial administration of Lys(B28), Pro(B29) human insulin analog in IDDM patients: a comparison 
with human regular insulin during a three-meal test period. Diabetes Care 1997;20(8):1279-86. 

 149. Jansson PA, Ebeling P, Smith U, Conget I, Coves MJ, Gomis R, et al. Improved glycemic control can be 
better maintained with insulin lispro than with human regular insulin. Diabetes Nutr Metab 
1998;11(3):194-9. 

 150. Provenzano C, Vero R, Oliva A, Leto G, Puccio L, Vecci E, et al. Lispro insulin in type 1 diabetic patients 
on a Mediterranean or normal diet: a randomized, cross-over comparative study with regular insulin. 
Diabetes Nutr Metab 2001;14(3):133-9. 

 151. Roach P, Trautmann M, Arora V, Sun B, Anderson JH, Jr. Improved postprandial blood glucose control 
and reduced nocturnal hypoglycemia during treatment with two novel insulin lispro-protamine 
formulations, insulin lispro mix25 and insulin lispro mix50. Mix50 Study Group. Clin Ther 
1999;21(3):523-34. 

 152. Valle D, Santoro D, Bates P, Scarpa L. Italian multicentre study of intensive therapy with insulin lispro in 
1184 patients with Type 1 diabetes. Diabetes Nutr Metab 2001;14(3):126-32. 

 153. Vignati L, Anderson JH, Iversen PW, Multicenter Insulin Lispro Study Group. Efficacy of insulin lispro in 
combination with NPH human insulin twice per day in patients with insulin-dependent or non-insulin-
dependent diabetes mellitus. Clin Ther 1997;19(6):1408-21. 

 154. Del Sindaco P, Ciofetta M, Lalli C, Perriello G, Pampanelli S, Torlone E, et al. Use of the short-acting 
insulin analogue lispro in intensive treatment of type 1 diabetes mellitus: importance of appropriate 
replacement of basal insulin and time-interval injection-meal. Diabet Med 1998;15(7):592-600. 

 155. Heller SR, Amiel SA, Mansell P, U.K. Lispro Study Group. Effect of the fast-acting insulin analog lispro 
on the risk of nocturnal hypoglycemia during intensified insulin therapy. Diabetes Care [Internt]. 
1999;22(10):1607-11. Available: http://care.diabetesjournals.org/cgi/reprint/22/10/1607   (accessed 2009 
Jan 20). 



 

Optimal Therapy Recommendations for the Prescribing and Use of Insulin Analogues 77

 156. Kotsanos JG, Vignati L, Huster W, Andrejasich C, Boggs MB, Jacobson AM, et al. Health-related quality-
of-life results from multinational clinical trials of insulin lispro: assessing benefits of a new diabetes 
therapy. Diabetes Care 1997;20(6):948-58. 

 157. Janes JM, Bradley C, Rees A. Preferences for, and improvements in aspects of quality of life (QoL) with, 
insulin lispro in a multiple injection regimen [abstract]. Diabetologia 1997;40(Suppl 1):A353. 

 158. Heller SR, Colagiuri S, Vaaler S, Wolffenbuttel BH, Koelendorf K, Friberg HH, et al. Hypoglycaemia with 
insulin aspart: a double-blind, randomised, crossover trial in subjects with type 1 diabetes. Diabet Med 
2004;21(7):769-75. 

 159. Home PD, Lindholm A, Riis A, the European Insulin Aspart Study Group. Insulin aspart vs. human insulin 
in the management of long-term blood glucose control in type 1 diabetes mellitus: a randomized controlled 
trial. Diabet Med 2000;17(11):762-70. 

 160. Iwamoto Y, Akanuma Y, Niimi H, Sasaki N, Tajima N, Kawamori R. Comparison between insulin aspart 
and soluble human insulin in type 1 diabetes (IDDM) patients treated with basal-bolus insulin therapy - 
phase III clinical trial in Japan [in Japanese]. J Japan Diabet Soc 2001;44(10):799-811. 

 161. Raskin P, Guthrie RA, Leiter L, Riis A, Jovanovic L. Use of insulin aspart, a fast-acting insulin analog, as 
the mealtime insulin in the management of patients with type 1 diabetes. Diabetes Care [Internet]. 
2000;23(5):583-8. Available: http://care.diabetesjournals.org/cgi/reprint/23/5/583   (accessed 2009 Jan 20). 

 162. Tamás G, Marre M, Astorga R, Dedov I, Jacobsen J, Lindholm A, et al. Glycaemic control in type 1 
diabetic patients using optimised insulin aspart or human insulin in a randomised multinational study. 
Diabetes Res Clin Pract 2001;54(2):105-14. 

