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ABSTRACT

Introduction: Although primarily utilized in
type 1 diabetes, continuous subcutaneous
insulin infusion (CSII) represents a useful
treatment alternative for patients with type 2
diabetes who are unable to achieve good gly-
cemic control despite optimization of multiple
daily injections (MDI). The aim of the analysis
reported here was to investigate the long-term
cost-effectiveness of CSII versus MDI in type 2
diabetes patients with poor glycemic control in
Finland.

Methods: The IQVIA CORE Diabetes Model was
used to make long-term projections of the
clinical and economic outcomes associated with
CSII use in type 2 diabetes, based on clinical
input data from the OpT2mise trial, which
showed that CSII was associated with a 1.1%
decrease in glycated hemoglobin (HbA1c) in
patients with poor glycemic control at baseline.
The analysis was performed from a societal
perspective and the time horizon was that of
patient lifetimes. Future costs and clinical out-
comes were discounted at 3% per annum.
Results: Continuous subcutaneous insulin
infusion was associated with a gain in quality-
adjusted life expectancy of 0.32 quality-ad-
justed life-years (QALYs) compared with MDI
(8.15 vs. 7.83 QALYs, respectively), as well as
higher mean lifetime costs, resulting in an
incremental cost-effectiveness ratio of Euro
(EUR) 47,834 per QALY gained for CSII versus
MDI. The higher treatment costs in the
CSII group were partly mitigated by a 15%
reduction in diabetes-related complication
costs. Sensitivity analyses demonstrated that
CSII was most cost-effective in patients with the
highest baseline HbA1c values.
Conclusion: In Finland, CSII is likely to repre-
sent a cost-effective treatment alternative for
patients with type 2 diabetes with poor gly-
cemic control despite optimization of MDI. In
such patients, CSII is associated with improved
clinical outcomes relative to MDI, with the
higher acquisition costs partly offset by a lower
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lifetime incidence and cost of diabetes-related
complications.
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INTRODUCTION

In Finland the prevalence of type 2 diabetes has
increased considerably in recent years, with
figures from the Finnish Diabetes Association
estimating that there are currently approxi-
mately 300,000 people diagnosed with type 2
diabetes in Finland with a further 150,000
people with undiagnosed diabetes [1]. This
high, and increasing, prevalence means that the
clinical and economic burden associated with
the management of type 2 diabetes is both
substantial and growing. The healthcare system
in Finland provides universal coverage,
although this is largely organized on a munici-
pal rather than national level, resulting is some
variation in resource allocation between differ-
ent municipalities [2]. Treatment for diabetes
(including insulin, insulin pens, insulin pumps
and self-monitoring of blood glucose strips) is
generally fully reimbursed in Finland [3], and it
estimated that the management of diabetes and
related complications now accounts for 12–15%
of total healthcare spending in Finland [4, 5].
Moreover, approximately 90% of the direct
medical costs associated with diabetes are
attributable to the management of diabetes-re-
lated complications, with annual direct costs for
type 2 diabetes patients with diabetes-related
complications being approximately 20-fold
higher than for patients without complications
[4]. Macrovascular complications in particular
are the leading cause of morbidity and mortality
in diabetes patients [5], and these complications
account for a substantial proportion of overall
healthcare resource utilization [4, 5]. For
example, in Finland in 2002 it was estimated
that 25% of all myocardial infarctions and ad-
ditionally 54–60% of all lower limb amputa-
tions occurred in people with diabetes [6].

One of the key risk factors for diabetes-re-
lated complications is poor glycemic control
[7, 8]; consequently, the management of blood
glucose levels represents a fundamental com-
ponent of diabetes management. However, as
type 2 diabetes is a progressive disease, achiev-
ing glycemic control targets typically requires
intensification of treatment as the disease pro-
gresses, with patients initiating insulin treat-
ment when target glycated hemoglobin
(HbA1c) levels can no longer be achieved with
lifestyle modifications and oral antidiabetic
(OAD) agents and/or glucagon-like peptide-1
receptor agonists. However, some patients on
multiple daily injections (MDI) of insulin
remain unable to achieve good glycemic control
despite optimization of the insulin regimen [9].
For these patients continuous subcutaneous
insulin infusion (CSII; insulin pump) may pro-
vide a solution in terms of achieving HbA1c
targets.

