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ABSTRACT

Introduction: Severe hypoglycemic events
(SHE) represent a clinical and economic burden
in patients with diabetes. Nasal glucagon (NG)
is a novel treatment for SHEs with similar effi-
cacy, but with a wusability advantage over
injectable glucagon (IG) that may translate to
improved economic outcomes. The economic
implications of this usability advantage on SHE-
related spending in Spain were explored in this
analysis.
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Methods: A cost-offset and budget impact
analysis (BIA) was conducted using a decision
tree model, adapted for the Spanish setting. The
model calculated average costs per SHE over the
SHE treatment pathway following a treatment
attempt with IG or NG. Analyses were per-
formed separately in three populations with
insulin-treated diabetes: children and adoles-
cents (4-17 years) with type 1 diabetes (T1D),
adults with T1D and adults with type 2 diabetes
(T2D), with respective population estimates
applied in BIA. Treatment probabilities were
assumed to be equal for IG and NG, except for
treatment success following glucagon adminis-
tration. Epidemiologic and cost data were
obtained from Spanish-specific sources. BIA
results were presented at a 3-year time horizon.
Results: On a per SHE level, NG was associated
with lower costs compared to IG (children and
adolescents with T1D, EUR 820; adults with
T1D, EUR804; adults with T2D, EUR 725).
Lower costs were attributed to reduced costs of
professional medical assistance in patients
treated with NG. After 3 years, BIA showed that
relative to IG, the introduction of NG was pro-
jected to reduce SHE-related spending by
EUR 1,158,969, EUR 142,162,371, and
EUR 6,542,585 in children and adolescents with
T1D, adults with T1D, and adults with insulin-
treated T2D, respectively.

Conclusions: In Spain, the usability advantage
of NG over IG translates to potential cost sav-
ings per SHE in three populations with insulin-
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treated diabetes, and the introduction of NG
was associated with a lower budget impact ver-
sus 1G in each group.

Keywords: Budget impact; Cost-offset;
Diabetes mellitus; Healthcare cost; Healthcare
resource; Injectable glucagon; Insulin; Nasal
glucagon; Severe hypoglycemia; Spain

Key Summary Points

Why carry out this study?

Severe hypoglycemia events (SHEs) place a
significant burden on the individual,
caregivers of people with diabetes and the
wider healthcare system. During a SHE,
people with diabetes often rely on a non-
medically trained person to successfully
deliver a full dose of glucagon in a
stressful, emergency situation.

Injectable glucagon (IG) and nasal
glucagon (NG) are recommended
treatments for SHEs. While IG and NG
have similar efficacy, evidence suggests
NG is easier to administer as no
reconstitution step is required.

The present analysis aimed to quantify the
economic impact of the usability
advantage of NG versus IG in three
populations with insulin-treated diabetes
in Spain who are at risk of SHE.

What was learned from the study?

Relative to IG or no glucagon, the
introduction of NG in Spain resulted in
lower SHE-related costs at a per event and
population level in three populations with
insulin-treated diabetes.

Findings suggest the usability advantage of
NG versus IG has the potential to reduce
the economic burden of SHEs in Spain.

INTRODUCTION

Hypoglycemia occurs in people with diabetes
when blood glucose levels are low [1]. Impaired
glucose counter-regulation can result in falling
plasma glucose concentrations when there is an
excess of insulin. Falling plasma glucose con-
centrations can progress to hypoglycemia
because of compromised physiologic defenses
[2]. Hypoglycemia can be non-severe and
resolved by the individual [3]. In a severe
hypoglycemic event (SHE) the individual may
require assistance by a third-party to resolve the
event, which can include onsite treatment by a
caregiver (CG) or acquaintance, emergency
medical services (EMS), transport to and treat-
ment in an emergency department (ED), and/or
inpatient hospitalization [4, 5].

In Spain, SHEs have been estimated to occur
at a rate between 0.90 and 1.50 per person per
year in people with type 1 diabetes (T1D), and
between 0.30 and 0.63 per person per year in
people with type 2 diabetes (T2D) [6]. Further-
more, total cost per SHE was estimated to be
EUR 409.97 in people with T1D and EUR 713.10
in people with T2D [6]. In 2016, the estimated
total cost of SHEs in Spain was EUR 293 million
per year, accounting for nearly half of the total
cost of insulin-related hypoglycemia (EUR 662
million) [5]. The high economic burden of SHEs
can partly be attributed to hospitalization, with
an average length of stay due to hypoglycemia
in 2015 being 8.8 and 6.7 days in men and
women, respectively [7]. Additionally, SHEs can
have a large emotional impact on patients and
CGs, for which an economic cost cannot be
quantified. The scope of SHE emotional impact
was evaluated in 377 Spanish people with T1D
or insulin-treated T2D and CGs, and over a
third of participants agreed/strongly agreed that
experiencing/witnessing the most recent SHE
made them feel unprepared, scared, and/or
helpless. Furthermore, between 17.9% and
23.9% of patients with diabetes, and between
27.6% and 32.3% of CGs reported that the most
recent SHE impacted their mood or emotional
status [8].