 163. Home PD, Lindholm A, Hylleberg B, Round P, UK Insulin Aspart Study Group. Improved glycemic 
control with insulin aspart: a multicenter randomized double-blind crossover trial in type 1 diabetic 
patients. Diabetes Care [Internet]. 1998;21(11):1904-9. Available: 
http://care.diabetesjournals.org/cgi/reprint/21/11/1904   (accessed 2009 Jan 20). 

 164. Danne T, Odendahl R, Naeke A, Schimmel U, Szczepanski R, Moeller J, et al. Postprandial insulin aspart 
is preferred to preprandial human insulin by parents of preschool children with type 1 diabetes [poster]. 
65th Annual Scientific Sessions; 2005 Jun 10; San Diego. Poster no 2765-PO.  

 165. Hod M, Damm P, Kaaja R, Visser GH, Dunne F, Demidova I, et al. Fetal and perinatal outcomes in type 1 
diabetes pregnancy: a randomized study comparing insulin aspart with human insulin in 322 subjects. Am J 
Obstet Gynecol 2008;198(2):186-7. 

 166. Mathiesen ER, Kinsley B, Amiel SA, Heller S, McCance D, Duran S, et al. Maternal glycemic control and 
hypoglycemia in type 1 diabetic pregnancy: a randomized trial of insulin aspart versus human insulin in 
322 pregnant women. Diabetes Care [Internet]. 2007;30(4):771-6. Available: 
http://care.diabetesjournals.org/cgi/reprint/30/4/771  (accessed 2009 Jan 20). 

 

 167. Persson B, Swahn ML, Hjertberg R, Hanson U, Nord E, Nordlander E, et al. Insulin lispro therapy in 
pregnancies complicated by type 1 diabetes mellitus. Diabetes Res Clin Pract 2002;58(2):115-21. 

 168. Jovanovic L, Ilic S, Pettitt DJ, Hugo K, Gutierrez M, Bowsher RR, et al. Metabolic and immunologic 
effects of insulin lispro in gestational diabetes. Diabetes Care [Internet]. 1999;22(9):1422-7. Available: 
http://care.diabetesjournals.org/cgi/reprint/22/9/1422   (accessed 2009 Jan 20). 

 169. Mecacci F, Carignani L, Cioni R, Bartoli E, Parretti E, La Torre P, et al. Maternal metabolic control and 
perinatal outcome in women with gestational diabetes treated with regular or lispro insulin: comparison 
with non-diabetic pregnant women. Eur J Obstet Gynecol Reprod Biol 2003;111(1):19-24. 

 170. Pettitt DJ, Ospina P, Howard C, Zisser H, Jovanovic L. Efficacy, safety and lack of immunogenicity of 
insulin aspart compared with regular human insulin for women with gestational diabetes mellitus. Diabet 
Med 2007;24(10):1129-35. 



 

Optimal Therapy Recommendations for the Prescribing and Use of Insulin Analogues 78

 171. Holcombe JH, Zalani S, Arora VK, Mast CJ, Lispro in Adolescents Study Group. Comparison of insulin 
lispro with regular human insulin for the treatment of type 1 diabetes in adolescents. Clin Ther 
2002;24(4):629-38. 

 172. Yamada S, Watanabe M, Kitaoka A, Shiono K, Atsuda K, Tsukamoto Y, et al. Switching from premixed 
human insulin to premixed insulin lispro: a prospective study comparing the effects on glucose control and 
quality of life. Intern Med [Internet]. 2007;46(18):1513-7. Available: 
http://www.jstage.jst.go.jp/article/internalmedicine/46/18/1513/_pdf (accessed 2007 Oct 11). 

 173. Pala L, Mannucci E, Dicembrini I, Rotella CM. A comparison of mealtime insulin aspart and human insulin in 
combination with metformin in type 2 diabetes patients. Diabetes Res Clin Pract 2007;78(1):132-5. 

 174. Altuntas Y, Ozen B, Ozturk B, Sengul A, Ucak S, Ersoy O, et al. Comparison of additional metformin or 
NPH insulin to mealtime insulin lispro therapy with mealtime human insulin therapy in secondary OAD 
failure. Diabetes Obes Metab 2003;5(6):371-8. 

 175. Anderson JH, Brunelle RL, Keohane P, Koivisto VA, Trautmann ME, Vignati L, et al. Mealtime treatment 
with insulin analog improves postprandial hyperglycemia and hypoglycemia in patients with non-insulin-
dependent diabetes mellitus. Arch Intern Med 1997;157(11):1249-55. 

