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ABSTRACT
Oravilahti T, Kastarinen H, Enlund H, Jyrkkä J, Kiviniemi V, Kokki E. The therapeutic and economic
value of insulin glargine and insulin detemir compared with NPH insulin in the treatment of Type 1
and Type 2 diabetes mellitus. Finnish Medicines Agency Fimea. Serial Publication Fimea Develops,
Assesses and Informs 2/2013. 37 p. ISBN 978-952-5624-32-8.
Diabetes mellitus can be divided into two major types, Type 1 and Type 2 diabetes. However, these two types cannot be
unambiguously classed as distinctly separate conditions. In patients with Type 1 diabetes mellitus (T1DM), insulin therapy
is replacement therapy, while those with Type 2 diabetes mellitus (T2DM) use insulin therapy to complement lifestyle
changes and oral medication. In Finland, an estimated 300,000 patients receive treatment for diabetes, of whom about
one in six has T1DM. In addition, the number of patients with undiagnosed T2DM is estimated to be more than 100,000.
This pilot assessment by Fimea compared the therapeutic and economic value of long-acting insulin analogues (insulin
glargine and insulin detemir, referred to here simply as “insulin analogues”) with NPH insulin in patients with T1DM or
T2DM. NPH insulins were first introduced more than 50 years ago. Insulin analogues were launched in the early 2000s.
Insulin analogues and NPH insulins have a similar mechanism of action. Insulin glargine and insulin detemir are clear
solutions that require no mixing, while NPH insulins must be thoroughly mixed. Insulin analogues have a less pronounced
peak effect and a longer duration of action than NPH insulins, resulting in a steadier and longer-lasting effect. Insulin
glargine is injected once daily and insulin detemir either once or twice daily. With NPH insulin, the number of daily injections varies between one and three, occasionally even more.
The research evidence used in the assessment is based on 26 randomised clinical trials. In the majority of these trials,
the primary endpoint was glycosylated haemoglobin (HbA1c) or its change. The differences between insulin analogues
and NPH insulin in terms of their effect on HbA1c are generally small, and interpretation of the evidence is difficult. The
research evidence did not enable an assessment of whether insulin analogues and NPH insulin differ in terms of their
effects on overall mortality or the long-term complications of diabetes. Quality of life (QoL) or treatment satisfaction were
addressed in a total of eight original trials included in the assessment. No differences in QoL or treatment satisfaction
were observed in patients with T2DM, whereas for T1DM the results are not consistent. No notable differences were
observed between the insulin analogues.
The research evidence implies that patients treated with insulin analogues may experience a lower rate of nocturnal hypoglycaemia compared with those on NPH insulin. With respect to serious hypoglycaemias and all hypoglycaemias, interpretation of the results is not unambiguous. No differences were observed between the insulin analogues.
Based on reports by public-sector bodies in other countries, long-acting insulin analogues are not cost-effective compared
with NPH insulin in the treatment of T1DM or T2DM. Their cost-effectiveness nevertheless appears to be better in the treatment of T1DM than T2DM. These results are in line with the research evidence on health effects compiled during this assessment. Contrary to the above reports, studies involving affiliations with the marketing authorisation holder have concluded the respective insulin analogue to be cost-effective compared with treatment alternatives in both T1DM and T2DM.
Based on an interview survey, the most important aspects of insulin therapy for the patient are a good glucose balance,
reduction in diabetes comorbidity, limited adverse effects, and the low cost to the patient due to the pharmaceuticals reimbursement system. Patients also find it important to be able to plan and carry out their insulin therapy on an individuallytailored basis.
As regards the assessment, the research evidence available is insufficient for establishing the true therapeutic effect of
long-acting insulin analogues compared with NPH insulin in patients with T1DM or T2DM. The evidence available was
short-term considering the long-term nature of the condition. The evidence mainly focused on surrogate endpoints such
as HbA1c rather than the patients’ prognosis, the incidence of diabetes comorbidities or quality of life. In addition, applicability of the research evidence to the Finnish patient population is subject to numerous uncertainty factors.
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ABBREVIATIONS AND DEFINITIONS
BMI	Body Mass Index
CAD	Canadian dollar
CORE	Center for Outcomes Research Diabetes Model
FinDM II
registry collected from national registries for the monitoring of diabetes and diabetic comorbidities
fasting plasma glucose
FPG
GLP-1 agonist glucagon-like peptide-1 agonist; products that increase glucose-dependent insulin secretion by
pancreatic beta cells
GRADE	Grading of Recommendations Assessment, Development and Evaluation; a guideline for the
assessment of quality of evidence and strength of recommendations
GBP	UK pounds sterling
glycosylated haemoglobin
HbA1c
HRQoL	Health-Related Quality of Life
HTA	Health Technology Assessment; an assessment of health care methods
ICER	Incremental Cost Effectiveness Ratio
IU	International Unit
IQWiG	Institut für Qualität und Wirtschaftlichkeit im Gesundheitswesen; a German assessment body
low-density lipoprotein
LDL
MAH
marketing authorisation holder
NICE	National Institute for Health and Clinical Excellence; a specialised British health authority funded by the
Department of Health that produces guidelines based on evidence and assessments of the evidence
NPH	Neutral Protamine Hagedorn
OAD
oral antidiabetic
OECD	Organisation for Economic Cooperation and Development
PICO(TS)	Population – Intervention – Comparison – Outcomes (– Time horizon – Setting)
Quality Adjusted Life Year
QALY
SPC	Summary of Product Characteristics
T1DM
Type 1 diabetes mellitus
Type 2 diabetes mellitus
T2DM
THL	National Institute for Health and Welfare
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1. foreword
This executive summary is an unofficial translation and an
abridgement of the corresponding assessment report:
“The therapeutic and economic value of insulin glargine
and insulin detemir compared with NPH insulin in the
treatment of Type 1 and Type 2 diabetes mellitus. Serial
Publication Fimea Develops, Assesses and Informs
2/2013.” The original report is in Finnish.

Disclaimer
Health technology assessments are summaries concerning the health and economic effects of medicines
and they are devised by experts. This abridged and
unofficially translated summary should not be used
for diagnostic purposes nor should it take preference
over the medical judgements of doctors or other
health care professionals regarding the best possible
treatment of a patient.

The original assessment documents include, in addition
to the assessment report in Finnish, a supplement of
result cards to provide more detailed assessment evidence as well as a report of patient interviews conducted
during the assessment. These documents are in Finnish
and they can be accessed at Fimea’s website.

EXECUTIVE SUMMARY
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2. scope of the assessment
The purpose of this assessment is to evaluate the therapeutic and economic value of insulin glargine and insulin
detemir compared with NPH insulin in the treatment of
Type 1 and Type 2 diabetes mellitus. The assessment
also compares insulin glargine and insulin detemir with
each other. The detailed scope of the assessment is
presented in Table 1. The scope is based on the Summaries of Product Characteristics (SPCs) of the insulins
assessed and on the Current Care guideline for diabetes
(2011).

creatic insulin secretion is inadequate and blood glucose
levels cannot be corrected by means of diet and oral
antidiabetics (OADs). Insulin replacement therapy is
required if the patient’s pancreatic insulin secretion is
impaired and the patient has developed insulin deficiency.
The predefined assessment subgroups were: insulinnaive compared to insulin-experienced patients; patients
classified by BMI level; and patients with a high risk of
hypoglycaemia. The subgroup analysis based on the risk
of hypoglycaemia was selected for predefined subgroup
analysis, since the insulins being assessed differ in terms
of their duration of action, so there may be differences in
the occurrence of hypoglycaemias as well. The rationale
for a subgroup analysis by BMI level was that the need
for insulin is known to be higher in overweight individuals.
Being overweight increases insulin resistance. The assessment also aimed to find out whether a patient’s prior
experience of insulin therapy has an impact on the benefits or disadvantages of the insulin products being assessed.

Table 1. The patient population, interventions and comparison, outcomes, time horizon and treatment setting
(PICOTS) considered in the assessment.
PICO(TS)

Definition/description

Population

Insulin-treated Type 1 or Type 2 diabetes mellitus
(children and adults separately).
In addition potential subgroups:
• insulin-naive and insulin-experienced patients
• analysis according to BMI level
• patients with a high risk of hypoglycaemia.

Interventions*

Insulin glargine (Lantus®), 100 IU/ml, subcutaneous
injection once daily with individual dose.

The assessment could not accommodate patients with a
high risk of hypoglycaemia as a separate subgroup since
the research evidence identified in literature search did
not allow such an analysis. Patients susceptible to hypoglycaemia and those for whom hypoglycaemia poses a
particular threat have often been excluded from trials, and
none of the studies analysed patients susceptible to hypoglycaemia as a separate group. These patient groups
typically include patients with significant diabetic or other
comorbidities, e.g. patients with cardiac conditions, nephropathy or neuropathy, elderly patients or pregnant
diabetics. Further research evidence is required for these
patient groups.

Insulin detemir (Levemir®), 100 IU/ml, subcutaneous injection 1 to 2 times daily with individual dose.
Comparator

NPH insulin, (Humulin NPH®, Insuman Basal®, Protaphane®), 100 IU/ml, subcutaneous injection once
daily or several times daily with individual dose.

Outcomes

•
•
•
•
•
•
•
•

mortality
long-term complications of diabetes
adverse effects (especially hypoglycaemia)
glycaemic balance (glycosylated haemoglobin
[HbA1c], blood glucose concentration)
health-related quality of life (HRQoL)
overall functioning capacity
costs
cost-effectiveness (€/QALY)

Time
horizon

Life

Treatment
setting

Outpatient care

An analysis by BMI level could not be performed, either,
since the results were reported by BMI level in one trial
only. The subgroup analysis on T2DM patients (insulin
monotherapy or combination therapy), included in the
assessment protocol, also had to be excluded because of
insufficient research data.

* The assessment also compares insulin glargine and insulin detemir
with each other.

Population and subgroups

Assessed pharmacotherapy interventions and
comparator treatment

The target population was defined as insulin-treated outpatients with Type 1 diabetes mellitus (T1DM) or Type 2
diabetes mellitus (T2DM) (Table 1). In the treatment of
T1DM, insulin is indicated for all patients. A patient with
T2DM may need insulin supplementation or insulin replacement therapy. Supplementation is required if pan-
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the national Current Care guideline for diabetes (2011),
diabetics should use a long-acting product (NPH insulin
or a long-acting insulin analogue) for their basal insulin
therapy. The assessment also compares insulin glargine
and insulin detemir with each other.

Outcomes and time horizon
The outcomes included in the report were selected based
on the nature of diabetes as a condition and its natural
course. Treatment costs and cost-effectiveness were also
included as outcomes.
Insulin therapy for diabetes continues throughout the
individual’s life in patients with T1DM and also in a large
proportion of insulin-treated patients with T2DM. Because
of the lifelong nature of the condition and the associated
shortening in life expectancy, the time horizon is defined
as lifetime.

EXECUTIVE SUMMARY
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3. The health problem
and current use of the
technology
3.1 Methods

thus consists of all the diabetic patients entered in the
database during the study period. The study material
consists of registry data from the National Institute for
Health and Welfare (THL), the Social Insurance Institution
of Finland (Kela), Statistics Finland, the Finnish Kidney
and Liver Association and the Finnish Centre for Pensions. The material was compiled by THL and the Finnish
Diabetes Association.

