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Abstract

Objective:

To evaluate long-run cost-effectiveness in a Swedish setting for liraglutide compared with sulphonylureas

(glimepiride) or sitagliptin, all as add-on to metformin for patients with type 2 diabetes insufficiently

controlled with metformin in monotherapy.

Methods:

The IHE Cohort Model of Type 2 Diabetes was used to evaluate clinical and economic outcomes from a

societal perspective. Model input data were obtained from two clinical trials, the Swedish National Diabetes

Register and the literature. Cost data reflected year 2013 price level. The robustness of results was checked

with one-way-sensitivity analysis and probability sensitivity analysis.

Results:

The cost per QALY gained for liraglutide (1.2 mg) compared to SU (glimepiride 4 mg), both as add-on to

metformin, ranged from SEK 226,000 to SEK 255,000 in analyzed patient cohorts. The cost per QALY for

liraglutide (1.2 mg) vs sitagliptin (100 mg) as second-line treatment was lower, ranging from SEK 149,000 to

SEK 161,000. Costs of preventive treatment were driving costs, but there was also a cost offset from

reduced costs of complications of�20%. Notable cost differences were found for nephropathy, stroke, and

heart failure. The predicted life expectancy with liraglutide increased the cost of net consumption for

liraglutide.

Limitations:

The analysis was an ex-ante analysis using model input data from clinical trials which may not reflect

effectiveness in real-world clinical practice in broader patient populations. This limitation was explored in the

sensitivity analysis. The lack of specific data on loss of production due to diabetes complications implied that

these costs may be under-estimated.

Conclusions:

Treatment strategies with liraglutide 1.2 mg improved the expected quality-of-life and increased costs

when compared to SU and to sitagliptin for second-line add-on treatments. The cost per QALY for

liraglutide was in the range considered medium by Swedish authorities.

Introduction

Type 2 diabetes is a chronic and progressive disease characterized by hypergly-
cemia (high blood glucose levels) with disturbances of carbohydrate, fat, and
protein metabolism resulting from a defect in insulin secretory on the back-
ground of insulin resistance. Continuous medical care and ongoing patient
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self-management are required for glycemic control and
the reduction of risk of long-term microvascular and
macrovascular complications1. The long-run glycemic
level measured by HbA1c has been shown to be associated
with the development of microvascular and macrovascular
complications2, including stroke, myocardial infarction,
end-stage renal disease, neuropathy, retinopathy and per-
ipheral vascular disease. Type 2 diabetes is also a major
cause of premature mortality3.

There is currently no cure for type 2 diabetes. While
lifestyle changes, for example dietary recommendations,
increasing physical activity, and smoking cessation pro-
grammes, are an essential feature of good disease manage-
ment, most patients cannot adequately control their blood
glucose levels over time without the addition and gradual
intensification of drug therapy. Following current recom-
mendations issued jointly by the European Association for
the Study of Diabetes (EASD) and the American Diabetes
association (ADA), metformin is considered the first drug
of choice in patients that tolerate it4. Over time, however,
disease progression leads to requirements for treatment
intensification where second-line treatment involves com-
bining metformin with another glucose-controlling agent.
Sulphonylurea (SU) is an agent that has been available for
half a century and may be used either in monotherapy or in
combination with other glucose lowering treatments.
However, SU has side-effects including modest weight
gain and risk of hypoglycemia (low blood glucose level).

New pharmaceuticals with the aim of improving blood
glucose control and reducing side-effects have been intro-
duced in the recent decade as alternatives when blood
glucose levels are insufficiently controlled with metformin
as monotherapy. As described by a schematic table in
EASD/ADA position statement, each of the available
pharmaceutical compounds for second-line treatment in
combination with metformin may be characterized by effi-
cacy in terms of HbA1c control, risk of hypoglycemia,
impact on weight, associated major side effect(s) and
costs. Two more recently introduced anti-diabetic drugs
are sitagliptin (Januvia) and liraglutide (Victoza) that
were granted market authorization in the European
Union in March 2007 and June 2009, respectively. In
the Swedish setting, liraglutide and sitagliptin are subsi-
dized and have been included in the high-cost threshold
since June 2007 and January 2010, respectively, as second-
line therapy for patients with insufficient blood glucose
control on metformin, SU, or insulin, or when none
of the latter agents are suitable following decision by
the Swedish Dental and Pharmaceutical Benefits
Agency (TLV).

The aim of this study was to obtain long-run cost-
effectiveness results in a Swedish setting for liraglutide
1.2 mg as second-line treatment compared with sulphony-
lureas (glimeperid 4 mg) and sitagliptin (100 mg), for
patients with type 2 diabetes.