 176. Laube H, Heller M, Liersch J, Mäser E, Linn T. Erfahrungen mit lispro -insulin bei intensivierter 
Behandlung von Typ-i- und Typ-ii- Diabetikern [Experience with Lispro -insulin in the intensified therapy 
of IDDM and NIDDM patients]. Diabetes Stoffwechsel 1996;5(6):273-6. 

 177. Lourens W, Bonnici F, Matthias HERZ, Arora V, Roach P. Improved glycaemic control with humalog 
mix25 compared with human insulin 30/70 in patients with type 2 diabetes. Jemdsa 2000;5(2):87-92. 

 178. Roach P, Yue L, Arora V. Improved postprandial glycemic control during treatment with Humalog Mix25, a 
novel protamine-based insulin lispro formulation. Humalog Mix25 Study Group. Diabetes Care [Internet]. 
1999;22(8):1258-61. Available: http://care.diabetesjournals.org/cgi/reprint/22/8/1258  (accessed 2009 Jan 
20). 

 179. Ross SA, Zinman B, Campos RV, Strack T, Canadian Lispro Study Group. A comparative study of insulin 
lispro and human regular insulin in patients with type 2 diabetes mellitus and secondary failure of oral 
hypoglycemic agents. Clin Invest Med 2001;24(6):292-8. 

 180. Schernthaner G, Kopp HP, Ristic S, Muzyka B, Peter L, Mitteregger G. Metabolic control in patients with 
type 2 diabetes using Humalog© Mix50T injected three times daily: crossover comparison with human 
insulin 30/70. Horm Metab Res 2004;36(3):188-93. 

 181. Herz M, Profozic V, Arora V, Smircic-Duvnjak L, Kovacevic I, Boras J, et al. Effects of a fixed mixture of 
25% insulin lispro and 75% NPL on plasma glucose during and after moderate physical exercise in patients 
with type 2 diabetes. Curr Med Res Opin 2002;18(4):188-93. 

 182. Herz M, Arora V, Campaigne BN, Scholtz HE, Potgieter MA, Mollentze W. Humalog Mix25 improves 24-
hour plasma glucose profiles compared with the human insulin mixture 30/70 in patients with type 2 
diabetes mellitus. S Afr Med J 2003;93(3):219-23. 

 183. Boehm BO, Vaz JA, Br›ndsted L, Home PD. Long-term efficacy and safety of biphasic insulin aspart in 
patients with type 2 diabetes. Eur J Intern Med 2004;15(8):496-502. 

 184. Bretzel RG, Arnolds S, Medding J, Linn T. A direct efficacy and safety comparison of insulin aspart, 
human soluble insulin, and human premix insulin (70/30) in patients with type 2 diabetes. Diabetes Care 
[Internet]. 2004;27(5):1023-7. Available: 
http://care.diabetesjournals.org/cgi/reprint/27/5/1023?maxtoshow=&HITS=10&hits=10&RESULTFORM
AT=&author1=bretzel&andorexactfulltext=and&searchid=1&FIRSTINDEX=0&sortspec=relevance&volu
me=27&firstpage=1023&resourcetype=HWCIT  (accessed 2009 Jan 20). 

 185. Gallagher A, Home PD. The effect of improved post-prandial blood glucose control on post-prandial 
metabolism and markers of vascular risk in people with Type 2 diabetes. Diabetes Res Clin Pract 
2005;67(3):196-203. 



 

Optimal Therapy Recommendations for the Prescribing and Use of Insulin Analogues 79

 186. Kilo C, Mezitis N, Jain R, Mersey J, McGill J, Raskin P. Starting patients with type 2 diabetes on insulin 
therapy using once-daily injections of biphasic insulin aspart 70/30, biphasic human insulin 70/30, or NPH 
insulin in combination with metformin. J Diabetes Complicat 2003;17(6):307-13. 

 187. Iwamoto Y. A randomised, multicentre trial of biphasic insulin aspart versus biphasic human insulin in 
Type 2 diabetes [abstract]. Diabetologia 2003;46(Suppl 2):A270. 

 188. Raskin P, McGill J, Kilo C, Boss AH. Human insulin analog (insulin aspart, IAsp) is comparable to human 
insulin (HI) in type 2 diabetes [abstract]. Diabetes 1999;48(Suppl 1):A355. 

 189. Niskanen L, Jensen LE, Rastam J, Nygaard-Pedersen L, Erichsen K, Vora JP. Randomized, multinational, 
open-label, 2-period, crossover comparison of biphasic insulin aspart 30 and biphasic insulin lispro 25 and 
pen devices in adult patients with type 2 diabetes mellitus. Clin Ther 2004;26(4):531-40. 

 

 




