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a b s t r a c t

Objective: The main challenge in type 1 diabetes mellitus management is achieving and maintaining 
glycemic control. Hybrid closed-loop (HCL) systems offer patients the potential to safely achieve 
tight glycemic targets. This study analyzed the clinical and economic impact of HCL systems 
compared with intermittently scanned continuous glucose monitoring (is-CGM) and continuous 
subcutaneous insulin infusion (CSII) therapy from the Spanish health care system perspective. 
Methods: IQVIA Core Diabetes Model v10.0 was used to simulate a cohort of 1000 individuals 
assigned to either the HCL or is-CGM+CSII therapy. Different time horizons were analyzed: 5, 15, 30, 
and 50 years. Cohort characteristics were extracted from published literature, and a 1.5% glycated 
hemoglobin A1C reduction was considered for the HCL group over is-CGM+CSII.
Results: In the HCL group, complications were averted or delayed across all time horizons whereas 
survival, quality of life, and cost savings were increased. At 50 years, HCL group survival was double 
than the comparator and 1.15 incremental quality-adjusted life years were gained. Cost savings were 
the highest at 50 years (28 704 922€/1000 individuals) mostly attributable to lower amputation, 
ulcer, and nephrological event rates. The current study is based on real-world evidence data with a 
median follow-up of 5.1 months. Thus, the long-term projections of clinical and economic outcomes 
may be affected by uncertainty. Additionally, the study did not include any hypoglycemia or diabetic 
ketoacidosis rates, which may lead to underestimation of the real impact of HCL systems. 
Conclusion: HCL systems should be considered the primary treatment option compared with is-
CGM+CSII therapy for people with type 1 diabetes mellitus in Spain.
© 2025 AACE. Published by Elsevier Inc. This is an open access article under the CC BY license (http:// 

creativecommons.org/licenses/by/4.0/).

Introduction

In 2021, an estimated 8.4 million individuals globally had type 1 
diabetes mellitus (T1D), projected to double to 13.5 to 17.4 million 
by 2040. 1 In Spain, 46 455 adults were estimated to live with T1D 
in 2016. 2

Variability in glucose levels is one of the biggest challenges 
for people living with T1D, resulting in suboptimal glucose
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continuous glucose monitoring; CSII, continuous subcutaneous insulin infusion; 
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mellitus.
* Address correspondence to Dr Aesha Khan-Mir � on, Ypsomed AG, Brunnmatt-

strasse 6 3401, Burgdorf, Switzerland.
E-mail address: marketaccess@ypsomed.com (A. Khan-Mir �on). 

Endocrine 
Practice TM
www.endocrinepractice.org

https://doi.org/10.1016/j.eprac.2025.08.002
1530-891X/© 2025 AACE. Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Endocrine Practice 31 (2025) 1530—1537

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
mailto:marketaccess@ypsomed.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eprac.2025.08.002&domain=pdf
http://www.endocrinepractice.org
mailto:imprint_logo
https://doi.org/10.1016/j.eprac.2025.08.002
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.eprac.2025.08.002


control, 3 physical and psychological implications. 4 The European 
Association for the Study of Diabetes recommends a targeted 
glycated hemoglobin A1C (HbA1c) goal of <7.0% (<53 mmol/mol)
without significant hypoglycemia. 5 However, G �omez-Peralta 
et al 6 in a Spanish observational study reported that only <30% of 
the population was able to achieve this HbA1c target. 6 Clinical 
implications of unoptimized glycemic control include, among 
others, microvascular and macrovascular complications 7,8 and 
subsequent premature mortality. 9 Therefore, tight glycemic 
management is recommended for most people living with T1D. 

