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Abstract

Introduction This review aims to critically appraise differences in methodology and quality of model-based and
empirical-data-based cost-utility studies to address key limitations, opportunities, and challenges to inform future cost-
utility analyses of continuous glucose monitoring (CGM) in type 1 diabetes. This protocol is registered at PROSPERO
(CRD42023391284).

Methods The review will be conducted in accordance with the PRISMA guideline for systematic reviews. Searches will
be conducted in MEDLINE, Embase, Web of Science, Cochrane Library, and Econlit from 2000 to January 2023. Model
and empirical data-based studies evaluating the cost-utility of any CGM system in type 1 diabetes will be considered for
inclusion. Studies that only report on cost per life year or any other clinical outcome, or reporting only costs or only clinical
outcomes studies in type 2 diabetes populations, and studies on bi-hormonal closed loops and do-it-yourself hybrid closed
loop devices will be excluded. Two reviewers will independently screen each study for inclusion. Data on the intervention,
population, model settings (such as perspective, time horizon), model type and structure, clinical outcomes used to populate
the model, validation, and uncertainty will be extracted and qualitatively synthesised. Quality will be assessed using the
Philips et al. 2006 (model-based studies) or Consensus Health Economic Criteria (empirical data-based studies) checklists.
Model validation will be assessed using the AdViSHE checklist.

Discussion Now that CGM is being used more broadly in practice, critical appraisal of existing cost-utility methodology and
quality is important to inform future cost-utility analyses of CGM in type 1 diabetes in various settings.

1 Introduction

Continuous glucose monitoring (CGM) devices have
improved the quality of glucose management, and have
potentially improved quality of life, decreased disease bur-
den and diabetes related hospital admissions in individuals
with diabetes type 1 [1, 2]. Although it has been shown
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that the devices improve glucose control, the affordabil-
ity of these devices remain a point of discussion [3, 4].
Cost-effectiveness analysis is a commonly used method in
decision making to assess on a patient- or population-level
if the incremental costs of a new intervention outweigh
the health benefits compared with the current standard of
care. When the health benefits are measured in terms of
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quality adjusted life years, these studies are often referred
to as cost-utility analyses. Multiple cost-utility and cost-
effectiveness analyses for different CGM devices have
been published. A systematic review on the cost-utility of
various types of CGM in individuals with diabetes type 1
was published recently [5]. Their results showed that CGM
appears to be a cost-effective tool for individuals with type
1 diabetes, especially in the subgroup of individuals with
suboptimal management or at risk of severe hypogly-
caemia. However, they found that the incremental cost-
effectiveness ratio (ICER) and quality-adjusted life year
(QALY) ranges varied widely (US$18,734-US$99,941 per
QALY gained and 0.76-2.99, respectively), which may
be related to (1) differences in devices, with rapid devel-
opments over the past period in CGM systems, and (2)
differences in modelling methodology used. This was not
further analysed in the above review, which mostly focused
on a straightforward overview of studies performed and
their outcomes. Therefore, the current review aims to
critically appraise differences in methodology and qual-
ity of model and empirical data-based studies to try and
explain some of the variety in outcomes and to address key
limitations, opportunities, and challenges that need to be
addressed for future cost-utility analyses of CGM in indi-
viduals with type 1 diabetes. Our objectives are as follows:

1. To systematically summarise published model-based
and empirical data-based cost-utility studies of CGM in
individuals with type 1 diabetes, by type of device.

2. To systematically assess the quality and validity of the
cost-utility methods applied using best practice guide-
lines for economic evaluations in healthcare.

3. To critically appraise the differences in methodology and
quality of model and empirical data-based cost-utility
analysis of CGM in individuals with type 1 diabetes.

