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ABSTRACT

Introduction: To compare the cost-effective-
ness of flash glucose monitoring versus self-
monitoring of blood glucose/point of care test-
ing (SMBG/POCT) in both patients with type 1
and patients with type 2 diabetes (T1D/T2D)
receiving insulin therapy.
Methods: The IQVIA CORE Diabetes Model
(version 9.5) was used to project the lifetime
costs and health outcomes of flash glucose
monitoring and SMBG/POCT from a Chinese

societal perspective. We considered both hos-
pital and individual version flash glucose mon-
itoring to reflect the clinical practice in China.
The clinical inputs leveraged the outcomes from
both clinical trials and real-world studies.
Cohort characteristics, intervention costs,
treatment-related disutility and mortality were
extracted from the literature. We also con-
ducted scenario analyses and probabilistic sen-
sitivity analyses to test the robustness of results.
Results: Compared with SMBG/POCT using
efficacy results from clinical trial, flash glucose
monitoring brought the incremental costs of
Chinese yuan (CNY) 58,021 and CNY 90,997
and additional quality-adjusted life years
(QALYs) of 1.22 and 0.65 for patients with T1D
and patients with T2D, respectively. According
to the ‘‘WHO-CHOICE threshold’’ of three times
the gross domestic product per capita in China
(CNY 217,341 in 2020) as cost-effectiveness
threshold, flash glucose monitoring was cost-
effective for both patients with T1D and
patients with T2D with incremental cost-effec-
tiveness ratios (ICER) of CNY 47,636 and
CNY 140,297 per QALY gained, respectively.
According to the real-world effectiveness data,
flash glucose monitoring was dominant for
patients with T1D (lower costs and better
effectiveness) and cost-effective for patients
with T2D with an ICER of CNY 124,169 per
QALY gained compared with SMBG/POCT.
Scenario analyses and probabilistic sensitivity
analyses confirmed the robustness of the results.
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Conclusion: Flash glucose monitoring is likely
to be considered as a cost-effective strategy
compared to SMBG/POCT for Chinese patients
with T1D and patients with T2D receiving
insulin therapy.

Keywords: Cost-effectiveness; Flash glucose
monitoring; Self-monitoring of blood
glucose/point of care testing (SMBG/POCT);
Type 1 diabetes; Type 2 diabetes

Key Summary Points

Continuous glucose monitoring systems
are increasingly being adopted as an
alternative to self-monitoring of blood
glucose/point of care testing (SMBG/
POCT) by persons with diabetes receiving
insulin therapy.

Flash glucose monitoring is demonstrated
to facilitate better glucose monitoring,
reduce the event rate of hypoglycemia,
and improve quality of life of diabetes
patients.

The IQVIA CORE Diabetes Model v9.5 was
used to compare the cost-effectiveness of
flash glucose monitoring versus SMBG/
POCT for both patients with type 1 and
patients with type 2 diabetes from a
Chinese societal perspective.

The analyses showed that flash glucose
monitoring was cost-effective compared
with SMBG/POCT, with an incremental
cost-effectiveness ratio of Chinese yuan
(CNY) 47,636 per quality-adjusted life
years gained in patients with type 1
diabetes and CNY 140,297 per quality-
adjusted life years gained in patients with
type 2 diabetes.

Scenario analyses further demonstrated
that flash glucose monitoring was likely to
be an optimal option from both health
outcomes and economic considerations
compared to SMBG/POCT.

INTRODUCTION

Diabetes is a major public health concern
worldwide [1]. The aging of the diabetic popu-
lation has raised dramatic needs for better
healthcare service [2, 3]. A recent study indi-
cated that the prevalence of diabetes in main-
land China has increased from 10.9% in 2013 to
12.8% in 2017 [4]. This climb in prevalence is
mostly ascribed to type 2 diabetes (T2D) [5], but
the incidence of type 1 diabetes (T1D) has also
witnessed a rapid increase, especially among
children with an approximately fourfold
growth in the last 20 years [6–8].

