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ABSTRACT

Introduction: An analysis was conducted to
estimate the economic burden of insulin-related
hypoglycemia in adults in Spain, derived from a
novel concept developed for the UK known as
the Local Impact of Hypoglycemia Tool.

Methods: Costs per severe and non-severe hypo-
glycemic episode were calculated for patients with
type 1 diabetes (T1DM) and type 2 diabetes
(T2DM). The costs per episode were applied to the
population of adults with T1IDM and T2DM using
insulin in Spain according to the number of severe
and non-severe episodes experienced per year.
Costs were calculated using Spanish-specific
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resource costs and published values for resource
utilization, including ambulance, accident and
emergency (A&E) department, hospitalization,
healthcare professional visits, and extra self-mon-
itoring of blood glucose (SMBG) tests used in the
week following the episode. A one-way sensitivity
analysis on all model inputs was then performed.
Results: The cost of insulin-related hypo-
glycemia in Spain is estimated as €662.0 m per
year, €292.6 m of which is due to severe episodes
and €369.4 m to non-severe episodes. The cost
per episode varies from €1.25 for patients with
T1DM and €1.48 for patients with T2DM for a
non-severe episode where extra SMBG testing
after the episode is the only action taken, to
€4378.22 for T1DM and €3005.74 for T2DM for a
severe episode that was treated in hospital and
requires an ambulance, A&E visit, hospitaliza-
tion, and a diabetes specialist visit. A reduction in
severe and non-severe hypoglycemia rates of just
20% could lead to considerable cost savings of
€284,925 per 100,000 general population.
Conclusion: This analysis highlights the sub-
stantial economic burden of hypoglycemia in
Spain, and gives budget holders the ability to
assess the costs of new treatments or patient
education programs in relation to the potential
cost savings due to lower hypoglycemia rates.

Keywords: Cost savings; Diabetes mellitus;
Economic burden; Hypoglycemia; Insulin;
Spain
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INTRODUCTION

Diabetes mellitus is a chronic condition in
which patients have elevated levels of blood
glucose [1]. The prevalence of known diabetes
in Spain is 7.8%, with a further 6.0% estimated
to have unknown diabetes, as reported by a
population-based  survey = conducted @ in
2009-2010 in Spain (the Di@bet.es study) with
5072 adult participants [2].

There are two main types of diabetes, type 1
diabetes mellitus (T1DM) and type 2 diabetes
mellitus (T2DM). T1DM, characterized by the
inability to produce insulin, usually presents
abruptly in childhood/adolescence, whereas
T2DM, characterized by insulin resistance and/or
deficiency, usually develops more gradually in
later life and is associated with excess weight and
obesity [1]. Approximately 90% of people with
diabetes have T2DM and 10% have T1DM [1].

Since people with T1DM are unable to pro-
duce insulin, all individuals with the condition
require exogenous insulin. However, T2DM is a
progressive disease, and so not all patients will
require insulin therapy at first and treatment is
usually intensified over time. Guidelines for
T2DM from the American Diabetes Association
(ADA) and the European Association for the
Study of Diabetes (EASD) recommend initial
treatment with metformin, before intensifying
treatment to dual therapy and triple therapy
with other oral antidiabetic medications [OADs;
sulfonylureas, thiazolidinediones, dipeptidyl
peptidase-4 inhibitors (DPP-4-Is) and/or sodium
glucose co-transporter-2 inhibitors (SGLT2-Is)],
injectable non-insulin medications [glucagon-
like peptide-1 receptor agonists (GLP-1 RAs)],
and/or basal (long-acting) insulin [3]. Eventu-
ally all patients are likely to require insulin
therapy, with intensification from basal insulin
to a basal-bolus regimen, where basal insulin is
combined with a rapid-acting insulin at meal-
times [3]. Similarly, guidelines for T2DM from
the International Diabetes Federation (IDF)
recommend initiating therapy with metformin,
before adding a sulfonylurea, an a-glucosidase
inhibitor, a DPP-41, or a thiazolidinedione when
intensification is necessary [4]. Recommenda-
tions for third-line treatment include initiating

insulin, adding a third OAD, and adding a
GLP-1 RA. Insulin therapy should be initiated
with a basal insulin or premix insulin, and
mealtime insulin should be added when inten-
sification is necessary. Both the ADA/EASD and
IDF guidelines recommend intensifying treat-
ment if glycemic control has not been achieved
after 3 months of therapy [3, 4]. In Spanish
guidelines for the management of hypo-
glycemia in diabetes, metformin is recom-
mended as a first option partly due to its low
hypoglycemia risk, and basal insulin analogues
are recommended as subcutaneous therapy to
decrease the risk of hypoglycemia, particularly
nocturnal hypoglycemia [5].

