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ORIGINAL RESEARCH

A short-term cost-utility analysis of insulin degludec versus insulin glargine
U100 in patients with type 1 or type 2 diabetes in Denmark

R. F. Pollocka and C. K. Tikkanenb

aOssian Health Economics and Communications GmbH, Basel, Switzerland; bNovo Nordisk Health Care AG, Z€urich, Switzerland

ABSTRACT
Background and aims: Insulin degludec is an insulin analog with an ultra-long duration of action that
exhibits less intra-patient variability in its glucose-lowering activity, and reduces nocturnal, overall, and
severe hypoglycemia relative to insulin glargine. The aim of the present study was to evaluate the
cost-effectiveness of insulin degludec relative to insulin glargine in patients with: type 1 diabetes
(T1D), type 2 diabetes receiving basal-only therapy (T2DBOT), and type 2 diabetes receiving basal-bolus
therapy (T2DBB) in Denmark.
Methods: A short-term (1 year) cost-utility model was developed to model insulin use, non-severe and
severe hypoglycemia, and self-monitoring of blood glucose in patients using insulin degludec and insu-
lin glargine from the perspective of a Danish healthcare payer. Where possible, data were derived from
Danish patients with diabetes and meta-analyses of clinical trials comparing insulin degludec with insu-
lin glargine. Using these characteristics, the model estimated costs and quality-adjusted life years
(QALYs) gained for the two insulin regimens in each of the three diabetes populations.
Results: Insulin degludec dominated insulin glargine (i.e. reduced costs while improving quality-
adjusted life expectancy) in patients with T1D and patients with type 2 diabetes using a basal-only
insulin regimen. In the T2DBB cohort, insulin degludec was associated with an incremental cost-
effectiveness ratio of DKK 221,063 per QALY gained, which would be considered cost-effective at a will-
ingness-to-pay threshold of EUR 30,000 (~DKK 224,000) per QALY gained. Sensitivity analysis showed
that results were most affected by changes in hypoglycemia rate ratio assumptions, but were broadly
insensitive to changes in individual input parameters.
Conclusions: Insulin degludec reduces incidence of hypoglycemia and improves quality-of-life in
patients with diabetes. Over a 1-year time horizon, insulin degludec resulted in cost savings relative to
insulin glargine in T1D and T2DBOT cohorts, while being cost-effective in T2DBB.
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Introduction

The prevalence of all diabetes mellitus in Danish adults is
9.9%, corresponding to �406,000 patients, with a further esti-
mated 154,800 adults with undiagnosed diabetes1. A
recently-published study estimated that, on average, a
patient with diabetes consumes approximately twice the
healthcare resources compared to a person without diabetes.
The study found that the total attributable cost of diabetes
to Danish society was EUR 4.27 billion/DKK 31.8 billion (at an
exchange rate of 7.45 Kroner to the Euro) in 2011 corre-
sponding to DKK 106,900 per patient (including societal costs
in addition to direct medical expenditure). The total of DKK
31.8 billion included DKK 5.5 billion of healthcare costs and
DKK 13.2 billion of lost productivity, while only a small pro-
portion (DKK 1.1 billion or 3.6%) of the attributable diabetes
expenditure arose from expenditure on pharmaceutical
agents, corresponding to DKK 3,844 per patient2.

Given that hypoglycemic events of any severity have a
profound effect on workplace productivity, optimizing

diabetes pharmaceutical expenditure to focus on anti-dia-
betic agents that reduce hypoglycemia while maintaining
tight glycemic control should be a key focus3. Insulin deglu-
dec is one such basal insulin which received marketing
authorization in the EU in 2013 and was fully reimbursed in
Denmark as of January 2016. Insulin degludec is a basal insu-
lin analog with an ultra-long duration of action that forms
soluble, stable multi-hexamers which slowly release insulin
monomers into the blood. This results in a half-life of over
25 hours in patients with type 1 or type 2 diabetes (approxi-
mately twice that of insulin glargine) and a flat pharmacoki-
netic profile in steady state conditions leading to reduced
fluctuations in glucose-lowering activity over the course of
each dosing interval4. An outcome of the long half-life and
steady state profile is increased flexibility in dose timing with
equivalent glycemic control and hypoglycemia incidence, as
demonstrated in both the original BEGIN FLEX trials (in which
flexibility was enforced per protocol) and a recent study in
Japan in which patients were free to dose in a window
8 hours either side of an agreed dosing time5–7.