The health problem and current use of the technology
assessed have been described as answers to assessment elements (Table 2).
Table 2. Assessment elements in the domain Health
problem and current use of the technology.
ID

Assessment elements

A0001

Why are insulin glargin, insulin detemir or NPH insulin
used?

A0023

What are the criteria for use of insulin treatment in
Type 2 diabetes mellitus?

A0003

Which are the known risk factors for Type 1 and
Type 2 diabetes mellitus?

A0004

What is the natural course of Type 1 and Type 2
diabetes mellitus?

A0022

What are the symptoms and consequences of Type 1
and Type 2 diabetes mellitus for the patient?

A0007

How many people belong at the moment to the target
group of insulin treatment in Type 1 and Type 2 diabetes mellitus? What is the incidence and prevalence
of diabetes mellitus in Finland? What are the patients
that belong to the target group like in Finland?

A0008

What is the burden of disease (mortality, diasability,
use of health care resourses, costs) for the society in
Finland?

A0011

How common is the use of insulin glargine, insulin
detemir or NPH insulin in Finland?

A0012

Are there regional differences in the use of insulin
glargine, insulin detemir or NPH insulin in Finland?

A0017,
A0024

How is insulin treatment managed in different stages
of Type 1 or Type 2 diabetes mellitus?

3.2 Main results
Diabetes mellitus is a metabolic disorder characterised by
chronically elevated blood glucose concentrations. The
condition is caused by a lack of insulin, a hormone produced by the pancreas, or by impairment of the effectiveness of insulin. A genetic predisposition for diabetes is a
key risk factor for the condition. The condition usually
manifests after exposure to a predisposing environmental
factor.
Diabetes mellitus is usually divided into two major types,
Type 1 diabetes mellitus (T1DM) and Type 2 diabetes
mellitus (T2DM). However, many patients have features
of both types, so the two types cannot be unambiguously
classified as distinctly separate conditions.
Type 1 diabetes mellitus
T1DM is an incurable disease that mostly manifests during childhood or adolescence. In T1DM, an endogeneous
inflammatory reaction destroys the insulin-producing
pancreatic Langerhans islet cells (beta cells). The condition results in total insulin deficiency, leaving the body
completely dependent on insulin injections.

To describe the health problem and the current use of
available treatments, Finnish and international treatment
guidelines, original studies, review articles and the SPCs
of the insulins assessed were used.

The treatment of T1DM is started immediately after the
diagnosis is confirmed, using a subcutaneously injected
insulin preparation. The treatment consists of long-acting
basal insulin and short-acting mealtime insulin and is
carried out either as a basal-bolus regimen or with an
insulin pump.

The available evidence was supplemented by carrying
out a separate study of registry data. To describe the
characteristics of Finnish patients with Type 1 diabetes
mellitus (T1DM) and Type 2 diabetes mellitus (T2DM) and
assess the implementation of insulin therapy, the FinDM II
material (data compiled from national registries for the
monitoring of diabetes and diabetic comorbidities) was
used. This is an open cohort, and the study population

EXECUTIVE SUMMARY
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Symptoms of diabetes
Typical symptoms of diabetes include thirst, increased
urine output and fatigue – all of which are caused by
elevated blood glucose concentrations – and unexplained
weight loss. The condition is associated with several longterm complications caused by impaired peripheral circulation and a tendency to arterial stenosis, such as retinopathy, neuropathy, nephropathy and atherosclerosis.

hospitalisation. Poor glycaemic control puts the T1DM
patient at risk of capillary damage and increases the risk
of arterial disease.
Type 2 diabetes mellitus
T2DM is a hereditary condition. Lifestyle factors play an
essential role in its development. The condition starts in
adulthood and develops gradually over the years. Recently, however, T2DM has been increasing among adolescents and even children. T2DM is due to a reduced
action of insulin in its target tissues (insulin resistance)
simultaneous with a greater or lesser disturbance in the
production of insulin by the pancreas.

In T1DM, the symptoms are usually distinct and manifest
within days or weeks after developing the condition. Delayed diagnosis may result in ketoacidosis, which is fatal
if left untreated.

If one of the parents has T2DM, one in three children will
develop diabetes. If both parents have T2DM, two out of
three children will develop diabetes. In addition to hereditary factors, the most important risk factors for the condition are overweight, lack of exercise, high age, hypertension, smoking, heavy alcohol consumption and a low-fibre
diet containing plenty of saturated fat. In addition to elevated blood glucose concentrations, T2DM is characterised by dyslipidaemia, hypertension and mid-body obesity. The holistic treatment of diabetes should include
antihypertensive and lipid-lowering medication. Longlasting or poorly controlled T2DM causes organ changes
as a result of damage to the capillaries and large blood
vessels.

In T2DM, the symptoms develop gradually. They may be
mild or totally absent, and the condition is therefore often
diagnosed in connection with standard health checks or
the development of organ damage. At diagnosis, the metabolic disorders associated with T2DM are typically well
advanced and may have caused serious organ damage. It
is therefore important that both lifestyle modification and
medication are started intensively from the very beginning.
Effective early treatment of diabetes prevents organ damage in the long run, and lack of it cannot be compensated
for by stepping up treatment at a later stage.
Elderly diabetics are a special group. When treating
them, it should be kept in mind that asymptomatic hypoglycaemia is common in this group because of impaired
autonomic nervous system function and reduced production of insulin-antagonistic hormones. The risk of serious
hypoglycaemia is high in the elderly.

The treatment of T2DM is based on lifestyle modifications
including healthy eating habits, increasing exercise and, if
necessary, weight loss. Metformin medication should also
be initiated immediately after diagnosis unless it is medically contraindicated. If lifestyle modifications and metformin are not sufficient to maintain the patient’s blood glucose concentrations at an acceptably low level, treatment
can be stepped up, depending on the situation, by the
use of add-on antidiabetic medication, either oral antidiabetics (OADs) or injectable medicines (GLP-1 agonists or
insulin). The way in which treatment is stepped up depends on the patient’s individual characteristics.

Treatment guidelines for diabetes
According to the Finnish Current Care guideline for diabetes, the aims of treatment are lack of symptoms, good
quality of life and prevention of complications. Treatment
is designed individually, considering not only glycaemic
control but also blood lipids, blood pressure, diet, obesity,
exercise habits, smoking and alcohol consumption.
The treatment of T1DM is always based on insulin and
continues throughout life, whereas in T2DM, lifestyle
modifications are the preferred choice. If necessary,
T2DM treatment is stepped up by introducing OAD medication and an insulin product. The choice and dosage of
antidiabetic medication depends on the patient’s individual characteristics and situation and other morbidities,
such as renal or hepatic impairment.

The initiation of insulin therapy as an add-on to OADs
should be considered if the patient’s fasting plasma glucose (FPG) concentrations continuously exceed 6 mmol/l
or glycosylated haemoglobin (HbA1c) levels repeatedly
exceed 7.0% (53 mmol/mol). The insulin regimen is selected individually on the basis of home glucose monitoring
results. In the majority of patients with T2DM, basal insulin
injections (NPH insulin or an insulin analogue) taken once
or twice daily are a sufficient add-on to OAD therapy. A
basal-bolus regimen or pre-mixed insulins can be used as
required. OAD medication and lifestyle modification measures should be continued during insulin therapy.

EXECUTIVE SUMMARY
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7.0% (53 mmol/mol) during antidiabetic pharmacotherapy
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monitoring. Extensive long-term studies have shown that
improved glycaemic control, as measured by HbA1c, is
associated with a lower prevalence of diabetic comorbidities. HbA1c also correlates with the incidence of hypoglycaemic events.

the excipients. Insulin glargine and insulin detemir are
suitable for those over the age of two. The use of NPH
insulin does not involve any restrictions related to age.
Over recent years, the number of persons receiving reimbursement for insulin products has increased somewhat
(Table 4). In 2011, a total of 111,093 Finns received reimbursement for insulin products. The number of persons
receiving reimbursement for insulin analogues has increased while the number of those receiving reimbursement for NPH insulin has decreased. In 2011, a higher
number of patients received reimbursement for insulin
glargine than for insulin detemir (54,880 vs. 36,724 reimbursement recipients, respectively). The registry data
obtained from the Social Insurance Institution of Finland
do not allow the differential use of insulin products in
patients with T1DM and T2DM to be calculated reliably.

As to blood lipids, LDL cholesterol concentrations should
be below 2.5 mmol/l in all patients with T1DM as well as
in T2DM patients with microalbuminuria (albumin excretion in urine, a sign of kidney damage) or other risk factors for cardiovascular disease. According to the treatment guideline, treatment is indicated if a patient with
diabetes repeatedly has blood pressure of 130/80 mmHg
or more. The initiation of antihypertensive pharmacotherapy is recommended if blood pressure exceed
140/90 mmHg.
Table 3. Common targets for glycaemic control, blood
lipids and blood pressure in patients with diabetes.

Table 4. Number of Finns receiving health insurance
reimbursement for insulins in 2008–2011.

Parameter

Target

Notes

HbA1C, %

less than 7.0
(53 mmol/mol)

target with no severe
hypoglycaemias

Insulin (ATC code)

Fasting blood glucose (mmol/l)

4–6

self-monitoring

Insulins and analogues
(A10A)

2-hour postprandial blood glucose
(mmol/l)

less than 8

self-monitoring

LDL-cholesterol
(mmol/l)

less than 2.5

less than 1.8

Blood pressure
(mmHg)

all type 1 diabetics
and type 2 diabetics
with microalbuminuria or other cardiovascular disease risk
factors

2010

2009

2008

111 093

107 828

103 621

98 714

Fast-acting (A10AB)

61 502

59 326

55 685

51 841

Intermediate-acting*
(A10AC)

16 551

22 214

28 489

36 739

Intermediate-acting
combined with fast-acting
(A10AD)

7 428

9 418

11 374

13 328

Long-acting** (A10AE)

89 742

81 404

70 559

58 103

* including NPH-insulins

diabetics with previous cardiovascular
event

** including insulin (beef), insulin glargine and insulin detemir

less than 130/80

A regional comparison shows that the use of insulins in
Swedish-speaking areas of Finland differs from that elsewhere in Finland (Figure 1). In Åland, the use of insulin
analogues was proportionally lower and that of NPH
insulins proportionally higher than in other hospital districts. In Vaasa Hospital District, the proportion of those
receiving reimbursement for both NPH insulin and insulin
analogues was distinctly lower than in other hospital
districts. As to other hospital districts, the use of NPH
insulins and insulin analogues only differed slightly from
nationwide levels. There are hospital district-specific
differences in the use of insulin glargine and insulin detemir; however, the majority of hospital districts used
more insulin glargine than insulin detemir. There is no
research evidence on any regional differences in glycaemic control.