Hypoglycemia occurs when glucose levels
are low, and hypoglycemia is a common side
effect of antidiabetic medication, especially
insulin. Symptoms include anxiety, palpita-
tions, and confusion as well as, in more severe
cases, seizure, coma, and death [6]. Hypo-
glycemia can be broadly defined as severe, when
the episode requires the assistance of another
individual (e.g., from a family member, friend,
caregiver, or medical professional), or non-sev-
ere, when the episode is self-treated [7]. A
questionnaire-based study in people with dia-
betes in Spain reported that people with T1DM
experience an average of 0.9 severe and 88.0
non-severe hypoglycemic episodes per year, and
people with insulin-treated T2DM experience
an average of 0.32 severe and 27.2 non-severe
episodes per year [8].

Hypoglycemia not only imposes a burden on
the patient but also results in considerable
healthcare costs. Treatment for hypoglycemia
can include the administration of carbohydrates
(e.g., a snack or sweet drink), glucose or gluca-
gon, while severe episodes can result in ambu-
lance use, accident and emergency (A&E)
treatment, and hospitalization. In addition,
hypoglycemia can result in visits to a general
practitioner or diabetes specialist, and addi-
tional self-monitoring of blood glucose (SMBG)
tests used to assess blood glucose levels follow-
ing a hypoglycemic episode. These costs have
previously been estimated for the UK and Den-
mark using the Local Impact of Hypoglycemia
Tool (LIHT) [9, 10]. The aim of this study was to

A\ Adis



Diabetes Ther (2017) 8:899-913

901

use the LIHT to estimate the cost of insulin-re-
lated hypoglycemia in Spain, and to identify the
potential cost savings associated with a reduc-
tion in hypoglycemia rates.

METHODS

The LIHT is an economic model that was
developed for the UK and is designed to assess
the financial impact of insulin-related hypo-
glycemia in a given population using popula-
tion-specific inputs for prevalence,
hypoglycemia rates, costs, and resource utiliza-
tion. This analysis used Spanish-specific inputs
to estimate the economic burden of insulin-re-
lated hypoglycemia in Spain. The LIHT
methodology has been described previously [9].
Briefly, the costs of severe and non-severe epi-
sodes in T1DM and T2DM were estimated using
Spanish unit costs and published utilization
values; these costs were then applied to pub-
lished hypoglycemia rates among the relevant
population (Fig. 1). A one-way sensitivity anal-
ysis on all model inputs was performed with the
input variation set at £20%. Analyses were
performed on a sample population of 100,000
in which the rates of severe and non-severe
hypoglycemia were reduced, both separately

and in combination. The rates for both severe
and non-severe hypoglycemia were varied in
separate sensitivity analyses to illustrate the
variation in budget impact due to potential
differences in the prevalence of hypoglycemia.
The potential impact of the use of glucose and
glucagon treatment was also examined.

This article does not contain any new studies
with human or animal subjects performed by
any of the authors.

Data Inputs

The population of Spain as reported on 1 July
2016 was 46,468,102, of which 38,128,226 were
adults [11]. The prevalence of known diabetes in
Spain is 7.8% [2], of which 10% are assumed to
have T1DM (297,400 people) and 90% T2DM
(2,676,601 people) [1]. This study was designed
to estimate the costs of insulin-related hypo-
glycemia; it was assumed that all people with
T1IDM and 17.28% of people with T2DM
(462,517 people) were receiving insulin [12, 13].

A questionnaire-based study of 630 insulin-
treated patients with diabetes in Spain [8]
reported that people with T1DM experienced an
average of 0.9 severe and 88.0 non-severe
hypoglycemic episodes per year. People with
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Fig. 1 Descriptive flow of calculations performed by the
LIHT. A¢#E accident and emergency, GP general practi-
tioner, HCP healthcare professional, LZIHT Local Impact

of Hypoglycemia Tool, TIDM type 1 diabetes mellitus,
T2DM type 2 diabetes mellitus
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T2DM were divided into different subgroups
based on insulin regimen, and a weighted
average of these subgroups showed that 0.32
severe and 27.2 non-severe episodes were
experienced per year by people with T2DM.

Severe hypoglycemic episodes can either be
treated in hospital by a medical professional or
at home/work by a family member, friend, or
colleague. A survey of people with diabetes in
three European countries found that, in Spain
(n=224), 66.7% of severe hypoglycemic epi-
sodes in people with T1DM and 64.3% in people
with T2DM were treated in hospital [14]. An
economic study in Spain estimated that 83% of
severe episodes in people with T2DM treated in
hospital required an ambulance [15]. There was
no equivalent value available for people with
T1DM in Spain; therefore, this was obtained
from an international meta-analysis of trials
involving more than 8000 participants [16]. Of
severe episodes that required medical assistance
in people with T1DM, 81.8% required an
ambulance. The same questionnaire-based
study that reported hypoglycemia rates also
reported emergency hospital visits for severe
episodes (30% for T1DM and T2DM), hospital-
ization for severe episodes (16% for T1DM and
25% for T2DM), and general practitioner (GP)
visits (12%) and diabetes specialist visits (14%)
following a severe episode [8, 17].