CSII is frequently used in patients with type
1 diabetes, where it has been shown to improve
glycemic control and reduce the risk for severe
and nocturnal hypoglycemic events [10, 11];
however, the role of CSII in type 2 diabetes is
less well established. The recently published
OpT2mise trial was one of the first large-scale,
randomized, controlled trials to assess the effi-
cacy and safety of CSII in patients with type 2
diabetes who were unable to achieve good gly-
cemic control despite optimization of MDI of a
basal–bolus regimen [12, 13]. At baseline, mean
daily basal (long-acting) insulin use in the MDI
arm was 52 U/day and the mean daily bolus
(rapid-acting) insulin dose was 54 U/day; the
corresponding values in the CSII arm were 57
and 56 U/day, respectively. Patients in the
OpT2mise trial had a mean baseline HbA1c of
9.0% (75 mmol/mol). At 6 months, CSII-treated
patients had significantly greater improvements
in glycemic control compared with those that
remained on MDI (reduction of 1.1% for CSII
vs. 0.4% for MDI) as well demonstrating a
clinically significant reduction in the amount of
time spent in hyperglycemia [12]. Further, the
improvement in HbA1c reported in the CSII
group was also sustained through to 12 months
[13]. Additionally, Finnish guidelines note that
CSII is a treatment option for type 2 diabetes
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patients treated with insulin [5]. It is estimated
that approximately 70% of patients on MDI
regimens do not inject insulin outside of the
home [14]. This in turn can influence glycemic
control, with one study reporting that missing
as few as two injections per week can increase
the HbA1c level by C 0.2% [15]. The flexibility
provided by CSII may therefore offer benefits to
patients who struggle to manage blood glucose
levels with MDI. However, despite these
potential benefits, higher initial acquisition
costs and a requirement for training can repre-
sent barriers to CSII use in type 2 diabetes
patients. Although different CSII devices are
available from different manufacturers and
there are differences in acquisition costs
between different devices, the initial cost
remains a barrier across all devices.

A long-term cost-effectiveness analysis
enables evaluation of whether the higher treat-
ment costs are mitigated by improved glycemic
control and the resultant reduction in risk for
long-term complications, which are frequently
associated with high direct medical costs. As
such, the aim of the current analysis was to
investigate the long-term clinical and economic
outcomes associated with the use of CSII
[specifically the MiniMedTM 640G device
(Medtronic, Northridge, CA, USA)] compared
with MDI in type 2 diabetes patients with poor
baseline glycemic control in Finland.

METHODS

Cost-Effectiveness Model Description

The analysis was performed using the IQVIA
CORE Diabetes Model ICDM (IQVIA, Basel,
Switzerland), which is a validated long-term
cost-effectiveness model that can be utilized for
analyses of either type 1 or type 2 diabetes
[16–18]. Structurally, it is based on a series of
inter-dependent sub-models that simulate dia-
betes-related complications, including long-
term cardiovascular, ophthalmic and renal
complications; peripheral vascular disease,
neuropathy and diabetic foot complications;
and acute events, including hypoglycemic
events. The sub-models have a semi-Markov

structure and use time-, state-, time-in-state-
and diabetes type-dependent probabilities
derived from published literature to simulate
disease progression. Monte Carlo simulation
using tracker variables is used to overcome the
memoryless properties of a standard Markov
model and allows for interconnectivity and
interaction between the different sub-models.
For each model simulation a cohort of 1000
simulated patients was run through the model
using first-order Monte Carlo simulation.

Simulation Cohort and Treatment Effects

Patient characteristics and treatment effects for
the simulated cohort were sourced from the
OpT2mise study (Table 1). Full details of the
OpT2mise trial have been published by Reznik
et al. [12]. In OpT2mise, at baseline, the mean
(standard deviation; SD) age was 56 (9.6) years,
mean (SD) duration of diabetes was 15 (8) years
and the mean (SD) HbA1c at baseline was 9.0%
(0.75%) (75 [SD 8] mmol/mol). In terms of
treatment effects, at month 6 of the OpT2mise

Table 1 Baseline cohort characteristics

Baseline cohort characteristics Mean (SD)

Age (years) 56 (9.6)

Male (%) 54.4

Duration of diabetes (years) 15 (8)