Materials and methods

Design

We used data on treatment effects as shown in two
randomized controlled trials, the LEAD-2 trial
(ClinicalTrials.gov Identifier: NCT00318461)5,6 and the
1860-LIRA-DPP4 trial (ClinicalTrials.gov Identifier:
NCT00700817)7,8, and the IHE Cohort model of Type 2
Diabetes to analyse the cost-effectiveness for society in
life-time perspective (40 years) of liraglutide (1.2 mg) as
add-on to metformin compared to SU (glimepiride 4 mg)
or sitagliptin (100 mg), respectively, both as add-on to
metformin. We applied the societal perspective in the ana-
lysis and discounted costs and quality-adjusted life years
(QALYs) by 3% in accordance with guidelines from the
TLV and the Swedish National Board of Health and
Welfare. To produce results for a current Swedish setting,
year 2013 prices were obtained from Swedish national and
local data sources.

Model

The IHE Cohort Model of Type 2 Diabetes is a cohort level
health-economic model based on Markov health states
reflecting important microvascular and macrovascular
complications and premature mortality that may result
from type 2 diabetes. The model is updated on an annual
basis for a maximum of 40 years. Time-varying transition
probabilities govern the progress of patients through the
different health states. These are linked explicitly to the
population factors (age, gender, smoking status) and risk
factor control (level of HbA1c, blood pressure, blood
lipids, etc.) of the cohort. The model applies HbA1c
values measured by the standard from the National
Glycohemoglobin Standardization Program as most previ-
ous studies estimating risk equations for diabetic compli-
cations have used HbA1c by this standard including the
UK Prospective Diabetes Study, UKPDS9–11.

The model compares two treatment strategies at a time
defined by their respective composition of blood glucose
lowering treatment in combination with management of
blood pressure levels and blood lipid levels. The treatment
strategies are defined by the user in terms of treatments
used and their associated expected effect on metabolic
control, development of body-mass index (BMI), and
risk of hypoglycemia. A description of the structure of
and parameters in the IHE Cohort Model of Type 2
Diabetes is found in Supplemental material.

Treatment strategies and clinical data

We compared second-line treatment strategies consisting
of adding each of the following three pharmaceutical
agents to metformin (2000 mg per day). Liraglutide
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treatment strategy consisted of adding liraglutide 1.2 mg in a
once daily injection, the recommended dose for most
patients; SU treatment strategy consisted of adding 4 mg
glimeperide SU per day; and sitaglipin treatment strategy
consisted of adding 100 mg sitagliptin per day. Cohorts
were switched to second-line treatment at baseline and
remained with the treatment until failure to meet
HbA1c 9.0%, where a common third-line treatment was
initiated, irrespective of second-line treatment option
(metformin in combination with NPH-insulin (40 IU per
day)). Treatment strategies are labeled throughout the
paper by the name of the second-line add-on pharmaceut-
ical agent.

The cost-effectiveness evaluation was carried out using
published data from two randomized clinical trials compar-
ing liraglutide as add-on to metformin to (1) sulphonylurea
(glimepiride) as an add-on to metformin5,6 (n¼ 1091
patients); and (2) sitagliptin as an add-on to metformin7,8

(n¼ 446).
Data on patient demographic and clinical characteris-

tics as well as treatment efficacy measured by the intention
to treat method was retrieved from published trial data

(LEAD-2 liraglutide 1.2 mg, n¼ 241/137; glimepiride,
n¼ 244/113 patients randomized/completed 104 weeks;
the 1860-LIRA-DPP4 trial liraglutide 1.2 mg, n¼ 225/
135; sitagliptin, n¼ 219/151 patients randomized/com-
pleted 52 weeks). Where trial reports did not cover
model input data, we retrieved data from the Swedish
National Diabetes Register (NDR)12,13 and from the
cost-effectiveness analyses by Davies et al.14.

Table 1 presents the baseline characteristics and risk
factors for the patient cohorts as reported from the clinical
trials. Patients included in the trials had at least 3 months
experience with oral anti-diabetic treatment.

All analyses were carried out in four sub-groups by
gender and smoking status as the model accounts for dif-
ferences in risks of complications and mortality based on
these variables. Table 2 summarizes treatment effects from
the clinical trials and the assumptions made in the model
analysis.

Utilities

The expected utility decrement associated with micro- and
macrovascular complications, hypoglycemic events, treat-
ment with insulin and population characteristics (age,
gender, diabetes duration and overweight) was based on
published data15,16. The utility impact used in the base
case analysis is summarized in Supplemental material
Table S1.

Costs of healthcare resource use and loss of
production

Data on costs of healthcare resource use (preventive treat-
ment, micro- and macrovascular complications) were
retrieved from scientific publications17–21; and from
online databases, official pricelists and public agency
reports22–26. A detailed specification of costs and prices
is found in Supplemental material, Tables S2–S7.