For non-severe episodes, a weighted average
of daytime and nocturnal episodes from the
same study showed that 8.9% of people with
T1DM and 20.0% of people with T2DM visited a
healthcare professional following the episode
[8]. This was conservatively assumed to refer to
a GP visit rather than a visit to a diabetes
specialist.

Spanish guidelines for the management of
hypoglycemia recommend SMBG testing when
hypoglycemia is suspected and after treatment
until normal blood glucose levels have been
restored [5]. The same questionnaire-based
study that informed the hypoglycemia rates for
this analysis reported that, in the 7 days fol-
lowing a non-severe episode, patients with
T1DM used an average of 5.0 extra SMBG tests
and patients with T2DM used an average of 5.9
extra tests [8]. There were no equivalent data
identified for severe episodes; therefore, the

values for non-severe episodes were assumed to
also apply to severe episodes. This is also a
conservative assumption, since it is likely that
more SMBG tests would be used following a
severe episode compared with non-severe.

Hypoglycemic episodes are treated with car-
bohydrates (e.g., a snack or sweet drink), glu-
cose, or glucagon. Spanish guidelines for the
management of hypoglycemia recommend
treatment with 15g glucose in conscious
patients, which should be repeated after 15 min
if an SMBG measurement shows persistent
hypoglycemia [5]. A slow release carbohydrate
should also be taken once blood glucose levels
have returned to normal to prevent repeat
hypoglycemia. Subcutaneous glucagon is rec-
ommended in unconscious patients [S]. For
severe episodes treated in hospital, the cost of
treatment (glucose or glucagon) was assumed to
be included in the ambulance cost, A&E tariff,
or hospitalization tariff, and was therefore not
included to avoid double counting. For severe
episodes treated at home/work and non-severe
episodes, no data on utilization of treatment
were identified; therefore, utilization values for
glucose and glucagon were conservatively set to
zero.

A summary of the treatment pathway and
data inputs for the model are shown in Fig. 2.

Costs

Cost inputs for most healthcare resources were
obtained from a cost analysis conducted in
Spain on an ad hoc basis, and based upon
input from health professionals [15]. For hos-
pitalization, the cost per day was applied to an
average stay of 8.0days for patients with
T1DM and 4.9 days for patients with T2DM,
both of which were obtained from a retro-
spective study of patients with diabetes
admitted to hospital for severe hypoglycemia
[18]. The cost of an ambulance was obtained
from the Regional Health Service of Castilla-
Le6on. The cost of an SMBG test strip was
reported in the questionnaire-based study that
informed many of the utilization inputs and
the hypoglycemia rates [8]. The cost inputs
are shown in Table 1.
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66.7%
64.3%

Treated in hospital

Utilization rates

Ambulance: 81.8% for TIDM, 83%
for T2DM

A&E: 30% for TLDM, 30% for T2DM
Hospitalization: 16% for T1DM, 25%
for T2DM

GP visit: 12%

Diabetes specialist visit: 14%

Extra SMBG tests (up to 7 days
after): 5.0 for TLDM, 5.9 for T2DM

Utilization rates

GP visit: 12%

33.3%
35.7%

Treated at home/work

Glucose/glucagon: 0%

Diabetes specialist visit: 14%
Extra SMBG tests (up to 7 days
after): 5.0 for TIDM, 5.9 for T2DM

Non-severe

|

TiDM
T2DM

Treated at home/work

Utilization rates
Glucose/glucagon: 0%

GP visit: 8.9% for TIDM, 20.0% for
T2DM

Diabetes specialist visit: 0%

Extra SMBG tests (up to 7 days
after): 5.0 for TIDM, 5.9 for T2DM

Fig. 2 Treatment pathway and utilization values. 4e#E accident and emergency, GP general practitioner, SMBG
self-monitoring of blood glucose, TIDM type 1 diabetes mellitus, 72DM type 2 diabetes mellitus

Table 1 Cost inputs

Resource Cost and reference
Ambulance €496.19
A&E €192.26 [15]

Hospitalization €442.81 per day [15]; patients with
T1DM were assumed to stay for an
average of 8.0 days, and patients with
T2DM for an average of 4.9 days [18]

GP visit €65.66 [15]

Diabetes €146.04 [15]
specialist visit

SMBG €0.25 [8]

AKE accident and emergency, GP general practitioner,
SMBG self-monitoring of blood glucose, TIDM type 1
diabetes mellitus, 72DM type 2 diabetes mellitus

RESULTS

The cost per episode varies from €1.25 to
€4378.22 for T1DM and from €1.48 to €3005.74
for T2DM, with the lower cost being a
non-severe episode where extra SMBG testing
after the episode is the only action taken, and

the higher cost being a severe episode that is
treated in hospital and requires an ambulance,
an A&E visit, hospitalization, and a diabetes
specialist visit (Table 2). The variation in cost of
the episode is dependent on the utilization of
each individual healthcare resource by each
patient, and some individuals will utilize par-
ticular aspects of the Spanish healthcare system
far more than others. As shown above, the cost
of a hypoglycemic episode can vary widely, and
an average cost per severe and non-severe epi-
sode for patients with T1IDM and T2DM can be
calculated across the population of interest.