Suboptimal glycemic control increases the burden of T1D not 
only for the individuals living with it, but also for the health care 
systems and society due to the costs of diabetes-related compli-
cations, productivity losses, and informal care costs. 10

The clinical and economic burden associated with T1D and type
2 diabetes mellitus (T2D) is considerable. In 2012 diabetes costs 
accounted for 8.2% of the total Spanish national health system 

expenditure. Hospital care costs accounted for 33% of total dia-
betes expenditure; therefore, avoiding or delaying diabetes-
related complications could considerably lower hospital costs and 
alleviate care burden. 11

Kanavos et al 12 estimated that indirect costs of T1D or its 
complications due to absenteeism and early retirement exceed 
direct costs by a factor of 3.5 to 1 in Spain. Newer technologies 
such as hybrid closed-loop (HCL) systems for the management of 
T1D can contribute to the mitigation of long-term complications 
and increase the quality of life of people living with diabetes, 13 

ultimately reducing the burden of disease.
HCL systems, also known as automated insulin delivery sys-

tems, combine a continuous glucose monitoring (CGM) system, a 
continuous subcutaneous insulin infusion (CSII) pump, and an 
algorithm that uses data from both the CGM and the pump to 
automatically adjust the amount of insulin delivered. In 
numerous studies, HCL systems have demonstrated to consis-
tently improve glycemic control compared with any other 
treatment, currently being considered the most advanced ther-
apy for T1D. 14-16

Currently, only one study has analyzed the cost-effectiveness 
of advanced HCL systems in 6 European countries, including 
Spain. 17 This study compared an automated HCL insulin delivery 
system with intermittently scanned CGM (is-CGM) plus multiple 
daily insulin injections in adults with T1D with suboptimal 
glycemic control, using baseline cohort characteristics and treat-
ment effect from the Adult Population with Type 1 Diabetes trial 18 

and reported a cost-effectiveness ratio of 29 718€ per quality-
adjusted life year (QALY). 17

Therefore, to further increase the uptake of HCL therapy earlier 
in the T1D treatment pathway, it is crucial to further research the 
long-term clinical outcomes, as well as validate and actualize 
economic impact of such novel technology with additional studies 
such as this one.

The objective of the present study was to analyze and assess 
the long-term clinical and economic impact of HCL systems 
versus nonautomated systems in Spain for adults with T1D. 19 

Short, mid-and long-term time horizons were considered to 
better reflect the treatment effect across different time frames. 
This analysis aims to support evidence-based decision making 
for health care professionals, health payers, and policy makers. 
Ultimately, providing additional clinical and economic data will 
support the adoption of HCL systems earlier in the treatment 
pathway to improve T1D people’s length and quality of life, 
while striving for the economic sustainability of health care 
systems.

Methods

Model Overview

For this study, the IQVIA Core Diabetes Model (CDM) version 
10.0 was used. The IQVIA CDM is a widely adopted and validated 
model. 20 It enables the simulation of both short- and long-term 

clinical and economic outcomes when applying changes on key 
treatment effects (eg, change on HbA1c, hypoglycemia events, 
diabetic ketoacidosis [DKA] events, body mass index [BMI], etc.), 
delivering robust results in simulating both T1D and T2D disease 
progression. The IQVIA CDM consists of a series of submodels 
using Markov processes with yearly cycles and incorporates de-
mographics, baseline risk factors, treatment effects and costs to 
simulate accurate lifelong clinical and economic outcomes. 21

Cohort Characteristics

Baseline cohort characteristics entered in the IQVIA CDM model 
were sourced from the clinical study published by Crabtree et al 19 

with a median follow-up of 5.1 months (IQR, 3.9-6.6). 19 These 
characteristics included age, proportion of male population, 
duration of diabetes, BMI, and baseline HbA1c. This prospective 
real-world observational single-arm study conducted in the UK 
included 570 adults with T1D with a baseline HbA1c of 8.5% or 
above who were already using an insulin pump plus is-CGM and 
who were willing to switch to an HCL system commercially 
available in the UK (specifically, Medtronic Minimed 780G [Med-
tronic], Tandem Control-IQ [Tandem Diabetes Care], CamAPS FX 
[CamDiab], Medtrum closed-loop system [Medtrum], Medtronic 
Minimed 670G [Medtronic]; and no brand name recorded for 
some individuals). The mean baseline HbA1c of the study popu-
lation was 9.4 ± 0.9%, the median age was 40 ± 16.3 years, the 
median diabetes duration was 21 ± 11.1 years, and the mean BMI 
was 29 ± 6 kg/m 2 . Since the IQVIA CDM model requires mean and 
SD values, the mean and the SD values were estimated by