Insulin therapy is the mainstream treatment
for diabetes. At the disease onset, 93.9% of
patients with T1D would immediately initiate
insulin treatment, while some patients with
T2Dmay also receive insulin treatment but with
a lower daily dose [8–10]. Insulin is effective in
lowering glucose level, but too much insulin or
other diabetes medications may cause the blood
sugar level to drop too low, causing hypo-
glycemia, which can lead to coma and even
death [11]. Furthermore, severe hypoglycemia
episodes have led to a great economic burden
on both global and Chinese healthcare systems
[12, 13].

Glucose monitoring has been recognized as
one of the most important components in dia-
betes management. Knowing patients’ current
glucose reading is often the first step to further
adjust patients’ diets, activities, and medica-
tions to achieve their glycemic goals [14, 15].
The self-monitoring of blood glucose (SMBG/
POCT) is the mainstream and standard of blood
glucose monitoring approach in China [15]. It is
universally considered to be an integral part of
T1D management and crucial for optimizing
the safety of patients with T2D. Patients with
diabetes can receive real-time glucose level
through SMBG/POCT and adjust their diet and
treatment dose accordingly [16]. However,
SMBG/POCT cannot detect nocturnal hypo-
glycemia and asymptomatic hypoglycemia, and
it needs multiple finger-stick blood samples
throughout the day. Therefore, SMBG/POCT
may cause pain, discomfort, and compliance
issues. In addition, SMBG/POCT cannot provide
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any information on glucose trends, which may
miss important glucose fluctuations [17].

Continuous glucose monitoring (CGM) sys-
tems are increasingly being adopted as an
alternative to SMBG/POCT by persons with
diabetes receiving insulin therapy. Unlike
SMBG/POCT which can only provide a single
instant glucose value for each test, CGM can
offer continuous glucose data as a reference to
adjust insulin therapy and monitor lifestyle
intervention [17]. Nevertheless, conventional
CGM still requires calibration via SMBG/POCT
measurements to ensure accuracy [18].

A flash glucose monitoring system (here-
inafter referred to as ‘‘flash monitoring’’) mea-
sures glucose levels in the interstitial fluid every
minute, allowing for continuous glucose mea-
surement. Thus, flash monitoring is sometimes
referred to as intermittently scanned CGM
(isCGM). Compared with SMBG/POCT and
conventional CGM, it can be particularly ben-
eficial to patients with diabetes who need long-
term glucose monitoring and accurate trends of
glucose [19]. In flash monitoring, patients have
a sensor worn on the back of their upper arm to
measure the glucose, and a separate reader to
swipe over the sensor to get the glucose data. In
China, there are an individual version (FreeStyle
Libre; Abbott Diabetes Care, Witney, UK)
mainly for out-of-hospital use, and a hospital
version (FreeStyle Libre H; Abbott Diabetes
Care, Witney, UK) of flash monitoring for hos-
pital settings. Each sensor for flash monitoring
(no matter whether the hospital version or
individual version) can be used for up to 14 days
without calibration via SMBG/POCT measure-
ments. Each sensor could be matched with one
reader for the individual version, while the
hospital version enables one reader to connect
multiple sensors and monitor the glucose level
of multiple patients. Results from several ran-
domized controlled trials (RCTs) and real-world
evidence (RWE) studies suggested that flash
monitoring can facilitate better glucose moni-
toring, reduce time in hypoglycemia, increase
time in normal glucose range, and improve
quality of life and patient satisfaction compared
with SMBG/POCT [20, 21].

Previous studies indicated that flash moni-
toring is cost-effective in Sweden, Greece, and

the UK [22–24]. However, no studies addressed
its cost-effectiveness in China, and none of the
previous studies considered the use of a com-
bination of individual version and hospital
version of flash monitoring. To fill this gap, our
study aims to evaluate the cost-effectiveness of
using flash monitoring (hospital version and
individual version) versus SMBG/POCT for
insulin-treated patients with T1D and patients
with T2D in China.