HbA1c (%) 9.0 (0.75)

Systolic blood pressure (mmHg) 132 (15)

Total cholesterol (mg/dL) 172

High-density lipoprotein (mg/dL) 50

Low-density lipoprotein (mg/dL) 85

Triglycerides (mg/dL) 186

Body mass index (kg/m2) 33.4 (7.25)

eGFR (mL/min/1.73 m2) 77.5

Smokers (%) 15

Source: Reznik et al. [12]
eGFR estimated glomerular filtration rate, HbA1c glycated
hemoglobin, SD standard deviation
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trial, patients on CSII has a mean reduction
from baseline in HbA1c of - 1.1% compared
with - 0.4% for patients in the MDI arm.
Additionally, in the CSII arm there were no
major hypoglycemic events compared with an
event rate of 1.2 events per 100 patient-years in
the MDI arm.

Costs and Utilities

In terms of intervention costs, only the incre-
mental cost of CSII relative to MDI was included
in the analysis (i.e. the cost difference between
the CSII and MDI arms). Incremental treatment
costs for the CSII arm included the acquisition
cost of a MiniMed 640GTM insulin pump
(Medtronic) and its consumables (infusion sets
and reservoirs), as well as the cost of pump
initiation training and the difference between
the two arms in terms of insulin costs, as well as
pens and needles. Direct medical costs for dia-
betes-related complications were sourced from
published literature [19–21] (Table 2) and,
where necessary, inflated to 2017 Euro (EUR)
using the consumer price index from Statistics
Finland [22]. Indirect costs associated with lost
productivity were based on the human capital
approach; age at first income, retirement age
and average salaries were sourced from Statistics
Finland [23]. In the absence of data specific to
Finland, the duration of absenteeism from work
owing to diabetes-related complications was
sourced from a 2013 analysis from Denmark by
Sørensen and Ploug [24]. Health state utility
values (specific to patients with type 2 diabetes)
for diabetes-related complications were sourced
from a review by Beaudet et al. [25].

Discount Rate, Time Horizon
and Perspective

The base case analysis was performed from the
societal perspective (a sensitivity analysis was
performed in which only direct costs were
included). Future costs and clinical outcomes
were discounted at a rate of 3% per annum in
line with Finnish guidelines [26], and the time
horizon of the analysis was that of patient
lifetimes.

Sensitivity Analysis

A series of one-way sensitivity analyses were
performed to determine the key drivers of out-
comes. In particular, the influence of baseline
HbA1c on outcomes was assessed by increasing
and decreasing mean baseline HbA1c to 8.5%
(69 mmol/mol) and 9.5% (80 mmol/mol),
respectively (compared with 9.0% [75 mmol/
mol] in the base case analysis). The influence of
the acquisition cost of CSII was assessed by
performing analyses in which the cost of the
pump, infusion set and reservoir were decreased
by 10 and 20%, respectively, and increased by
10%. Allied to this, sensitivity analyses were
performed in which the costs of diabetes-related
complications were increased and decreased by
20% relative to the base case.

The influence of time horizon and discount
rates on outcomes was also assessed. Sensitivity
analyses were performed over time horizons of
5, 10 and 20 years, and analyses were run using
discount rates of 0 and 5% per annum.

Compliance with Ethics Guidelines

This article does not contain any studies with
human participants or animals performed by
any of the authors.

RESULTS

In the base case analysis, the use of CSII was
associated with higher life expectancy and
quality-adjusted life expectancy relative to MDI
(Table 3). In the CSII group the projected mean
quality adjusted life expectancy was 8.15 qual-
ity-adjusted life-years (QALYs) compared with
7.83 QALYs in the MDI group (difference of 0.32
QALYs). Similarly, discounted life expectancy
was 0.34 years higher in the CSII arm than in
the MDI arm (14.41 vs. 14.07 years, respec-
tively). However, overall mean total lifetime
costs were EUR 15,206 higher in the CSII group
than in the MDI group (EUR 133,259 vs.
EUR 118,053, respectively), resulting in an
incremental cost-effectiveness ratio (ICER) of
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Table 2 Treatment/management costs for diabetes-related complications

Event Cost (in Euro) References

Myocardial infarction, year of event 5187 Sabale et al. [19]