CONTACT Richard Pollock pollock@ossianconsulting.com Ossian Health Economics and Communications GmbH, B€aumleingasse 20, 4051 Basel,
Switzerland
� 2016 Informa UK Limited, trading as Taylor & Francis Group
www.informahealthcare.com/jme

JOURNAL OF MEDICAL ECONOMICS, 2016
http://dx.doi.org/10.1080/13696998.2016.1245663
Article 0124.R1/1245663
All rights reserved: reproduction in whole or part not permitted

http://orcid.org/0000-0002-9873-7507


The improvements in the pharmacokinetic and pharmaco-
dynamic profile of insulin degludec should translate to tan-
gible clinical improvements in terms of better dose titration
and management and reduced hypoglycemia4. In a post hoc
meta-analysis of the BEGIN trial program, Vora et al.8 investi-
gated glycemic control, insulin dosing, and hypoglycemia in
patients with type 1 diabetes on a basal-bolus regimen
(T1D), and patients with type 2 diabetes on basal-only
(T2DBOT) or basal-bolus (T2DBB) insulin regimens. The study
found no significant difference in glycemic control (as would
be expected from treat-to-target trials), but reported signifi-
cantly lower insulin doses with insulin degludec than insulin
glargine. Specifically, doses were 12% lower in T1D
(p< .0001) and 10% lower in patients with T2DBOT
(p¼ .0004), although no significant dose difference was
observed in patients with T2DBB8. In terms of hypoglycemia,
the analysis demonstrated significantly lower rates of noctur-
nal non-severe hypoglycemia with degludec than glargine in
T1D, T2DBOT, and T2DBB (by 17, 36, and 25%, respectively;
all p< .05). Rates of daytime non-severe hypoglycemia were
significantly lower with degludec than with glargine in
T2DBB (by 17%; p< .05), with no statistical differences in T1D
or T2DBOT cohorts8.

All trials in the degludec trial program were based on a
treat-to-target design, in which patients were titrated to a
fasting blood glucose (FBG) level target of 4–5mmol/L
(70–90mg/dL). Comparisons based on HbA1c outcomes are,
therefore, not informative, as insulin dosing in the trial was
simply titrated upwards in patients not at or approaching the
FBG target. Most existing models of diabetes mellitus, such
as the CORE Diabetes Model and the UK Prospective
Outcomes Model (UKPDS) could be described as

“glucocentric”, in that they are driven substantially by differ-
ences in the achieved level of glycemic control, typically as
measured by glycated hemoglobin (HbA1c)

9,10. While analyses
could be conducted in which no differences in glycemic con-
trol were captured in these existing models, a conceptually
more straightforward approach would be to exclusively
model the differences in insulin administration and hypogly-
cemia rates observed in treat-to-target trials.

Given the reductions in hypoglycemia reported in the
BEGIN trial program and meta-analysis, the aim of the pre-
sent analysis was to conduct a cost-utility analysis of insulin
glargine (Lantus; Sanofi S.A., Gentilly, France) vs insulin deglu-
dec (Tresiba; Novo Nordisk A/S, Copenhagen, Denmark) in
T1D, T2DBOT, or T2DBB cohorts in Denmark.

Methods

A previously-published short-term cost-utility model was
used to evaluate costs and quality-adjusted life expectancy
associated with the use of insulin degludec relative to insulin
glargine in T1D, T2BOT, and T2DBB cohorts11–13. The model
captured basal and bolus insulin doses and dose frequency,
incidence of daytime and nocturnal non-severe hypoglycemic
and severe hypoglycemic events, and self-monitoring of
blood glucose (SMBG) frequency (Figure 1). Using parameters
specific to each insulin, the model estimated costs and qual-
ity-of-life (expressed in quality-adjusted life years [QALYs])
with insulin degludec and insulin glargine, and the incremen-
tal cost-effectiveness of insulin degludec relative to insulin
glargine in the three diabetes populations. Only statistically
significant outcomes from the included studies were used to
differentiate between the insulin regimens. Cost-effectiveness
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Figure 1. Model schematic.
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was assessed relative to a Danish willingness-to-pay (WTP)
threshold of EUR 50,810/DKK 378,000 per QALY gained, as
derived using a constant “value of prevented fatality”
approach in the EuroVaQ study14. Probabilistic sensitivity ana-
lysis (PSA) was built into the model by way of log-normal dis-
tribution sampling around the hypoglycemia rate and insulin
dose ratios, and normal distribution sampling around the
base insulin doses and quality-of-life disutilities associated
with each hypoglycemic event (Table 1).