2 Methods
2.1 Protocol and Registration

The protocol was developed based on the PRISMA proto-
col guideline and written in accordance with the PRISMA-
P checklist [6, 7]. The review will be conducted and
reported in accordance with the updated PRISMA 2020
statement: an updated guideline for reporting systematic
reviews [8]. The protocol was registered with PROSPERO
(registration number: CRD42023391284) [9]. The review
will be conducted in accordance with the PRISMA guide-
line for systematic review and meta-analysis. Any note-
worthy amendments to this protocol will be tracked and
reported in the final review.
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2.2 Eligibility Criteria
2.2.1 Type of Studies

Model-based and empirical data-based (i.e. trial-based or
observational data-based) cost-utility studies will be consid-
ered for inclusion. Studies that report results only in terms of
cost per life year gained or cost per other clinical outcomes,
or studies reporting only costs or clinical outcomes will be
excluded. The first CGM device was approved by the FDA
in June 1999, therefore articles published after 1st January
2000 will be included [10]. Articles will be restricted to
English language.

2.2.2 Type of Population

The review will be restricted to cost-utility studies of CGM
for a population of individuals diagnosed with type 1 dia-
betes. Type 1 diabetes is characterised by deficient insu-
lin production and requires daily administration of insulin
[11]. We will consider all studies, irrespective of individu-
als’ baseline characteristics (age, ethnicity), comorbidities
and background therapy or study approach applied. Studies
considering both type 1 and type 2 diabetes will only be
considered for inclusion if results were described for both
populations separately (i.e. data can be extracted for type 1
diabetes separately).

2.2.3 Type of Interventions

Any CGM intervention will be considered for inclusion in
the review. CGM is defined as systems capable of monitor-
ing blood glucose concentrations on a “continuous basis”,
including both flash CGM and real-time CGM (RT-CGM)
[12, 13]. In addition, we will include all kinds of interven-
tions combined with CGM, including multiple daily injec-
tions, continuous subcutaneous insulin infusion, and the
hybrid closed loop (HCL) system, which includes CGM,
an algorithm and an insulin pump for continuous subcuta-
neous insulin infusion to function as an artificial pancreas
[13, 14]. Studies on bi-hormonal closed loops (e.g. artificial
pancreas) and do-it-yourself hybrid closed loop devices will
be excluded as these interventions are still in development.

2.2.4 Type of Comparators

In this review, we will consider cost-utility studies compar-
ing CGM to any comparator. This will include conventional
blood glucose monitoring care, such as self-monitoring
of blood glucose (SMBG) with finger prick, either with
or without an insulin pump, as well as studies comparing
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different CGM devices with each other and comparisons
between studies with/without HCL. Attention will be paid
to the fast developments in the field.

2.2.5 Type of Outcomes

We will only include studies reporting health benefits in
terms of QALY's gained. The outcomes of the review will
focus on the methodology and quality of the cost-utility anal-
yses rather than on the comparison of quantitative results.
Various data will be extracted to obtain insights into the cur-
rent methodologies used and quality and model validation
will be assessed using relevant checklists. The methodology
data will be focused on the model structure and the diabetes-
related complications considered in the cost-utility analysis,
the data used to incorporate the effectiveness of CGM, input
data used for costs and quality-of-life, and how validation
and uncertainty is handled. Details on the data extraction
process and quality assessment are described below.

2.3 Information Sources

The following electronic databases will be searched: MED-
LINE, Embase, Web of Science, Cochrane Library [for
Cochrane Central Register of Controlled Trials (CEN-
TRAL)], and Econlit. Two other bibliographic databases
specifically developed for economic evaluations, the
National Health Service Economic Evaluation Database
(NHS EED) and the Health Economic Evaluation Data-
base (HEED), are no longer updated (NHS EED) or acces-
sible (HEED), and will therefore not be considered in this
review [16—18]. Additionally, a grey literature search will be

Table 1 Draft search query for MEDLINE

conducted using Google Scholar. We will check the refer-
ences of previous systematic literature reviews on this topic
and the reference lists of identified papers for additional
articles.