The quality of carbohydrates and fat should be addressed
in the diet of diabetic patients, and energy density should
be reduced. In overweight diabetics, even minor weight
loss by means of lifestyle modifications has a positive
effect on glycaemic control and increases the body’s
insulin sensitivity. The holistic treatment of diabetes also
includes quitting smoking and cutting down alcohol consumption.
The insulins assessed and their use
Insulin glargine, insulin detemir and NPH insulin are used
in the treatment of insulin-requiring diabetes mellitus to
maintain normal glycaemic control in adults, adolescents
and children. The use of insulins is contraindicated in the
event of hypersensitivity to the active substance or any of

EXECUTIVE SUMMARY
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Finland

Figure 1. Proportion (%) of those receiving reimbursement for NPH insulin (A10AC) or insulin analogues (A10AE) out of all patients receiving reimbursement for insulins and analogues (A10A) in
2011 by hospital district (Social Insurance Institution
2012a, Social Insurance Institution 2012b).
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Finnish patients with T1DM and T2DM
According to different sources, the estimated number of
diabetic patients receiving treatment in Finland is about
300,000. The majority of them, about 250,000, have
T2DM. There are also estimated to be more than 100,000
patients with undiagnosed T2DM. The incidence of T1DM
in Finland is the highest in the world. Annually, about
2,000 patients are diagnosed with T1DM in Finland and
about 30,000 patients with T2DM. Insulin therapy is necessary in all patients with T1DM (about 40,000 patients)
and, according to estimates, in about one out of four
patients with T2DM (about 65,000 patients).

membered that registry-based data only give a rough
estimate of morbidity. The data can thus only be used to
make rough inferences on morbidity in diabetic patients. It
should also be noted that the proportion of insulin analogue users is currently much higher than that presented
in Table 5, and analogues have partially replaced NPH
insulin, probably in the treatment of T2DM in particular.
Treatment guidelines have also changed somewhat over
recent years, and the number of patients with diabetes is
also likely to be higher now.
Diabetes and the disease burden to the patient and
society
In Finland, the estimated total cost for the treatment of
diabetes was about 1.3 billion euro in 2007. Excluding
outpatient visits to the health centre, about two thirds of
these costs derive from patients with comorbidities
(41.4% of all diabetic patients). In addition to treatment
costs, there are considerable costs in lost productivity
due to premature retirement, sickness leave and premature deaths.

On the basis of the registry-based FinDM II material, one
in five patients with insulin-dependent diabetes mellitus is
aged under 18 (Table 5). In the FinDM II material, patients have been classified as insulin-dependent or noninsulin-dependent mostly on the basis of their pharmaceutical purchases. Insulin-dependent patients were
assumed to use insulin, but no concomitant OAD medication. The most common diabetic comorbidity is hypertension (22%), and the most common diabetic complication
is retinopathy (27%). The mean age of patients with
T2DM is 66 years. They have had diabetes for a mean
duration of 7 years. Patients with T2DM frequently have
comorbidities, the most common ones being hypertension
(56%) and coronary heart disease (24%). Because of the
shorter duration of T2DM, complications specifically
caused by diabetes are less frequent than in patients with
insulin-dependent diabetes. However, it should be re-
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The risk of complications caused by diabetes increases
with the duration of the disease. The most common complication is retinopathy, experienced by almost all patients
with T1DM. Diabetic foot problems are also common and
greatly increase the number of days in hospital care.
Over the past decade, premature retirement due to diabetes has increased. Patients with diabetes have a higher

13

Serial Publication 4/2012

Morbidity§ (years 2003–2007)

mortality than the general population, with a particular
increase in mortality due to cardiovascular disease. Diabetes-related mortality nevertheless decreased in Finland
between 1996 and 2007.

Hypertension, %

21.6

55.7

Coronary heart disease, %

6.6

24.0

Congestive heart failure, %

1.7

10.3

Valvular heart disease, %

0.6

2.3

According to the National Institute for Health and Welfare
(THL), 8.9% of Finland’s total healthcare costs are
caused by diabetes. The total cost for the treatment of
diabetes increased from 714 million euro in 1998 to 1,304
million euro in 2007. In diabetic patients, the treatment of
non-diabetes-related conditions may also be more expensive than in those without diabetes. Out of European
countries, France, Germany and United Kingdom have
higher diabetes costs per patient than Finland.

Atrial fibrillation, %

0.9

10.1

Stroke, %

1.4

4.9

TIA, %

0.8

2.6

Peripheral atherosclerosis, %

2.7

3.6

Diabetic retinopathy, %

27.2

4.7

Background diabetic
retinopathy, %

7.2

1.3

Proliferative diabetic
retinopathy, %

9.6

1.0

Micro- or macroalbuminuria, %

1.2

0.2

Table 5. Description of Finnish patients with diabetes on
the basis of the FinDM II registry material.

End-stage renal disease, %

2.5

0.2

Renal failure, %

3.6

1.1

Diabetic neuropathy, %

3.5

1.1

Depression, %

5.8

4.4

Insulin dependent diabetics*
n = 29 880

T2DM
n = 195 988

Characteristics (year 2007)
Male, %
Mean age, years (SD)
Children and adolescents,
0-18 years, %
Adults, 18+ years, %
Mean (SD) duration of
diabetes, years

57.4

52.6

36.0 (17.1)

66.4 (12.3)

19.2

0.1

Insulin glargine, %
 Mean (SD) dose, IU
Insulin detemir, %
 Mean (SD) dose, U
NPH insulin, %

80.8

99.9

19.2 (13.1)

6.8 (6.5)

99.8
53.4

6.9

32.3 (15.6)1

46.9 (35.3)2

27.0

1.7

37.0 (21.3)3

63.8 (53.6)4
16.7
47.2 (35.6)6

3.0

79.5

0

39.1

0.2

12.4

0

0.4

0.3

2.9

Diuretics, %

8.6

29.4

Beta blocker, %

14.6

51.2

Calcium channel blocker, %

11.4

28.7

ACE inhibitor, %

21.6

37.3

AT1 blocker, %

12.1

27.3

Statin, %

23.1

55.8

Ezetimibe, %

1.0

1.7

Sulfonylureas, %
Thiazolidinediones, %
DPP-4 inhibitors, %
Other antidiabetic
medication, %

5.6

Hospitalization due to foot
ulcers, %

0.5

0.2

* diagnosed under age 40
n = 14 622; 2 n = 10 991; 3 n = 6 742;
4
n = 2 134; 5 n = 5 905; 6 n = 28 416
§
 Incidence proportion in 2003–2007

Diabetes is a common public health problem in Finland,
and its incidence is still growing. At the moment, the majority of Finnish diabetics use long-acting insulin analogues (insulin glargine or insulin detemir) for their basal
insulin therapy. Diabetic patients very commonly have
diabetic comorbidities, which significantly increase their
diabetes treatment costs. According to OECD statistics
for 2009, hospitalisation periods due to poor glycaemic
control are considerably more common in Finland than in
OECD countries on average.

26.2

23.7

Metformin, %

0.3

11.7

3.3 Comments

37.3 (23.3)5

 Mean (SD) dose, IU

0.4

Hypoglycemia requiring
hospitalization, %

1

Diabetes mellitus medication
(year 2007)
Insulin, %

Amputation, %

Other medication (year 2007)
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4.	Description and technical
characteristics of the
technology
4.1 Methods

was initially only available for compassionate use. Insulin
glargine and insulin detemir have been available on prescription since 2004.

The insulins assessed in the treatment of diabetes were
described using the assessment elements (Table 6).
Table 6. Assessment elements for the domain Description and technical characteristics of the technology.
ID

Characteristics and use of the insulins assessed
Insulin glargine (Lantus®) and insulin detemir (Levemir®)
are synthetic, injectable insulin analogues, the subcutaneously injected dose of which is determined individually.
NPH insulins (Humulin NPH®, Insuman Basal® and Protaphane®) contain synthetic human insulin. They are
administered subcutaneously once or several times daily
according to individual needs.

Assessment elements

B0001

What are the names, strengths and doses of insulin
glargin, insulin detemir and NPH insulin? How do
insulin glargin, insulin detemir and NPH insulin take
effect in diabetes mellitus?

B0002

What advantages do the use of insulin glargin or insulin detemir have when compared to NPH insulin?

B0003

How long have insulin glargin, insulin detemir and
NPH insulin been on the market?

B0005

At which stages of health care are insulin glargin,
insulin detemir and NPH insulin used
(primary health care, special health care)?

B0012

What kind of competence does the personnel treating
diabetic patients need? What kind of education does
the personnel treating diabetic patients need about
the use of insulin glargin, insulin detemir and NPH
insulin?

B0014

What kind of education and information do diabetic
patients and their relatives need on insulin glargin,
insulin detemir and NPH insulin?

B0015

What kind of information do persons being in touch
with diabetic patients using insulins (insulin glargin,
insulin detemir, NPH insulin) need (for example
school teachers)?

Insulin analogues are products in which the molecular
structure of insulin has been modified so that it differs
from endogeneous human insulin, resulting in either a
shortened action curve or a prolonged one. In NPH insulin, synthetic insulin that is identical to human insulin
molecules is combined with protamine, which slows down
its absorption and results in a flatter action curve.
Insulin glargine and insulin detemir are clear solutions
requiring no mixing. NPH insulins, on the other hand,
must be thoroughly mixed prior to administration to
achieve optimum effect. Insulin analogues have a less
pronounced peak effect and a longer duration of action
than NPH insulins. Insulin glargine and insulin detemir
therefore produce a steadier and longer-lasting effect
than NPH insulins. Based on experience, the use of insulin analogues may reduce the need for snacks compared
to NPH insulin. The administration and use of NPH insulin
may be more challenging than that of insulin analogues
since NPH insulin has a more pronounced peak effect. It
is important to consider the risk of hypoglycaemia and
variation in daily insulin effect in the choice of insulin
products, particularly in children and in the elderly.

The evidence for this section was compiled from the
SPCs, the Finnish Current Care guideline, original studies
and review articles.

4.2 Main results
The blood glucose lowering effect of long-acting insulins
is based on the regulation of glucose metabolism. They
improve cellular glucose uptake and simultaneously inhibit hepatic glucose production.

Insulin glargine is injected once daily and insulin detemir
either once or twice daily. Patients with T1DM using NPH
insulin need two or three injections daily, sometimes even
more. The prescription and use of insulins are not subject
to any restrictions, and the products are available on
prescription only.

NPH insulins were developed in the 1940s and introduced in the 1960s. They have since been the most commonly used basal insulin type in patients with insulintreated diabetes. Long-acting insulin analogues were
launched in the early 2000s. In Finland, insulin glargine
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Diabetes in healthcare – education and information
Personnel working with diabetics are not officially required to have any specific training in diabetes. Nevertheless, diabetic patients are mostly treated by nursing staff
who are very familiar with diabetes and have formal specialist training in the field. Physicians may gain a special
competence in the treatment of diabetes. Nurses may
undergo further education to work as diabetes specialist
nurses. The medicines assessed do not differ in terms of
how much expertise their use requires from nursing staff,
the patient or others involved in the treatment. There are
no differences in the information available for the medicines assessed, except for matters related to the durations of action and practical handling of the preparations.
The information is similar to standard medicines information.

4.3 Comments
Insulin analogues and NPH insulins have the same
mechanism of action, but differences in their duration of
action and in the shape of their action curve create essential differences between the products. These may,
nevertheless, vary individually. Insulin analogues are
injected once or twice daily, while NPH insulin must generally be injected 1 to 3 times daily. If taken as an add-on
to OAD therapy, insulin products are generally injected
once daily at bedtime.

EXECUTIVE SUMMARY
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5. clinical effectiveness
Table 7. Assessment elements in the domain Clinical
effectiveness.

5.1 Methods
The clinical effectiveness of the insulins being assessed
is described using the assessment elements (Table 7).
This domain discusses the desired health effects. The
occurrence of hypoglycaemias is discussed in the domain
Safety.