Hypoglycemia

Hypoglycemia was modeled using a base rate of hypogly-
cemia with insulin glargine in each of the three populations
and a corresponding rate ratio for insulin degludec
(Figure 1), the latter of which was sampled from a log-normal
distribution during PSA. In the reference analysis, hypogly-
cemia base rates were derived from Danish participants in a
2013 study by €Ostenson et al.15 that investigated self-
reported hypoglycemia outcomes in seven European coun-
tries. Of the 3,959 participants (1,631 with T1D and 2,196
with T2D; mean HbA1c of 7.7% and 7.6%, and mean BMI of
26 kg/m2 and 32 kg/m2, respectively), 601 were Danish, in
whom 1,894 respondent weeks were recorded. The final
derived rates of nocturnal and daytime non-severe hypogly-
cemia and all severe hypoglycemia employed in the analyses
are presented in Table 2. The degludec rates were derived
from the glargine rates and relative rate data from a meta-
analysis of the randomized controlled trials in the BEGIN trial
program8. The meta-analysis included six phase 3a trials that
compared degludec with insulin glargine and was conducted
on a patient-level basis.

The costs associated with non-severe hypoglycemia were
assumed to consist of the cost of 2.1, 2.3, and 2.4 additional
SMBG tests at a cost of DKK 8.10 in T1D, T2DBOT, and T2DBB
cohorts, respectively. These data were derived from a 2013
questionnaire-based study of self-reported hypoglycemia out-
comes in Danish patients with diabetes16. In addition to the
SMBG test cost, 1.0%, 4.9%, and 6.8% of T1D, T2DBOT, and
T2DBB patients reported contacting their general practitioner,
which was conservatively assumed to be done via telephone
instead of a visit, at a cost of DKK 26.67 per call16. The cost
of each severe hypoglycemic event was based on the
HypoAna clinical trial which captured resource utilization for
Danish T1D patients prone to recurrent severe hypoglycemia
(defined as having �2 severe episodes in the past year)17. In
the study, 63 of 227 (27.8%) severe hypoglycemic episodes
required medical assistance18–24. The full resource utilization
data from the trial (Table 3) was conservatively assumed to
apply to patients with T2DM, despite evidence showing a
greater proportion of these patients typically require medical
assistance for severe hypoglycemia25.

Insulin dosing and needle use

Insulin doses were specified in a similar manner to hypogly-
cemia rates, with a reference dose for insulin glargine and a
dose ratio from which insulin degludec doses were derived.
Dosing data were taken from a recent cost-utility analysis of
insulin degludec in Sweden, which in turn was based on a
meta-analysis of the BEGIN trials (Table 4), and the dose
ratios were obtained from a meta-analysis of the randomized
controlled trials in the BEGIN trial program8. Patients using
insulin degludec were assumed to inject basal insulin once
daily, regardless of regimen, while patients with type 2 dia-
betes using insulin glargine were assumed to use an average
of 1.18 needles per day, and patients with type 1 diabetes
using insulin glargine were assumed to use an average of
1.36 needles per day due to a proportion of patients splitting
their insulin glargine dose into two daily basal injections26,27.
Whilst the exact proportion of patients dosing insulin glar-
gine twice daily varies between patient groups, bis in die dos-
ing has been observed in numerous previous studies in
patients with type 1 or type 2 diabetes28–30.

Routine self-monitoring of blood glucose

It was assumed that, regardless of the basal insulin in use,
patients would perform one SMBG test for each injection of
either basal or bolus insulin. Costs of individual tests were
based on the lowest cost test strips and lancets available in
Denmark (Table 5).

Quality-of-life

In the reference case analysis, a diminishing marginal hypo-
glycemia utility model was employed to capture the
reduction in quality-of-life associated with non-severe hypo-
glycemia to reduce the risk of over-estimating the effect
of hypoglycemia on quality-adjusted life expectancy31.