2.4 Search Strategy

The search strategy is developed in collaboration with an
information specialist (S.v.d.W.). The structure of the search
strategy is based on three concepts: (1) type 1 diabetes, (2)
continuous glucose monitoring and (3) cost-utility. For each
concept a broad search block is developed combining subject
headings and free text words including synonyms and related
terms. To develop the search strategy, we started with a list
of 19 key articles potentially relevant for inclusion. Relevant
indexing terms and text words were derived from these key
articles together with keywords suggested by (co)authors.
The initial search strategy was then tested and further devel-
oped. Testing included checking whether all 19 key articles
were retrieved. The search strategy excludes animal studies,
comments and meeting abstracts and is limited to articles
published between 2000 and 2023. The preliminary search
for Medline is presented in Table 1.

2.5 Study Selection

The database results will be imported in EndNote. Dupli-
cates are detected and removed following a structured
method [19]. Titles and abstracts will be exported from
EndNote to Rayyan format for screening purposes [20].
All studies identified in the search will be assessed against
the eligibility criteria. Two reviewers will independently

(“Diabetes Mellitus, Type 1”’[Mesh] OR “Diabetic Ketoacidosis”’[Mesh] OR tldm[tiab] OR tld[tiab] OR iddm[tiab] OR ((“Diabetes
Mellitus”’[Mesh:NoExp] OR diabet*[tiab]) AND (typel[tiab] OR typel[tiab] OR type 1”[tiab] OR “type I”’[tiab] OR “type one” OR
juvenile[tiab] OR “‘sudden onset”[tiab] OR autoimmun*[tiab] OR “auto immun*”[tiab] OR brittle[tiab] OR acidos*[tiab] OR pediatr*[tiab]

OR paediatr*[tiab])) OR

((“Diabetes Mellitus”[Mesh:NoExp] OR diabet*[ti] OR “diabetes mellitus”[tiab] OR *“glycemic control”[tiab] OR “glycaemic control”[tiab])

NOT (“type 2”[tiab] OR “type2”[tiab] OR DMT?2[tiab])))
AND

(“Blood Glucose Self-Monitoring”’[Mesh] OR “Insulin Infusion Systems”[Mesh] OR ((“Blood Glucose”[Mesh] OR glucose[tiab] OR “blood
sugar”[tiab] OR bgm[tiab] OR cgm[tiab] OR fgm[tiab]) AND (‘“Monitoring, Physiologic”’[Mesh:NoExp] OR monitor*[tiab])) OR “insulin
infusion*”’[tiab] OR “infusion system*”[tiab] OR “sensor augmented”[tiab] OR “sensor guided”[tiab] OR “intermittently scanned”[tiab]
OR “insulin pump*”[tiab] OR “pump therap*”’[tiab] OR (continuous*[tiab] AND (infusion*[tiab] OR insulin*[tiab] OR glucose[tiab])) OR
“flash monitoring”[tiab] OR “closed loop”[tiab] OR “open loop”[tiab] OR “hybrid loop”[tiab:~3])

AND

(“Costs and Cost Analysis”’[Mesh] OR “Quality-Adjusted Life Years”[Mesh] OR “Models, Economic”’[Mesh] OR “Markov Chains”[Mesh]
OR “quality adjusted”’[tiab] OR qaly*[tiab] OR “cost-effect*”[tiab] OR “cost saving*”[tiab] OR ((cost[tiab] OR costs[tiab] OR
economic|[tiab]) AND (utilit*[tiab] OR benefit*[tiab] OR “life year*”[tiab])) OR “‘economic analy*”[tiab] OR “economic evaluat*”[tiab]
OR “economic impact*”[tiab] OR “health economic”[tiab] OR ICER[tiab] OR “incremental cost*”[tiab] OR “value for money”[tiab] OR

markov[tiab] OR economic|[ti] OR cost[ti] OR costs[ti])
AND

(2000:2023[pdat]) NOT ((“Animals”’[Mesh] NOT “Humans”[Mesh]) OR “Comment”[pt])

799 titles 9-1-2023
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review the titles and abstracts. To increase screening effi-
ciency, the automation tool Rayyan Prediction Classifier
for priority screening [7, 20] will be employed. The list of
19 key articles potentially relevant for inclusion used to
develop the search strategy will be screened first to enable
the automation tool to learn faster what articles are rel-
evant. Next, full-text screening based on the eligibility
criteria will be performed independently by the same two
reviewers. Any disagreement between the two reviewers
will be resolved through discussion with a third independ-
ent reviewer.

