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Abstract

Background: Apps for rea-time continuous glucose monitoring (CGM) on smartphones and other devices linked to CGM
systems have recently been developed, and such CGM apps are also coming into use in Japan. In comparison with conventional
retrospective CGM, the use of CGM apps improves patients' own blood glucose control, which is expected to help slow the
progression of type 2 diabetes mellitus (DM) and prevent complications, but the effect of their introduction on medical costs
remains unknown.

Objective: Our objective in this study was to perform an economic appraisal of CGM apps from the viewpoint of assessing
public medical costs associated with type 2 DM, using the probability of developing type 2 DM—associated complications, and
data on medical costs and utility value to carry out a medical cost simulation using a Markov model in order to ascertain the
cost-effectiveness of the apps.

Methods: We developed a Markov model with the transition states of insulin therapy, nephrosis, dialysis, and cardiovascular
disease, dl of which have amajor effect on medical costs, to identify changesin medical costs and utility values resulting from
the introduction of a CGM app and calculated the incremental cost-effectiveness ratio (ICER).

Results: TheICER for CGM app use was US $33,039/quality-adjusted life year (QALY).

Conclusions:  Sensitivity analyses showed that, with the exception of conditions where the transition probability of insulin
therapy, utility value, or increased medical costs increases, the ICER for the introduction of CGM apps was below the threshold
of US$43,478/QALY used by the Central Social Insurance Medical Council. Our results provide basi ¢ data on the cost-effectiveness
of introducing CGM apps, which are currently starting to come into use.

(J Med Internet Res 2020;22(9):€16053) doi: 10.2196/16053

KEYWORDS

Markov model; telehealth; continuous glucose monitoring (CGM); type 2 diabetes mellitus; cost-effectiveness; incremental cost
and effectiveratio (ICER)

https://www.jmir.org/2020/9/e16053 JMed Internet Res 2020 | vol. 22 | iss. 9| €16053 | p. 1
(page number not for citation purposes)


mailto:oga@hs.hokudai.ac.jp
http://dx.doi.org/10.2196/16053
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Introduction

According to a2016 World Health Organization (WHO) global
report of patients with type 2 diabetes mellitus (DM), there are
currently over 420 million peoplewith this condition worldwide,
a 3.9-fold increase compared with 1980 [1]. In Japan, the
number of peoplewith type 2 DM reached 3.29 millionin 2017,
representing an increase of over 120,000 from the previous
survey in 2014 [2]. Theincreased medical costs of diabetesand
related complications associated with the rising number of
people with type 2 DM are becoming an issue [3]. The total
medical cost of type2 DM in JapanisUS $10.6 hillion, and the
cost of related diseases is US $38.3 hillion, accounting for
around 14% of the country's total medical expenditure of US
$354.8 hillion [4]. The complications of type 2 DM include
nephropathy, neuropathy, and retinopathy; nephropathy, in
particular, is a driver of increasing medical costs because
patients with this condition frequently transition to dialysis,
which costs around 5 million yen per year. To prevent medical
costs from ballooning further, it will be necessary to both
prevent the onset of type 2 DM itself and control its
complications, which requires control of elevated blood glucose
levelswith insulin administration or oral medication. Proactive
treatments to lower blood glucose levels, however, are leading
to increases in the occurrence of cardiovascular disease and
coma as side effects of hypoglycemia [5,6]. In a recent
large-scale retrospective study using a medical fees database,
around 20,000 patients with type 2 DM were hospitalized
annually for hypoglycemia, 3.8% of whom died [7]. Inthe same
analysis, the estimated incidence of hypoglycemiain patients
with type 2 DM was 2.1 episodes/1000 people/year and was
associated with incidents such as traffic accidents and falls.
Preventing the progression of type 2 DM and its associated
complicationsthus requirestreatmentsto control hyperglycemia
while avoiding putting patients in a hypoglycemic state, and
this necessitates the daily real-time assessment of blood glucose
levels by individual patients. One current method of
hypoglycemia management for patients with type 2 DM is
retrospective continuous glucose monitoring (CGM), in which
blood glucose measurements over a certain period are
aggregated and the user examines them after the event to
determine any trends [8-10], but this method entails measuring
blood glucose levels at regular intervals, and checking blood
glucose levels in rea time and taking measures to avert
hypoglycemiaor other conditions are difficult tasks. To resolve
this issue, apps for real-time CGM on smartphones and other
deviceslinked to CGM systems have recently been developed,
and such CGM apps are also coming into use in Japan. CGM
apps enable medical staff in distant locations and patients
families to monitor and share blood glucose level data via
smartphonesor other mobiledevices. Clinical trialsare currently
underway to investigate the clinical effectiveness of CGM apps
in actual use, such as whether they reduce the incidence of
complications or have any effect on HbA1c levels, and it is
hoped that, in comparison with conventional retrospective CGM,
they may help delay the progression of type 2 DM and control
complications by improving patients’ own blood glucose control,
enabling real-time patient guidance and family members to
monitor patients' blood glucose levels. In advance of their
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introduction, however, simulations to establish their effect on
medical costs will also be required. Our objective in this study
was to carry out an economic evaluation of CGM apps from
the viewpoint of assessing public medical costs associated with
type 2 DM, using a Markov model of the probability of
transitioning to type 2 DM—associated complications and data
on medical costs and utility value to carry out a medical cost
simulation in order to ascertain the cost-effectiveness of the