Table 2. Rates of hypoglycemia in the base case analysis. Base rates were
from a Danish study of self-reported hypoglycemia, while rate ratios were
derived from a meta-analysis of randomized trials in the BEGIN trial program.
Events per 100 patient years Non-severe

daytime
Non-severe
nocturnal

Severe

Type 1 diabetes
Glargine base rate 7,657.0 2,203.8 61.72
Degludec rate ratio (SE) 1.0 (0.071) 0.83 (0.096) 1.0 (0.258)
Degludec rate 7,657.0 1,829.1 61.72

Type 2 diabetes basal-only
Glargine base rate 1,700.4 640.6 5.8
Degludec rate ratio (SE) 1.0 (0.093) 0.64 (0.152) 0.14 (0.819)
Degludec rate 1,700.4 410.0 0.8

Type 2 diabetes basal-bolus
Glargine base rate 2,941.6 906.4 11.9
Degludec rate ratio (SE) 0.83 (0.095) 0.75 (0.137) 1.0 (0.329)
Degludec rate 2,441.6 679.8 11.9

SE, standard error.

Table 1. Health-related quality-of-life disutilities associated with severe
hypoglycemia in the base case analysis and with non-severe hypogly-
cemia in sensitivity analysis.
Hypoglycemia severity and type Mean disutility per event (SE)

Non-severe daytime (type 1) 0.0040 (0.0003)
Non-severe nocturnal (type 1) 0.0080 (0.0004)
Severe (type 1) 0.0470 (0.0021)
Non-severe daytime (type 2) 0.0050 (0.0003)
Non-severe nocturnal (type 2) 0.0070 (0.0004)
Severe (type 2) 0.0600 (0.0021)

SE, standard error.
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Disutilities for severe hypoglycemia were taken from an ana-
lysis of data from 551 patients with type 1 and 1,603 with
type 2 patients published by Evans et al.32. The study used a
questionnaire-based time trade-off approach in which
respondents were asked to trade-off a portion of their
remaining lifespan for an improved health state. In all, 13
such health states were defined, describing diabetes alone or
diabetes combined with hypoglycemia of differing event
types and frequencies. Participants were randomly assigned
to evaluate a sub-set of the available health states to avoid
respondent fatigue. The final utility values elicited for the dif-
ferent types of hypoglycemia are presented in Table 1.

Time horizon and discounting

Costs were captured in 2016 Danish Kroner (DKK) and analy-
ses were run over a 1-year time horizon, mitigating the need
to capture discount rates for future cost and effectiveness
outcomes. The short time horizon was selected on the
grounds that the treat-to-target nature of the trials resulted

in no differences in the risk factors that would typically be
used as prognostic factors for late onset of complications. No
mortality was modeled in the base case analysis, but mortal-
ity after severe hypoglycemia was investigated in sensitivity
analysis, in which the population size was half-cycle cor-
rected over the first year.

Sensitivity analyses

The reference case was run as a PSA, in which 1000 model
iterations were recorded for each of the three analyses sam-
pling from distributions around hypoglycemia rate ratios
(log-normally distributed), baseline insulin doses (normally
distributed), insulin dose ratios (log-normally distributed), and
quality-of-life disutilities (normally distributed). For each
model iteration, the incremental cost and quality-of-life was
recorded to generate a cost-effectiveness scatterplot and
acceptability curve.

In addition to the PSA run in the reference case analysis, a
series of one-way sensitivity analyses were conducted to
establish the magnitude of effect individual model inputs
were having on cost-effectiveness outcomes. Specifically, dif-
ferences in insulin doses, non-severe daytime, non-severe
nocturnal, and severe hypoglycemia were abolished individu-
ally. In a separate analysis, a mortality rate of 1.7% was
applied after severe hypoglycemia, based on a prospective,
population-based study evaluating mortality arising from
severe hypoglycemia that resulted in an emergency call33. An
analysis was also run in which the unit cost of insulin glar-
gine was switched to that of biosimilar glargine (Abasaglar
KwikPen, Eli Lilly and Company, Indianapolis, IN).