The average cost per episode is calculated as
€716.82 for severe and €7.09 for non-severe for
T1DM, and €680.49 and €14.61 for severe and
non-severe, respectively, for T2DM (Table 2).
Unsurprisingly, the majority of the cost for
severe episodes consists of hospitalization and
ambulance use.

The cost breakdown for the average cost per
episode is shown in Fig. 3.

The estimated total cost of insulin-related
hypoglycemia in adults in Spain is €662.0 mil-
lion, €292.6 million of which is due to severe
hypoglycemic episodes and €369.4 million to
non-severe episodes (Table 3). The correspond-
ing cost for a sample general population of
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Table 2 Cost breakdown for minimum, maximum, average severe and average non-severe hypoglycemic episodes for

T1DM and T2DM

Cost for TIDM (€)

Cost for T2DM (€)

Minimum Maximum Average Average  Minimum Maximum Average Average
non-severe  severe non-severe  severe
Ambulance - 496.19 - 270.72 - 496.19 - 264.81
A&E - 192.26 - 38.47 - 192.26 - 37.09
Hospitalization - 3542.48 - 378.05 - 2169.77 - 348.79
GP visit - - 5.84 7.88 - - 13.13 7.88
Diabetes - 146.04 - 20.45 - 146.04 - 20.45
specialist visit
Extra SMBG 1.25 1.25 1.25 1.25 1.48 1.48 1.48 1.48
tests
Total 1.25 4378.22 7.09 716.82 1.48 3005.74 14.61 680.49

AKE accident and emergency, GP general practitioner, SMBG self-monitoring of blood glucose, TIDM type 1 diabetes

mellitus, 72DM type 2 diabetes mellitus

€1.48
€28.32
o Type 2 diabetes, €768.72 |EEEEER € 264.81
o €1.25
) €28.32
Type 1 diabetes, €807.92 KN [KVA € 270.72

€1.48
(0]
g Type2diabetes, €14.61 | —€13.13
o €1.25
é Type 1 diabetes, €7.09 | €5.84

0 150 300 450 600 750 900

Cost (€)

m Hospital costs  ® Ambulance

m Extra blood glucose tests

HCP consultations

Fig. 3 Cost breakdown for an average hypoglycemic episode. HCP healthcare professional

100,000 is €1.425 million, of which €629,600 is
attributable to severe and €795,000 to non-sev-
ere episodes.

A one-way sensitivity analysis on all model
inputs was performed with the input variation
set at £20%. The most influential variables are
presented in Fig. 4.

A reduction in hypoglycemia of 10-50%
has been shown on switching patients from
NPH insulin to insulin analogues, and in turn
from older insulin analogues to newer insulin

analogues [19-22]. Therefore, sensitivity anal-
yses were performed on a sample general
population of 100,000 in which the rates of
severe and non-severe hypoglycemia were
reduced by this amount, both separately and
in combination (Tables4, 5). Results show
that by reducing hypoglycemia rates by just
20%, there is a cost saving of €125,928 in a
sample general population of 100,000 for
severe episodes, €158,997 for non-severe epi-
sodes, and €284,925 for both.
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Table 3 Cost of insulin-related hypoglycemia in adults in Spain

Population (»)

Severe Non-severe  Total

Spain (46,468,102) T1DM (297,400)

T2DM (2,676,601; of which 462,517 are

receiving insulin)

€191,865,145 €185,651,790 €377,516,935
€100,715,981 €183,762,708 €284,478,689

Total €292,581,126 €369,414,498 €661,995,624
Sample general population T1DM (640) €412,896 €399,525 €812,422
(100,000 T2DM (5760; of which 995 are receiving ~ €216742  €395460  €612,202
insulin)
Total €629,639 €794,985 €1,424,624
n number of patients, T7IDM type 1 diabetes mellitus, 72DM type 2 diabetes mellitus
General pracitioner (severs/non-severe, communityhospitaliwork) cost ¢ 1 547 51, S « 152,035

(€53 to €79; base case €66)
% treated in community/hospital (Type 1 diabetes) (53% to 80%; base
case 67%)
General practitioner (non-severe, type 2) utilisation (16% to 24%; base
case 20%)
General practitioner (non-severe, type 1) utilisation (7% to 11%; base
case 9%)
Ambulance (severe, community/hospital) cost (€397 to €595; base
case €496)
Hospitalisation (severe, community/hospital, type 1) utilisation (13% to
19%; base case 16%)
Hospitalisation (severe, community/hospital, type 1) cost (€2,834 to
€4,251; base case €3,542)
% treated in community/hospital (Type 2 diabetes) (51% to 77%; base
case 64%)
Ambulance (severe, community/hospital, type 1) utilisation (65% to
98%; base case 82%)
Hospitalisation (severe, community/hospital, type 2) utilisation (20% to
30%; base case 25%)