Highlights

• This is the first comprehensive clinical and economic impact 
Spanish study comparing hybrid closed-loop with intermit-
tently scanned continuous glucose monitoring and contin-
uous subcutaneous insulin infusion. The results indicate 
hybrid closed-loop systems as the optimal treatment for 
adults living with type 1 diabetes mellitus and have nonop-
timal glycose levels

• €28.7M of cost savings per every 1000 treated patients were 
estimated for the Spanish health care system

• This study intends to inform clinicians and health care policy 
makers and assist with the better allocation of limited health 
care resources

Clinical Relevance

Hybrid closed-loop treatment demonstrated higher survival for 
type 1 diabetes mellitus adults over short- and long-term pe-
riods, with extended time alive and free of complications, 
especially for renal and eye complications. Hybrid closed-loop 
treatment can delay and reduce diabetes-related complica-
tions, leading to improved quality of life and considerable cost 
savings for the Spanish health care system.

A. Khan-Mir � on, M.-E. Syleouni, G. Brusaferri et al. Endocrine Practice 31 (2025) 1530—1537

1531



assuming that the variables followed a normal distribution. 22 A 
summary of the model cohort inputs can be found in Table 1, 19 

which are either sourced values for T1D population from the 
literature or default values of IQVIA CDM (Supplementary Table 1).

Clinical Inputs: Treatment Effect

The treatment effect for the HCL simulated cohort came from 

the reduction in HbA1c at the end of the follow-up period: HbA1c 
was reduced by 1.5% (95% CI 1.4, 1.6; P < .001; unadjusted change) 
(Table 1).

For all analyses 2 distinct groups were considered: one group 
which adopted the HCL as an intervention (intervention group) 
and another group which continued the is-CGM+CSII (comparator 
group). The treatment effect of HbA1c reduction was applied to the 
intervention group, presuming a static and sustained HbA1c 
reduction of 1.5% after the first year of HCL use, both over short and 
long-term time horizons. For the comparator group, HbA1c levels 
were assumed to remain static, with no HbA1c change applied at 
any time horizon (namely HbA1c baseline value). To assess the 
effect of the HbA1c reduction, for the rest of the physiologic pa-
rameters such as blood pressure, lipid levels, or BMI, no alterations 
were implemented to the baseline values, which were assumed to 
follow the default progression equations of the IQVIA CDM model. 
For BMI, the change from baseline was not considered significant 
(P = .07). Similarly, no statistically significant change in the rates of 
severe hypoglycemic events per 10 person-years was observed 
(P = .483) and for DKA episodes with hospital admission (P = .458). 
Therefore, the values for hypoglycemic and DKA events were 
assumed to be zero for both groups.

Costs and Time Horizon

All analyses were conducted from the perspective of the 
Spanish health system, with complication and management costs 
updated by health care inflation to 2024 values. Direct costs were 
sourced from the literature and included all health care utili-
zation costs related to diabetes complications and management 
(Table 2). 23-34 All costs regarding the diabetes management de-
vices and the insulin doses were assumed to be equal for the HCL 
system and is-CGM+CSII therapy.

A 3% discount rate per annum after the first year was applied to 
both costs and clinical outcomes. 35 To demonstrate the impact of 
using HCL or is-CGM+CSII systems, cohorts of population with 
T1D were simulated for the following times: 5-year, 15-year, 30-
year, and 50-year (lifetime horizon).