Table 2. Treatment effects from clinical trials and assumptions applied in the model based analysis.

Risk factor Liraglutide vs glimepiride Liraglutide vs sitagliptin

Liraglutide
1.2 mgþmetformin

Sulphonylureaþmetformin Liraglutide
1.2 mgþmetformin

Sitagliptin
100 mgþmetformin

Glycated hemoglobin (HbA1c, %)
Change in first cycle �1.09 �1.12 �1.29 �0.88
Change in subsequent cycles (drift) 0.27 0.33 0.27 0.27

Systolic blood pressure (mmHg) �1.25 0.15 �0.37 �1.03
Total cholesterol (mmol/L) 0.05 0.04 �0.01 0.03
Low density lipoprotein (mmol/L) �0.09 �0.06 0.17 0.17
High density lipoprotein (mmol/L) �0.02 �0.03 0.09 0.01
Triglycerides (mmol/L) �0.07 0.03 �0.1 �0.23
Body mass index (BMI, kg/m2)

Change in first cycle �0.91 0 �0.97 �0.41
Change in subsequent cycles (drift) �0.09 0.12 �0.09 0

Table 1. Baseline characteristics using liraglutide 1.2 mg group in LEAD-25

and the liraglutide 1.2 mg group in 1860-LIRA-DPP-48.

Characteristic Value at baseline

LEAD-2 1860-LIRA-DPP-4

Baseline age (years) 57 56
Baseline duration of diabetes (years) 7 6
Glycated hemoglobin (HbA1c, %) 8.30 8.4
Systolic blood pressure (SBP, mmHg) 132 131.2
Diastolic blood pressure (DBP, mmHg) 80 80.3
Total cholesterol (TC, mmol/L) 4.88a 4.88a

Low density lipoprotein (LDL, mmol/L) 3.11a 3.11a

High density lipoprotein (HDL, mmol/L) 1.29a 1.29a

Triglycerides (mmol/L) 2.19a 2.19a

Body mass index (BMI, kg/m2) 31.1 32.6

aNot reported in Nauck et al.5 and Pratley et al.8, respectively. The baseline
blood lipid values were adopted from Davies et al.14.
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The study applied a societal perspective and accounted
for costs of lost production as a consequence of diabetic
events and complications. Following Swedish guidelines
for economic evaluation of treatments that extend
length life, the model accounted for added resource use,
health gains as well as expected costs of average consump-
tion due to the incremental length of life. We applied age-
specific expected annual consumption costs from Ekman27

inflated to year 2012, using consumer price index.
Few hard data exist on the association between specific

diabetic complications and loss of production and we
assumed that loss of production due to diabetes was
mainly attributed to severe stages of micro- and macrovas-
cular complications. A specification of the expected
annual salary by age group, assumptions on loss of product-
ivity, and costs of consumption is found in Supplemental
material, Table S8.

All costs are reported in year 2013 values and Swedish
krona (SEK). The annual average exchange rate in 2013
was 1 EUR¼ 8.60 SEK; 1 USD¼ 6.50 SEK (the Swedish
central bank, www.riksbank.se).

Sensitivity analyses

Three alternative specifications of model inputs were
used to explore the impact on the estimated incremen-
tal cost-effectiveness ratio of changes in risks and
treatment strategies in one-way sensitivity analyses:
(1) Higher number of hypoglycemic events according to
self-reported results for patients on insulin treatment28

(see Supplemental Material for details); (2) Earlier ini-
tiation of second-line treatment at HbA1c¼ 7%
instead of study baseline average 8.3 and 8.4%, respect-
ively (Table 1); and (3) BMI¼ 35 kg/m2 at baseline
instead of study baseline average 31.1 and 32.6 kg/m2

(Table 1). The first sensitivity analysis explores the
impact of different types of sources of data for measuring
the number of hypoglycemic events. The second and
third sensitivity analyses related to possible alternative
implementation strategies for new treatments where
(2) represents more strictly kept treatment goals and
(3) reflects the impact of restricted reimbursement policies
using multiple criteria to identify treatment eligibility.

The sensitivity in the estimated base case analysis
incremental cost-effectiveness ratio (ICER) was explored
by probability sensitivity analysis (PSA). In the PSA,
we allowed variation according to reported standard
errors of trial estimates of treatment efficacy parameters
and an assumed standard error of resource costs of 10%.
Parameters in the sensitivity analyses were assumed to
be normally distributed. The resulting incremental costs
and QALYs from 500 simulations were plotted in a two-
dimensional diagram and used to create cost-effectiveness
acceptability curves.