METHODS

CORE Diabetes Model

IQVIA CORE Diabetes Model (CDM) 9.5 version
was used for the analyses. The CDM is an
internet-based model, simulating the long-term
health outcomes and economic consequences
of interventions in T1D and T2D. There are 17
interdependent sub-models with the combina-
tion of Monte Carlo simulation and Markov
modelling designed as the underlying mathe-
matical engine to capture the long-term pro-
gression of diabetes complications. The CDM
allows the estimation in life expectancy, qual-
ity-adjusted life years (QALYs), direct costs, and
indirect costs. Past validation studies have
confirmed the IQVIA CDM as a credible tool to
support policy decisions related to disease
management in T1D and T2D [25].

The study was performed from the Chinese
societal perspective (indirect costs were not
included for patients with T2D as the start age
of T2D in this analysis was older than the
retirement age). Costs and health outcomes
were evaluated over a lifetime horizon. Both
costs and health outcomes were discounted at
an annual rate of 5% [26]. As there is no docu-
mentation on the willingness-to-pay (WTP)
threshold for a QALY gained in China, three
times the annual gross domestic product (GDP)
per capita, Chinese yuan (CNY) 217,341 in 2020
as recommended by the World Health Organi-
zations Commission on Macroeconomics and
Health, was used as threshold in this study.

This study is based on previously conducted
studies and does not contain any new studies
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with human participants or animals performed
by any of the authors.

Data Collection

Pragmatic reviews were conducted in PubMed,
CNKI, and WANFANG database to obtain the
best available model inputs. The reviews
focused on patient baseline characteristics and
healthcare costs of diabetes-related complica-
tions. For inputs with multiple sources, we
selected the data from the latest and best rep-
resentative source for Chinese patients with
diabetes. Then, in-depth clinical expert inter-
views were conducted to validate model inputs.
The five experts were selected considering their
experience in diabetes management and glu-
cose monitoring.

Model Inputs

Cohort
Cohort baseline characteristics were identified
from published literature. For those unavailable
data inputs, we used the median of interview
results. Detailed cohort baseline characteristics
are listed in Table 1 and Supplementary
Table S1.

Intervention Effects
In this study, the intervention is flash moni-
toring versus SMBG/POCT among insulin-trea-
ted patients with T1D and patients with T2D.
The intervention effects of flash monitoring
were retrieved from two RCTs of flash moni-
toring, the IMPACT trial for patients with T1D
and the REPLACE trial for patients with T2D
[27, 28].

Although no significant differences were
seen in the effect on HbA1c, the values of
HbA1c changes by the end of the studies were
still used as the change from baseline HbA1c at
the end of year 1. For patients with T1D, an
increase of 0.15% in the flash monitoring arm
and 0.17% in the SMBG/POCT arm were
implemented in the analyses [27]; for patients
with T2D, a reduction of 0.29% in the flash
monitoring arm and 0.31% in the SMBG/POCT
arm were used [28].

Hypoglycemia was defined as three levels in
CDM: (1) non-severe hypoglycemia event
(NSHE); (2) severe hypoglycemia event grade 1
(SHE1), requiring non-medical assistance; and
(3) severe hypoglycemia event grade 2 (SHE2),
requiring medical assistance. Event rates of non-
severe and severe hypoglycemia in the SMBG/
POCT arm were retrieved from a long-term
observational study for patients with T1D and a
meta-analysis for patients with T2D [29, 30]. We
used the CDM default proportion to separate
SHE1 and SHE2 [31]. The event rates of the flash
monitoring arm were calculated on the basis of
the relative differences compared to the SMBG/
POCT arm. The relative differences were
extracted from the IMPACT trial and REPLACE
trial for patients with T1D and patients with
T2D, respectively [27, 28].

In addition to the hypoglycemia events, we
also considered the impact of ketoacidosis
events for patients with T1D. Data from a recent
real-world study that published the ketoacidosis
event rates in patients with T1D were used [32].
Our analyses for T2D did not consider ketoaci-
dosis events as they rarely occur in patients with
T2D [33]. Detailed treatment effects data are
presented in Table 2.

Cost Inputs
Costs included glucose monitoring costs, insu-
lin therapy costs, diabetes-related chronic
complication treatment costs, acute event
treatment cost, screening costs, and indirect
costs (only for the T1D cohort). All costs data
were inflated to 2021 Chinese currency using
consumer price index from the National Bureau
of Statistics of China. Details can be seen in
Table 3 and Supplementary Tables S2 and S3.