Glucagon is used in the treatment of hypo-
glycemia, and in diabetes treatment guidelines
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injectable glucagon (IG) and nasal glucagon
(NG) have been recommended for the treat-
ment of SHEs [9]. IG requires reconstitution and
injection with a needle, typically by a CG or
another non-medically trained person during a
stressful emergency situation [10]. NG is a
ready-to-use, compact, portable, single-use drug
device combination that contains 3 mg of
nasally administered dry powder. Unlike with
IG, no reconstitution step is required. Glucagon
is absorbed passively through the nasal mucus;
therefore, patients do not need to inhale, and
NG can be used for the treatment of cognitively
impaired and unconscious patients [11]. In
clinical trials, NG was shown to have efficacy
similar to IG in children aged 4 years or over,
adolescents, and adults with T1D and T2D
[12-14]. Real-world studies have demonstrated
that NG was effective in treating SHE events in
adults with T1D, and at treating moderate
hypoglycemic events in children, adolescents,
and adults with T1D [15, 16]. All adults who
experienced a SHE awakened or returned to a
normal status within 15 min of receiving NG,
and no additional medical assistance was
required [16].

Successful delivery of a full dose of glucagon
is important to quickly treat the SHE to prevent
further complications [10]. However, CGs of
people with diabetes experience difficulties in
administering IG, even after receiving educa-
tion in IG administration [17]. Similarly,
acquaintances of people with diabetes without
IG education may also attempt to treat an
individual experiencing a SHE; however, they
also may find IG administration challenging
[18]. A 2017 usability study of 31 people with-
out formal medical training (16 CGs of people
with diabetes and 15 acquaintances who had
declared their willingness to help in an emer-
gency) showed low rates of success with IG in
simulated SHEs, especially amongst acquain-
tances [18]. Fifty percent of CGs and 80% of
acquaintances delivered no glucagon when
provided with IG. Only 13% of CGs delivered a
full dose of glucagon using IG and no acquain-
tances delivered a full dose (the remaining par-
ticipants delivered a partial dose) [18]. By
comparison, the same study showed treatment
of SHEs using NG had significantly higher rates

of delivery of a full dose of glucagon, presenting
a usability advantage over IG [18]. Findings
showed 94% of CGs and 93% of acquaintances
delivered a full dose of NG [18]. Similar results
in a separate study, including 32 people edu-
cated to use IG or NG (trained users) and 33
without IG or NG training, confirm these find-
ings [19]. Additionally, people often do not
carry IG with them, frequently storing kits at
home, and therefore may not have IG available
in the event of a SHE [20].

The wusability advantage of NG over IG,
involving a higher probability of successful
treatment by CGs or acquaintances, was
expected to be associated with a reduced need
to use professional medical help, e.g., EMS or
ED [18], resulting in reduced SHE-related treat-
ment costs. NG administration was therefore
hypothesized to be associated with cost-offsets
versus IG and to have the potential to reduce
overall SHE-related spending for the healthcare
payer.

The present analysis aimed to evaluate the
economic impact of the usability advantage of
NG over 1G in the Spanish setting, for the cur-
rent reimbursed population (children and ado-
lescents aged under 18 years old, currently
treated with insulin and with high risk of severe
hypoglycemia) and other alternative hypothet-
ical scenarios (adults with either T1D or insulin-
treated T2D). Across the SHE treatment path-
way, over a 3-year period, costs were compared
between treatments to assess per event costs
(cost-offset) and the budget impact of intro-
ducing NG in Spain.

METHODS

Model Overview

A cost-offset and budget impact analysis (BIA)
was conducted using a decision tree model
developed in Microsoft Excel, in line with pub-
lished guidelines and previously published US
analyses [21, 22]. A diagram of the decision tree
model representing the SHE treatment pathway
is presented in Fig. 1. The SHE treatment path-
way was informed by reviews of the published
literature, treatment guidelines for severe
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Fig. 1 Decision tree model diagram following a SHE treatment attempt with glucagon. ED emergency department,

EMS emergency medical services

hypoglycemia, and emergency care pathways
[21]. Typically, SHEs are acute in nature and
long-term costs/outcomes related to SHEs are
rare; therefore, this analysis took a short-term
perspective, and no long-term costs were mod-
elled. Cost-offset analysis combined decision
and cost data to calculate the mean cost per SHE
following a treatment attempt with IG or NG.
Next, these data were applied in BIA to project
population-level costs and potential cost impact
over a 3-year time horizon. The BIA compared
two scenarios. The current scenario, in which

the only potential options for SHEs are IG or no
glucagon treatment, compared to the future
scenario, in which NG would be incorporated
into the previous options. All analyses were
carried out separately for three populations with
insulin-treated diabetes: children and adoles-
cents (4-17 years) with T1D (current reimbursed
population in Spain), adults (aged 18 years or
over) with T1D and, adults (aged 18 years or
over) with T2D from the perspective of the
Spanish National Health System.
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This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Model Inputs