Results

The analysis in patients with type 1 diabetes showed that
insulin degludec would dominate insulin glargine over a 1-
year time horizon, with costs decreasing from DKK 24,712 to
DKK 23,219 per patient (saving DKK 1,493), and quality-of-life
increasing by 0.0036 quality-adjusted life years (QALYs;
Table 6). In type 2 diabetes, analysis of basal-only insulin also
resulted in insulin degludec dominating glargine, with a
reduction in costs of DKK 139 from DKK 10,117 to DKK 9,978,
and an increase in quality-of-life of 0.0085 QALYs. The ana-
lysis in T2DBB patients yielded mean outcomes in the north
east quadrant of the cost-effectiveness plane with increased
cost and quality-adjusted life expectancy. Insulin degludec
was associated with an increase in costs of DKK 1,508 over 1

Table 4. Base insulin dosing and dose ratios in the reference case analysis.
Basal insulin Bolus insulin

Type 1 diabetes
Base dose (SE), IUs 33.10 (1.11) 35.00 (1.68)
Dose ratio (SE) 0.87 (0.02) 0.88 (0.03)
Dose in degludec arm, IUs 28.80 30.80

Type 2 diabetes basal-only
Base dose (SE), IUs 51.70 (1.35) –
Dose ratio (SE) 0.90 (0.03) –
Dose in degludec arm, IUs 46.53 –

Type 2 diabetes basal-bolus
Base dose (SE), IUs 66.60 (2.68) 72.70 (3.97)
Dose ratio (SE) 1.08 (0.03) NS
Dose in degludec arm, IUs 71.93 72.70

IUs, international units; NS, not significant; SE, standard error.

Table 3. Unit costs for healthcare resource use for patients required medical assistance for severe hypoglycemia (27.8% of patients).
Treatment/service Cost (DKK) Reference

Pre-hospitalization (63.5%) 4,166.05 � Cost of an ambulance (2002 cost of DKK 2,740, inflated based on CPI)19,20.
� 50% of fee of an emergency care visit (DAGS BG50A charge 2015), based on 50% of patients

receiving treatment at the scene in a study investigating treatment by a Mobile Emergency
Care Unit21,24.

Hospital admission (3.2%) 12,341.41 � Lyngsie 2016. Average cost per admission of EUR 1,658 with a length of stay of 2.6 days (95%
CI ¼2.4–2.8)23.

HCP treatment (6.3%) 1,385.00 � DAGS SP12D charge 201521.
HCP follow-up (28.6%) 26.76 � Assumed conservatively to be the cost of a telephone call to a HCP24.

CI, confidence interval; CPI, consumer price index; HCP, healthcare professional.

Table 5. Unit costs used in the analysis.
Cost item Price (DKK) Cost basis

Insulin degludec 524.64 Tresiba U100 FlexTouch, 1500 IUs
Insulin glargine 424.08 Lantus Solo Star/Optiset, 1500 IUs
Biosimilar insulin glargine
(sensitivity analysis)

370.28 Abasaglar KwikPen, 1500 IUs

Bolus insulin 382.60 NovoRapid FlexPen, 1500 IUs
Needle (bolus and basal injection) 1.78 PenFine needle (0.33� 10mm)
Self-monitoring of
blood glucose test strip

7.39 Profiline Teststrimler, 50 pack

Self-monitoring of
blood glucose lancet

0.70 Pura My Life, 200 pack

Price of insulins taken from www.medicinpriser.dk (June 20, 2016 to July 3,
2016), while cost of needles/SMBG tests are from Nomeco; http://service.
nomeco.dk/webdoc/mrkkat.pdf (May 3, 2016).
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year with an associated increase in quality-adjusted life
expectancy of 0.0068 QALYs, resulting in an ICER of DKK
221,063 per QALY gained (Table 6), which would fall below
the Danish WTP threshold of EUR 50,810/DKK 378,000 per
QALY gained.

In the probabilistic sensitivity analysis, the results of 1,000
model iterations sampling from all modeled distributions
were used to generate cost-effectiveness scatterplots (Figure
2) and acceptability curves (Figure 3) in which the proportion
of points falling below a range of willingness-to-pay thresh-
olds were plotted for each analysis. The acceptability curves
showed that, at a willingness-to-pay of DKK 250,000, there
would be a 83.3% likelihood that insulin degludec would be
cost-effective relative to insulin glargine in a T1D cohort, and
99.9% and 54.3% likelihoods that insulin degludec would be
cost-effective in T2DBOT and T2DBB cohorts, respectively. In
the T1D analysis, all simulations were cost saving, with 65.9%
of analyses resulting in increased effectiveness. In the
T2DBOT cohort, 76.7% of analyses were cost saving, and
99.9% of analyses resulted in increased effectiveness, while in
T2DBB 94.8% of analyses showed increased effectiveness and
all resulted in increased costs.