The monitoring frequency of SMBG/POCT
was derived from the IMPACT and REPLACE
trials [27, 28]. It is worth noting that for
patients using flash monitoring, SMBG/POCT
was also administered. The monitoring fre-
quency of SMBG/POCT was 0.5 tests/day and
0.3 tests/day for patients with T1D and patients
with T2D using flash monitoring, and
5.6 tests/day and 3.8 tests/day for patients using
SMBG/POCT.

According to the clinical interview results,
the average numbers of inpatient visit for
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Chinese patients with T1D and patients with
T2D were 1.3 times/year and 1 time/year, and
the average lengths of stay were 8.1 days and
7 days. As there are both a hospital version and
individual version of flash monitoring in China,
our analyses assumed that patients with T1D
and patients with T2D would use 1.3 hospital
version sensors and 1 hospital version sensor
each year, respectively. Except for the inpatient
stay, patients would use the individual version
of flash monitoring. Similarly, different unit
costs of SMBG/POCT test were used for hospital
and out-of-hospital settings.

The baseline insulin dosages of Chinese
patients with T1D and patients with T2D were
obtained from two retrospective studies
[34, 35], and further calculated considering the
change observed in the IMPACT and REPLACE
trials after 6 months of glucose monitoring
using different approaches [27, 28].

Diabetes-related chronic complication fre-
quencies were simulated by CDM. The

cardiovascular (CV) disease risks were calculated
by using China-PAR (prediction for atheroscle-
rotic cardiovascular disease risk in China) CV
risk equations to better reflect the correlation
between patient characteristics and CV out-
comes in the Chinese population. Acute event
treatment costs in patients with T1D included
treatment costs for severe hypoglycemia and
ketoacidosis, while only severe hypoglycemia
treatment costs were included for patients with
T2D. These acute events were considered with-
out long-term component, and the costs occur
only once and are applied in the same year as
the corresponding event. The indirect costs
calculated the productivity loss resulting from
morbidity and mortality associated with the
disease for patients of working age. Costs per
day absent from work are calculated separately
for male and female patients on the basis of
their average annual salary and the number of
working days per year respectively. Each ongo-
ing complication and acute event is associated

Table 1 Cohort characteristics

Baseline characteristics T1D cohort T2D cohort

Mean – SD Source Mean – SD Source

Demographics

Start age (years) 33.3 ± 13.2 Ref. [9] 59.4 ± 10.4 Ref. [40]

Duration of diabetes (years) 0 ± 13.2 Ref. [9] 9 ± 6.7 Ref. [40]

Male (%) 49.0 Ref. [9] 55.6 Ref. [40]

Baseline risk factors

HbA1c (%) 10.3 ± 0.5 Ref. [9] 8.4 ± 2.0 Ref. [40]

Systolic blood pressure (mmHg) 119.8 ± 16.1 Ref. [6] 132.0 ± 18.7 Ref. [40]

Diastolic blood pressure (mmHg) 75.6 ± 11.1 Ref. [6] 79.0 ± 10.6 Ref. [40]

Total cholesterol (mg/dL) 166.3 ± 34.8 Ref. [9] 191.9 ± 29.8 Ref. [40]

HDL (mg/dL) 48.0 ± 16.2 Ref. [6] 50.8 ± 13.8 Ref. [46]

LDL (mg/dL) 102.1 ± 41.0 Ref. [6] 106.7 ± 22.0 Ref. [40]

Triglycerides (mg/dL) 119.0 ± 0.0 Ref. [47] 147.0 ± 79.3 Ref. [40]

Body mass index 21.4 ± 3.5 Ref. [6] 25.2 ± 6.5 Ref. [40]

T1D type 1 diabetes, T2D type 2 diabetes, HbA1c glycated hemoglobin, HDL high-density lipoprotein, LDL low-density
lipoprotein
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with a certain number of days absent from
work. As the baseline age of patients with T2D
was older than the retirement age in China, no
indirect costs were calculated for T2D.