Myocardial infarction, subsequent years 122 Sabale et al. [19]

Angina, first year 3802 Sabale et al. [19]

Angina, subsequent years 169 Sabale et al. [19]

Congestive heart failure, first year 4186 Sabale et al. [19]

Congestive heart failure, subsequent years 396 Sabale et al. [19]

Stroke, year of event 6073 Sabale et al. [19]

Stroke, subsequent years 256 Sabale et al. [19]

Stroke death within 30 days 5907 Sabale et al. [19]

Peripheral vascular disease, annual 3344 DRG cost [20]

Hemodialysis, annual 55,370 Sabale et al. [19]

Peritoneal dialysis, annual 55,370 Sabale et al. [19]

Renal transplant, year of event 57,770 DRG cost [20]

Renal transplant, subsequent years 1955 DRG cost [20]

Major hypoglycemic event 3374 DRG cost [20]

Lactic acid event 3405 DRG cost [20]

Edema, onset 2996 DRG cost [20]

Edema, follow-up 258 DRG cost [20]

Photocoagulation 2864 DRG cost [20]

Cataract operation 798 DRG cost [20]

Cataract follow-up 445 DRG cost [20]

Blindness, year of onset 14,694 Sabale et al. [19]

Blindness, subsequent years 469 Schwarz et al. [21]

Neuropathy, annual 271 DRG cost [20]

Amputation, event 10,118 Sabale et al. [19]

Amputation prosthesis, event based 10,118 Sabale et al. [19]

Gangrene treatment 3854 DRG cost [20]

After healed ulcer 273 DRG cost [20]

Infected ulcer 2157 DRG cost [20]

Standard uninfected ulcer 273 DRG cost [20]

Healed ulcer, history of amputation 165 Sabale et al. [19]

All costs are presented in 2017 Euro
DRG Diagnosis-related group
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EUR 47,834 per QALY gained for CSII versus
MDI.

Higher total costs in the CSII arm were pri-
marily driven by higher treatment costs associ-
ated with CSII use, with lifetime treatment costs
being EUR 26,093 higher in the CSII arm than
in MDI arm. However, this was partially offset
by lower complication costs in the CSII arm;
overall, over patient lifetimes mean complica-
tion costs were 15% lower in the CSII arm than
in the MDI arm. In particular, mean total renal
and ophthalmic complication costs were lower
in the CSII arm compared with the MDI arm by
more than EUR 5000 and EUR 2000, respec-
tively. The lower complication costs in the CSII
arm were driven by improved glycemic control
leading to a delay in both the onset and lower
cumulative incidence of diabetes-related com-
plications in the CSII arm (Fig. 1). For example,
the use of CSII was associated with mean delay
in onset of [ 1 year for several complications,
including retinopathy, proteinuria, neuropathy
and macula edema.

The base case analysis included indirect costs
associated with lost productivity; however,

when only direct costs were included the ICER
increased slightly to EUR 54,358 per QALY
gained. The findings from other sensitivity
analyses show that the cost-effectiveness of CSII
was strongly associated with baseline HbA1c,
the acquisition cost of CSII and the time hori-
zon (Table 4). Sensitivity analyses around base-
line HbA1c showed that CSII was most cost-
effective in those patients with the poorest
glycemic control at baseline; in a scenario in
which mean baseline HbA1c was increased to
9.5% the ICER for CSII versus MDI decreased to
EUR 25,555 per QALY gained. In contrast, if the
mean baseline HbA1c was decreased to 8.5% the
ICER increased to EUR 129,016 per QALY
gained. Sensitivity analyses around the cost of
CSII showed that, as anticipated, a 20% reduc-
tion in CSII acquisition cost led to an ICER of
EUR 23,420 per QALY gained while a 10%
increase in CSII cost resulted in the ICER
increasing to EUR 60,041 per QALY gained. The
results were also sensitive to changes in the time
horizon of the analysis; over a short time hori-
zon (5 years) the ICER increased to EUR 310,271
per QALY gained, likely due to the fact that the