One-way sensitivity analysis showed that the findings of
the type 1 diabetes analysis were insensitive to changes in
individual model input parameters, with all analyses resulting
in insulin degludec dominating insulin glargine (or being
equally effective and less costly). In the T2DBOT analysis,
only two analyses yielded a mean ICER in the north east scat-
terplot quadrant, specifically those in which the insulin dose

difference was abolished and in which the price of insulin
glargine was replaced with the cost of Abasaglar. In the
T2DBB analyses, the model was most sensitive to the aboli-
tion of differences in the rates of hypoglycemia, with ICERs
increasing to DKK 393,886 per QALY gained with the aboli-
tion of differences in daytime non-severe rates, and DKK
571,367 with the abolition of differences in nocturnal non-
severe rates (Table 7). Both analyses would result in degludec
falling above a WTP threshold of DKK 378,000 per QALY
gained. Conversely, assuming no difference in the insulin
dosing in the T2DBB cohort, insulin resulted in an ICER of
DKK 121,299 per QALY gained, which would be considered
highly cost-effective.

Discussion

Based on a short-term cost-utility model, insulin degludec
was found to dominate insulin glargine in patients on T1D or
T2DBOT regimens in the Danish setting over a 1-year time
horizon. In patients with type 2 diabetes on a basal-bolus
regimen, insulin degludec increased quality-of-life and costs
at a ratio of DKK 221,063 per QALY gained. As the majority
of basal insulin users in Denmark are patients with either
type 1 (28,208; 48.7% of basal insulin users) or type 2 dia-
betes on a basal-only regimen (25,398; 43.9% of basal insulin
users)34–36 where insulin degludec is dominant, the overall
weighted impact of insulin degludec is likely to be cost-sav-
ing from the healthcare payer perspective when compared
with other basal insulin analogues in Denmark. In all

Table 6. Base case cost-effectiveness outcomes in type 1 and 2 diabetes with basal-bolus insulin, and type 2 diabetes with a basal-only regimen.
Costs (DKK) Quality-adjusted life expectancy (QALYs) ICER (DKK per QALY)

Insulin glargine Insulin degludec Incremental Insulin glargine Insulin degludec Incremental

Type 1 diabetes 24,712 23,219 �1,493 0.7841 0.7877 þ0.0036 Insulin degludec dominant
Type 2 diabetes basal-only 10,117 9,978 �139 0.8209 0.8295 þ0.0085 Insulin degludec dominant
Type 2 diabetes basal-bolus 29,655 31,163 þ1,508 0.7807 0.7876 þ0.0068 221,063
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analyses, increases in quality-of-life were driven exclusively
by reductions in hypoglycemia, while differences in cost
were driven by a combination of differences in SMBG test
strip utilization, insulin doses, needle use and hypoglycemia
treatment costs. The greatest advantage of the present mod-
eling approach is its simplicity and transparency; the model
and findings in the present analysis could readily be repro-
duced without requiring any programming expertise or sub-
scriptions to proprietary models. The approach sits in
contrast to the majority of diabetes cost-effectiveness and
cost-utility analyses published to date, which typically include
modeling microvascular and macrovascular complications
over patient lifetimes. With treat-to-target trial data, the dif-
ferences in the projected incidence of such complications
would likely only be minimal, effectively reducing the models
to be driven by the differences in dosing and hypoglycemia,
as captured in the present analysis.

The reference case presented is likely to be conservative
from a Danish societal perspective, in that the societal costs
of lost productivity after hypoglycemia were not captured,
and neither were the benefits of flexible dosing associated
with insulin degludec. Flexible dosing may result in both
improved adherence to the prescribed regimen and
improved quality-of-life as patients can be less fastidious
with the timing of their insulin injections37. Furthermore,
given that the stable pharmacokinetic profile of insulin

degludec results in lower intra-patient glycemic variability
than insulin glargine, the frequency of SMBG testing could
potentially be reduced, a possibility that was also not cap-
tured in the reference case analysis38.

In terms of limitations, the 1-year time horizon precluded
capturing any treatment switching or discontinuation, which
may materially affect the cost-effectiveness of insulin deglu-
dec relative to insulin glargine over longer time horizons.
Second, the meta-analysis on which the hypoglycemia rates
were modeled was based exclusively on open label studies
in the BEGIN trial program. Open-label studies are commonly
employed in trials of anti-diabetic agents because of the diffi-
culty in blinding arising from the wide range of insulin deliv-
ery devices in use by patients. The open-label nature of the
studies may have resulted in biased patient reporting of
hypoglycemia, although this was mitigated across the trials
by mandating that patients report only confirmed episodes
of hypoglycemia.