Utilities

The model’s default quality-of-life utility values were applied. 
For the QALYs estimation, the Michigan multiple linear regression-

Self-Administered Quality of Well Being index approach was used. 
This approach uses different regressions for T1D and T2D, 36 sub-
sequently using regressions for T1D in the current analyses.

Sensitivity Analysis

To assess the model robustness and account for the uncertainty 
of the individual characteristics and key parameters, first and 
second-order (probabilistic) sensitivity analysis were imple-
mented in addition to the base case analysis. More specifically, the 
IQVIA CDM employs Monte Carlo simulations with nonparametric 
bootstrapping to account for parameter uncertainty, involving in 
each iteration the resampling of input parameters with replace-
ment following their distributions. All analyses were run for 1000 
individuals with T1D and 1000 iterations.

Probabilistic sensitivity analysis at 5% was applied for direct 
costs, utilities, baseline characteristics, and efficacy of the inter-
vention and comparator group. Additionally, by examining 
different time horizons, a univariate analysis of time was per-
formed. Finally, sensitivity analysis varying the treatment effect by 
±10% was performed (ΔHbA1c —1.35, ΔHbA1c —1.65).

Ethics

For this study, the input parameters were sourced from a pre-
viously conducted study involving human participants, 19 and thus 
no additional ethics approval was required.

Results

Overall, for people living with T1D with suboptimal glucose 
levels, the comparative analyses showed that HCL systems are 
associated with higher survival across all time horizons (Table 3). 
After 50 years of treatment, we observe a 5.1% survival rate on the 
HCL group, versus 2.4% in the comparator group. This means that 
at the end of the follow-up period, survival rates are double in the 
HCL group. These differences in the survival rates were maintained 
even when we applied a lower HbA1c treatment effect by 10% (HCL 
group: 4.8%, comparator group: 2.4%).

Additionally, HCL consistently reduced all major complications 
for T1D individuals across all evaluated periods. For the 5-year 
period, the 5 complications with the highest incidence reduction 
were proliferative diabetic retinopathy at 80%, macular edema and 
microalbuminuria at 71%, background diabetic retinopathy at 67%, 
neuropathy at 56%, and proteinuria at 46%. Over the lifetime 50-
year period, the 5 complications with the highest incidence 
reduction were the following: proliferative diabetic retinopathy 
68%, macular edema 55%, microalbuminuria 56%, gross proteinuria 
55%, and end-stage renal disease 49%. Significant reductions in 
diabetes-related complications are observed even in the short-
and mid-time horizons, indicating an early benefit of HCL systems 
(Table 4, Supplementary Tables 2 and 3).

Following, time alive free of complications was assessed for the 
50-year time horizon (Fig). All diabetes-related complications 
were delayed for the intervention group compared with the 
comparator group. On average in the HCL group microalbuminuria 
is delayed by 8.4 years, macular edema by 8.2 years, neuropathy by 
7.4 years, proliferative retinopathy by 7.1 years, gross proteinuria 
by 5.4 years, background retinopathy by 5.6 years, severe vision 
loss by 4.6 years, and all cardiovascular complications by at least 
2.5 years. For the rest of the complications the delay is 2.8 years for 
end-stage renal disease and 2.3 years for foot ulcer.

Given the delay in onset of complications and the longer sur-
vival in the intervention group compared with the comparator 
group, there was an impact on both QALYs gained and total cost

Table 1
Baseline Cohort Characteristics by Crabtree et al 19 Were Used as an Input Within 
the IQVIA CDM

Characteristic Value

Age (y), mean (SD) 40 (16.30)
Duration of diabetes (y), mean (SD) 22 (11.11)
Male, % 33
HbA1c %, mean (SD) 9.4 (0.9)
BMI, kg/m 2 , mean (SD) 29 (6)
HbA1c %, reduction in HCL group 1.5