Results

Base case analysis

Analyses were made for four sub-groups by gender and
smoking status. There were small differences in costs
between sub-groups in terms of estimated costs, QALYs
gained and cost-effectiveness in the life-time perspective
(40 years) in both treatment comparisons (Tables 3 and 4).
Moreover, the patterns of cost drivers were similar
for gender and smoking status sub-groups. Tables 5 and 6
present the detailed cost results for non-smoking men and
corresponding tables for the three other sub-groups may be
found in Supplemental material, Tables S9–S14.

The cost per QALY gained for treatment with liraglu-
tide 1.2 mg compared to treatment with SU glimepiride
4 mg, both as add-on to metformin, were in ranges
SEK 226,000 to SEK 255,000. While Swedish
authorities including TLV do not apply a pre-defined
cost-effectiveness threshold, values below SEK 500,000
per QALY are considered low-to-medium by the Swedish
National Board of Health and Welfare.

Table 5 shows the model predictions for lifetime costs of
prevention, treatment of complications, loss of production
and net-consumption by sub-type of cost. The higher cost
of blood glucose lowering treatment with the liraglutide
strategy was driven by a higher cost per year, but also by a
longer duration on second-line treatment (8 vs 7 years
liraglutide vs SU). However, the higher cost of preventive
treatment with the liraglutide strategy was partly compen-
sated by a lower cost of complications, notably for nephro-
pathy, stroke and heart failure. We also note that
treatment with liraglutide gave slightly increased life
expectancy. This increased consumption costs more
than production loss was reduced and, hence, contributed
to a higher cost per QALY gained.

The discounted increased total costs of the liraglutide
strategy in the life-time perspective (40 years) were �SEK
80,000 (direct healthcare costs SEK 57,000 (71%), incre-
mental net consumption SEK 25,000 (31%), while gains in
production reduced the difference by SEK 1000 (1.3%)).
With this method of measurement, treatments that
increase life expectancy after retirement ages will increase
incremental costs.

The costs per QALY gained was lower when comparing
liraglutide 1.2 mg with sitagliptin 100 mg as add-on to met-
formin ranging from SEK 149,000 to SEK 161,000 in the
base case (Table 4). As shown in Table 6, the costs of blood
glucose lowering treatment and risk factor control of blood
pressure and blood lipids were higher with the liraglutide
strategy (þSEK 48,000), as was the costs of consumption
following the slightly increased life expectancy (þSEK
21,000). The model predicted that other direct healthcare
costs including costs of hypoglycemia and micro- and
macrovascular complications would be lower for the
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liraglutide treatment strategy offsetting 20% of the
increase in preventive treatment cost. The increase in
direct costs were �SEK 38,000. The increase in costs of
consumption corresponded to 37% of the increase in total
costs for the liraglutide strategy in comparison with
sitagliptin.

The same pattern of small differences between non-
smokers and smokers were seen throughout both base
case comparisons for men and women. Overall, smokers
had worse survival prognosis and thereby lower health
gains and lower costs. Nevertheless, the estimated differ-
ences in the ICERs were small and would not change over-
all policy conclusions.

Sensitivity analyses

The one-way sensitivity analyses showed a consistent pat-
tern across sub-groups of gender and smoking status when
we altered frequency of hypoglycemia, baseline BMI and
the HbA1c at which the second-line treatment was
initiated. Table 7 summarizes the cost-effectiveness results
for the comparison between the liraglutide strategy and the
SU strategy for non-smoking men. Table 8 shows the cor-
responding results from the comparison between the lira-
glutide and sitagliptin strategies. Full cost-effectiveness
results for all sub-groups are found in Supplemental mater-
ial, Tables S15–S20.

Table 3. Base case analysis liraglutide 1.2 mg vs SU as add-on to metformin. Results by gender and smoking status. Discounted
QALYs and discounted costs in SEK 2013.

Liraglutide SU Increment liraglutide vs sulphonylurea

Men, non–smokers
Health gains

Survival after 40 years* (%) 0.6 0.5 0.1
Life years 13.89 13.77 0.12
Quality-adjusted life years (QALY) 10.30 9.94 0.36

Costs
Direct cost 571,999 515,195 56,805
Production loss** 29,652 30,705 �1053
Net consumption*** 855,508 830,901 24,607
Total cost 1,457,159 1,376,801 80,358

ICER Costs per QALY for liraglutide vs SU 226,047

Men, smokers
Health gains

Survival after 40 years* (%) 0.1 0 0
Life years 11.95 11.84 0.11
Quality-djusted life years (QALY) 9.06 8.75 0.31

Costs
Direct cost 470,986 411,697 59,289
Production loss** 38,066 39,293 �1227
Net consumption*** 527,268 508,096 19,173
Total cost 1,036,321 959,086 77,234

ICER Costs per QALY for liraglutide vs SU 250,557

Women, non-smokers
Health gains

Survival after 40 years* (%) 0.7 0.6 0.1
Life years 14.33 14.20 0.13
Quality-adjusted life years (QALY) 9.32 8.96 0.36