apps.
Methods

Analysis Design

The subjects of this study were patients with type 2 DM
receiving insulin therapy, and changes in their medical costs
and utility values astheresult of theintroduction of aCGM app
were estimated using a Markov model. In general, there are
several modeling designs to measure or simulate
cost-effectiveness, of which the most common are the Markov
and decision tree models. Thelatter is used in situations where
cost-effectiveness of multiple treatments are evaluated, when
the patient condition changes irreversibly, or with a relatively
short time period, while the Markov model is more suitable for
diseasesthat span longer time periods, such as chronic diseases
[11]. The duration of DM treatmentsis generally long, and the
patient condition can change multiple times. For these reasons,
the Markov model was more suitable than the decision tree
model for this study.

The main patient states in the constructed model were diabetic
nephropathy, dialysis, and cardiovascular disease, al of which
have major effects on the medical costs of patients undergoing
insulin treatment. To simulate this in a more detailed way, the
patient’s disease situation was classified as any of following;
insulin therapy, microalbuminuria, macroa buminuria, end-stage
renal disease (ESRD) dialysis, cardiovascular events, or death.
The assumption was that the first complication developed by
patients receiving insulin therapy would be diabetic
nephropathy, followed by either cardiovascular diseaseinduced
by type2 DM or theintroduction of dialysis. It was aso assumed
that diabetic nephropathy would progress to the point at which
dialysis was required. The model also assumed that patients
with diabetic nephropathy, with cardiovascular disease, or
undergoing dialysis would eventually die. The Markov model
was updated at yearly intervals for a 20-year analysis period
(Figure 1).

The Markov model was adopted to define the patient’s chronic
condition at any point in time. The construction of the model
is based on the Markov property that the state at any time point
is dependent only on the state at the previous time point. If the
initial number of patients used in the model is X, the model is
updated at 1-year intervals, and the total time period isn years,
themedical costs of statek (K=jy, jo s, .. J) iINyeEA t (===t =
1, 2, 3, ... n) can be expressed by Equation (1), where the
transition probability is pjijr1) = P(k = J; | Keq1= ja) and the
discount rate on yearly medical costs is 4%, with C, =

C,.,/(1+0.04)'[8]. Similarly, thetotal medical costsin the model
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can be expressed as the cumulative sum for the patient states
over the number of years concerned.
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Annual medical expenses of patient condition of k = X p_fi)r Cri-.. (1)