Table 3 Summary of base case results

Base case results CSII arm MDI arm Difference

Discounted life expectancy (years) 14.41 14.07 0.34

Quality-adjusted life expectancy (QALYs) 8.15 7.83 0.32

Total cost, direct and indirect (EUR) 133,259 118,053 15,206

Total cost, direct costs only (EUR) 104,145 86,865 17,280

Treatment 52,518 26,425 26,093

Management 10,124 9935 189

Cardiovascular disease 8633 8743 - 110

Renal disease 12,053 17,829 - 5776

Ulcer/amputation/neuropathy 2705 2832 - 127

Ophthalmic complications 18,097 20,478 - 2381

Hypoglycemia 0 607 - 607

Depression 15 15 0

ICER (EUR per QALY gained) 47,834

CSII continuous subcutaneous insulin infusion, ICER incremental cost-effectiveness ratio, MDI multiple daily injections,
QALY quality-adjusted life-year
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reduction in long-term complications associ-
ated with CSII use may not be apparent over
such a short time horizon.

DISCUSSION

The results of the analysis suggest that, in Fin-
land, for type 2 diabetes patients failing to
achieve good glycemic control on MDI,
switching to CSII is likely to be associated with
improved clinical outcomes and over a long-
term time horizon is likely to be cost-effective
compared with remaining on MDI. In the base
case analysis, the ICER for CSII versus MDI was
below the commonly cited willingness-to-pay
threshold of EUR 50,000 per QALY gained,
suggesting that in the long-term, CSII would

likely represent a cost-effective treatment
option for patients with type 2 diabetes who
cannot achieve good glycemic control on MDI.
Moreover, sensitivity analyses demonstrated
that long-term clinical and economic benefits
were most pronounced in patients with the
poorest glycemic control at baseline, with the
ICER falling to below EUR 30,000 per QALY
gained for patients with a baseline HbA1c of
9.5%. This finding is in line with a recent post
hoc analysis of 6-month data from the OpT2-
mise trial, which showed that higher baseline
HbA1c was associated with a significantly
greater reduction in HbA1c with CSII [27].
Additionally, although recent data are lacking,
studies from 2004 to 2005 estimate that in
Finland between 8 and 20% of people with type
2 diabetes had a HbA1c [ 9%, although the

Fig. 1 Time alive and free of diabetes-related complications. CSII Continuous subcutaneous insulin infusion,MDI multiple
daily injections
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proportion of poorly controlled patients on
MDI versus those on OAD agents or lifestyle
intervention alone is unknown [6]. Taken
together, these findings suggest that insulin-
treated type 2 diabetes patients with HbA1c
values of C 9.5% would derive the greatest
clinical benefit from switching to CSII and that
this would be a cost-effective treatment
modality from a payer perspective as well.

These findings largely concur with previous
health economic analyses from the Netherlands
and the USA. In the Netherlands, a 2016 anal-
ysis that also utilized clinical input data from
the OpT2mise trial reported an ICER (from a
third-party payer perspective) of EUR 62,895 per
QALY gained [28]. Similarly, a real-world USA-
based analysis from 2010 reported that for
poorly controlled type 2 diabetes patients, total
costs over a 4-year period were influenced by
basal insulin dose at baseline and the effect of
switching to CSII on the daily insulin dose. In
patients with basal insulin use of\100 U/day at

baseline, CSII was associated with an incre-
mental cost of USD 5822 versus MDI over the
4-year period. However, in those with baseline
basal insulin use of[150 U/day, CSII was found
to be cost-saving compared with MDI over
4 years [29].

Although the management of patients with
type 2 diabetes is multifactorial, maintaining
good glycemic control is a key component of
disease management. It is well established that
elevated HbA1c is a key risk factor for diabetes-
related complications and mortality [30, 31].
In this analysis, the improved glycemic control
in the CSII arm relative to the MDI arm is
therefore likely to have been a key driver of the
projected lower cumulative incidence of com-
plications in the CSII arm. In the OpT2mise
trial the CSII arm experienced a HbA1c reduc-
tion of - 1.1% compared with - 0.4% for
patients in the MDI arm. This treatment effect
is consistent with the findings of earlier smaller
trials as well as a recent meta-analysis of a total

Table 4 Summary findings of sensitivity analyses

Sensitivity analyses CSII arm MDI arm ICER (EUR per
QALY gained)Total costs (EUR) QALYs Total costs (EUR) QALYs