[ € 1,505,972
[ € 1,495,729
[ € 1,490,449
[ € 1,472,681
[ € 1,468,176
[ <€ 1,468,176
[ € 1,467,234

[ € 1,455,812

[ € 1,446,842

€ 1,343,275
€ 1,353,518
€ 1,358,799

€ 1,376,567
€1,381,071
€1,381,071

€ 1,382,013

€ 1,393,436

€ 1,402,405

€ 1,200,000

€ 1,300,000 € 1,400,000 € 1,500,000 € 1,600,000

Fig. 4 Tornado diagram showing the consequences of varying each input by £20%. GP general practitioner, T1DM type 1

diabetes mellitus, 72DM type 2 diabetes mellitus

The rates for both severe and non-severe
hypoglycemia were varied in separate sensi-
tivity analyses (Tables5, 6) to illustrate the
variation in budget impact due to potential
differences in the prevalence of hypoglycemia.
A literature review found that the prevalence
of diabetes in Spain varies greatly among dif-
ferent studies and between different regions
[23]. The prevalence of T2DM was found to
range from 4.8% to 18.7% and the prevalence
of T1IDM from 0.08% to 0.2%. Therefore, the
overall diabetes prevalence was varied
between 4.9% and 18.9% for a sample general

population of 100,000 in order for budget
holders to estimate the cost of hypoglycemia
in a specific region according to that region’s
prevalence. Results show that the total cost of
hypoglycemia ranges from €894,956 to
€3.452 million (Table 6).

To analyze the potential impact of the use of
glucose and glucagon treatment, the average
utilization and cost of the inputs used in the UK
and Danish LIHTs were calculated and applied
as an estimate for Spain in the scenario analysis.
The results of this scenario analysis are shown
in Table 7.

I\ Adis



906

Diabetes Ther (2017) 8:899-913

Table 4 Costs associated with a reduction or increase in hypoglycemia rates in a sample general population of 100,000

Severe Saving/loss  Non-severe  Saving/loss Total Total saving/loss
(severe) (non-severe) (severe and non-severe)
50% reduction  €314,819  €314,819 €397,493 €397,493 €712,312 €712,312
40% reduction ~ €377,783  €251,855 €476,991 €317,994 €854,774 €569,850
30% reduction ~ €440,747  €188,892 €556,490 €238,496 €997,237 €427,387
20% reduction  €503,711  €125,928 €635,988 €158,997 €1,139,699  €284,925
10% reduction ~ €566,675  €62,964 €715,487 €79,499 €1,282,161  €142,462
Default €629,639 - €794,985 - €1,424,624 -
10% increase €692,603  —€62,964 €874,484 -€79,499 €1,567,086  —€142,462
20% increase €755,566  -€125,928 €953,982 —€158,997 €1,709,549  -€284,925
30% increase €818,530  -€188,892 €1,033,481 —€238,496 €1,852,011 —€427,387
40% increase €881,494  -€251,855 €1,112,979 -€317,994 €1,994,473  —€569,850
50% increase €944,458  -€314,819 €1,192,478 —€397,493 €2,136,936  —€712,312
DISCUSSION These results enable healthcare budget

This study highlights the substantial cost bur-
den of hypoglycemia in Spain for insulin-
treated adults with diabetes. The cost of
non-severe hypoglycemia in particular is often
overlooked and underestimated; however, this
study estimates the overall cost of non-severe
episodes to be greater than the cost of severe
episodes. This is due to the much higher rate of
non-severe hypoglycemia compared with sev-
ere, despite the considerably lower cost of an
average non-severe episode compared with
severe. The costs associated with people with
TIDM are higher than those with T2DM,
despite the fact that there are approximately
50% more people with T2DM receiving insulin
than people with T1DM. This is largely due to a
higher rate of both severe and non-severe
hypoglycemic episodes in people with T1DM,
but also to the fact that a slightly higher per-
centage of severe episodes are treated in hospi-
tal rather than at home/work in T1DM. In
addition, people with T1DM are 36% less likely
to need hospitalization for a severe episode;
however, if hospitalization is required, the
average length of stay is nearly twice as long as
for people with T2DM.

holders to estimate the cost of hypoglycemia in
Spain or in a specific hospital or region, for
example. In addition, the results enable deci-
sion makers to offset the cost of different insulin
therapies with a more favorable hypoglycemia
profile, as recommended in Spanish guidelines
for hypoglycemia management [5], and patient
education programs with the decrease in costs
associated with an expected reduction in
hypoglycemia rates.