Utilities, Disutility, and Mortality
A treatment-related disutility of - 0.03 was
applied to the SMBG/POCT arm in accordance
with published research [36]. The mortality of
severe hypoglycemia events, 10.77%, retrieved
from a recent study in Chinese diabetes popu-
lation was also implemented into the model to
better calibrate the results [37]. In addition, as
ketoacidosis events were considered in the
analyses, the mortality of ketoacidosis events in
T1D, 2.7%, was also included [38].

Supplementary Table S4 shows other utilities
and disutilities for diabetes complications.
Supplementary Table S5 shows the non-specific
mortality for the Chinese population.

Scenario and Sensitivity Analyses

RWE Scenario Analysis
To better reflect the potential benefits of flash
monitoring in real-world settings, we con-
ducted a scenario analysis with HbA1c treat-
ment effect from study population whose
baseline HbA1c was the closest to Chinese
patients with diabetes. For T1D, the change in
HbA1c using flash monitoring was retrieved
from a real-world study whose baseline HbA1c
was most similar to Chinese patients with T1D
(10.28% in the real-world study vs.10.3% in
Chinese patients with T1D) [34]. The - 0.88%
change from baseline HbA1c using flash moni-
toring was implemented in this scenario analy-
sis. Similarly, a - 0.5% change from the baseline
HbA1c was adopted for patients with T2D in the
scenario analysis [35].

Table 2 Treatment effects

Flash monitoring SMBG/POCT

Patients with T1D

Physiological parameters

Change from baseline HbA1c at the end of year 1 (%) 0.15 0.17

Acute event rates (per 100 patient years)

NSHE 2634 3550

SHE1 35.7 79.4

SHE2 13.8 30.6

Ketoacidosis 1.0 1.4

Patients with T2D

Physiological parameters

Change from baseline HbA1c at the end of year 1 (%) - 0.3 - 0.3

Acute event rates (per 100 patient years)

NSHE 1685 2331

SHE1 43.9 92.6

SHE2 5.9 12.4

SMBG/POCT self-monitoring of blood glucose/point of care testing, T1D type 1 diabetes, T2D type 2 diabetes, NSHE
non-severe hypoglycemia event, SHE1 severe hypoglycemia event grade 1 (requiring non-medical assistance), SHE2 severe
hypoglycemia event grade 2 (requiring medical assistance), HbA1c glycated hemoglobin
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Sensitivity Analysis
One-way sensitivity analysis (OWSA) and prob-
abilistic sensitivity analysis (PSA) were per-
formed to test the robustness of results in an
RCT scenario concerning variable uncertainties
and modeling assumptions. The following
OWSAs were also conducted for both T1D and
T2D: event rate of NSHE and SHE (from pub-
lished Chinese literature [13]), discount rate
(0% or 8%), time horizon (5 years), disutility of
NSHE and SHE (the upper and lower limits of

95% CI), SMBG/POCT treatment disutility (the
upper and lower limits of 95% CI), flash moni-
toring sensor cost (- 20%), insulin cost
(± 20%), complication treatment cost (± 20%),
and SMBG/POCT frequency (7 times per day
recommended by Chinese guidelines [15]).

PSA was conducted to test the composite
parameter uncertainty using Monte Carlo sim-
ulation with 1000 expected values of flash
monitoring and SMBG/POCT.

Table 3 Intervention costs and acute event treatment costs

T1D T2D

Intervention: unit costs (CNY)

Sensor: individual version 475

Sensor: hospital version 850

SMBG/POCT: out-of-hospital (test strip and lancet) 1.64

SMBG/POCT: charge of SMBG/POCT test in hospitals, including test strip and lancet 6

Insulin (per unit) 0.43

Intervention: daily dosage of insulin (unit)

Flash monitoring 37.1 34.8

SMBG/POCT 36.8 34.9

Annual intervention costs: glucose monitoring (CNY)

Flash monitoring 13,372 13,248

SMBG/POCT 3675 2488

Annual intervention costs: insulin therapy (CNY)