The EuroVaQ study published three WTP thresholds for
undiscounted QALYs in Denmark based on two approaches,
the first of which used a constant value per prevented fatal-
ity (VPF) aggregated over a group and assuming an average
avoidance of life expectancy loss per prevented fatality. The
second approach was based on a similar premise, but
assumed an inverted U-shaped relationship between age and
the VPF, with a peak at 40 years. The three WTP estimates
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Figure 3. Cost-effectiveness acceptability curves for each analysis over a range of willingness-to-pay values spanning DKK 0–400,000 per QALY gained.

Table 7. One-way sensitivity analysis outcomes.
Incremental cost-effectiveness ratio (DKK per QALY gained)

Type 1 diabetes basal-bolus Type 2 diabetes basal-only Type 2 diabetes
basal-bolus

Base case Insulin degludec dominant Insulin degludec dominant 221,063
No difference in insulin dose Insulin degludec dominant 60,977 121,299
No difference in daytime non-severe hypoglycemia Insulin degludec dominant Insulin degludec dominant 393,886
No difference in nocturnal non-severe hypoglycemia Less costly, equally effective Insulin degludec dominant 571,367
No difference in severe hypoglycemia Insulin degludec dominant Insulin degludec dominant 221,063
Mortality after severe hypoglycemia Insulin degludec dominant Insulin degludec dominant 220,914
Price of biosimilar glargine (DKK 370.28/1500 IUs) Insulin degludec dominant 62,945 348,944
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were obtained using approach 1 (EUR 50,810), and approach
2 in patients aged 18 years and over (EUR 23,156) and 40
years and over (EUR 44,452). At an exchange rate of 7.45
Kroner to the Euro, an ICER of DKK 221,063 for the T2DBB
cohort would fall above the WTP derived using approach 2
in patients aged 18 years and over, but below the more
straightforward constant VPF approach and below approach
2 in patients aged 40 and over. In practice, many different
WTP thresholds have been employed in real-world Danish
CUAs, and typically reported in pounds sterling or Euros: EUR
40,000–50,00039,40 and GBP 20,000–30,00041,42. At present
day exchange rates (7.45 EUR:DKK and 8.85 GBP:DKK), the
ICER for degludec vs glargine in the type 2 diabetes basal-
bolus cohort would fall under all of these thresholds, with
the exception of GBP 20,000, which is the lowest end of the
range of commonly-quoted WTP thresholds in the UK.

As hypoglycemia was the primary driver of incremental
quality-adjusted life expectancy in the analysis, the rate ratio
data formed a critical component of the analysis. The use of
a meta-analysis of the BEGIN trials was a robust starting point
in terms of the data driving the rate ratios, which has since
been corroborated and supplemented by the SWITCH 1 and
2 trials. SWITCH 1 and 2 represent the first ever double-blind,
randomized, controlled, cross-over trials of insulin in patients
with type 1 or type 2 diabetes. In patients with type 1 dia-
betes enrolled in SWITCH 1, insulin degludec resulted in sig-
nificantly lower rates of severe or blood glucose-confirmed
hypoglycemia (�11%), severe or blood glucose confirmed
nocturnal hypoglycemia (�36%), and severe hypoglycemia
alone (�35%) relative to insulin glargine43. Similarly, in the
full treatment period of SWITCH 2, patients with type 2 dia-
betes exhibited significantly lower rates of severe or blood
glucose-confirmed hypoglycemia (�23%), severe or blood
glucose-confirmed nocturnal hypoglycemia (�25%), and
severe hypoglycemia alone (�51%)44. These rates suggest
that the present analysis may also have been conservative
with regard to the hypoglycemia benefits observed with
insulin degludec relative to insulin glargine.

Conclusions

The present analysis represents the first study investigating
the cost-effectiveness of insulin degludec relative to insulin
glargine in the Danish setting, following on from similar anal-
yses conducted in Sweden and the UK11–13. Based on reduc-
tions in the incidence of hypoglycemia and the resultant
increase in patient quality-of-life, insulin degludec was found
to dominate insulin glargine in patients with type 1 diabetes
and patients with type 2 diabetes using a basal-only
insulin regimen in Denmark and would likely also be cost-
effective in patients with type 2 diabetes using a basal-bolus
regimen.
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