Varying by +£20% the cost of a GP visit,
the percentage of severe episodes treated in
hospital for T1DM, and the percentage uti-
lization for GP visits for a non-severe episode
in T2DM had the largest effects on the over-
all results and therefore were the inputs that
showed the greatest uncertainty. The cost and
utilization of HCP visits (GP and diabetes
specialist) were also among the main drivers
of the model in an analysis conducted in the
UK and Denmark [9, 10]. In addition, a study
(SECCAID) that estimated the costs of dia-
betes in Spain reported that 28% of the total
corresponds to primary care [24], further
supporting the fact that GP costs are an
important part of the cost of diabetes and its
associated complications.
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Table 6 Costs of hypoglycemia associated with varying prevalence rates for a sample general population of 100,000

Diabetes Severe Non-severe Total
prevalence (%)

4.90 €395,542 €499,414 €894,956

6.00 €484,337 €611,527 €1,095,864
7.00 €565,060 €713,448 €1,278,509
8.00 €645,783 €815,369 €1,461,153
9.00 €726,506 €917,291 €1,643,797
10.00 €807,229 €1,019,212 €1,826,441
11.00 €887,952 €1,121,133 €2,009,085
12.00 €968,675 €1,223,054 €2,191,729
13.00 €1,049,398 €1,324,975 €2,374,373
14.00 €1,130,121 €1,426,896 €2,557,017
15.00 €1,210,844 €1,528,818 €2,739,661
16.00 €1,291,566 €1,630,739 €2,922,305
17.00 €1,372,289 €1,732,660 €3,104,949
18.00 €1,453,012 €1,834,581 €3,287,593
18.90 €1,525,663 €1,926,310 €3,451,973

Table 7 Scenario analyses

Scenarios Severe Non-severe Total

T1DM T2DM T1DM T2DM T1DM T2DM
Default model inputs €191,865,145 €100,715,981 €185,651,790 €183,762,708 €377,516,935 €284,478,689
Scenario 1: additional cost - - - - €377,557,828 €284,739,657

of asymptomatic patients

Scenario 2: additional cost €191,901,212 €100,737,361 €185,651,790 €183,762,708 €377,553,002 €284,500,070
of glucose and glucagon

T1DM type 1 diabetes mellitus, 72DM type 2 diabetes mellitus

There are a number of limitations with the also be experienced with other antidiabetic
analysis; however, all assumptions are consid- medicines, e.g., sulfonylureas and glinides [3]. It
ered conservative and therefore the overall is difficult to estimate whether asymptomatic
results are unlikely to be overestimated. General hypoglycemia incurs additional costs and, if so,
limitations of the approach are that only how much; however, not including any cost
insulin-related hypoglycemia, symptomatic associated with asymptomatic episodes in the
hypoglycemia, and an adult population are default case means that these costs will not be
considered. While hypoglycemia is most com- overestimated and that this analysis will, if
monly associated with insulin therapy, it can anything, be conservative. Asymptomatic
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hypoglycemia is commonly associated with
impaired awareness of hypoglycemia, which
was reported in 55% of subjects with TIDM and
39% of subjects with T2DM in a question-
naire-based study in Spain [8]. Based on these
figures, scenario analysis showed that asymp-
tomatic patients were assumed only to suffer a
non-severe hypoglycemic event, resulting in an
additional SMBG test, but not incurring the
additional cost of a GP appointment as in the
default case. In addition, while there are much
fewer children with diabetes than adults [12]
and while it is impossible to speculate as to the
utilization of healthcare resources in children
compared with adults, there will at least be
some cost for hypoglycemia in children that
will add to the economic burden of hypo-
glycemia calculated in this study.

There are some necessary assumptions in the
model. Firstly, the use of glucose and glucagon
treatment is not included as a conservative
approach. For severe episodes treated in hospi-
tal, it is assumed that these costs are included in
the hospitalization tariff, A&E cost, and ambu-
lance service cost, to avoid double counting. For
non-severe episodes and severe episodes treated
at home/work, no data were identified on the
use of glucose or glucagon, and so these costs
are not included; however, it is likely that glu-
cose or glucagon would be used in the treat-
ment of some (unknown) proportion of these
hypoglycemic episodes. In an estimate of the
cost of hypoglycemia in Denmark, data were
available for glucose and glucagon use for severe
episodes treated at home; 3.2% of episodes
required glucagon, 6.8% required a glucose
infusion, and 2.6% required a glucose tablet
[10].

Second, no data were identified for the use of
extra SMBG tests following a severe episode,
and so the number used following a non-severe
episode is assumed to also apply to severe epi-
sodes. This is also likely to be conservative, since
patients are likely to monitor their blood glu-
cose more closely following a severe episode
than following a non-severe episode.