Abbreviations: BMI = body mass index; CDM = Core Diabetes Model; HbA1c = 

hemoglobin A1C, HCL = hybrid closed-loop.
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savings. The QALYs increased across all time horizons. At 50 years, 
the analysis showed incremental QALY gains of 1.15 and incre-
mental life expectancy of 1.03 years. The highest cost savings were 
observed for the 30 and the 50-year time horizons, with 28 076 
070€ and 28 704 922€ per 1000 individuals with T1D, respec-
tively. When the univariate sensitivity analysis with a decrease and

an increase of 10% in the HbA1c effect was performed, respective 
cost savings of 26 613 125€ and 31 054 571€ per 1000 individuals 
with T1D were observed. The highest contribution to cost savings 
across all time horizons came from the reduction of foot ulcers and 
amputations, followed by nephrology-related and eye-related 
complications (Table 5).

Table 2
Direct Costs of Diabetes Complications and Management in Spain, Cost Values Inflated for 2024

Complication Costs (€) Reference

Cardiovascular complications
Myocardial infarction first year 13 252 Bar� on Esquivias et al, 23 2015
Myocardial infarction second+ years 2492 Bar� on Esquivias et al, 23 2015
Angina first year 3953 Cosin Sales et al, 24 2015 
Angina second+ years 1064 Cosin Sales et al, 24 2015 
Congestive heart failure first year 6445 Delgado et al, 25 2014 
Congestive heart failure second+ years 3744 Escobar et al, 26 2022 
Stroke first year 12 831 Ribera et al, 27 2022 
Stroke second+ years 4631 Ribera et al, 27 2022 
Stroke death within 30 days 4794 Gaede et al, 28 2003 
Peripheral vascular disease first year 9119 Crespo et al, 29 2013 
Peripheral vascular disease second+ years 9119 Crespo et al, 29 2013

Renal complications
Hemodialysis first year 51 907 Villa et al, 30 2011
Hemodialysis second+ years 48 035 Villa et al, 30 2011
Peripheral dialysis first year 40 359 Villa et al, 30 2011
Peripheral dialysis second+ years 37 718 Villa et al, 30 2011
Renal transplant costs first year 55 955 Villa et al, 30 2011
Renal transplant costs second+ years 9176 Villa et al, 30 2011

Eye complications
Laser treatment 745 Oblikue, 31

Cataract operation 1664 Dilla et al, 32 2017 
Following cataract operation 465 Dilla et al, 32 2017 
Blindness year of onset 2800 Esvision, 33 2022 
Blindness following years 2800 Esvision, 33 2022

Neuropathy/foot ulcer/amputation 
Neuropathy 4688 Crespo et al, 29 2013
Neuropathy second+ years 4688 Crespo et al, 29 2013
Ulcer treatment 2111 Linertov� a et al, 34 2021
Amputation event 14 141 Linertov� a et al, 34 2021

Management costs
Statins 536 Gaede et al, 28 2003
Aspirin 33 Gaede et al, 28 2003
ACE-I/ARB 165 Gaede et al, 28 2003
Screening for microalbuminuria 16 Gaede et al, 28 2003
Screening for gross proteinuria 16 Gaede et al, 28 2003
Stopping ACE-I /ARB due to adverse events 63 Gaede et al, 28 2003
Eye screening 91 Gaede et al, 28 2003

Abbreviations: ACE-I = angiotensin converting enzyme inhibitor; ARB = angiotensin II receptor blocker.

Table 3
Survival (in %) by Treatment Group and Time Horizon for the Base Case Analysis and for the Probabilistic Sensitivity Analysis

Base case analysis

5 y 15 y 30 y 50 y 50 y +10% ΔHbA1c 50 y —10% ΔHbA1c

HCL 98.3% 89.9% 53.3% 5.1% 5.3% 4.8%
is-CGM and CSII 98.1% 87.9% 43.6% 2.4% 2.4% 2.4%
Relative difference 0.2% 2.4% 22.4% 113.1% 124.1% 102.1%