Figure 1. Overview of the Markov model. CGM: continuous glucose monitoring; DM: diabetes mellitus, ESRD: end-stage renal disease.
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Initial Sample Size

We initialy included 1.2 million patients identified as
undergoing insulin therapy from open data held in the NDB
(the Japanese national database of health insurance claims and
specific health checkup data) published by the Ministry of
Health, Labour and Welfare (MHLW) [12]; after the number
of patients was adjusted for the number of times a claim was
madefor a“blood glucose self-measuring instrument,” thefinal
sample size included 686,000 patients judged to be capable of
using aCGM, who had not devel oped nephrosis[13], who were
able to use a smartphone [14], and who had not had any skin
problems caused by sensor-induced itching [15]. Surveys have
indicated that the rate of use of health care appsis approximately
10% [16], and it was assumed that thiswill tend to increasein
the future, so the transition probability that patients will start
using the app was set to correspond to 15% of the patientsin
the study over the 20-year period assumed by the model,
equivalent to 100,000 users.

Assignment of Transition Probabilitiesin the CGM
App Non-Use Model

Thetransition probability that patients receiving insulin therapy
would devel op diabetic nephropathy was assigned with reference
to theresults of the Kumamoto Study [13] of type2 DM patients
in Japan. The transition probability that patients with diabetic
nephropathy would develop cardiovascular disease induced by
type 2 DM was defined using results of the United Kingdom
Prospective Diabetes Study [17]. The ultimate transition
probability from diabetic nephropathy to death was defined
using the Japan Society for Dialysis Therapy Annua Report
[18], and the transition probability from cardiovascular disease
induced by type 2 DM to death was defined with reference to
the numbers of deaths from different diseases published by the
MHLW [19]. This shows the transition probabilities between
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the different states for patients not using a CGM app (upper
part of Figure 1). We treated the transition probabilities in the
models as constant values during the time horizon.

Assignment of Transition Probabilitiesin the CGM
App Use M odel

The probability that patients undergoing insulin therapy while
using a CGM app was defined as 2.6% of the initial patient
population described previously. Thetransition probability that
patients receiving insulin therapy while using any CGM app
would devel op diabetic nephropathy was obtained from therate
of onset of patients in the Kumamoto Study [13], which is a
randomized prospective 6-year study of complications of type
2 DM. The other transition probabilities for patients using a
CGM app were assumed to be equivalent to those of patients
not using such an app. Sensitivity analyses were conducted to
investigate the effects of the probabilities so as to exclude
arbitrariness of value selection at this point.

Validity of the Models

Finaly, to verify the validity of the Markov model for CGM
app non-use, clinical data not used in the development of the
model were used to verify the estimated medical costs. This
shows the transition probabilities between the different states
for patients using a CGM app (lower part of Figure 1).

Assignment of Quality-Adjusted Life Years (QALY)

Theindex of effectivenessused in the cost-effectivenessanalysis
performed in this study was quality adjusted lifeyears (QALY).
QALY isanindicator of survival that takes quality of lifeinto
account. The utility value was set at 1 for good health and O for
death, with states under illness expressed as numbers between
Oand 1. Utility values can be measured by means such asquality
of life surveys.

JMed Internet Res 2020 | vol. 22 | iss. 9| 16053 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 1. Probability value of each patient condition.
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Transition (to each condition) Probability value, % References

Insulin therapy 2.60 National Health and Nutrition Survey [20]

Microalbuminuria
App use group 4.8 Statistics of Medical Care Activitiesin Public Health Insurance [21]
App non-use group 16 Statistics of Medical Care Activitiesin Public Health Insurance [21]

Macroa buminuria 2.80 United Kingdom Prospective Diabetes Study 64 [17]

Dialysis 2.30 Patient surveys [22]

Cardiovascular events 10.0 Vianaet a [23]

Desath 12.3 Patient surveys[22]