Costs
Direct cost 556,786 499,931 56,855
Production loss** 27,606 28,632 �1026
Net consumption*** 923,616 896,993 26,623
Total cost 1,508,008 1,425,556 82,452

ICER Costs per QALY for liraglutide vs SU 230,416

Women, smokers
Health gains

Survival after 40 years* (%) 0.1 0.1 0
Life years 12.50 12.38 0.12
Quality adjusted life years (QALY) 8.32 8.00 0.32

Costs
Direct cost 473,492 413,601 59,891
Production loss** 35,629 36,822 �1193
Net consumption*** 607,501 585,634 21,867
Total cost 1,116,622 1,036,056 80,566

ICER Costs per QALY for liraglutide vs SU 255,121

*Not discounted.
**Production loss due to hypoglycemia and diabetic complications.
***Net consumption¼ (consumption � production) * survival.

Journal of Medical Economics Volume 17, Number 9 September 2014

662 Cost-effectiveness of liraglutide in a Swedish setting Steen Carlsson & Persson www.informahealthcare.com/jme ! 2014 Informa UK Ltd



The estimated incremental cost-effectiveness ratio
(ICER) was slightly lower when we assumed that the
number of hypoglycemic events when on insulin treatment
were in line with the number of self-reported events
reported by Östensson et al.28. The ICER increased slightly
when the second-line treatment for both strategies was
initiated at HbA1c 7% instead of at study baseline
values. This was implied by the longer time on second-
line treatment (11 vs 9 years for liraglutide vs SU
compared to 8 vs 7 years in the base case analysis). The
threshold for switching to third-line treatment was
unchanged. Finally the cost per QALY gained was

similar for the liraglutide strategy when we assumed that
the initial BMI was 35 kg/m2 instead of the trial average
(31.1 kg/m2).

Figure 1 shows the cost-effectiveness plane for 500
simulations in the probability sensitivity analysis (PSA)
for non-smoking men. Ninety per cent of the predicted
cost increments and QALY increments for the comparison
of liraglutide 1.2 mg vs SU were within the intervals SEK
22,701 to SEK 133,633 and �0.15 to 1.27 QALY, respect-
ively. The majority, 85%, of estimated ICERs were within
the northeast quadrant of Figure 1, implying that liraglu-
tide had higher benefits and higher costs. Figure 2 shows

Table 4. Base case analysis liraglutide 1.2 mg vs sitagliptin as an add-on to metformin. Results by gender and smoking status.
Discounted QALYs and discounted costs in SEK 2013.

Liraglutide Sitagliptin Increment liraglutide vs sitagliptin

Men, non–smokers
Health gains

Survival after 40 years* (%) 0.8 0.7 0.1
Life years 14.24 14.13 0.11
Quality adjusted life years (QALY) 10.53 10.15 0.38

Costs
Direct cost 597,102 559,590 37,512
Production loss** 33,527 35,524 �1997
Net consumption*** 730,086 708,978 21,108
Total cost 1,360,715 1,304,092 56,624

ICER Costs per QALY for liraglutide vs sitagliptin 148,766

Men, smokers
Health gains

Survival after 40 years* (%) 0.1 0.1 0
Life years 12.32 12.23 0.09
Quality adjusted life years (QALY) 9.32 8.99 0.33

Costs
Direct cost 492,662 454,024 38,638
Production loss** 42,771 45,123 �2352
Net consumption*** 417,215 401,604 15,611
Total cost 952,648 900,750 51,898

ICER Costs per QALY for liraglutide vs sitagliptin 156,900

Women, non-smokers
Health gains

Survival after 40 years* (%) 0.9 0.8 0.1
Life years 14.68 14.57 0.11
Quality adjusted life years (QALY) 9.52 9.14 0.38

Costs
Direct cost 583,618 546,351 37,267
Production loss** 31,169 33,105 �1936
Net consumption*** 796,227 773,955 22,272
Total cost 1,411,014 1,353,411 57,603

ICER Costs per QALY for liraglutide vs sitagliptin 150,411

Women, smokers
Health gains

Survival after 40 years* (%) 0.1 0.1 0
Life years 12.88 12.78 0.10
Quality adjusted life years (QALY) 8.55 8.21 0.34

Costs
Direct cost 496,452 457,341 39,110
Production loss** 39,961 42,230 �2269
Net consumption*** 494,277 476,707 17,570
Total cost 1,030,689 976,278 54,411

ICER Costs per QALY for liraglutide vs sitagliptin 160,827

*Not discounted.
**Production loss due to hypoglycemia and diabetic complications.
***Net consumption¼ (consumption � production) * survival.
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the corresponding cost-effectiveness acceptability curve.
At a willingness-to-pay of SEK 500,000 per QALY
gained, the liraglutide strategy is cost-effective compared
to SU in 74% of cases.