ID

Evidence on the therapeutic effects of insulin glargine and
insulin detemir was identified through systematic literature search, which was based in part on assessments
performed by the German assessment body (Institut für
Qualität und Wirtschaftlichkeit im Gesundheitswesen,
IQWiG). The German assessments were published in
2010 (T1DM, with literature until July 2009) and 2009
(T2DM, with literature until June 2008). The literature
reviews associated with these assessment reports were
found to be the largest available. We excluded studies in
which, in addition to insulin glargine or detemir, the active
intervention also included some other antidiabetic medicine or therapeutic intervention, e.g. specific dietary education or instruction (with the exception of certain studies
in T2DM where metformin was used in addition to the
insulins assessed). Some of the studies included in the
IQWiG reports (n = 9) were therefore excluded from our
assessment. The protocol used in the review has been
published in Fimea’s assessment plan.
The assessment included 26 original studies. There were
significant differences in the aims, designs, comparison
contrasts, study durations and the reporting of results
between these studies. Study durations ranged from 24
weeks to 5 years, with the majority of studies lasting less
than one year. Some studies included a treatment target
(e.g. fasting blood glucose, HbA1c) while others did not. In
some studies, concomitant treatments were defined in
detail, while others did not involve any restrictions on the
use of other treatments. There were significant differences in the reporting of results, which made their comparison more or less impossible. The results were therefore not combined in a meta-analysis. In this assessment,
the results are presented descriptively.
In this section, the results for the assessment’s primary
outcome have been colour coded. The colour coding
used in the tables indicates whether the observed difference between the groups compared was statistically
significant. However, it should be noted that the clinical
significance of a result cannot be assessed in a straight-
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Which studies were included in the literature search?

FIN0002

Are there ongoing studies relevant to the assessment
with unpublished results?

FIN0003

What is the validity of the studies included?

FIN0004

What is the applicability of the studies included?

D0001

How do insulin glargine and insulin detemir affect
overall mortality compared with NPH insulin or with
each other in type 1 or type 2 diabetes mellitus?

D0002

How do insulin glargine and insulin detemir affect
disease specific mortality or mortality associated with
diabetic comorbidities compared with NPH insulin or
with each other in type 1 or type 2 diabetes mellitus?

D0005

How do insulin glargin and insulin detemir affect the
following outcomes compared with NPH insulin or
with each others in type 1 or type 2 diabetes mellitus?
• Glucose balance (glycosylated haemoglobin,
HbA1c, blood glucose)
• Symptoms related to too low blood glucose (hypoglycaemia) or too high blood glucose (hyperglycaemia)

D0006

How do insulin glargine and insulin detemir affect
the incidence and severity of diabetic comorbidities
compared with NPH insulin or with each other in
type 1 or type 2 diabetes mellitus?

D0010

How do insulin glargine and insulin detemir modify the
need for hospitalisation compared with NPH insulin or
with each other in type 1 or type 2 diabetes mellitus?

D0011

Do insulin glargine or insulin detemir affect general
functional capacity compared with NPH insulin or with
each other in type 1 or type 2 diabetes mellitus?

D0034

Do insulin glargine or insulin detemir affect physical
functional capacity compared with NPH insulin or with
each other in type 1 or type 2 diabetes mellitus?

D0033

Do insulin glargine or insulin detemir affect social
functional capacity compared with NPH insulin or with
each other in type 1 or type 2 diabetes mellitus?

D0016

Do insulin glargine or insulin detemir affect daily activities compared with NPH insulin or with each other
in type 1 or type 2 diabetes mellitus?

D0012

Do insulin glargine or insulin detemir affect general
health-related quality of life compared with NPH
insulin or with each other in type 1 or type 2 diabetes
mellitus?

D0013

Do insulin glargine or insulin detemir affect disease
specific quality of life compared with NPH insulin or
with each other in type 1 or type 2 diabetes mellitus?

D0017

Do patients feel that the use of insulin glargine or
insulin detemir is advantageous to them compared
with NPH insulin or with each other in type 1 or
type 2 diabetes?

FIN0007
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Assessment elements

FIN0001

What is the quality of the evidence based on the studies included in the systematic review?
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forward manner with statistical criteria only. In addition,
interpretation is not straightforward in cases where the
study was not statistically powered to identify clinically
significant differences in the outcome variable in question.
HbA1c was the main outcome variable in the majority of
original studies assessed, and any power calculations are
based on this variable.

medicine 1 >
medicine 2

a statistically significant difference so that medicine 1 is statistically better with respect to its health
benefits or health risks versus medicine 2 with
regard to the outcome variable in question

medicine 1 <
medicine 2

a statistically significant difference so that medicine 1 is statistically poorer with respect to its
health benefits or health risks versus medicine 2
with regard to the outcome variable in question

medicine 1 ~
medicine 2

no statistically significant difference was observed
between medicine 1 and medicine 2 in the outcome variable in question

to limitations in study reporting, the short study duration
and the outcome variables used. The Finnish diabetic
population was described on the basis of the registry
material, and the deficiencies and limitations related to this
thus cause further difficulties in assessing applicability.
The original studies in the assessment do not provide any
evidence of the therapeutic or economic value of insulin
glargine compared to NPH insulin in T2DM patients over
80 years of age.
All-cause mortality and mortality related to diabetic
comorbidities
Based on the original studies of the assessment, there is
no indication that the medicines assessed would differ in
terms of all-cause mortality or mortality related to diabetic
comorbidities. However, the research evidence is insufficient to assess the matter. The majority of studies were
small and of short duration. As a summary, it can be stated that the incidence of death events was low in the studies, being less than 3% even in the study with the longest
duration (5 years).

The validity of the studies included was assessed using
the Cochrane Centre’s Risk of Bias tool. Applicability of
the study results was assessed by identifying factors that
presumably and with the greatest significance could modify the effects of the insulins assessed. Study applicability
was assessed with regard to the FinDM II registry data on
diabetic patients in Finland. The following factors influencing applicability were included: patients’ age, gender distribution, duration of diabetes, comorbidities, significant
study exclusion criteria and, in T2DM, other antidiabetic
pharmacotherapy. The quality of evidence refers to how
credible the research evidence-based estimates of treatment effects are considered to be. The quality of evidence
was assessed using the GRADE approach.

Changes in glycosylated haemoglobin (HbA1c) levels
There are some indications that adults with T1DM may
achieve greater changes in HbA1c levels with insulin
glargine or insulin detemir than with NPH insulin (Table 8,
Table 9). However, the research evidence is not entirely
consistent.
There is no clear and consistent evidence on any differences between insulin analogues and NPH insulin in
terms of their effect on HbA1c in adult patients with T2DM.
No differences between insulin analogues and NPH insulin in terms of the change in HbA1c have been demonstrated in children and adolescents with T1DM, either.

5.2 Main results
Validity of results
The most important factor reducing study validity was the
fact that all studies were open-label (unblinded) and involved no blinding of the personnel. The lack of blinding
is related to differences in the characteristics of the medicines assessed. Since at least the primary outcome variable was an objectively measurable outcome (e.g. a
laboratory value) in many of the studies, the significance
of the lack of study blinding may be lower. However, the
significance may be greater with respect to patient-reported outcomes. Some studies had a considerable drop-out
rate. The majority of the studies were financed or reported by the pharmaceutical industry; the effect of this as a
source of bias is unclear.

No differences between insulin analogues have been
demonstrated in terms of their effect on HbA1c in adults
with T1DM or T2DM (Table 10). All of the studies have a
non-inferiority design. No studies comparing insulin analogues in children and adolescents have been performed.
In the majority of studies, the primary endpoint was HbA1c
or its change. The differences between insulin analogues
and NPH insulin in terms of their effect on HbA1c were
generally small, making interpretation of the evidence
difficult.
The quality of evidence was evaluated as low regarding
adults with T1DM or T2DM when insulin glargine is compared with NPH insulin. In other comparisons, the quality
of evidence is moderate.

Applicability of research evidence
The applicability of the research evidence to Finnish patient material (as described on the basis of the FinDM II
registry data) involves several uncertainty factors related
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Five of the original studies in the assessment reported on
the proportion of patients who met the treatment target
without hypoglycaemias. The results of these studies cannot be combined because of differences in study design
(differences in comparisons or patient groups). According
to reports, the proportion of patients meeting the treat-

ment target (typically HbA1c below 7%) without hypoglycaemias in these individual studies was larger when using insulin analogues than when using NPH insulin. In
studies comparing insulin glargine and insulin detemir no
differences were observed in this outcome variable between the patient groups.

Table 8. Effect of insulin glargine versus NPH insulin on HbA1c in the treatment of patients with T1DM and/or T2DM.
Study

Duration of study,
number of patients

Result

Primary outcome
Yes/No

Type of comparison

3001

28 wk, 585

glargin ~ NPH

Yes

Not reported

3004

28 wk, 534

glargin ~ NPH

Yes

Not reported

Porcellati

52 wk, 121

glargin > NPH

Yes

Not reported

4019

30 wk, 175

glargin ~ NPH

No

Not relevant

4010

30 wk, 125

glargin > NPH

Yes

Not reported

24 wk, 349

glargin ~ NPH

Yes

Not reported

3002

52 wk, 570

glargin ~ NPH

Yes

Not reported

3006

28 wk, 518

glargin ~ NPH

Yes

Not reported

3102

28 wk, 335

glargin ~ NPH

Yes

Non-inferiority

4002

24 wk, 756

glargin ~ NPH

No

Not reported

4016

5 years, 1017

glargin < NPH

No

Not relevant

6001

36 wk, 110

glargin ~ NPH

Yes

Not reported

id 305

26 wk, 85

glargin ~ NPH

Yes

Not reported

Type 1 diabetes, adults

Type 1 diabetes, children and adolescents
3003
Type 2 diabetes, adults

Table 9. Effect of insulin detemir versus NPH insulin on HbA1c in the treatment of patients with T1DM and/or T2DM.
Study

Length of study and
number of patients

Outcome

Primary outcome
Yes/No

Type of comparison

Type 1 diabetes, adults
1335

24 wk, 747

detemir ~ NPH

Yes

Not reported

1476

48 wk, 296

detemir ~ NPH

Yes

Non-inferiority

1582

26 wk, 113

detemir ~ NPH

Yes

Equality

1595

2 years, 497

detemir > NPH

Yes

Superiority

Type 1 diabetes, children and adolescents
1604

24 wk, 86

detemir ~ NPH

No

Not relevant

1379

26 wk, 347

detemir ~ NPH

Yes

Non-inferiority

1689

52 wk, 348

detemir ~ NPH

Yes

Non-inferiority

1476

48 wk, 105

detemir ~ NPH

Yes

Non-inferiority

1477

36 wk, 371

detemir ~ NPH

Yes

Non-inferiority

1530

26 wk, 476

detemir ~ NPH

Yes

Non-inferiority

Type 2 diabetes, adults
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Table 10. Effect of insulin glargine versus insulin detemir on HbA1c in the treatment of patients with T1DM and/or T2DM.
Study

Length of study and
number of patients

Outcome

Primary outcome
Yes/No

Type of comparison

Type 1 diabetes, adults
1372

26 wk, 322

glargin ~ detemir

Yes

Non-inferiority

1430

52 wk, 443

glargin ~ detemir

Yes

Non-inferiority

Type 2 diabetes, adults
id 78

24 wk, 964

glargin ~ detemir

No

Non-inferiority

1373

52 wk, 582

glargin ~ detemir

Yes

Non-inferiority

Changes in fasting blood glucose
In patients with T1DM, there are somewhat clear indications that both insulin analogues reduce fasting blood
glucose levels more than NPH insulin. In patients with
T2DM, the evidence on differences in fasting blood glucose with insulin glargine versus NPH insulin is neither
unambiguous nor consistent. The research evidence
mostly suggests that there are no differences. There is no
evidence on differences in fasting blood glucose between
insulin detemir and NPH insulin in T2DM.