Flash monitoring 5827 5466

SMBG/POCT 5780 5482

Acute event treatment: unit costs (CNY)

NSHE 186 262

SHE 1 75 75

SHE 2 24,609 24,609

Diabetic ketoacidosis (T1D only) 14,281 –

CNY Chinese yuan, SMBG/POCT self-monitoring of blood glucose/point of care testing, T1D type 1 diabetes, T2D type 2
diabetes, NSHE non-severe hypoglycemia event, SHE1 severe hypoglycemia event grade 1 (requiring non-medical assis-
tance), SHE2 severe hypoglycemia event grade 2 (requiring medical assistance)
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RESULTS

RCT Scenario

According to the intervention effects from
RCTs, flash monitoring was associated with an
incremental benefit of 1.22 QALYs and an
increased cost of CNY 58,021 compared with
SMBG/POCT for patients with T1D. As for
patients with T2D, flash monitoring was asso-
ciated with an incremental benefit of
0.65 QALYs and an increased cost of
CNY 90,997 compared with SMBG/POCT.
Given a WTP threshold of three times the GDP
per capita in China (CNY 217,341 in 2020),
flash monitoring was a cost-effective option for
both patients with T1D and patients with T2D,
resulting in an incremental cost-effectiveness
ratio (ICER) of CNY 47,636 per QALY gained
and CNY 140,297 per QALY gained, respec-
tively. The full results are presented in Table 4.

RWE Scenario

The results of using treatment effect of HbA1c
change from real-world studies are reported in
Table 4. In this scenario analysis, flash moni-
toring dominated SMBG/POCT in patients with
T1D, and yield ICER of CNY 124,169 per QALY
gained compared with SMBG/POCT in patients
with T2D.

Sensitivity Analyses

Sensitivity analyses showed that the results were
robust to variable changes. Flash monitoring
remained cost-effective compared with SMBG/
POCT in all the scenarios investigated (results
are presented in Table 5).

Figure 1 presents the probability of being
cost-effective at different WTP values in the
form of cost-effectiveness acceptability curves.
When the WTP threshold was set to
CNY 217,341 per QALY gained, the probability
of flash monitoring being a cost-effective strat-
egy compared with SMBG/POCT is 100% for
T1D under both scenarios, and 97.2% and
99.1% for T2D under the RCT scenario and RWE
scenario, respectively. Other PSA results

presented in scatter plots can be found in Sup-
plementary Figs. S1 and S2.

DISCUSSION

As the first cost-effectiveness study of flash
monitoring in China, our study found that flash
monitoring is likely to be a cost-effective option
compared with SMBG/POCT, with favorable
ICERs at CNY 47,636 and CNY 140,297 for
patients with T1D and patients with T2D, con-
sidering the treatment effect in IMPACT/
REPLACE trials. Although flash monitoring is
more expensive than SMBG/POCT in glucose
monitoring under current prices and SMBG/
POCT test frequency, flash monitoring can off-
set the cost in acute events (ketoacidosis and
hypoglycemia in T1D; hypoglycemia in T2D),
and reduce indirect cost (productivity loss in
T1D only) with additional QALYs. Flash moni-
toring per se may not directly alter the glucose
level of patients with diabetes, but it is consid-
ered as part of diabetes management strategy.
Improvements in acute events can be achieved
through flash monitoring owing to more con-
venient access to real-time sensor glucose
results with trend arrows, which inform the
lifestyle modification. Meanwhile, flash moni-
toring provides more fluent glucose data to
guide the insulin adjustment by physicians [28].

IMPACT and REPLACE studies suggested no
significant differences in HbA1c changes com-
paring flash monitoring with SMBG/POCT.
Nevertheless, the results could be partially
explained by the good glycemic control of the
study population. According to a meta-analysis
including 25 studies, flash monitoring could
result in a significant and sustained reduction in
HbA1c and the degree of change in HbA1c was
correlated to the baseline HbA1c level of the
study population [39]. Given the different
baseline HbA1c level between IMPACT/
REPLACE trial and Chinese patients with dia-
betes, a comprehensive cost-effectiveness eval-
uation from both RCT and RWE scenarios could
shed light on future decision-making
[9, 27, 28, 40].