The corresponding analyses for the comparison
between liraglutide and sitagliptin strategies are shown
in Figures 3 and 4. Ninety per cent of the predicted cost
increments were in the interval SEK �17,323 to SEK
116,740 and 90% of predicted QALY increments were in
the interval �0.1 to 1.27 QALY. Eighty-seven per cent of
the predicted ICER estimates were in the north-east quad-
rant (Figure 3). The probability that liraglutide would be
considered cost-effective compared to sitagliptin was 89%
at a willingness-to-pay per QALY of SEK 500,000.

Discussion

The cost per QALY gained of choosing liraglutide 1.2 mg
as an add-on to metformin in second-line treatment was in
the range SEK 226,000 to SEK 255,000 when the compari-
son was made with SU as an add-on to metformin in sub-
groups by gender and smoking status. When comparing
liraglutide 1.2 mg as an add-on to metformin with sitaglip-
tin as an add-on to metformin, the cost per QALY gained
was in the range SEK 149,000 to SEK 161,000. Based on
the often-used willingness-to-pay threshold of SEK
500,000 per QALY gained, liraglutide is likely to be cost-
effective in Sweden compared to SU and to sitagliptin.

This result could be expected from the difference in the
cost of preventive diabetes management and pharmaceut-
ical agents used. However, as was shown in Tables 5 and 6,
part of the higher cost of preventive treatment today was
offset in the lifetime perspective as the costs of microvascu-
lar and macrovascular complications were generally lower
for a second-line treatment strategy with liraglutide 1.2 mg
compared to either SU or sitagliptin. These tables point at
reductions in costs of nephropathy, heart failure, and for
the comparison between liraglutide and SU also for stroke.
Costs of retinopathy were also reduced. The three biggest
overall cost drivers among diabetic complications for
people with type 2 diabetes and baseline characteristics
as reported from the LEAD-2 and 1860-LIRA-DPP4-
trials5–8 were stroke, nephropathy, and neuropathy,
which also includes costs of peripheral vascular disease in
the model reports. The analysis indicated that the liraglu-
tide strategy would reduce costs for the two first of these
major complications as compared to SU.

While liraglutide improved glycemic control during the
trial periods, this was not the key driver of the reduction in
costs of complications. More important were the differ-
ences found in trials on blood pressure, blood lipids, and
body-weight. The avoided and postponed micro- and
macrovascular complications for the liraglutide strategy
compared to SU and sitagliptin strategies, respectively,

Table 6. Base case analysis liraglutide 1.2 mg vs sitagliptin as an add-on to
metformin. Results for non-smoking men. Discounted costs in SEK 2013 by
source of cost.

Liraglutide Sitagliptin Increment
liraglutide vs

sitagliptin

Background cost 18,523 18,386 138
Diabetic treatment

Pharmaceutical 147,082 98,436 48,646
Hypoglycemia 632 752 �120

Other treatments
Blood pressure 11,006 10,539 466
Blood lipids 30,512 30,285 227

Microvascular complications
Retinopathy 20,258 22,059 �1801
Neuropathy 77,917 78,459 �542
Nephropathy 93,570 97,159 �3589

Macrovascular complications
IHD 27,706 28,913 �1207
MI 22,314 22,941 �627
Stroke 117,869 118,149 �280
CHF 29,713 33,513 �3800

Direct cost 597,102 559,590 37,512
Production loss* 33,527 35,524 �1997
Net consumption** 730,086 708,978 21,108
Total cost 1,360,715 1,304,092 56,624

*Production loss due to hypoglycemia and diabetic complications.
**Net consumption¼ (consumption � production) * survival.
IHD, ischemic heart disease; MI, myocardial infarction; CHF, congestive
heart failure.

Table 5. Base case analysis liraglutide 1.2 mg vs SU as an add-on to
metformin. Results for non-smoking men. Discounted costs in SEK 2013 by
source of cost.

Liraglutide SU Increment
liraglutide vs
sulphonylurea

Background cost 18,070 17,915 155
Diabetic treatment

Pharmaceutical 139,440 68,799 70,641
Hypoglycemia 703 852 �149

Other treatments
Blood pressure 10,736 10,644 92
Blood lipids 29,764 29,509 255

Microvascular complications
Retinopathy 18,142 19,795 �1654
Neuropathy 74,606 74,799 �194
Nephropathy 82,925 88,624 �5699

Macrovascular complications
IHD 27,748 28,576 �827
MI 22,386 23,025 �639
Stroke 118,623 120,801 �2178
CHF 28,855 31,855 �3000

Direct cost 571,999 515,195 56,805
Production loss* 29,652 30,705 �1053
Net consumption** 855,508 830,901 24,607
Total cost 1,457,159 1,376,801 80,358

*Production loss due to hypoglycemia and diabetic complications.
**Net consumption¼ (consumption � production) * survival.
IHD, ischemic heart disease; MI, myocardial infarction; CHF, congestive
heart failure.
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also contributed to an expected increased quality-of-life.
Other factors increasing the predicted total number of life-
time QALYs was increased life expectancy and reduced
number of hypoglycemic events following a later start
with third-line therapy (insulin).