There is no evidence of any difference between insulin
analogues in terms of their effect on weight change or
BMI change in patients with T1DM. In studies on T2DM,
weight gain was lesser during treatment with insulin detemir than with insulin glargine.
Weight or BMI was not a primary outcome variable in any
of the studies comparing insulin glargine and insulin detemir. The differences between the treatments are small,
and their clinical significance is unclear. There are also
considerable differences in reporting.

In studies comparing detemir and glargine in patients with
T1DM, one study found a difference between the two
products in terms of fasting blood glucose. Another study
found no difference. In studies on T2DM, as well, a difference was only found in one of the two studies.

Incidence of comorbidities
Comparative research evidence on the effects of the
medicines being assessed on the long-term complications of diabetes is scarce and insufficient. A total of
11 studies evaluated the effects of the medicines on diabetic retinopathy. None of these studies found a significant difference between the medicine groups. According
to the results, there are no indications of any differences
between insulin glargine, insulin detemir or NPH insulin in
terms of their effect on the development or progression of
retinopathy. Macroangiopathy was not assessed in any of
the studies; microalbuminuria was used as an outcome
variable in one study.

Fasting blood glucose was the primary outcome variable
in two studies only. There are considerable differences
between studies in terms of measurement practices and
reporting, and it is therefore difficult to assess the consistency of results on the whole. Using fasting blood glucose
as an outcome variable without adjustment for the risk of
hypoglycaemia and insulin dose may be problematic.
Changes in weight and BMI
Clear indications of the effect of insulin glargine versus
NPH insulin on weight change were only present in one
study on T1DM, according to which insulin glargine therapy
is associated with lesser weight gain than NPH insulin
therapy. The differences between treatments are small.
The effects on weight change have not been studied in
children and adolescents with T1DM. As to T2DM, evidence on the effects of insulin glargine on weight or BMI
change compared to NPH insulin is not fully consistent, but
studies have found some indications of lesser weight gain
with insulin glargine therapy compared to NPH insulin.

The quality of evidence is low in all comparisons except
when comparing insulin glargine with NPH insulin in children and adolescents with T1DM and when comparing
insulin glargine to insulin detemir in adults with T2DM.
The matter has not been assessed in these groups.
Insulin doses
With regard to insulin doses, it was eventually decided to
consider basal insulin doses only. A comparison of original study results is hampered by the fact that the study
patients also used antidiabetics other than basal insulin,
i.e. either other insulin products or OADs. Changes in the
doses of these were allowed in the majority of studies,
and the dose of basal insulin was therefore not the only
means of adjusting the blood glucose levels.

According to the results of studies on patients with T1DM
(including children and adolescents) and T2DM, there are
indications that insulin detemir therapy is associated with
lesser weight gain than NPH insulin.
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Original studies contain indications that, in the treatment
of T2DM, the daily doses of insulin detemir are higher
than the daily doses of insulin glargine or NPH insulin.
A similar observation can be seen in Table 5, but this may
be partially explained by selection. It should also be noted
that the dosing instructions for T2DM in the insulin detemir SPC have changed; one injection daily is now recommended when using the product as an add-on to
OADs and liraglutide therapy. With one injection daily, the
daily dose may be lower than with two injections daily. On
the whole, the interpretation of study results is challenging and involves many possible sources of error.

The quality of evidence is low in all comparisons except
for children and adolescents with T1DM in whom QoL
and treatment satisfaction matters have not been assessed.
Matters related to QoL are also addressed in the section
Ethical assessment.
Subgroup analyses
The predefined subgroup analysis in the assessment
addressed whether patients’ prior experience of insulin
therapy modifies the effects of the medicines being assessed. This subgroup analysis could only address studies on patients with T2DM, the majority of which were
performed on insulin-naive patients. On the basis of these
studies, prior experience of insulin therapy does not modify the effect of insulin glargine or insulin detemir versus
NPH insulin with respect to HbA1c levels, fasting blood
glucose or insulin doses.

The quality of evidence is low for all comparisons.
Need for hospital care
Based on the original studies in the assessment, the
effects of insulin glargine, insulin detemir and NPH insulin
on the need for hospital care cannot be assessed since
there is no evidence on the matter. The need for hospital
care was not reported in any of the studies lasting at least
a year.

Quality of evidence
On the basis of the original studies in the assessment,
the quality of evidence was mostly classified as low or
moderate. Based on the grading of the quality of evidence, the real therapeutic effects of insulin glargine and
insulin detemir compared with NPH insulin may not be
consistent with the effects estimated on the basis of the
studies. The most significant factors explaining the low
quality of evidence are matters related to applicability and
the accuracy and consistency of the evidence.

Functional capacity
The effect of the medicines on activities of daily living or
social or physical functional capacity was not a studied or
reported outcome variable in any of the original studies
assessed.
Quality of life and treatment satisfaction
Comparative research evidence on the effects of the insulins being assessed on quality of life (QoL) or treatment
satisfaction is scarce and inconsistent, and therefore
does not allow of drawing unambiguous conclusions on
any differences between the insulins. QoL or treatment
satisfaction were analysed in a total of 8 original studies
included in the assessment. The studies differed in terms
of the methods used, and there were evident limitations in
the reporting of results.

5.3 Comments
The research evidence available for the assessment is
inadequate to establish the actual therapeutic effects of
long-acting insulin analogues compared with NPH insulin
in patients with T1DM or T2DM. The majority of original
studies in the assessment were of a short duration, lasting less than one year. Diabetes is a chronic condition,
and its insulin therapy continues throughout life in those
with T1DM; in those with T2DM, as well, insulin therapy is
long-lasting or life-long. However, research evidence is
focused on surrogate outcome variables such as laboratory values, and not on QoL, treatment satisfaction, longterm complications of diabetes and the patient’s prognosis, which are likely to have more relevance for the patient’s everyday life.

In patients with T2DM, no differences in QoL and treatment satisfaction were observed in individual studies. As
to T1DM, the results are not consistent.
In studies comparing insulin glargine and insulin detemir in
adults with T1DM, no differences in treatment satisfaction
were observed (two studies). In a study on T2DM, no statistically significant difference between insulin glargine and
insulin detemir was observed with regard to fear of hypoglycaemia or diabetic symptoms, but the levels of treatment satisfaction were statistically significantly better in
those using insulin glargine. The number of injections used
in the study is not consistent with the current SPC, which
may restrict the applicability of the results to some degree.

EXECUTIVE SUMMARY

Insulin is not the only factor regulating glucose metabolism. Other important factors include other medicines,
meal carbohydrate contents, exercise and e.g. stress, as
well as the endogeneous insulin production still functioning in those with T2DM. This makes it more difficult to
identify any differences between insulins, since studies
comparing insulins have only addressed these factors to
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a minor degree or they have been unclear; the interpretation of results is therefore also subject to considerable
uncertainty.

A total of 10 unpublished studies relevant for the assessment were identified from databases. The duration of
these studies varied from 6 months to 1 year, and their
outcome variables were, in most cases, the same as
those used in the original studies in this assessment.

The most common primary outcome variable in the original studies was HbA1c. Using HbA1c to determine glycaemic control nevertheless involves limitations and uncertainty since it does not express variations in blood glucose as such and as it also depends on biological
variation, e.g. red blood cell metabolism and the haemoglobin glycation rate. In those with renal insufficiency, for
example, the slope of HbA1c versus the actual blood glucose concentration is lower than in the general population
because the patients’ red blood cells have a shorter life
span. The use of HbA1c as a surrogate variable is associated with significant uncertainty. Patients with the same
HbA1c level may thus have marked differences in their
glycaemic control.

Comparisons with the results obtained by other assessment bodies show that the results of the Fimea assessment are in line with those of e.g. the German assessment authority (IQWiG) and the Canadian assessment
authority (CADTH).
On the whole, evidence on the desired health effects of
long-acting insulin analogues versus NPH insulin remains
unclear and difficult to interpret. Especially in the treatment of T2DM, clinically significant differences in health
benefits between long-acting insulin analogues and NPH
insulin have not been demonstrated. There is a particular
need for long-term, randomised clinical studies comparing the effect of the long-acting insulin analogues versus
NPH insulin by directly analysing the long-term complications and prognosis of diabetes as well as QoL.

On the basis of the original studies used in the assessment, research evidence on the effects of long-acting
insulins on weight change is relatively scarce. The independent significance of weight as a risk factor for diabetic
comorbidities is unclear and may also vary depending on
the type of diabetes (T1DM or T2DM).

EXECUTIVE SUMMARY
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6. safety
Fimea’s adverse drug reaction register
Based on reports to Fimea’s adverse drug reaction register, the most commonly reported adverse effects related
to NPH insulin use were hypoglycaemia and injection site
reactions (data from 1997 onwards). The most common
adverse effects reported in connection with insulin
glargine use were hypoglycaemia and hyperglycaemia
(data from 2003). The adverse effects reported in connection with insulin detemir use were injection site reactions
and hypoglycaemia. It should be remembered that adverse effect reports involve stronger or weaker suspicions
of an adverse drug reaction, and a clear causal relationship often cannot be established. In addition, the proportion of actual adverse effects reported to the register is
unknown, and the data are therefore incomplete both
quantitatively and qualitatively.

6.1 Methods
The safety of the assessed insulins in the treatment of
diabetes is described using assessment elements (Table
11). Evidence used in the domain Safety is based on the
same literature review described in the preceding domain, Clinical effectiveness. As to hypoglycaemias, the
quality of evidence has also been assessed as described
above. The results for serious hypoglycaemias are presented with colour coding (cf. Clinical effectiveness). The
results tables for nocturnal hypoglycaemias and all hypoglycaemias are presented online in the C group of result
cards (in Finnish).
Table 11. Assessment elements in the domain Safety.
ID

Assessment elements

C0001

What kind of harms can the use of insulin glargine or
insulin detemir cause to the patient and what is the
incidence, severity and duration of harms?

C0002

What is the dose-relatedness of the harms to patients?

C0003

What is the timing of onset of harms to patients?

C0005

Are there differences between patient groups in the
incidence of adverse effets caused by insulin glargine
or insulin detemir?

C0007

Are there any special features in using insulin glargine
or insulin detemir that may pose a greater risk to
patient safety compared with NPH insulin?

C0008

Are there differences in safety between insulin
glargine or insulin detemir compared with NPH insulin?

Cxx1

Have any adverse reactions been described that are
related to pharmaceutical interactions in treatment
with insulin glargine or insulin detemir compared with
NPH insulin?

Adverse effects reported in original studies
Hypoglycaemias
The proportion of patients with severe hypoglycaemias
varies greatly between the studies. Based on the study
results, there are indications that insulin glargine and insulin detemir may reduce severe hypoglycaemias compared
with NPH insulin in adults with T1DM, but the research
evidence does not allow full comparisons and its interpretation is not unambiguous (Table 12, Table 13, Table 14).
There are also indications of a lower rate of severe hypoglycaemias with insulin detemir compared to NPH insulin
in young children. In one study on T1DM (adults), insulin
detemir use was associated with a lower rate of severe
hypoglycaemias compared with insulin glargine, but the
results of another study did not support this.
One of the studies on T2DM implied that those using insulin glargine may experience a lower rate of severe hypoglycaemias compared with NPH insulin users. However, other
research evidence is not consistent with this. There are
indications of insulin detemir reducing severe hypoglycaemias compared with NPH insulin, but no unambiguous
conclusions can be drawn on the basis of these. Based on
the original studies on T2DM, there were no signs of differences between insulin glargine and insulin detemir in terms
of the frequency of severe hypoglycaemias.