Base case 133,259 8.151 118,053 7.833 47,834

Direct costs only 104,145 8.151 86,865 7.833 54,358

CSII costs: - 20% 125,498 8.151 118,053 7.833 23,420

CSII costs: - 10% 129,379 8.151 118,053 7.833 35,627

CSII costs: ? 10% 137,140 8.151 118,053 7.833 60,041

Baseline HbA1c: 8.5% 132,697 8.180 111,964 8.019 129,016

Baseline HbA1c: 9.5% 135,150 8.094 124,169 7.664 25,555

Complication costs: ? 20% 145,870 8.151 132,354 7.833 42,515

Complication costs: - 20% 124,460 8.151 107,444 7.833 53,529

Time horizon: 5 years 36,286 2.783 29,956 2.762 310,271

Time horizon: 10 years 71,171 4.841 61,306 4.761 123,930

Time horizon: 20 years 106,210 7.179 92,263 6.994 75,389

0% per annum discount rate 199,245 11.368 178,048 10.808 37,831

5% per annum discount rate 106,694 6.759 93,945 6.530 55,695

CSII continuous subcutaneous insulin infusion, ICER incremental cost-effectiveness ratio, MDI multiple daily injections,
QALY quality-adjusted life years
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of five randomized controlled trials [32–35]. For
example, in one small-scale study from France,
type 2 diabetes patients with a mean baseline
HbA1c of 9.0% (75 mmol/mol) experienced a
significantly greater improvement with CSII
than with MDI (p\0.03), with the magnitude
of the treatment effect in terms of CSII similar
to that reported in the OpT2mise trial [32].
Similarly, a 2017 meta-analysis, which included
individual patient-level data from a total of 287
patients on MDI and 303 on CSII, showed that
overall compared with MDI, CSII was associ-
ated with a HbA1c reduction of 0.4%
(4.4 mmol/mol), although this treatment effect
was much greater in patients with the poorest
glycemic control at baseline [35]. This finding
lends further weight to the hypothesis that
those patients with the poorest glycemic con-
trol at baseline may represent the group that
derives the largest clinical benefit from
switching to CSII. The authors of the 2017
meta-analysis also report that across the five
trials included in their meta-analysis CSII was
associated with a 26% reduction in insulin
dose, with the largest reduction being reported
in those patients with the highest insulin doses
at baseline [35]. In addition to data from clin-
ical trials, USA-based data from routine clinical
practice show that for type 2 diabetes patients
who fail to achieve glycemic control by MDI,
switching to CSII was associated with improved
glycemic control in addition to a reduced
incidence of emergency room visits and inpa-
tient admissions [36, 37].

The current analysis is associated with limi-
tations. In particular, long-term complication
rates have been projected on the basis of the
6-month findings from a single clinical trial.
However, long-term, large-scale data relating to
the use of CSII in type 2 diabetes, either from
clinical trials or real-world studies, are lacking,
although data from a study in 102 patients in
France showed that the treatment effect in
terms of improved HbA1c persisted throughout
6 years of follow-up [38]. Nevertheless, the
OpT2mise trial represents the largest trial of
CSII in type 2 diabetes conducted to date and,
therefore, despite the short-term nature of the
trial, it is likely the most robust source of clini-
cal evidence available for projecting long-term

clinical and economic outcomes. Additionally,
in the absence of data specific to Finland, it was
necessary to utilize data from Denmark in rela-
tion to absenteeism related to diabetes-related
complications. These data may not be fully
generalizable to Finland owing to differences in
social security or sickness benefit systems
between settings.

CONCLUSION

The findings of this cost-effectiveness analysis,
which is based on clinical input data from the
OpT2mise trial, suggest that in Finland, CSII is
likely to be cost-effective for patients unable to
achieve good glycemic control on MDI. Further,
our sensitivity analyses suggest that CSII is most
cost-effective in those with the poorest glycemic
control at baseline. The projected improve-
ments in glycemic control with CSII were in
turn projected to translate into a lower inci-
dence of long-term diabetes-related complica-
tions, which partly offsets the higher treatment
costs of CSII. As such, in Finland, based on a
willingness-to-pay threshold of EUR 50,000 per
QALY gained, switching to CSII using the
MiniMedTM 640G device is likely to be good
value for money for type 2 diabetes patients on
MDI with HbA1c levels of[9.0%.
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