Clinical Data

Clinical input data related to the probability of
treatment decision and outcomes were sourced
from published literature (Table 1). These data
include Spanish-specific inputs from the Con-
versations and Reactions Around Severe Hypo-
glycemia (CRASH) Study, a global survey of
people with T1D or insulin-treated T2D and
CGs [8]. Assumptions based on previously
published analyses were used where no data
were available for an item [21]. Probabilities
associated with treatment and outcomes were
assumed to be equal for IG and NG, except for
treatment success following glucagon adminis-
tration by CGs and acquaintances. It was also
assumed that either IG or NG would be used to
attempt treatment and only one treatment
attempt would be made, after which the CG or
acquaintance would seek professional medical
help.

Economic Data
Direct costs associated with treatment and
resource use were sourced from national data-
bases and published studies capturing real-life
conditions in Spain (Table 2). Resource use
included the cost of EMS (release on scene and
transport to ED), ED treatment, inpatient care,
and general practitioner (GP) visit. Consumer
price inflation data for Spain were sourced from
the Organization for Economic Co-operation
and Development [23]; 2012 resource use costs
were inflated by 4.9% to align with the latest
available year at the time of analysis (2019) [23].
In the base case analyses, the same unit costs
associated with medical resource use were
assumed for all treatment pathway decision and
outcomes. Glucagon costs were based on public
prices [24].

Epidemiological Data

For the budget impact analysis, the target pop-
ulation in each group was estimated using the
most recent data from publicly available sources
(Table 3). Population data were obtained from
the Spanish National Institute of Statistics.
Next, rates for diagnosed diabetes were applied
to population estimates. For this analysis, it was
assumed all people with T1D were treated with
insulin. To calculate the population with T2D
treated with insulin, first a treatment rate of
80.6% [25] was applied to the total number of
cases with T2D, and of these it was assumed
23.5% [26] would be treated with insulin.

To calculate the number of SHEs per year,
separate SHE incidence rates were applied to
each population. Background mortality was not
indexed by age or gender in the model; there-
fore, the same rate was applied across all groups
in each year of analysis. This approach repre-
sented a simplifying assumption, although it
was considered appropriate for the short-term
time horizon.

Market Shares

For the BIA, it was assumed the distribution of
market shares varied between each group
(Table 4). In all groups, a proportion of patients
were assumed not to own any glucagon; this
was projected to decrease overtime in both
populations with T1D and remain constant in
the population with insulin-treated T2D. For
those who did own a glucagon kit (IG or NG), a
positive uptake for NG was assumed each year
of analysis with corresponding decreases for IG.

Sensitivity Analyses

One-way sensitivity analyses were performed to
explore uncertainty around the parameters and
assumptions of the analysis (Table 5). As with
the base case analyses, sensitivity analyses were
conducted separately for the three populations.
Probabilities associated with the model pathway
were explored using alternative values. Changes
in treatment success probabilities, probabilities
of taking action following a successful or
unsuccessful treatment attempt, and in
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Table 1 Treatment decision and outcome probabilities applied in the analysis

Decision and outcome Population IG NG Sources
probabilities
Treatment by CG or acquaintance phase
Probability of successful treatment All T1D and 13% 94% Yale et al. 2017 [18]
by CG T2D insulin-
treated
Probability of successful treatment All T1D and 0%  93% Yale et al. 2017 [18]
by acquaintance T2D insulin-
treated
Probability of taking action after ~ All T1D and 0% Seaquist et al. 2018 [16]; Deeb et al. 2018 [15]
successful treatment attempt T2D insulin-
treated
Of those taking action after All T1D and Not Assumption
successful treatment: percentage T2D insulin- applicable
calling EMS treated
Probability of taking action after ~ All TID and 100% Assumption
failed/not attempted treatment T2D insulin-
treated
Of those taking action after failed/ T1D 4-17 years 63% Calculated using data from CRASH study (8],
not attempted treatment, Table 2, T1D CG column: 15 called EMS + 9
percentage calling EMS went directly to ED = 15/24
TID > 18 years 89% Calculated using data from CRASH study (8],
Table 2, T1D PWD column: 16 called
EMS + 2 direct to ED = 16/18
T2D insulin- 87% Calculated using data from CRASH study (8],
treated Table 2, T2D PWD column: 20 called
EMS + 3 direct to ED = 20/23
EMS on the scene phase
Of patients treated successfully by ~All T1D and Not Assumption
CG/acquaintance: percentage T2D insulin- applicable
released on scene treated
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Table 1 continued