Probabilistic sensitivity analysis

5 y 15 y 30 y 50 y 50 y +10% ΔHbA1c 50 y —10% ΔHbA1c

HCL 95.5% 81.1% 47.4% 13.9% 14.3% 13.6%
is-CGM and CSII 95.1% 78.3% 40.9% 10.0% 10.0% 10.0%
Relative difference 0.5% 3.6% 15.8% 39.0% 42.8% 35.7%

Abbreviations: CSII = continuous subcutaneous insulin infusion; HbA1c = glycated hemoglobin A1C; HCL = hybrid closed-loop; is-CGM = intermittently scanned 
continuous glucose monitoring.
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Discussion

In this study, the short- and long-term clinical and economic 
impact of HCL compared with is-CGM+CSII systems were assessed

from the Spanish health care system perspective for people with 
T1D who have high glucose levels. Across all time horizons, the 
survival of people with T1D using HCL increased due to the 
reduction in the incidence of diabetes-related complications. The

Table 4
Relative Incidence Reduction of Complications (in %) by Time Horizon, and Additional Mean Time Alive and Free of Complications in the Hybrid Closed-Loop Treatment Group 
in Years at the 50-Year Period (Lifetime)

Complication Incidence reduction 
5 y

Incidence reduction 
15 y

Incidence reduction 
30 y

Incidence reduction 
50 y

Time alive and free of 
complications (y) at 50 y

Eye complications
Background diabetic retinopathy —67% —53% —37% —32% 5.6
Proliferative diabetic retinopathy —80% —80% —73% —68% 7.1
Macular edema —71% —66% —59% —55% 8.2
Severe vision loss —11% —29% —32% —28% 4.6

Renal complications 
Microalbuminuria —72% —67% —60% —56% 8.4
Gross proteinuria —46% —59% —58% —55% 5.4
End-stage renal disease —18% —42% —49% —49% 2.8

Neuropathy/foot ulcer/amputation 
Ulcer —18% —17% —20% —16% 2.3 
First amputation 0% —1% —1% —0% 2.3 a 

Second amputation —14% —10% —4% —2% - 
Neuropathy —56% —50% —40% —36% 7.4

Cardiovascular complications 
Congestive heart failure —23% —25% —24% —13% 2.5
Peripheral vascular disease onset —27% —26% —22% —13% 2.6
Angina —21% —22% —20% —9% 2.5
Stroke event —15% —24% -—22% —11% 2.5
MI event —21% —23% —21% —10% 2.5

Abbreviation: MI = myocardial infarction.
Results from the base case analysis.
a In the IQVIA Core Diabetes Model results, it is not specified whether the reported time alive and free of complications corresponds to first or second amputation.

Fig. Complications onset delay for hybrid closed-loop versus is-CGM+CSII systems. Results of the base case analysis. CSII = continuous subcutaneous insulin infusion; is-CGM = 

intermittently scanned continuous glucose monitoring.

A. Khan-Mir � on, M.-E. Syleouni, G. Brusaferri et al. Endocrine Practice 31 (2025) 1530—1537

1534



highest peak in survival difference was reached after 50 years of 
treatment, highlighting the increased benefits of a lifelong treat-
ment with HCL. Cost savings mainly derived from ulcers, ampu-
tation, and nephrology treatment. Additionally, an incremental 
gain of 1.15 QALY was estimated for the 50-year period. Cost sav-
ings and QALY gains were solely based on HbA1c reduction; hence, 
results can be considered conservative.

Real-world studies 15,37-39 as well as randomized controlled 
trials 16,18 have shown the short-term benefits of HCL systems over 
conventional treatment, with a usual observation time of <1 year. 
The current study simulated both short- and long-term clinical 
and economic outcomes of HbA1c reduction based on real-world 
data focusing on adults with T1D and baseline HbA1c ≥8.5%. Such 
individuals are more likely to develop diabetes-related complica-
tions and require prompt therapy optimization. 40 Since lifelong 
disease progression was simulated, a detailed analysis of outcomes 
at different time horizons was possible. The long-term analysis of 
clinical and economic outcomes provided a comprehensive over-
view of potential benefits of HCL systems over conventional 
treatments, facilitating the understanding of the HCL systems full 
impact. As the study results suggest, there was a sizable reduction 
in diabetes-related complications incidence across all time 
horizons.