This analysis used the IHE Cohort Model of Type 2
Diabetes which has recently been validated against pub-
lished trial data and large population cohort data and the
validation report is currently under review for publication.
The results of the validation report indicate that the IHE

Table 7. Three sensitivity analyses for liraglutide 1.2 mg vs SU as an add-on to metformin. Discounted life years, QALYs and costs in
SEK. Results for non-smoking men.

Liraglutide SU Increment liraglutide vs sulphonylurea

Hypoglycemia frequency when on insulin treatment following Ostenson et al.28

Life years 13.89 13.77 0.12
Quality-adjusted life year, QALY 10.03 9.66 0.38
Direct cost 575,070 518,507 56,563
Production loss 34,429 35,858 �1429
Net consumption** 855,508 830,901 24,607
Total cost 1,465,007 1,385,265 79,741
ICER Costs per QALY gained for liraglutide vs SU: SEK 212,059

Earlier initation of second-line treatment
Life years 14.07 13.93 0.14
Quality-adjusted life year, QALY 10.78 10.32 0.46
Direct cost 551,508 463,947 87,560
Production loss 26,178 27,399 �1221
Net consumption** 893,645 862,791 30,854
Total cost 1,471,332 1,354,138 117,193
ICER Costs per QALY gained for liraglutide vs SU: SEK 254,009

Initial BMI¼ 35 instead of trial mean value
Life years 13.8 13.68 0.12
Quality-adjusted life year, QALY 9.9 9.54 0.36
Direct cost 571,419 514,328 57,091
Production loss 29,688 30,744 �1056
Net consumption** 837,737 812,617 25,121
Total cost 1,438,844 1,357,689 81,155
ICER Costs per QALY gained for liraglutide vs SU: SEK 226,817

Table 8. Three sensitivity analyses for liraglutide 1.2 mg vs sitagliptin as an add-on to metformin. Discounted life years, QALYs and
costs in SEK. Results for non-smoking men.

Liraglutide Sitagliptin Increment liraglutide vs sitagliptin

Hypoglycemia frequency when on insulin treatment following Ostenson et al.28

Life years 14.24 14.13 0.11
Quality-adjusted life year, QALY 10.3 9.87 0.42
Direct cost 599,853 562,849 37,004
Production loss 37,807 40,594 �2787
Net consumption** 730,086 708,978 21,108
Total cost 1,367,746 1,312,421 55,325
ICER Costs per QALY gained for liraglutide vs sitagliptin: SEK 130,540

Earlier initation of second-line treatment
Life years 14.49 14.35 0.14
Quality-adjusted life year, QALY 11.01 10.64 0.37
Direct cost 549,750 506,105 43,645
Production loss 29,420 30,577 �1157
Net consumption** 781,347 751,959 29,388
Total cost 1,360,517 1,288,641 71,877
ICER Costs per QALY gained for liraglutide vs sitagliptin: SEK 195,708

Initial BMI¼ 35 instead of trial mean value
Life years 14.18 14.08 0.11
Quality-adjusted life year, QALY 10.29 9.9 0.39
Direct cost 596,448 558,817 37,631
Production loss 33,552 35,550 �1998
Net consumption** 719,395 697,796 21,599
Total cost 1,349,395 1,292,163 57 232
ICER Costs per QALY gained for liraglutide vs sitagliptin: SEK 147,036
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Cohort Model of Type 2 Diabetes predicts cumulative
incidence of diabetic complications and mortality well
compared to observed outcomes and that the goodness of
fit is similar to that of published validation reports on
health economic simulation models for diabetes29–31.
Another result from the validation of the IHE Cohort
Model for Type 2 Diabetes was the importance of choosing
sets of risk equations that match the decision context as
regards time and place. In this cost-effectiveness analysis,

we applied recently published Swedish macrovascular
risk equations32.

The one-way sensitivity analyses performed indicated
that results and their interpretation were robust to changes
in frequency of hypoglycemia associated with third-line
insulin treatment, increasing initial BMI or a more inva-
sive treatment programme where the second-line treat-
ment is initiated at HbA1c 7% instead of starting at
baseline values from trials (8.3% and 8.4%). This was to
be expected considering the set-up of the analysis. All
strategies gave the same third-line treatments and they
differed in terms of time to cohorts’ expected switch to
third-line treatment. That is, cohorts who maintained
the second-line treatment longer would postpone the
start of the third-line treatment which was associated
with increased risk of hypoglycemia and increases in
body weight. The duration of second-line therapy in
the base case analysis was 8 and 9 years, respectively, for
liraglutide in first and second comparison, compared to
7 years for both SU and sitagliptin.