The results from RWE scenario analysis also
showed promising cost-effectiveness of flash
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monitoring compared to SMBG/POCT. Flash
monitoring dominates SMBG/POCT in Chinese
patients with T1D with reduced costs and better
health outcomes. Similarly, the result of

implementing treatment effect from real-world
studies in T2D strengthened flash monitoring’s
cost-effectiveness, with an ICER of
CNY 124,169. Results under the RWE scenario

Table 4 Results from RCT and RWE scenarios

T1D T2D

Flash
monitoring

SMBG/
POCT

Incremental Flash
monitoring

SMBG/
POCT

Incremental

RCT scenario results

Costs (CNY) 1,098,593 1,040,572 58,021 497,054 406,057 90,997

Direct costs 901,253 791,555 109,698 497,054 406,057 90,997

Intervention 288,159 134,341 153,818 209,996 88,028 121,968

Disease monitoring 3605 3407 198 3422 3359 63

Chronic

complications

482,569 450,040 32,529 217,520 213,000 4520

Acute events 126,919 203,765 - 76,846 66,116 101,669 - 35,553

Indirect costs* 197,340 249,017 - 51,677 – – –

LYs 14.76 13.92 0.84 10.78 10.60 0.18

QALYs 9.20 7.98 1.22 6.87 6.22 0.65

ICER (CNY/QALY) – – 47,636 – – 140,297

RWE scenario results

Costs (CNY) 1,040,864 1,042,582 - 1718 495,167 408,907 86,261

Direct costs 847,675 780,404 67,271 495,167 408,907 86,261

Intervention 290,631 134,776 155,855 210,319 87,819 122,500

Disease monitoring 3736 3443 293 3426 3350 76

Chronic

complications

425,419 437,663 - 12,244 215,283 216,269 - 986

Acute events 127,890 204,523 - 76,633 66,140 101,469 - 35,329

Indirect costs* 193,189 262,177 - 68,989 – – –

LYs 14.90 13.97 0.93 10.80 10.57 0.23

QALYs 9.31 8.00 1.32 6.89 6.20 0.70

ICER (CNY/QALY) – – Dominant – – 124,169

CNY Chinese yuan, SMBG/POCT self-monitoring of blood glucose, T1D type 1 diabetes, T2D type 2 diabetes, LY life year,
QALY quality-adjusted life year, ICER incremental cost-effectiveness ratio
*As the baseline age of patients with T2D was older than the retirement age in China, no indirect costs were calculated for
T2D from the societal perspective
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demonstrated the potential of flash monitoring
in reducing chronic complication costs in both
patients with T1D and patients with T2D owing
to its favorable effect in HbA1c reduction.

As an innovative glucose monitoring
approach, flash monitoring is increasingly used
in diabetes management in both hospital and
out-of-hospital settings. A review of 17 health
technology assessment (HTA) reports on flash
monitoring has reached a conclusion on its
efficacy in reducing events, time in hypo-
glycemia, improving patient satisfaction, as well
as its potential to be cost-effective or cost saving
in certain patient populations [20]. Our study
results further demonstrate the potential of
flash monitoring to be a cost-effective option
compared with SMBG/POCT in the Chinese
setting.

Apart from this analysis, there are some
published abstracts, articles, and HTA reports
comparing the cost-effectiveness of flash

monitoring and SMBG/POCT in western popu-
lations [22–24]. Overall, results of our study
were consistent with previous studies. One
study found that flash monitoring led to 0.56
additional QALYs in patients with T2D from the
Swedish societal perspective [22]. Another study
using CDM conducted from a Greek payer per-
spective reached a similar conclusion that flash
monitoring may create 0.567 and 0.317 addi-
tional QALYs compared to SMBG/POCT for T1D
and T2D, respectively [24]. Even using different
modelling approaches, an HTA conducted in
Scotland arrived at the same conclusion [41].