In addition, the results showed an association between HCL use 
and delayed onset of diabetes-related complications. Meaning that 
HCL-treated individuals will experience less complications and if 
they do, these will occur later in life. Complications delay ranged 
from a minimum of 2.3 to a maximum of 8.4 years. Having more 
people with T1D managed with HCL systems translates into 
healthier populations, living longer and with an overall quality of 
life. This was reflected by the additional year in perfect life gained 
(one QALY) and the increased survival rate on the HCL group, 
which was already evident at 5-year posttreatment.

Although the results of the current analyses are rather con-
servative, other studies have also reported increased time alive 
and free of complications, 41 increased incremental QALYs, 17,41-43 

and life expectancy gains 44,45 with HCL systems. This aligns with 
existing literature 44,45 indicating anticipated gains in life expec-
tancy of 0.78 and 0.16 years as well as QALYs of 1.45 and 1.95, 
respectively. Nevertheless, the abovementioned results indicate a

higher QALY gain than the present study which reports a 1.15 
lifelong QALY gain. This could be attributed to differences in study 
designs, clinical inputs, the inclusion of severe hypoglycemia and 
DKA events, or the comparison of HCL systems with either CGM 

plus multiple daily injection or CSII. Hypoglycemic events appear 
to have a significant impact on both quality of life and economic 
impact. 41,43

The averted or delayed disease complications at any period 
shown in the current study unveil that improved glycemic control 
and tight T1D management may not only result in healthier pop-
ulations, higher survival, and increased quality of life, but can also 
substantially reduce direct costs and health care burden. Although 
one study reports disease costs to be similar between HCL systems 
and standard of care over a longer time horizon of 60 years, 43 our 
results suggest cost savings for all major complications across all 
time horizons of 5, 15, 30, and 50 years. Lower costs associated 
with HCL systems use, either by delaying or averting complica-
tions, provide evidence to facilitate health policy decision making. 
Especially, the in-depth analyses of staggered time horizons allow 

for better planning and optimal allocation of health care resources 
and facilitate health payer decisions for technology adoption and 
reimbursement.

One of the strengths of this study is that the clinical inputs were 
leveraged from observational data under real-world settings, 
representing a large number of people with T1D from various 
diabetes centers. This allowed for the demonstration of individual-
level outcomes in a diverse population, potentially with varied 
routine clinical practice and patient-physician interactions across 
a country. 46 Furthermore, all individuals switched to the HCL 
system and thus acted as their own controls. Thus, there was no 
confounding by indication, which enabled the estimation of the 
relative incidence and excess risk of complications across the 
various time horizons. 47 Another strength of this study was the 
simulation of clinical and economic impact over both short- and 
long-term periods. Rapid technology transformations require 
rigorous decisions, whereas depending on the age of the cohort 
and diabetes duration, the clinical and economic benefits may not 
be immediately apparent or be differentiated under longer 
observation periods. The analyses for various time periods act as 
univariate sensitivity analysis confirming the robust effect of

Table 5
Cumulative Cost Reduction and Management Costs by Complication Category From the Adoption of HCL Instead of is-CGM and CSII Therapy, by Base Case Analysis and 
Probabilistic Sensitivity Analysis

Base case analysis

5 y 15 y 30 y 50 y

Cardiovascular complications 123€ 886€ 2067€ 1606€

Renal complications 89€ 2130€ 7831€ 9067€

Eye complications 128€ 1306€ 3375€ 3386€

Neuropathy/foot ulcer/amputation 1705€ 8599€ 14 828€ 14 891€

Management costs 33€ 106€ —25€ —245€

Total costs savings per HCL user 2079€ 13 026€ 28 076€ 28 705€

Total costs savings per 1000 HCL users 2 078 660€ 13 026 461€ 28 076 070€ 28 704 922€