2.6 Data Extraction

Various data will be extracted on the methodology used in
existing model and empirical data-based cost-utility analyses
on CGM. The extraction data will be used to obtain insights
on the model structure and diabetes-related complications
considered, how the effectiveness of CGM was incorpo-
rated, input data used for costs and quality-of-life, and how
uncertainty is handled. Additionally, model results such as
incremental costs and QALYs and the ICER will be col-
lected to put decisions made on the methodology and quality
of the cost-utility analyses into perspective. Data extraction
will be conducted independently by two reviewers using a
standardised form. Each article will be seen by two review-
ers. The data extracted will be performed in Excel. The data
extraction form was developed based on a previous review
on decision models in pre-diabetes [21], but adapted to also
cover studies using empirical data. The form includes the
following extraction data:

1. Study details: title, authors, publication year

2. Economic evaluation details: study design, perspective,
time horizon, setting, discount rates used

3. If applicable: model type/structure — model structure,
model type, included health states, cycle length; if
applicable: study design details for empirical data [ran-
domised controlled trial (RCT), fully blinded or not;
observational data/methods used to correct for bias]

4. Data: methods for data collection, data sources used to
populate the model (if applicable); follow-up time and
selection criteria for empirical studies

5. Outcomes: ICER, incremental costs, incremental effects
(QALYs)

6. Uncertainty: sensitivity analyses used, scenario analysis
(subgroups)

A draft extraction table can be found in Appendix 1. Any
disagreements between the reviewers will be solved through
discussion with a third researcher. Any missing data will be
reported as such.

A\ Adis

2.7 Quality Assessment

Based on recommendations by Wijnen et al. (2016) [26],
the methodological quality of the cost-utility analyses will
be assessed using the Philips et al. 2006 checklist [24] for
model-based evaluations and the Consensus Health Eco-
nomic Criteria (CHEC)-extended checklist [22, 23] for
trial and observational data-based economic evaluations.
The Philips et al. 2006 checklist consists of 15 main items
covering the structure, data and consistency. The items
are subdivided in several topics and the checklist has a
total of 59 sub-questions. The CHEC-extended checklist
is a checklist specifically designed for the assessment of
methodological quality of health economic evaluations
and consists of 19 yes-or-no questions, covering 19 topics.
Both checklists were not designed to be used as a points
system to score the quality of a study, but ask questions
regarding all elements of the study design and its report-
ing. They provide general guidance for the developers of
models and empirical data-based studies regarding issues
of importance. Therefore, these checklists are suitable for
the aim of our study. The checklists will be used to identify
the main methodological issues of cost-utility analyses in
the field of CGM and will therefore provide valuable infor-
mation for future cost-utility analyses. See Appendix 2 for
the draft checklists and how each item from the checklist
will be employed.

2.8 Model Validation

Model validation is an important step in the development
of a cost-utility model to provide insight into the credibil-
ity of model outcomes. However, research has shown that
the validation of cost-utility models is limited [27]. The
Assessment of the Validation Status of Health-Economic
decision models (AdViSHE) checklist was developed as
a validation assessment tool in which model developers
report on both validation efforts performed and on their
outcomes in a systematic way [15]. The checklist con-
sists of 13 items covering the validation of the concep-
tual model, the input data, the implemented software pro-
gram, and model outcomes. We used this checklist to gain
insight into the reporting of model validation efforts of the
included cost-utility models. This checklist will only be
applied to the included model-based studies. Appendix 3
presents the AdViSHE checklist and how each item from
the checklist will be assessed. Of note, we will only be
checking what is published regarding model validation,
and will not ask study authors for any efforts performed
but not reported, since the main focus of the current review
is not on model validation.
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2.9 Data Synthesis