6.2 Main results
Summaries of Product Characteristics
According to the Summaries of Product Characteristics
(SPCs), hypoglycaemia is a very common adverse effect
of insulin glargine and insulin detemir (≥ 10); injection site
reactions are also common (≥ 1/100 to < 1/10). As to the
adverse effects of NPH insulins, the SPCs mention
changes in glycaemic control, oedema and injection site
reactions. No research evidence was available concerning the duration of adverse effects, their dose-dependency or time of onset. On the basis of the mechanism of
action, it is evident that the occurrence of hypoglycaemias is related to the insulin dose used.

EXECUTIVE SUMMARY

Five of the original studies in the assessment reported on
the proportion of patients who met the treatment target
without hypoglycaemias. The results of these studies cannot be combined because of differences in study designs.

23

Serial Publication 4/2012

Table 14. Effect of insulin glargine compared with insulin
detemir on the occurrence of severe hypoglycaemias in
the treatment of patients with T1DM and/or T2DM.

According to the reports of these individual studies, the
proportion of patients who met the treatment target (usually HbA1c below 7%) without hypoglycaemias was higher
when using insulin analogues than when using NPH
insulin. Studies comparing insulin glargine and insulin
detemir did not identify any differences in this outcome
variable between the patient groups.

Study

Duration of study,
number of patients

Result

28 wk, 585

glargin ~ NPH

No

28 wk, 534

glargin > NPH

No

Porcellati

52 wk, 121

No events

No

4019

30 wk, 175

glargin ~ NPH

No

4010

30 wk, 125

glargin ~ NPH

No

24 wk, 349

glargin ~ NPH

No

Not reported

No

Type 2 diabetes, adults
3002

52 wk, 570

3006

28 wk, 518

Not reported

No

3102

28 wk, 335

glargin ~ NPH

No

4002

24 wk, 756

glargin ~ NPH

No

4016

5 years, 1017

glargin > NPH

No

6001

36 wk, 110

No events

No

id 305

26 wk, 85

No events

No

Length of study,
number of patients

Result

Primary
outcome
Yes/No

24 wk, 747

detemir ~ NPH

No

1476

48 wk, 296

detemir ~ NPH

No

1582

26 wk, 113

detemir ~ NPH

No

1595

2 years, 497

detemir > NPH

No

24 wk, 86

detemir ~ NPH

Yes

1379

26 wk, 347

detemir ~ NPH

No

1689

52 wk, 348

Not reported

No

Type 2 diabetes, adults
1476

48 wk, 105

Not reported

No

1477

36 wk, 371

detemir ~ NPH

No

1530

26 wk, 476

detemir ~ NPH

No
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No

id 78

24 wk, 964

glargin ~ detemir

No

1373

52 wk, 582

glargin ~ detemir

No

Hypoglycaemias (all types of hypoglycaemia) very commonly occur in diabetic patients. In some studies on
T1DM patients, there were indications that the use of
insulin glargine or insulin detemir may be associated with
a lower rate of hypoglycaemia compared with NPH insulin, but these findings were not supported by all of the
studies. A study on children and adolescents with T1DM
yielded no evidence of differences in the occurrence of all
hypoglycaemias between insulin glargine and NPH insulin. In one study on children and adolescents, the use of

Type 1 diabetes, children and adolescents
1604

No

glargin ~ detemir

The quality of evidence is low, except for the evidence on
adults with T1DM or T2DM when comparing insulin detemir with NPH insulin and on patients with T2DM when
comparing insulin glargine with insulin detemir.

Type 1 diabetes, adults
1335

glargin < detemir

52 wk, 443

In T2DM, the use of insulin glargine is probably associated with a lower rate of nocturnal hypoglycaemias compared with NPH insulin. However, the available evidence
does not allow full comparisons in all respects. On the
other hand, the evidence on a lower rate of nocturnal
hypoglycaemias with insulin detemir compared with NPH
insulin is relatively consistent in patients with T1DM (including children and adolescents) as well as in those with
T2DM. In addition, based on one study, insulin detemir
may reduce the risk of nocturnal hypoglycaemias compared witho insulin glargine in patients with T1DM, but the
results of another study did not support this.

Table 13. Effect of insulin detemir compared with NPH
insulin on the occurrence of severe hypoglycaemias in
the treatment of patients with T1DM and/or T2DM.
Study

26 wk, 322

1430

Nocturnal hypoglycaemias are considerably more common in insulin-treated diabetics than severe hypoglycaemias. Based on the results of studies on adult T1DM, the
use of insulin glargine may be associated with a lower
rate of nocturnal hypoglycaemias compared with NPH
insulin, but the research evidence is not completely unambiguous.

Type 1 diabetes, children and adolescents
3003

1372

The quality of evidence is low for all comparisons, except
for the comparison between insulin detemir and NPH
insulin in adults with T1DM or T2DM.

Type 1 diabetes, adults
3004

Primary
outcome
Yes/No

Type 2 diabetes, adults

Primary
outcome
Yes/No

3001

Result

Type 1 diabetes, adults

Table 12. Effect of insulin glargine compared with NPH
insulin on the occurrence of severe hypoglycaemias in
the treatment of patients with T1DM and T2DM.
Study

Length of study,
number of patients
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insulin detemir was associated with a lower rate of hypoglycaemias compared with NPH insulin, but two other
studies did not support this.

mates of treatment effects based on research evidence
have low credibility, i.e. the real therapeutic effects of
insulin glargine and insulin detemir compared with NPH
insulin may not be consistent with the effects estimated
on the basis of studies. The most significant factors to
explain the low quality of evidence are matters related to
the applicability and accuracy of the evidence.

In studies on T2DM, insulin glargine users reported numerically fewer hypoglycaemias than NPH insulin users,
but the difference was statistically significant in one study
only. As to insulin detemir, the findings are contradictory:
in two out of three studies, detemir users reported a numerically lower rate of hypoglycaemias compared with
NPH insulin, but in one study, the findings were the opposite of this. Studies comparing insulin glargine with insulin
detemir did not demonstrate any differences in terms of
hypoglycaemia occurrence.

6.3 Comments
The original studies were inconsistent in terms of measurements, data collection methods, results and their
reporting. Evidence on the occurrence of hypoglycaemias
may also differ depending on whether the study included
a target blood glucose level. It should also be remembered that the studies were not statistically powered to
detect differences in hypoglycaemias or other adverse
effects, except for one original study in the assessment.
The quality of comparative evidence for safety-related
outcomes is thus low.

The quality of evidence is low, except for evidence on
insulin detemir compared with NPH insulin in children and
adolescents with T1DM.
Other adverse effects
The majority of original studies involve limitations in the
reporting of adverse effects other than hypoglycaemias.
There is great variation in the rates of adverse events
between studies, and comparisons of study results therefore involve considerable uncertainties. In studies on
T1DM, the most typically reported adverse effects were
injection site reactions, upper respiratory tract infections
and headache.

As with clinical effectiveness, it is also pivotal with regard
to safety that insulin is not the only factor regulating glucose metabolism, which makes it quite challenging to
identify safety differences between insulin products.
Studies comparing insulins have only addressed other
contributing factors to a minor degree or they have been
unclear; the interpretation of results is therefore also
subject to considerable uncertainty. In T2DM, the patient’s remaining insulin production may also reduce
blood glucose fluctuation, which may have an impact on
hypoglycaemia rates.

In patients with T2DM, the most typical reported adverse
effects were injection site reactions, upper respiratory
tract infections, tumours, cataract and nausea. However,
studies have not allowed a reliable demonstration of any
differences in adverse effect rates between the different
insulins. Current evidence also gives no reason to assume that the use of insulin analogues would be associated with a generally increased risk of cancer compared
with NPH insulins.

Nevertheless, the results indicate that patients treated
with insulin analogues experience a lower rate of nocturnal hypoglycaemias compared with NPH insulin users.
Interpretation of the results is not unambiguous with respect to either severe hypoglycaemias or to all hypoglycaemias. Based on the available evidence for patients
with T2DM, no consistent difference between insulin
glargine and insulin detemir was demonstrated with regard to the occurrence of severe, nocturnal or all hypoglycaemias.

Subgroup analyses
The predefined subgroup analysis in the assessment
addressed whether patients’ prior experience of insulin
therapy modifies the effects of the medicines being assessed. This subgroup analysis could only address studies on patients with T2DM, the majority of which were
performed on insulin-naive patients. These studies did not
demonstrate any differences in the occurrence of adverse
effects between users of insulin glargine, insulin detemir
and NPH insulin.

The occurrence of hypoglycaemias has been found to be
associated with poor treatment satisfaction and treatment
compliance. The occurrence of hypoglycaemias may also
result in poorer glycaemic control since the patient may
reduce insulin doses or increase energy intake to avoid
hypoglycaemia, resulting in higher blood glucose levels.

Quality of evidence
The quality of the evidence derived from the original studies in the assessment is mostly classified as low. Based
on the assessment of the quality of evidence, the esti-

EXECUTIVE SUMMARY

According to the preliminary results of a Finnish registry
study, the use of long-acting insulin analogues, particularly insulin detemir, appears to be associated with a
lower risk of severe hypoglycaemias than the use of NPH
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insulin. The study considered diabetic patients who started using insulin between 2000 and 2009.
The original studies do not allow a demonstration of any
differences between the assessed insulins with regard to
the occurrence of other adverse effects (excluding hypoglycaemias). Differences in reporting also interfere with
interpretation of the results, and no robust conclusions
can be drawn.

EXECUTIVE SUMMARY
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7.	Economic evaluation
T2DM (Annex Table F001 1–2). The studies mainly discussed the situation in Western European or North American countries, and there was also one study from China.
Two studies addressed the situation in Finland. In the
majority of studies, the time horizon was lifetime. In the
majority of studies, the method of economic evaluation
was cost-utility analysis. In some comparisons of insulin
analogues, the benefits of different analogues were assumed to be equal, and a cost-minimisation analysis was
performed. The oldest publications identified in the literature search were from 2004 and the newest from 2012. In
the majority of studies, the authors had reported affiliations with an insulin analogue MAH. Studies by publicsector bodies have been published at least in the United
Kingdom and Canada.

7.1 Methods
The economic assessment of the insulins assessed is
described using the assessment elements as applicable
(Table 15).
Table 15. Assessment elements in the domain Economic
assessment.
ID

Assessment elements

FIN001

Are there economic evaluation studies in the literature
which focus on the cost-effectiveness of insulin analogues and NPH-insulin in patients with DM?

FIN002

What are the expected costs of insulin glargine, insulin
detemir and NPH insulin treatments in patients with
T1DM or T2DM?

FIN003

What are the expected health effects of insulin glargine,
insulin detemir and NPH insulin treatments in patients
with T1DM or T2DM?

E0006

What is the incremental cost-effectiveness ratio of insulin
glargine and insulin detemir treatments in comparison
with NPH insulin treatment in patients with T1DM or
T2DM?

FIN004

What is the role of parameter uncertainty in economic
evaluation?

FIN005,
FIN006,
FIN007

What is the role of structural uncertainty in economic
evaluation?

FIN009

Are there any patient subgroups for which treatment
with insulin glargine and insulin detemir would be less of
more cost-effective compared to NPH insulin?