Decision and outcome Population IG NG Sources
probabilities
Of patients treated unsuccessfully T1D 4-17 years  53.3% Calculated using data from the CRASH study [8],
by CG/acquaintance: percentage Table 2, TID CG column: 46.7% transported to
released on scene hospital by ambulance; = 100% — 46.7%
T1D > 18 years 55.2% Calculated using data from the CRASH study (8],
Table 2, T1D PWD column: 43.8% transported
to hospital by ambulance; = 100% — 43.8%
T2D insulin- 65% Calculated using data from the CRASH study [8],
treated Table 2, T2D PWD column: 35% transported to
hospital by ambulance; = 100% — 35%
ED treatment
Admittance of patients to ED All T1D and 100% Assumption
T2D insulin-
treated
Inpatient stay following ED All TID and 13.4% Caballero-Corchuelo et al. 2018 [28]
treatment T2D insulin-
treated
Post-event care
Percentage of patients receiving All T1D and 0% Not included in modeling
additional medical care T2D insulin-
treated
Percentage of patients followingup TID 32.1% Calculated using data from the CRASH study (8],
with GP 14-17 years Table 4, T1D CG column: 28 participants who
reported an additional HCP visit to discuss
SHE/total N = 28/87
T1D > 18 years 15.1% Calculated using data from the CRASH study (8],
Table 4, T1D PWD column: 16 participants
who reported an additional HCP visit to discuss
SHE/ total N = 16/106
T2D insulin- 31.8% Calculated using data from the CRASH study (8],

treated

Table 4, T2D PWD column: 28 participants
who reported an additional HCP visit to discuss
SHE/ total N = 28/88
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Table 1 continued

Decision and outcome
probabilities

Population IG

NG Sources

Percentage of patients performing  All T1D and 0%
additional SMBG testing T2D insulin-
treated

Not included in modeling

CG caregiver, ED emergency department, EMS emergency medical services, GP general practitioner, HCP healthcare

professional, /G injectable glucagon, NG nasal glucagon, PWD people with diabetes, SHE severe hypoglycemic event,
SMBG self-monitoring of blood glucose, T1D type 1 diabetes, 72D type 2 diabetes

Table 2 Costs associated with treatment and medical resource use

Cost item Cost (2019 EUR) Sources
IG NG No
glucagon
Glucagon 13.75 68.00 0.00 Base de Datos de medicamentos del Consejo General de Farmacéuticos
(Bot PLUS 2.0). 2021 [24] IG: unit cost of glucagon hypo kit 1 mg 1
vial 4 1 solvent syringel ml; NG: unit cost of glucagon 3 mg nasal use
[24]
Cost of EMS, 504.28 Barranco et al. 2015 [4] (EUR 480.57 in 2012 EUR)
release on scene
Cost of EMS, 706.22 Barranco et al. 2015 [4], unit cost and km charge (13.711 km) for urban
transport to ED transfer, in addition to critical care and emergency assistance of primary
care, based on data from Andalusia (EUR 673.01 in 2012 EUR)
Cost of ED 1059.84 Barranco et al. 2015 [4], admission to hospital ED < 24 h based on data
treatment from Andalusia (EUR 1010 in 2012 EUR)
Cost of inpatient ~ 834.67 Arroyo-Borrell et al. 2017 [29] average cost per day for Spanish patients in
care a Catalonian hospital (EUR 441.89 in 2012 EUR) combined with the
mean length of stay (1.8 days) from Caballero-Corchuelo et al. 2019
(28]
Visit to GP 45.00 eSalud database [30], 2019 cost of primary care visit (with no additional

tests done, E03.1.3.1) in the community of Madrid

ED emergency department, EMS emergency medical services, EUR euro, GP general practitioner, /G injectable glucagon,

NG nasal glucagon

probabilities of professional medical assistance
were included in the sensitivity analyses. Costs
incurred with the use of professional medical
help were varied using alternative values from
the literature for EMS treatment with release on
scene, EMS treatment with transport to hospi-
tal, ED treatment, and GP follow-up.

Additionally, an analysis was conducted using
the lower cost estimates for all emergency pro-
fessional medical help and analysis using only
higher cost estimates was also conducted.

For budget impact analyses, sensitivity anal-
yses with the market share of IG increased or
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Table 3 Population data applied in budget impact analysis

Parameter Input

Sources

Spanish population (2020)

Total population 47,329,981
4-17 years 6,753,198
> 18 years 39,006,054
Prevalence of diagnosed diabetes
T1D 4-17 years 28,485
All adults 7.8%
T1D > 18 years 10.0%
T2D > 18 years 90.0%

Incidence of SHEs
T1D < 18 years
T1D > 18 years
T2D insulin-treated

Background mortality

All T1D and T2D insulin-treated

69/1000 person-years
900/1000 person-years

0.21/1000 person years

National Institute of Statistics, Spain (Jan 2020)

Cases aged 0-14 years (z = 29,000) in Isla
Pera et al. 2013 [31] extrapolated to 4-17 years

Soriguer et al. 2012 [32]
IDF 2018 [33]

Colino et al. 2016 [34]
Orozco-Beltran et al. 2014 [35]

300/1000 person-years

Orozco-Beltran et al. 2014 [36]

IDF International Diabetes Federation, SHEs severe hypoglycemia events, 71D type 1 diabetes, 72D type 2 diabetes

decreased by 10% in each year versus the base
case were also conducted.