Probabilistic sensitivity analysis

5 y 15 y 30 y 50 y

Cardiovascular complications 194€ 957€ 1841€ 1895€

Renal complications 298€ 3426€ 9888€ 13 054€

Eye complications 145€ 1202€ 2683€ 2871€

Neuropathy/foot ulcer/amputation 1766€ 7811€ 12 563€ 13 247€

Management costs 35€ 69€ —46€ —216€

Total costs savings per HCL user 2437€ 13 465€ 26 928€ 30 850€

Total costs savings per 1000 HCL users 2 437 300€ 13 465 148€ 26 928 477€ 30 850 297€

Abbreviations: CSII = continuous subcutaneous insulin infusion; HCL = hybrid closed-loop; is-CGM = intermittently scanned continuous glucose monitoring. 
Values inflated to 2024 euros and represent mean cost per type 1 diabetes mellitus patient.
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HbA1c reduction on clinical and economic outcomes. Further-
more, the sensitivity analysis fluctuating the HbA1c levels ach-
ieved with HCL demonstrated sustained clinical benefits, 
specifically regarding the incidence reduction of complications 
over the lifetime horizon. Finally, the first and second-order 
sensitivity analyses added accuracy and robustness to the study 
results and reduced uncertainty, whereas the employed IQVIA 
CDM is a robust and validated model. 21

A limitation of this study is that the long-term clinical and 
subsequently economic results are based on short-term real-world 
data, inherently introducing an unavoidable uncertainty in the 
long-term predictions. 48 Another limitation is that baseline cohort 
characteristics and treatment effects were taken from a clinical 
study conducted in the UK, whereas the cost-effectiveness analysis 
was conducted for Spain. This approach was adopted due to the 
lack of regional data and is often used in cost-effectiveness anal-
ysis. For example, the clinical study of Choudhary 18 conducted in 
UK, Germany, and France was used as input for cost-effectiveness 
analysis for Austria, Greece, Italy, Netherlands, Sweden, and 
Spain 17 and for Singapore. 45 Another limitation is the lack of long-
term and large cohort studies capturing the impact on hypogly-
cemia and DKA, which probably underestimates the results of the 
current study. Additionally, the assumption that the initial differ-
ence in HbA1c levels will be maintained over all examined time 
horizons, assuming prolonged adherence, is very strong 49 and may 
overestimate the long-term effect, whereas different spending 
dynamics might not be captured. 50 Finally, this study takes a 
health payer perspective, which considers the maximization of 
health care benefits in conjunction with a specific budget ignoring 
costs outside the health care sector such as productivity losses and 
family caregiver burden. There is ongoing debate as to whether 
such indirect costs should be included in decision making, 51,52 

especially considering the emotional distress of diabetes man-
agement which highly impacts the person’s quality of life and 
ability to work.

The global rise in T1D cases is anticipated to continue alongside 
technologic progress, leading to a higher population of older adults 
living with T1D and consequently a greater prevalence of com-
plications. T1D can incur high costs, and negatively affect quality of 
life and life expectancy. This study adds evidence on the improved 
clinical and cost outcomes using HCL systems compared with 
nonautomated insulin pumps in Spain, advocating toward the 
replacement of the nonautomated insulin pumps by HCL systems, 
ultimately reducing the health care spending and burden of 
disease.

Future studies should have longer follow-up periods to observe 
the sustained tight glycemic targets, the surveillance of DKA, and 
hypoglycemia events, resulting in more robust and less under-
estimated clinical and economic outcomes.

Conclusion

HCL systems are associated with increased survival, improved 
clinical outcomes and cost savings for the health care system in 
both short and long term. Given these results, HCL systems should 
be considered as the primary treatment option for people with 
T1D in Spain, especially those whose glycemic levels are 
suboptimal.
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