FIN010

How was the internal validity of the model examined?

FIN011

How was the external validity of the model examined?

The published original studies differ in terms of their starting points, aims and methods, and a comparison of individual studies is not appropriate in all respects. In addition, the review does not allow any conclusions to be
drawn on individual studies. In this context, the differences in study results and particularly study conclusions
have been reviewed descriptively on a general level only.
Differences due to the methodological approach
The majority of studies identified in this assessment are
cost-utility analyses. A small proportion of the studies
were cost-minimisation analyses, and these concluded
that insulin glargine therapy involved lower overall costs
than insulin detemir therapy.

During the assessment, Fimea had access to unpublished
material submitted by the marketing authorisation holders
(MAHs) for insulin glargine and insulin detemir. Because
of the scope of this assessment, these materials and their
results could not be used in a manner that would have
allowed balanced comparisons of all the medicines related
to the assessment. These unpublished materials are
therefore not discussed in this assessment. This economic
assessment was carried out as a literature review based
on published data. The references given in the report are
presented in the Economic assessment fact sheet.

Differences due to the decision analytic model
selected
About half of the studies reviewed had been carried out
using the Center for Outcomes Research (CORE) diabetes model (Palmer et al. 2004a). The cost-effectiveness
results and conclusions achieved with the CORE model
do not appear to differ systematically from the results and
conclusions arrived at by using other models.

Description of published original studies

Differences due to the analysis perspective
The studies usually applied the payer’s perspective, but
some studies also included productivity costs. Generally,
the inclusion of productivity costs improved the cost-effectiveness of insulin analogues versus NPH insulin.

The literature search identified 23 published studies in
which the cost-effectiveness of insulin analogues was
compared to NPH insulins in the treatment of T1DM and

Differences due to the time horizon
In the majority of studies, the time horizon selected was
lifetime, and the time horizon therefore varied between 35

7.2 Main results
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and 70 years. Some studies used a shorter time horizon,
reportedly because of e.g. the duration of the studies
used in the simulation. There were also studies with a
one-year time horizon. The results of studies with a longer time horizon varied more in terms of overall costs and
QoL effects, but the time horizon nevertheless appears to
have no systematic effect on the cost-effectiveness conclusions drawn on the basis of study results.

The results of published studies comparing insulin analogues and NPH insulins were compiled on a cost-effectiveness plane (Figure 2), and classified by the medicines
compared, the type of diabetes and the affiliation. When
interpreting the figure, it should be noted that the studies
presented in the figure differ in terms of their starting
points, aims, methods and performance times, and therefore a direct comparison of their results is not appropriate
in all respects. No inflation adjustment was applied to the
incremental costs in the studies. Results given in currencies other than the euro were converted directly to euros
using a currency conversion ratio based on the study
publication year. These matters limit the interpretation of
the figure, which is thus used mainly to make general
descriptive observations of the differences in the results
and conclusions.

Differences between countries
There is considerable variation in study results and conclusions, both between studies performed in the same
country and between studies performed in different countries. Several studies have been published in the United
Kingdom, Canada and Germany. In a Canadian study, for
instance, Cameron et al. (2009) arrived at a very different
estimate of the cost-effectiveness of long-acting insulin
analogues compared to Grima et al. (2007) and Tunis et
al. (2009) (Table 16). In Germany, Pfohl et al. (2011),
Pscherer et al. (2010 a and b) and Valentine et al. (2008)
similarly arrived at different conclusions. The detailed
performance of the studies and their methodological
choices could not be assessed without access to the
decision-analytic models used. A more detailed statement
on the quality of the studies thus cannot be given.

In the publications identified in the literature search, the
results and conclusions of reports by public-sector bodies
differ from those made in the studies involving conflicts of
interest (Annex Tables F001 1–2; Figure 2). In studies
by public-sector bodies, cost-effectiveness ratios were
very high or NPH insulin therapy dominated. In studies
involving potential conflicts of interest, the insulin analogue being assessed was mostly considered cost-effective or a dominant treatment option compared to NPH
insulin. The results and conclusions of insulin analogue
comparisons identified in the literature search were mutually contradictory and favourable for the sponsor (Annex
Tables F001 1–2; Figure 2). Insulin analogue comparisons by public-sector bodies were not identified in the
literature search. Based on this review, however, no conclusions can be drawn on any causal relationship between sponsorship and study results and conclusions in
individual studies.

Table 16. Results of cost-effectiveness analyses performed in Canada and Germany.
T1DM
ICER

T2DM
ICER

Cameron ym. 2009

87 932 CAD/QALY

642 994 CAD/QALY

Grima ym. 2007

8 618 CAD/QALY

20 799 CAD/QALY

glargin vs. NPH (Canada)

detemir vs. NPH (Canada)
Cameron ym. 2009

387 729 CAD/QALY

NPH dominant

Tunis ym. 2009

24 389 CAD/QALY

18 677 CAD/QALY

detemir vs. glargin (Germany)
Valentine ym. 2008

detemir dominant

Pscherer ym. 2010

glargin dominant

Pfohl ym. 2011

glargin dominant

ICER = incremental cost-effectiveness ratio, 1 EUR = 1.59 CAD (2010).
Source: www.suomenpankki.fi/fi/tilastot/valuuttakurssit/

Differences due to potential conflicts of interest
Here, conflict of interest refers to a situation where the
MAH was reported to have participated in the study’s
funding, at least one of the authors was reported to work
for the MAH, the authors have financial connections to
bodies pertaining to the assessment or there were other
reported conflicts of interest significant for the assessment.

EXECUTIVE SUMMARY
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Figure 2. Results of published studies presented at the cost-effectiveness level, classified by type of diabetes, the longacting insulin types assessed and affiliation. The colour codes in the figure refer to the party involved in the affiliation.
(MAHdet = MAH for insulin detemir; MAHgla = MAH for insulin glargine)

Costs, health effects, cost-effectiveness and factors
with a major impact on these
For the sake of impartiality, the assessment of costs,
health effects and cost-effectiveness mainly focuses on
two studies by public-sector bodies (Waugh et al. 2010
and Cameron et al. 2009) that discussed both of the
insulin analogues in this assessment and compared them
to NPH insulin on an impartial basis. This decision was
made because of the broad scope of this assessment
and observations from the literature review.

The conclusion of the study by Cameron et al. (2009) was
that neither of the two insulin analogues is cost-effective
treatment option in T1DM or T2DM compared to NPH
insulin. In the study, the incremental cost-effectiveness
ratios (ICERs) for insulin analogues were considerably
higher in T2DM than in T1DM. In the study by Waugh et
al. (2010), neither of the two insulin analogues was
cost-effective treatment option in T2DM compared to
NPH insulin. That study did not discuss T1DM.
In both studies, the differences in the health effects of
different types of insulin were mostly caused by rather
small differences in their impact on HbA1c, the incidence
of hypoglycaemic events and the patient’s weight. Measured in QALYs, the benefits achieved with insulin analogues are nevertheless very small compared to NPH
insulin. Furthermore, the overall costs for insulin analogues are considerably higher than those for NPH insulin. This results in high incremental costs per QALY
gained (Waugh et al. 2010, Cameron 2009, Table 17).

The study by Waugh et al. (2010) was a review assessing
the therapeutic and economic value of newer medicines
for T2DM. The economic assessment applied a model
(Clarke et al. 2004) based on a long-term study on T2DM
(UK Prospective Diabetes Study). The patient-level model
describes the incidence of diabetic complications, their
QoL effects, costs and mortality. No probabilistic sensitivity analysis was performed in the study because of the
structural properties of the model. The study by Cameron
et al. (2009) used the CORE model (Palmer et al. 2004a),
which has been applied in a number of published studies
(Annex Table F001 1–2).

EXECUTIVE SUMMARY
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Table 17. Results of the reports by Cameron et al. (2009) and Waugh et al. (2010).
T1DM

Insulin analogue

NPH insulin

Difference

Cost (CAD)

70 751

67 328

3 423

Quality-adjusted life-years

11,136

11,097

glargin vs. NPH
Cameron et al. 2009

0,039

ICER (CAD/QALY)

87 932

detemir vs. NPH
Cameron et al. 2009

Cost (CAD)

72 714

68 370

Quality-adjusted life-years

11,045

11,034

4 344
0,011

ICER (CAD/QALY)

387 729

T2DM
glargin vs. NPH
Cameron et al. 2009

Cost (CAD)

67 132

62 187

4 945

Quality-adjusted life-years

5,806

5,798

0,008

ICER (CAD/QALY)
Waugh et al. 2010

642 994

Cost (GBP)

18 778

16 980

Quality-adjusted life-years

8,258

8,253

1 798
0,006

ICER (GBP/QALY)

320 029

detemir vs. NPH
Cameron et al. 2009

Cost (CAD)

65 749

59 228

6 521

Quality-adjusted life-years

5,944

5,978

–0,034

ICER (CAD/QALY)
Waugh et al. 2010

NPH dominant

Cost (GBP)

19 621

16 980

2 641

Quality-adjusted life-years

8,259

8,253

0,006

ICER (GBP/QALY)

417 625

ICER = incremental cost-effectiveness ratio, 1 EUR = 1.59 CAD = 0.89 GBP (2009); 1 EUR = 1.37 CAD = 0.86 GBP (2010).
Source: www.suomenpankki.fi/fi/tilastot/valuuttakurssit/

Impact of HbA1c
One very central factor affecting the results of the studies
identified in the literature search was the estimated effect
of the medicine on HbA1c. In the models, HbA1c levels can
be assumed to influence the incidence of diabetic complications developed over the long term (cf. Palmer 2004c,
Clarke 2004). These complications or their absence account for the majority of differences in the costs and
health effects of the different treatments compared in the
model.

insulin therapy in relation to the base analysis. In the
base analysis, the change in HbA1c levels was set at
–0.05 in insulin detemir therapy and –0.11 in insulin
glargine therapy compared to NPH insulin, the baseline
HbA1c level being 8.9%.
Impact of hypoglycaemic events and fear of hypoglycaemia
Another key feature influencing the results of the studies
identified in the literature search was the analysis of hypoglycaemic events. The occurrence of hypoglycaemic
events and their comparison parameters are discussed in
the section Safety of this assessment, which also presents in more detail the research evidence related to hypoglycaemic events and its limitations.

Because of this, the decision-analytic model used for the
economic assessment may be very sensitive to parameterisation of HbA1c levels. The T1DM sensitivity analyses
of Cameron et al. 2009 assumed that there was no difference in the effects of insulin analogues and NPH insulins
on HbA1c levels. The ICER thus became fivefold in a
comparison of insulin detemir and NPH insulin therapy
and tenfold in a comparison of insulin glargine and NPH

EXECUTIVE SUMMARY

In cost-effectiveness modelling, serious hypoglycaemic
events can be assumed to cause costs and impair QoL.
In addition to actual hypoglycaemic events, fear of hypo-
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glycaemia can also be considered to impair QoL (Currie
et al. 2006). Research evidence on fear of hypoglycaemia
is nevertheless scarce and somewhat deficient. This
makes it difficult to assess how the QoL effects caused by
fear of hypoglycaemia influence the cost-effectiveness of
treatments (Hagenmeyer et al. 2011, Waugh et al. 2010,
Cameron et al. 2009).

baseline BMI and weight changes related to insulin therapies may influence the outcome of the analysis since the
differences between insulin therapies, measured in terms
of overall benefits in QALYs, are generally very small
(Waugh et al. 2010).