RESULTS

Cost-offset Analysis

Overall, results of the base case analysis showed
that on a per SHE level, the use of NG was
associated with lower mean event costs com-
pared with IG across each population.

While pharmacologic costs were higher
where treatment was attempted with NG than
where treatment was attempted with IG
(EUR 68 vs. EUR 14), costs were offset by medi-
cal resource use (EMS treatment, EMS transport
to ED, ED treatment, and inpatient stay). There
was no difference in the cost associated with

follow-up GP visits in both arms across each
group.

Base case results of the cost-offset analysis in
children and adolescents with T1D are pre-
sented in (Fig.2). Mean total costs were
EUR 967 per SHE treated with IG, compared
with EUR 147 per SHE treated with NG, yielding
a cost-offset of approximately EUR 820, or an
84.8% decrease in cost. Costs associated with
EMS call-out and release on the scene were
EUR 138 lower with NG than IG, and EMS
transport to ED was associated with EUR 172
reduction with NG than IG. ED treatment with
no inpatient stay was EUR 503 lower with NG
than IG, and the costs associated with hospi-
talization including prior ED stay were EUR 61
lower with NG than 1G (Fig. 2).

Sensitivity analyses showed that relative to
IG, NG was associated with cost-offset with all
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Table 4 Market share projections applied in budget impact analysis

No glucagon (%)

Market share in those with glucagon

IG (%) NG (%)

Year 1

Children and adolescents with T1D 33 40 60

Adults with T1D 70 50 S0

Adults with insulin-treated T2D 89 85 15
Year 2

Children and adolescents with T1D 21 15 85

Adults with TID 61 42 58

Adults with insulin-treated T2D 89 78 22
Year 3

Children and adolescents with T1D 15 9 91

Adults with TID 56 31 69

Adults with insulin-treated T2D 89 74 26

IG injectable glucagon, NG nasal glucagon, T'1D type 1 diabetes, 72D type 2 diabetes

differing assumptions (Supplementary Material
Table S1). Decision/outcome probabilities and
cost of medical treatment drove cost-offset
results.

The scenario where the probability of taking
action after successful treatment attempt action
was increased from 0% (base case) to 75% (SA6)
notably reduced the incremental cost between
IG and NG (base case EUR 820 vs. SA6 EUR 129).
In contrast, scenarios in which costs associated
with medical resource use were increased (e.g.,
cost of inpatient care set to EUR2,318.21
[SA24]) made the cost savings with NG, com-
pared to IG, even greater than in the base case
(up to EUR 929).

When adults with T1D were considered in
the analysis, mean total cost was EUR 943 per
SHE treated with IG compared with EUR 138 per
SHE treated with NG, yielding a cost-offset of
approximately EUR 804, or an 85.3% decrease
in cost.

Cost associated with EMS call-out and release
on the scene were EUR 207 lower with NG than
IG, and EMS transport to ED was associated with
EUR 227 reduction with NG than IG. ED

treatment with no inpatient stay was EUR 378
lower with NG than IG, and the cost associated
with hospitalization including prior ED stay
were EUR 46 lower with NG than IG (Fig. 3).

As in children and adolescents with T1D,
findings from the sensitivity analyses revealed
that compared to IG, NG was associated with
potential cost-offset in all differing assumptions
(Supplementary Material Table S2).

In adults with insulin-treated T2D, mean
total cost per SHE was EUR 865 with IG com-
pared to EUR 140 with NG, which yielded a
cost-offset of approximately EUR 725, or an
83.8% decrease in costs.

Costs associated with EMS call-out and
release on the scene were EUR 235 lower with
NG than IG, and costs of EMS transport to ED
were EUR 177 lower with NG than IG. Treat-
ment in the ED was less frequently required
with NG leading to a mean EUR 328 lower cost
than IG. Cost associated with hospitalization
was EUR 40 lower with NG than IG (Fig. 4).

As with the populations with T1D, sensitiv-
ity analyses showed that compared to IG, NG
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Table 5 Parameters applied in one-way sensitive analysis