Third, the percentage of patients visiting a
GP and diabetes specialist following a severe
episode is assumed to be the same for T1DM
and T2DM. The source for these data is a trial

that included both patients with T1DM and
patients with T2DM, in a 47:53 ratio. It has
previously been reported that people with
T2DM have a higher healthcare resource uti-
lization than people with T1DM for a severe
hypoglycemic episode [16], and data used in the
present analysis show that a higher percentage
of people with T2DM contact a healthcare pro-
fessional following a non-severe hypoglycemic
episode than people with T1DM [8]. Therefore,
using data from a study in which approximately
50% of patients have T1DM is likely to misrep-
resent the true mix of patients, which is made
up of only about 10% T1DM. This means that
the utilization value obtained from this study is
likely to be underestimated.

Fourth, a visit to a healthcare professional
following a non-severe episode is assumed to be
with a GP rather than a diabetes specialist,
which is conservative as this is the less expen-
sive of the two options. In addition, the cost of a
hospital stay is assumed to be in a general ward
rather than intensive care, which also costs the
least of the two options.

Finally, it is possible that the hypoglycemia
rates used in the analysis are under-reported.
The study that the rates are obtained from is a
questionnaire-based study that relies on patient
recall. In addition, the occurrence and recur-
rence of hypoglycemia (particularly severe) can
prevent people with diabetes from keeping or
obtaining a driver’s license, particularly a com-
mercial license [25], and so patients may not
report all hypoglycemic episodes experienced
for fear of losing their license.

There have been a limited number of studies
reporting the cost of hypoglycemia in Spain. A
survey-based study of insulin-related severe
hypoglycemia in Spain in 2006-2007 [14],
which informed the percentage of severe epi-
sodes treated in hospital for this analysis, esti-
mated a cost per episode of €30 for
family/domestic treatment, €246 for commu-
nity HCP treatment, and €1396 for hospital
HCP treatment in patients with T1DM, and €52,
€371, and €1370 in patients with T2DM,
respectively. An average was reported using the
split between family/domestic treatment and
community/hospital treatment that was also
used in the present analysis, and different splits
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between community treatment and hospital
treatment. The base case split for community/
hospital of 50%/50% for T1DM and 35%/65%
for T2DM gave an average cost per severe epi-
sode of €577 for TIDM and €691 for T2DM.
These costs are for 2007; inflating to 2016 costs
using the Spanish consumer price index [26]
gives €621 for TIDM and €744 for T2DM, which
are comparable to those estimated in the pre-
sent analysis (€717 for T1DM and €680 for
T2DM). Two other retrospective studies that
calculated the cost of severe hypoglycemia, one
only in patients with T1DM [27] and one only
in Andalusia [28], reported a cost per episode of
€239 and €702, respectively. The cost from the
study in patients with T1DM is noticeably lower
than that estimated in the present analysis
(€808), which appears to be due to the fact that
severe episodes were assumed to be treated by a
tamily member in 75% of cases, compared with
33% in the present analysis. Another study that
estimated the cost of severe hypoglycemia using
experts’ opinions reported a cost per episode of
just €172.33 [29] for all severe hypoglycemic
episodes (not just insulin-related). However,
there are a number of reasons for this difference.
Again, a higher percentage of episodes were
assumed to be treated by a family member
(68%) than by a medical professional. In addi-
tion, for episodes that resulted in hospitaliza-
tion, a stay of only 1 day was assumed, and only
one extra SMBG test was assumed to be used
following a hypoglycemic episode. There were
also a number of acknowledged limitations with
this study: experts may have non-representative
experience of hypoglycemia; experts may find it
difficult to correctly estimate average resource
consumption; experts do not treat fam-
ily-treated episodes (by definition); and data
were not always available for resource use in
Spain, so data from Greece or an average from
other countries was used instead.

In contrast to the two studies reporting a
lower cost per severe hypoglycemic episode
[14, 29], a review article was also identified that
reported the cost for a severe episode as €3597
and estimated the cost of a non-severe episode
as between €30 and €35. These costs are both
higher than the estimates in the present analy-
sis, with the severe cost substantially so. In fact,

the cost reported for a severe episode is in the
same range as the highest cost of a severe epi-
sode calculated in the present analysis using
maximum resource utilization (€4378 for T1DM
and €3006 for T2DM).

Another review article [30] estimated the
total direct cost of diabetes in Spain in 2009 to
be €5.1 billion, meaning that the cost of hypo-
glycemia, as calculated in the present analysis,
represents 13% of the total cost of diabetes,
which is a substantial proportion.

For comparison, the cost of hypoglycemia
has also been estimated using the LIHT for the
UK [9] and for Denmark [10]. The results have
been converted to Spanish Euros using pur-
chasing power parities to directly compare and
are shown alongside the results for the present
analysis in Table 8.