A previous publication comparing liraglutide to SU and
sitagliptin, respectively, using the CORE diabetes model,
and the same clinical trial data also concluded that a
5-year long second line treatment duration with liraglutide
would be cost-effective in the life-time perspective14.
These analyses used UK prices and applied a National
Health Services perspective which does not account
for treatment impact on production loss or potential dif-
ferences in costs of net consumption due to differing life-
expectancy. The costs per QALY gained were lower in
Davies et al.14 than in our study, partly explained by this
difference in methods.
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Figure 1. Cost-effectiveness plane for liraglutide 1.2 mg vs sulphonylurea as an add-on to metformin. PSA with 500 simulations. Base case,
3% discount rate.
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Figure 2. Cost-effectiveness acceptability curve of liraglutide 1.2 mg vs
sulphonylurea. PSA with 500 simulations. Base case, 3% discount rate.

Journal of Medical Economics Volume 17, Number 9 September 2014

666 Cost-effectiveness of liraglutide in a Swedish setting Steen Carlsson & Persson www.informahealthcare.com/jme ! 2014 Informa UK Ltd



The analyses used clinical trial data as far as possible.
Baseline characteristics of the trial cohorts indicated that
they were younger, had slightly higher BMI and higher
HbA1c compared to average results shown from a broad
population of people with type 2 diabetes in the Swedish
National Diabetes Register grouped by 12 types of current
blood-glucose lowering therapy12. Trial results are, thus,
likely to be more representative for sub-groups within each

of the 12 groups as a consequence of the heterogeneity in
risk factors and demographic characteristics. Overall, the
use of trial data with short duration is a limitation for
chronic, life-long diseases such as type 2-diabetes where
preventive treatment is a cornerstone. Additional assump-
tions were necessary to apply a life-time perspective in the
analysis. Conservative assumptions were made beyond the
trial data as regards treatment efficacy beyond the clinical
trials and disease progression (similar to the seminal
UKPDS study reports11), impact on health-related qual-
ity-of-life, and costs. Still the second-line treatment was
expected to be insufficient over time due to the progressive
nature of HbA1c values, irrespective of blood glucose low-
ering treatment strategies, and all strategies used applied
the same NPH-insulin regimen as third-line treatment.

Results from the base case and sensitivity analyses indi-
cated that the time point when second-line treatment is
started and the total time on second-line treatment
impacts on the estimated cost-effectiveness. That is, a
longer time on new and more efficient anti-hyperglycemic
treatments increased costs and the incremental cost-effect-
iveness ratio. Model simulations trying different scenarios
may provide valuable information for exploring alterna-
tive criteria for initiation and/or termination of second-
line therapies. In this study, an earlier start of second-line
treatment increased the cost per QALY gained by 12% for
liraglutide vs SU and with 32% for liraglutide vs sitagliptin
as the number of years on second-line treatment increased.
Long-term real-world studies on actual treatment duration
and effectiveness data would be valuable also for cost-
effectiveness analyses.
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Figure 3. Cost-effectiveness plane for liraglutide 1.2 mg vs sitagliptin 100 mg as an add-on to metformin. PSA with 500 simulations. Base case,
3% discount rate.
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Figure 4. Cost-effectiveness acceptability curve of liraglutide 1.2 mg vs
sitagliptin 100 mg. PSA with 500 simulations. Base case, 3% discount rate.
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Another limitation is the lack of data assessing the loss
of production as a consequence of diabetic microvascular
and macrovascular complications based on people with
type 2-diabetes. Reducing the loss of production is an
important aspect in the value of treatment strategies to
patients and society. For the purpose of this analysis, we
made conservative assumptions regarding the extent of loss
of productivity. We did not assume that microvascular
complications would reduce productivity before the
advanced stages of renal disease or peripheral vascular dis-
ease, which implies a conservative assumption for treat-
ment strategies that are prognosed to delay the
development of complications.

Finally, we conclude that, in both comparisons, treat-
ment strategies with liraglutide 1.2 mg improved the
expected quality-of-life and increased costs when com-
pared to the old agent SU and the new agent sitagliptin
for second-line treatments. The estimated incremental
cost-effectiveness was below SEK 300,000 in the former
case and below SEK 200,000 in the latter case. These
results were stable when allowing for variation in the
model input data through the PSA and in the conducted
sensitivity analysis with respect to hypoglycemia, HbA1c
at baseline, and BMI.
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