No. Description Population IG NG Sources
Treatment by CG or acquaintance phase
SA1  Probability of successful treatment by All T1D and 24% 81%  Lower 95% CI bound for
CG—base case 13% (IG) and 94% (NG)  T2D insulin- probability of a CG delivering
treated a full or partial dose [18]
SA2  Probability of successful treatment by All T1D and 78% 100% Upper 95% CI bound for
CG—base case 13% (IG) and 94% (NG)  T2D insulin- probability of a CG delivering
treated a full or partial dose [18]
SA3  Probability of successful treatment by All T1D and 0% 79%  Lower 95% CI bound for
acquaintance—base case 0% (IG) and T2D insulin- probability of an acquaintance
93% (NG) treated delivering a full or partial dose
(18]
SA4  Probability of successful treatment by All T1D and 42% 100%  Upper 95% CI bound for
acquaintance—base case 0% (IG) and T2D insulin- probability of an acquaintance
93% (NG) treated delivering a full or partial dose
(18]
SAS  Probability of taking action after successful All T1D and 25% Assumption
treatment attempt—base case 0% T2D insulin-
treated
SA6  Probability of taking action after successful All T1D and 75% Assumption
treatment attempt—base case 0% T2D insulin-
treated
SA7  Of those taking action after failed/not All T1D and 0% Assumption
attempted treatment, percentage calling T2D insulin-
EMS—base case 4-17 T1D, T1D 89%, treated
T2D 87%
SA8  Of those taking action after failed/not All T1D and 100% Assumption
attempted treatment, percentage calling T2D insulin-
EMS—base case 4-17 T1D 63%, T1D treated
89%, T2D 87%
EMS on the scene phase
SA9  Of patients treated unsuccessfully by CG/ All TID and 35% Assumption
acquaintance: percentage released on T2D insulin-
scene—not considered in base case treated
SA10 Of patients treated unsuccessfully by CG/ All TID and 43% Assumption
acquaintance: percentage released on T2D insulin-
scene—not considered in base case treated
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Table 5 continued

No. Description Population 1G NG Sources
SA1l Of patients treated unsuccessfully by CG/  All T1D and 100% Assumption
acquaintance: percentage released on T2D insulin-
scene—not considered in base case treated
ED treatment
SA12 Inpatient stay following ED treatment—  T1D 38% CRASH [8]
base case 13.4% 14-17 years
TID > 18 years 78%
T2D insulin- 50%
treated
Post-event care
SA13 Percentage of patients following up with  All TID and 0% Assumption
GP—Dbase case 4-17 T1D 32%, T1D T2D insulin-
15%, T2D 32% treated
Unit cost associated with medical resource use
SA14 Cost of EMS, release on scene set to 0—  All T1D and EUR 0.00 Assumption
base case EUR 504.28 T2D insulin-
treated
SA1S Cost of EMS, release on scene—base case  All T1D and EUR 611.00  Assumption
EUR 504.28 T2D insulin-
treated
SA16 Cost of EMS, release on scene—base case  All T1D and EUR 764.00  Assumption
EUR 504.28 T2D insulin-
treated
SA17 Cost of EMS, transport to ED—base case  All TID and EUR 232.00  Assumption
EUR 706.22 T2D insulin-
treated
SA18 Cost of EMS, transport to ED—base case  All T1D and EUR 496.19  Assumption
EUR 706.22 T2D insulin-
treated
SA19 Cost of EMS, transport to ED—base case  All T1D and EUR 843.00  Assumption
EUR 706.22 T2D insulin-
treated
SA20 Cost of EMS, transport to ED—base case  All T1D and EUR 856.00  Assumption
EUR 706.22 T2D insulin-
treated
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Table 5 continued

No. Description Population IG NG Sources
SA21 Cost of ED treatment—base case All T1D and EUR 206.74  Assumption
EUR 1059.84 T2D insulin-
treated
SA22 Cost of ED treatment—base case All T1D and EUR 573.68  Assumption
EUR 1059.84 T2D insulin-
treated
SA23 Cost of inpatient care—Dbase case All T1D and EUR 857.10  Assumption
EUR 834.67 T2D insulin-
treated
SA24 Cost of inpatient care—base case All T1D and EUR 2318.21 Assumption
EUR 834.67 T2D insulin-
treated
SA25 Cost of inpatient care—base case All T1D and EUR 1241.67 Assumption
EUR 834.67 T2D insulin-
treated
SA26 Cost of GP visit—base case EUR 45.00 All T1D and EUR 28.93 Assumption
T2D insulin-
treated
Market share projections
SA27 Market share of IG decrease All T1D and 10% Assumption
T2D insulin-
treated
SA28 Market share of IG increase All T1D and 10% Assumption
T2D insulin-
treated

CG caregiver, CI confidence interval, ED emergency department, EMS emergency medical services, GP general practitioner,
IG injectable glucagon, NG nasal glucagon, SHE severe hypoglycemic event, 71D type 1 diabetes, 72D type 2 diabetes
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Fig. 2 Breakdown of cost-offset base case results for
children and adolescents with type 1 diabetes. ED emer-
gency department, EMS emergency medical services, EUR
euro, GP general practitioner, /G injectable glucagon, NG
nasal glucagon
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Fig. 3 Breakdown of cost-offset base case results for adults
with type 1 diabetes. ED emergency department, EMS
emergency medical services, EUR euro, GP general
practitioner, /G injectable glucagon, NG nasal glucagon
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u Glucagon 14 68

Fig. 4 Breakdown of cost-offset base case results for adults
with insulin-treated T2D. ED emergency department,
EMS emergency medical services, EUR euro, GP general
practitioner, /G injectable glucagon, NG nasal glucagon

was associated with potential cost savings in all
analyses (Supplementary Material Table S3).