The cost per severe episode is substantially
higher in Spain than in Denmark and the UK,
and the cost per non-severe episode is higher
than in Denmark, but lower than the UK for
patients with T1DM and comparable for
patients with T2DM. The higher cost for severe
episodes is due to a number of reasons. The
main difference is that there are a much higher
percentage of patients treated in hospital for
severe episodes in Spain (66.7% and 64.3% for
T1DM and T2DM, respectively) than in Den-
mark (20.3% for both T1IDM and T2DM) or the
UK (23% for T1DM and 53% for T2DM). The
percentage of episodes resulting in hospitaliza-
tion is lower in Denmark (4.4%) than in Spain
(16% for T1DM and 25% for T2DM) but com-
parable to the UK (21%). Ambulance use and
A&E treatment are similar in Spain and Den-
mark, but are slightly higher in the UK. The
percentage of diabetes specialist visits following
a severe episode treated in hospital is also
higher in the UK and Denmark than in Spain. In
terms of costs, ambulance, A&E, and hospital-
ization are all more expensive in Spain than in
the UK and Denmark (when costs are converted
into Spanish EUR). The cost of a diabetes spe-
cialist visit is comparable in Spain, the UK, and
Denmark.

For non-severe episodes, the percentage of
GP visits is higher in Spain than in Denmark,
but is lower in Spain than the UK for TIDM and
comparable to the UK for T2DM. The number of
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Table 8 Comparison of the cost of hypoglycemia for Spain, Denmark, and the UK

Cost (Spanish €) Spain Denmark® UK®

Severe  Non-severe Total Severe Non-severe Total  Severe Non-severe Total
Direct cost per episode
T1DM 716.82  7.09 - 86.47 1.59 - 176.94 12.72 -
T2DM 68049 14.61 - 86.99 226 - 391.15 1272 -

Direct cost per 100,000 general population per year

T1DM 412,896 399,525 812,422 26,200 79,231 105,431 268,387 174,862 443,249
T2DM 216,742 395,460 612,202 6498 46,283 52,781 175,206 83,030 258,236
Total 629,639 794,985 1,424,624 32,699 125,514 158212 443,593 257,892 701,485

T1DM type 1 diabetes mellitus, 72DM type 2 diabetes mellitus

* Costs have been converted from DKK to Spanish EUR using the purchasing power parities for 2016 of 7.199 and 0.663
for Denmark and Spain, respectively, obtained from OECD [31]

b Costs have been converted from GBP to Spanish EUR using the purchasing power parities for 2016 of 0.690 and 0.663
for the UK and Spain, respectively, obtained from OECD [31]

extra SMBG tests used following a hypo-
glycemic episode is similar in Spain and the UK,
but lower in Denmark. Costs for a GP visit were
also similar in Spain and the UK but lower in
Denmark, and the cost of SMBG tests was sim-
ilar in Spain and the UK but higher in Denmark.

The cost of severe hypoglycemia per 100,000
general population is nearly 20-fold higher in
Spain than in Denmark, but is comparable to the
UK (although slightly higher). The substantially
higher cost in Spain than in Denmark is due to
not only a higher cost per episode but also a
higher prevalence of diabetes (7.8% vs. 5.7%) and
higher rates of severe hypoglycemia for both
patients with T1IDM (0.9 vs. 0.6 episodes per year)
and patients with T2DM (0.32 vs. 0.1 episodes per
year). The cost per severe episode and the dia-
betes prevalence are both higher in Spain than in
the UK (prevalence 7.8% vs. 6.0%), but this is
offset by a lower severe hypoglycemia rate for
both patients with T1DM (0.9 vs. 3.2 episodes per
year) and patients with T2DM (0.32 vs. 0.7 epi-
sodes per year).

The cost of non-severe hypoglycemia per
100,000 is higher in Spain than in both Den-
mark (approximately 6-fold) and the UK (ap-
proximately 3-fold). The rate of non-severe
hypoglycemia is similar in Spain and Denmark
for both patients with T1DM (88.0 vs. 98.6

episodes per year) and patients with T2DM (27.2
vs. 27.4 episodes per year), but the diabetes
prevalence and cost per non-severe episode are
both higher in Spain. For the UK the cost per
non-severe episode is lower in Spain for patients
with T1DM and comparable for patients with
T2DM, and the higher overall cost is due to a
higher diabetes prevalence in Spain and a much
higher non-severe hypoglycemia rate for both
patients with T1DM (88.0 vs. 29.0 episodes per
year) and patients with T2DM (27.2 vs. 10.2
episodes per year).

These differences in costs combine to mean
that the total cost of hypoglycemia per 100,000
general population in Spain is calculated as 9.00
times the cost in Denmark and 2.03 times the
cost in the UK, and is a substantial cost for
people with insulin-treated diabetes that should
not be ignored.

CONCLUSIONS

The cost of hypoglycemia is significant, repre-
senting an estimated 13% of the total cost of
diabetes. It is often underestimated, but has
been shown to be higher in Spain than in both
the UK and Denmark. The results of this anal-
ysis may aid clinicians and budget holders in
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their choices regarding insulin treatments, pro-
viding the ability to offset the cost of a new drug
or patient education program with the expected
reduction in hypoglycemia. This provides the
opportunity to explore how reducing hypo-
glycemia can improve the quality of diabetes
care for patients and result in substantial budget
savings.
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