7.3 Comments
Based on the reports by public-sector bodies discussed in
this assessment, it appears that insulin glargine and insulin detemir are not cost-effective treatment options compared to NPH insulin therapy in the treatment of T1DM or
T2DM (Cameron et al. 2009, Waugh et al. 2010). However, the cost-effectiveness appears to be better with
T1DM than T2DM, which could also be anticipated on the
basis of the research evidence on health effects compiled
in this assessment. When interpreting the results of assessments made abroad, it should nevertheless be noted
that their results are only partially applicable in Finland;
these results should thus be approached with some caution. In the reviews by Waugh et al. (2010) and Cameron
et al. (2009), the assessment of the results related to
treatment effects was also based in part on original studies that were different than those used in the clinical effectiveness evaluation in this assessment. The unit costs
used also differ from those used in Finland. On the other
hand, their results and conclusions are in line with those
presented in the Clinical effectiveness and Safety sections of this assessment.

Fear of hypoglycaemia can be addressed in modelling
using certain assumptions, for example in the form of an
event-specific QoL reduction related to hypoglycaemic
events or a continuous QoL reduction related to insulin
therapy (Waugh et al. 2010, Cameron et al. 2009). If an
event-specific QoL reduction related to fear of hypoglycaemia is assumed, this simultaneously involves the
assumption that fear of hypoglycaemia is directly proportional to the number of hypoglycaemic events. This assumption favours therapies that reduce the number of
hypoglycaemic events versus comparator treatments. It is
unclear how well this assumption matches reality.
The sensitivity analyses presented in the study by Cameron et al. (2009) demonstrate that the decision-analytic
model used is very sensitive to assumptions related to
fear of hypoglycaemia. In a sensitivity analysis for T1DM,
costs per one QALY compared to NPH insulin decreased
to one fifteenth (insulin detemir) and one fifth (insulin
glargine) of the base analysis ICER when the use of NPH
insulin was assumed to involve a continuous QoL reduction due to fear of hypoglycaemia. Similarly, the ICER in
T2DM decreased to about one ninth of the base analysis
ICER. In this sensitivity analysis, the costs of insulin detemir versus NPH insulin per QALY in T2DM were CAD
235,000, while NPH insulin dominated in the base analysis. When interpreting the results of the sensitivity analysis, it should nevertheless be noted that fear of hypoglycaemia was assumed to occur with NPH insulin therapy
only, and the assumption may therefore favour insulin
analogues (Cameron et al. 2009). These results can mainly be used to draw conclusions on the sensitivity of the
model to QoL effects related to fear of hypoglycaemia.

The number of studies on the cost-effectiveness of insulin
analogues is high (Annex Tables F001 1–2). Contrary to
the assessments by the public-sector bodies discussed in
this review, studies involving potential conflicts of interest
have usually ended up considering insulin analogues as
cost-effective or as the dominant treatment options compared to NPH insulin. The conclusions of published studies comparing insulin analogues are contradictory (Table
1, Annex Tables F001 1–2, Figure 1). Evidence on the
health effects of insulin analogues is not entirely unambiguous, which probably makes it possible to make different outcome-impacting choices in a cost-effectiveness
analysis. This also applies to studies by public-sector
bodies.

Because of the above, choices related to the modelling of
hypoglycaemic events and fear of hypoglycaemia are a
significant source of uncertainty and may have a very
significant impact on results.

In cost-effectiveness analyses, a reduction in HbA1c and
the resulting prevention of complications as well as avoidance of hypoglycaemias and fear of hypoglycaemia are
the main health benefits on which cost-effectiveness
hinges on. However, the differences between long-acting
insulin analogues and NPH insulin are very small in terms
of health effects measured in QALY.

Impact of BMI and weight change
In some models, BMI may influence the incidence of
some diabetic comorbidities (Clarke 2004) and thus impact patients’ QoL. Based on the research evidence, the
observed differences in on-treatment weight changes are
small and partially inconsistent, and their clinical significance is unclear. However, even minor differences in
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The use of insulin analogues entails considerably higher
medication costs (including costs for administration
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equipment) than the use of NPH insulin. This is particularly emphasised in the treatment of T2DM because of
the higher doses, since the majority of medication costs
are due to direct pharmaceutical costs for insulin. The
potential additional benefits of insulin analogues and the
other healthcare savings thus achieved are not necessarily sufficient to compensate for the higher medication
costs in such a way that insulin analogues could extensively and without reservation be considered cost-effective compared to NPH insulin. This is particularly the case
in the treatment of T2DM.

higher benefit when using a specific treatment compared
to alternative options. Compared to NPH insulins, insulin
analogues may have benefits that are difficult to implement in a reliable manner in a cost-effectiveness analysis
because of limited research evidence and individual variation. These could include e.g. QoL effects related to the
usability of products or to fear of hypoglycaemia, which
may also influence compliance. Good treatment compliance may also reduce the use of healthcare resources.
On the whole, the cost-effectiveness of insulin analogues
versus NPH insulin is subject to considerable uncertainty.
This is also the case when comparing the different insulin
analogues to each other.

The treatment of diabetes involves many individual perspectives, and some patients probably experience a
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8.	ETHICAL, social and
organisational ASPECts
8.1 Methods

The interview study was carried out in compliance with
Fimea’s recommendation for integrating the patient perspective through interview study with the assessment of
the therapeutic and economic value of pharmaceuticals
and corresponding medicines information. The interview
study was a pilot project, which should be kept in mind
when interpreting the results.

The ethical assessment of the insulins being assessed
and the organisational and social factors are described
below with the assessment elements (Table 18). During
the assessment, it was decided to classify some of the
assessment elements in the protocol as not relevant
when the insulins did not differ from each other with regard to the contents of the element.

The interviews took the form of semi-structured interviews
on a set theme. The interview study enrolled patients with
different insulin use backgrounds who (1) were aged at
least 18, (2) had T1DM or T2DM and (3) used NPH insulins or insulin analogues. Patients who were healthcare
professionals were excluded from the study.

The aim is to analyse differences between the insulins
from ethical, social and organisational perspectives. This
section does not aim to discuss matters otherwise generally related to the treatment of diabetes or use of medicines.
Table 18. Assessment elements for the domains Ethical,
organisational and social aspects.
ID

The interviewees were recruited through patient associations, diabetes specialist nurses and pharmacies. Interviews with T1DM patients (n = 3) were carried out as
individual interviews; those with T2DM (n = 7, two groups)
had group discussions. The practical aspects of the study
are described in more detail in a separate interview
report providing detailed information on the practical
aspects and results of the study.

Assessment elements

F0017

Which aims and outcomes of the use of insulin
glargine or insulin detemir are most important from
the patients’ and society’s point of view and how
should they be assessed?

G0001

What kind of work flow, participant flow and other
processes are needed in insulin glargine or insulin
detemir treatment compared with NPH insulin treatment?

G0002

What kind of involvement has to be mobilized for
patients and important others in treatment with insulin glargine or insulin detemir compared with NPH
insulin?

H0001

Which areas of life does the use of insulin glargine or
insulin detemir affect and how compared with NPH
insulin?

H0002

Who are the important others in addition to the patient
that the use of insulin glargine or insulin detemir can
affect compared with NPH insulin?

H0009

Which aspects influence the decisionmaking of the
patients when choosing insulin treatment?

The interview study aimed to identify treatment-related
matters that are important for patients.The interview study
did not aim to present opinions on the treatment of diabetes based on a representative sample or to make value
statements on the different views.

8.2 Main results
Ethical, social and medicine use-related views arising
in the interviews of patients
The insulins assessed were considered very similar in
terms of their basic properties, including their advantages
and disadvantages. The most important matters related
to insulin therapy were good glycaemic control, low risk of
hypoglycaemia, reduction in diabetic comorbidities, few
adverse effects, long dosing intervals and the affordable
price of the medicine permitted by the reimbursement
system. The use of insulin products was not considered
to involve significant disadvantages. Symptoms due to
blood glucose fluctuation were mostly thought to be the
result of one’s own negligence and not considered related
to the insulin product. Those with T1DM found that the
ability to adjust insulin quantities independently on the

Published literature on factors relevant for the assessment from the patients’ perspective was scarce. A separate interview study was therefore carried out in the assessment to gain insight into which treatment-related
factors are important to insulin users. The interview study
serves to complement the scarce published evidence on
the matter.
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8.3 Comments

basis of blood glucose levels was an important factor
related to their use of insulins.

The interview study with diabetics aimed to identify and
gain insight into the treatment-related matters that are
important for patients. These issues are related to patients’ personal experiences and are of such a nature that
it may not be fully appropriate to analyse them quantitatively. The study did not aim to present opinions on the
treatment of diabetes based on a representative sample
or to make value statements on the different views. The
interview study was small and a pilot study by nature, and
its results thus cannot be generalised to apply to diabetic
patients using insulins on a greater scale.

The lower number of injections when using insulin analogues was considered an advantage, but once-daily
dosing was not considered essential. Once-daily injections were found to be easy to remember, and with this
regimen, patients are not obliged to carry their injection
equipment everywhere with them. On the other hand,
once-daily dosing was considered inflexible in some situations. Maintaining good glycaemic control was considered the most important advantage related to the use of
insulin analogues. Their advantages were also considered to include easier weight control, improved QoL and
control of one’s life, and better ability to manage in everyday life. With NPH insulins, the need to mix the product
before use was considered a disadvantage. Correspondingly, the fact that insulin analogues do not require mixing
was considered to be an advantage.

The diabetic patients interviewed found good glycaemic
control, low risk of hypoglycaemia, reduction in diabetic
comorbidities, few adverse effects, long dosing intervals
and the affordable price of the medicine permitted by the
reimbursement system as the most important matters in
insulin therapy. The matters related to insulin therapy that
surfaced during the interview study as being important to
the patient were consistent with the international literature. There are also published analyses concerning QoL
effects related to fear of hypoglycaemia, which may also
have an impact on treatment compliance.

Organisational factors
From an organisational point of view, there are not necessarily any significant differences in the use of the insulins
assessed. However, switching from one insulin product to
another involves important organisational factors that are
particularly emphasised in the treatment of elderly patients living at home. The insulins have different profiles
of action, and a suitable dosage and injection time must
therefore be adjusted individually; this is also the case
when integrating the use of the insulin in everyday life.
This will temporarily increase the need for healthcare
resources such as appointments, blood glucose monitoring and the necessary equipment. When a diabetic is
dependent on external help, an increase in daily injections may result in a permanent need for additional resources. This is the case e.g. when treating elderly patients; the visits of home care staff are often organised
around the insulin injections if the elderly patient cannot
make the necessary injections independently. Because of
the high number of diabetics, changes in such practical
aspects of treatment may have significant consequences
when organising patient care.

EXECUTIVE SUMMARY

On the basis of the interview study, the ability to plan and
carry out the treatment individually is significant and important for patients. Patients’ preferences varied in terms
of the daily number of insulin injections and the insulin’s
action profile. From the patients’ perspective, it is important that different options are available for the treatment
of diabetes. The comments given by patients also emphasise the importance of ensuring individual treatment opportunities.
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9.	UPDATING THE ASSESSMENT
Based on the identified studies that are ongoing or unpublished, it is unlikely that randomised clinical trials on
the insulins included in this assessment, would, in the
coming years, generate new research evidence that
would be relevant for this assessment and improve the
quality of the evidence. Any need to update the assessment will be addressed in 2015.
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