Budget Impact Analysis

The estimated target population along with the
base case results for the 3-year budget impact
associated with SHEs following a treatment
attempt with IG or NG for each group consid-
ered in the analysis is presented in Table 6.

At the population level, pharmacologic costs
were higher in the future scenario (NG avail-
able) relative to the current scenario (no NG
available) across all groups. When medical care
costs were considered, the introduction of NG
to the Spanish market was projected to lower
the budget impact across each population.

For 28,485 children and adolescents with
T1D, the projected total cost attributed to SHE
related  treatment  was  estimated  at
EUR 6,472,619 with the current scenario (no
available NG) and EUR 5,313,650 with the new
scenario (available NG). At 3 years, this trans-
lated to a cost reduction in total SHE-related
spending of 17.9% (EUR1,158,969). For
304,247 adults with T1D, the projected total
cost attributed to SHE related treatment was
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Table 6 Base case budget impact at 3 years for children and adolescents with T1D, and adults with T1D or insulin-treated

T2D, Spain

Total cost (EUR)*

Medical care cost (EUR)® Glucagon cost (EUR)

Children and adolescents with T1D (IV = 28,485)

Current scenario (no NG available) 6,472,619

Future scenario (NG available) 5,313,650

Cost difference between scenarios — 1,158,969
Adults with T1D (N = 304,247)

Current scenario (no NG available) 833,672,302

Future scenario (NG available) 691,509,931

Cost difference between scenarios — 142,162,371

Adults with insulin-treated T2D (N = 518,647)

Current scenario (no NG available) 440,397,141
Future scenario (NG available) 433,854,556
Cost difference between scenarios — 6,542,585

5,815,005 657,614
2,643,056 2,670,594

— 3,171,949 + 2,012,980
826,324,219 7,348,083
666,582,165 24,927,766
— 159,742,054 + 17,579,683
438,122,777 2,274,364
429,726,759 4,127,798

— 8,396,019 + 1,853,434

EUR 2019 euro, NG nasal glucagon, T'1D type 1 diabetes, 72D type 2 diabetes

*Total costs = medical care costs + glucagon costs

bExcluding glucagon

estimated at EUR 833,672,302 with the current
scenario and EUR 691,509,931 with the new
scenario. At 3 years, this translated to a cost
reduction in total SHE-related spending of
17.1% (EUR 142,162,371). For 518,647 adults
with insulin-treated T2D, the projected total
cost attributed to SHE related treatment was
estimated at EUR 440,397,141 with the current
scenario and EUR 433,854,556 with the new
scenario. At 3 years, this translated to a cost
reduction in total SHE-related spending of 1.5%
(EUR 6,542,585).

For each group, the cost saving was associ-
ated with reduced medical care costs following a
reduced need for professional emergency treat-
ment as a result of better chances of successful
treatment by CGs or acquaintances with NG.

In children and adolescents with T1D (Sup-
plementary Material Table S4), sensitivity anal-
yses showed the 3-year budget impact was
higher in the future scenario (NG available)
versus the current scenario (no NG available)
when the probability of taking action after a
successful treatment attempt was changed to

75% instead of 0% (SA6) as in the base case, the
probability of successful treatment by a CG
increased for IG (78%) and NG (100%) (SA2),
and when the cost of ED treatment was set to
EUR 206.74 (SA21). Among adults with T1D
(Supplementary Material Table S5) and insulin
treated T2D (Supplementary Material Table S6),
NG was associated with a potential reduction in
total SHE-related spending versus IG in almost
all sensitivity analyses; the only exception was
for adults with insulin-treated T2DM when the
probability of taking action after a successful
treatment attempt was changed to 75% instead
of 0% (SA6).

DISCUSSION

During a SHE, people with diabetes are often
dependent on others to administer a quick and
successful dose of glucagon to recover. While I1G
and NG have similar efficacy, evidence suggests
NG is easier to administer as no reconstitution
step is required.

I\ Adis



790

Diabetes Ther (2022) 13:775-794

The present analysis quantified the eco-
nomic impact of this usability advantage of NG
over IG. To provide a comprehensive view of
the context in Spain, the current reimbursed
population (children and adolescents aged 4--
17 years with T1D) and two additional popula-
tions who are at risk of experiencing SHEs
(adults with either T1D or insulin-treated T2D)
were considered in the analysis.

Findings suggest the usability advantage of
NG over IG can lead to cost savings in the
treatment of SHEs. The usability advantage of
NG has been shown in a simulation study to
result in a higher probability of successful
treatment of SHEs, regardless of whether treat-
ment was attempted by a CG or acquaintance
[18]. Successful delivery of a full glucagon dose
may reduce the need for professional medical
emergency assistance, which is associated with
high additional costs. In the cost-offset analysis,
compared to IG, treatment with NG was asso-
ciated with potential cost savings in each pop-
ulation with insulin-treated diabetes. Mean
total cost per SHE treated with IG in children
and adolescents with T1D, adults with T1D and,
adults with insulin-treated T2D was EUR 967,
EUR 943, and EUR 865, respectively. Previously
published Spanish direct costs per SHE ranged
from EUR 172 to EUR 717 [6, 27]. Owing to the
dominant rate of successful NG administration
relative to IG, potential cost savings were seen
in multiple steps of the SHE treatment pathway.
Patients treated with NG had lower costs asso-
ciated with all professional medical assistance
than IG, except GP visit costs which were
assumed to be the same. Therefore, the cost-
offset evaluation showed, compared to IG, that
NG is likely to reduce costs directly associated
with managing SHEs.