Some limitations of the study should be
acknowledged. First, health outcome simula-
tion and prediction in this model were mainly
conducted on the basis of efficacy data from
clinical trials and real-world studies in western
populations. Although there are some Chinese-
specific clinical studies of flash monitoring,
considering the study design (small sample size

Table 5 Sensitivity analysis results (CNY/QALY)

Scenario analysis ICER: flash monitoring vs. SMBG/
POCT

T1D T2D

Non-severe and severe hypoglycemia event rate from a Chinese study 31,150 102,664

0% discount rates for costs and health outcomes 66,289 138,868

8% discount rates for costs and health outcomes 41,657 141,198

5-year time horizon 45,315 146,958

Upper limit of 95% CI of non-severe and severe hypoglycemia event disutility 48,262 142,897

Lower limit of 95% CI of non-severe and severe hypoglycemia event disutility 47,022 137,790

Upper limit of 95% CI of SMBG/POCT treatment disutility 51,874 159,280

Lower limit of 95% CI of SMBG/POCT treatment disutility 43,569 123,469

Sensor cost of flash glucose monitoring decreased by 20% 15,892 95,298

Insulin costs increased by 20% 48,512 140,524

Insulin costs decreased by 20% 46,760 140,053

Complication treatment costs increased by 20% 40,359 130,728

Complication treatment costs decreased by 20% 54,914 149,867

SMBG/POCT frequency of 7 times per day 37,106 105,179

CNY Chinese yuan, QALY quality-adjusted life year, ICER incremental cost-effectiveness ratio, SMBG/POCT self-moni-
toring of blood glucose, T1D type 1 diabetes, T2D type 2 diabetes
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and short follow-up period), Chinese-specific
clinical efficacy data were not used in our
analyses. Nevertheless, clinical studies for Chi-
nese patients with T1D and patients with T2D
yielded similar treatment effect, such as the
reduction of hypoglycemia events and the
changes in HbA1c from baseline [42–45].

Some Chinese population baseline clinical
data were also missing in our analyses, e.g., the
hypoglycemia event rates in Chinese patients
with T1D and patients with T2D receiving
insulin treatment. To understand the potential
impact on results, a scenario analysis using
hypoglycemia event rates from the Chinese
study was also conducted (no specified data for
patients with T1D or T2D, assuming equal event
rates of hypoglycemia in T1D and T2D) [13].
Results showed that flash monitoring is still
cost-effective compared with SMBG/POCT in
both patients with T1D and patients with T2D,
demonstrating the robustness of base case
results. Future studies are expected with more
Chinese population-specific data.

In addition, similar to previous cost-effec-
tiveness studies, the treatment pathway was
simplified for both patients with T1D and
patients with T2D under the assumption of

unchanged use of glucose monitoring and
insulin, as the change would not alter the con-
clusion of the study [22]. However, the fre-
quency of glucose monitoring and the dosage of
insulin use are likely to change over time in the
real-world clinical setting.

Despite limitations, our study used a well-
validated model with best available data inputs
and adopted scenarios and sensitivity analyses
to disclose comprehensive cost-effectiveness
findings. We used different levels of hypo-
glycemia and nocturnal hypoglycemia, and
combining hospital and individual version flash
monitoring, to reflect the current clinical real-
ity. Scenarios of HbA1c treatment effect from
real-world studies were also analyzed. In com-
parison with medicines, the cost-effectiveness
of medical devices is generally less examined
because of the potential challenges of insuffi-
cient clinical evidence, shorter product lifecy-
cle, inexplicit target population, etc. This study
is valuable in providing implications for future
cost-effectiveness studies of medical devices in
China. Meanwhile, the study results may pro-
vide important references for diabetes disease
management and reimbursement decision-
making in China.

Fig. 1 Cost-effectiveness acceptability curves under different scenarios. T1D type 1 diabetes, T2D type 2 diabetes, RCT
randomized clinical trial, RWE real-world evidence
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CONCLUSION

Compared with SMBG/POCT, flash monitoring
enables better glucose control, further reducing
expenditures in acute event treatments. Our
analyses suggested that flash monitoring (com-
bination use of hospital version and individual
version) is likely to be a more cost-effective
strategy for both T1D and T2D insulin users
compare to SMBG/POCT from the Chinese
societal perspective.
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