The extracted data from the included studies will be quali-
tatively synthesised. The different aspects of the cost-util-
ity methods and models applied and their quality will be
summarised in table format. We will critically appraise
the differences in methodology and quality to identify key
limitations, opportunities and challenges that need to be
addressed for future cost-utility analyses of CGM in indi-
viduals with type 1 diabetes. The data will be analysed and
presented in different tables to focus on five main topics:

1. Model structure — for model-based studies only: which
model was used, which diabetes-related complica-
tions were included, type of model, time horizon, cycle
length, perspective;

2. Type of intervention and comparator: the intervention
and comparator will be categorised into the method
of CGM [self-measurement of blood glucose (finger
pricks), intermittently scanned (is-) CGM (also known
as Flash CGM with Freestyle libre) and/or real-time (rt-)
CGM] and insulin administration [insulin injections,
insulin pump without connectivity to rt-CGM, insu-
lin pump with connectivity to rt-CGM — low glucose
suspend, insulin pump with connectivity to rt-CGM —
hybrid closed loop (HCL)];

3. Effectiveness data: what type of effects were included
and what sources were used to inform the effect size and
the duration of the effect of CGM;

4. Input parameters: what type of costs were included in
the analysis (direct medical costs, direct non-medical
costs, productivity losses, any other costs). Extra atten-
tion will be paid to CGM and insulin costs, highlighting
the assumptions on strip and sensor use, and whether
device replacement costs were considered. Other points
of attention will be: what sources and quality of life
(QoL) instruments were used for utilities and whether
disutility values for hypoglycaemia or fear of hypogly-
caemia were included;

5. Results and uncertainty: what are the economic out-
comes of the studies, and whether and how the study
authors accounted for methodological, structural and
parameter uncertainty and heterogeneity. Which sensi-
tivity analyses were conducted.

The results from the quality and validation checklists
will be analysed, with discussion among reviewers in
case of lack of consensus, to provide one final answer to
each item in the checklist: yes, no, not applicable, or not
reported. The results of the checklists will be summarised
in bar charts and diagrams.

3 Discussion

Now that CGM is being used more often in practice, the
knowledge about how, when and for whom to use it cost-
effectively is of key clinical and budgetary significance.
Especially in jurisdictions with limited healthcare resources,
cost-utility results are relevant to support decisions about
which interventions or devices should be implemented and
for whom they should be reimbursed. With CGM having
a high cost, but a beneficial impact on the persons with
diabetes (improved glycaemic control and quality of life)
and society (possibly less diabetes related admissions and
work absenteeism), it is of significant interest to investigate
whether different CGM devices are cost-effective in type 1
diabetes or any sub-population. Given the chronic nature of
diabetes type 1, the possible preventive effect on diabetes
complications, and the constraints of clinical trials, evidence
of cost-utility primarily relies on health economic models
and their input parameters. This systematic review will focus
on the methodology of the health economic models, the
evidence used to inform them, model uncertainty and their
validation, to assess their suitability for use in evaluating
CGM in type 1 diabetes. The existing cost-utility studies that
use empirical data without further modelling — and hence a
shorter time horizon — will also be assessed and compared
with the model-based studies.

A previous review has been conducted on the cost-util-
ity outcomes and this showed a wide range of ICERs [5].
Therefore, comparison of quantitative results is not within
the scope of the current review. However, incremental costs,
incremental QALYSs, and the ICER (or dominance) will be
extracted from the included studies in this review as well,
because these data are needed to put methodological choices
of the cost-utility analyses reviewed into perspective. We
will especially investigate how and whether assumptions
regarding effectiveness, healthcare costs, perspectives,
time horizons, and discount rates may affect the cost-utility
outcomes.

The findings of this review will inform future health
economic evaluation studies of CGM and possibly decision
models that simulate the long-term costs and health out-
comes of CGM in type 1 diabetes. In addition, the review
will aim to identify the challenges and opportunities for
reimbursement decisions about CGM in type 1 diabetes.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s41669-023-00428-9.
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