In Spain, SHEs were estimated to cost
EUR 293 million per year in 2016, the majority
of which is attributed to professional emergency
assistance and hospitalization [S]. Therefore,
through the projected reduction of the need for
additional medical treatment, owing to the
usability advantage of NG over IG, the per event
cost of SHEs can be greatly reduced [18]. On a
cost per event level, the cost-offset analysis
projected decreases in professional medical
assistance and hospitalization when using NG

compared with IG. On a population level, the
introduction of NG would decrease healthcare
costs in the insulin-treated population com-
pared to a world with IG or no glucagon. In the
present analysis, compared with a scenario
where the only glucagon available is IG, the
introduction of NG was projected to result in
cost savings in each population. Cost savings
were higher in adult patients with T1D because
of higher SHE rates compared with the other
two populations with insulin-treated diabetes.
However, while the rate of SHEs is lower in
adults with insulin-treated T2D, as a progressive
disease, the risk of SH will increase as the person
with T2D requires more insulin [2]. Further-
more, T2D is more prevalent than T1D in the
Spanish population, and therefore the total
number of SHEs in people with T2D would be
higher than in people with T1D [2]. The
reduced overall cost following the introduction
of NG was due to reduced total medical care
costs as a result of increased rates of successful
treatment and a subsequent reduced require-
ment for professional emergency treatment.

As with all modeling studies, the model and
present analysis were not without limitations.
Assumptions of certain SHE-related treatment
decisions and outcomes were used because of a
paucity of Spanish data. In the treatment
pathway, it was assumed that following suc-
cessful glucagon administration no further
action would be taken. This approach is sup-
ported by two studies carried out in the real-
world setting [15, 16]. Deeb et al. showed that of
33 hypoglycemic events in 14 children and
adolescents with T1D, all cases reverted to nor-
mal status within 30 min after NG administra-
tion [15]. Similar observations were reported by
Seaquist et al.: patients awakened or returned to
normal status within 15 min of NG adminis-
tration without additional external medical
help in all 12 cases of SHE in adults with T1D,
indicating no further action would be required
[16]. Conversely, it was assumed that further
action would be taken after an unsuccesstul
attempt at glucagon administration and the
SHE would require emergency medical assis-
tance. In the CRASH study, injectable glucagon
(administered by a CG or a non-medical person)
was reported as an action during a SHE [8];
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however, it is unknown whether this treatment
resolved the SHE. Furthermore, it was not pos-
sible to ascertain if any other actions taken (e.g.,
call EMS) were in response to treatment success
or failure. Therefore, for this analysis, the
actions of all CRASH study participants who
reported glucagon use during a SHE acted as a
reference. This was based on the assumption
that these data provide a general average of the
potential actions during a SHE in routine prac-
tice, irrespective of treatment success or failure.

Additionally, while the option to call for
EMS was included in treatment pathway, evi-
dence from the CRASH study suggests that in
addition to calling EMS, some CGs or acquain-
tances may also call a healthcare professional
(HCP) during a SHE [8]. However, as a result of
uncertainty around the next steps taken by the
CG or acquaintance (e.g., would EMS still be
required?), inclusion of this pathway in the
model was challenging. However, integrating
this option into the model would most likely
reduce the average cost following a SHE as
immediate follow-up with medical services,
other than emergency services, after glucagon
administration would incur minimal cost. Fur-
thermore, the decision probabilities for post-
event care (i.e., follow-up visit with a GP) were
based on the proportion of CRASH study par-
ticipants who had an additional HCP visit to
discuss the most recent SHE [8]. However, it is
unknown whether this additional visit occurred
with a GP, an endocrinologist, or some other
HCP; therefore, this variable was used as a proxy
in the model. For the budget impact analysis,
the most recently available publications (data
up to 2017) providing incidence of SHEs in
Spain at the time of the analysis were selected.
While SHE frequency may decrease as the use of
continuous glucose monitoring, flash glucose
monitoring, and continuous subcutaneous
insulin infusion systems widens [9], the present
analysis does not consider changes in incidence
rates over time.

CONCLUSION

The present analysis suggests that the usability
advantage of NG over IG translates to potential

cost savings per SHE, owing to reduced overall
SHE-related spending as SHEs would be more
likely to be resolved without professional med-
ical assistance (i.e., EMS, ED treatment, and
hospitalization). The introduction of NG in
Spain was associated with a lower budget
impact relative to IG or no glucagon in three
populations with insulin-treated diabetes.
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