In this study, we used the utility value measured for type 2 DM
patients in Japan. When they could not be obtained from the
literature, the utility valuesfor patientswith complicationswere
analyzed as the range of variation in the sensitivity analysis
+10% so asto grasp the range of uncertainty, which at the same
time excludes arbitrariness in the setting of each parameters.
For example, the utility valuesfor the different stages of diabetic
nephropathy, one of the conditions addressed in this study,
comprising microalbuminuria, macroalbuminuria, and ESRD,
were assumed to be values for diabetic nephropathy during
insulin therapy without taking the stage classification by
Sakamaki et al [24] into account. The utility values of diabetic
nephropathy in patients undergoing insulin treatment in
combination with either acardiovascular event or dialysiswere
taken from the literature, as shown in Table 1. A 4% discount
rate was applied to utility values.

Assignment of Medical Costs

To start with, values for the medical costs of insulin therapy,
microalbuminuria, macroalbuminuria, ESRD, cardiovascular
disease (induced by type 2 DM), and dialysis were taken from

Table 2. Utility value of each patient condition.

those used in previous studies [25-30] (Table 2). The medical
cost of aCGM app was calculated as the cost of a CGM sensor
(US $57.39 [6,600 yen] x 3) and transmitter (US $761.74
[87,600 yen]), with the cost of installing and using the app on
a mobile device assumed to be free. The medical costs of the
various complications, such as developing ESRD while
undergoing insulin therapy, were calculated by combining the
costs of the different states, as shown in Table 3. The medica
costs used in this study were based on outpatient treatment.

To calculate the changesin medical costsfor each disease state,
the yearly medical costs and the yearly transition probabilities
weremultiplied by theinitial numbers of patients, and the values
were aggregated over a 20-year period. Medical expenses
estimated from the Markov model for n years were calculated
using Equation (2). In this equation, all indices are the same as
in Equation (1).

XTI (T, Py Ce) - @)

Patient condition Utility value

References

Insulin therapy

Insulin therapy + diabetic nephropathy

Microalbuminuria 0.81
Macroal buminuria 0.81
End-stage renal disease 0.81
Cardiovascular events 0.71
Diabetic nephropathy 0.68

0.83 (0.79-0.88)

0.81 (0.72-0.90)

Sakamaki et al [24]

Sakamaki et a [24]

Sakamaki et al [24], Okubo et a [31]
Sakamaki et al [24], Okubo et a [31]
Sakamaki et al [24], Okubo et a [31]
Haraet a [25]

Takuraet a [26]

https://www.jmir.org/2020/9/€16053

JMed Internet Res 2020 | vol. 22 | iss. 9| €16053 | p. 4
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 3. Medical feefor each patient status.
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Patient condition Annua medica expenses, US$ References
(ven)

Insulin therapy 4,891.76 (562,552) Ministry of Internal Affairs and Communication [14], Wong et a [15],
Dentsu Digital [16]

Microalbuminuria 1892.61 (217,650) Ministry of Health, Labour and Welfare [19]

Macroa buminuria 3256.41 (374,487) Ministry of Health, Labour and Welfare [19]

ESRD? 6564.92 (754,966) Ministry of Health, Labour and Welfare [19]

Cardiovascular eventsfrom diabetes  3587.30 (412,540) Dentsu Digital [16]

Dialysis 41,739.13 (4,800,000) Ministry of Health, Labour and Welfare [4]

cemP app 2,827.83 (3,25,200) Ministry of Health, Labour and Welfare [19], Sakamaki et al [24]

3ESRD: end-stage renal disease.
BCGM: continuous glucose monitoring.

Sensitivity Analysis

To confirm the robustness of our model, we carried out
sensitivity analyses of stochastic transitions, utility values, and
medical costs. The values for the sensitivity analysis of
stochastic transitions were taken from the literature, if standard
deviations were available, and were assigned from 0.5-fold to
2.0-fold if not. The values in the sensitivity analyses of both
medical costs and utility values were a uniform +10%.

Calculation of thel ncremental Cost-EffectivenessRatio

We investigated the effectiveness of the use of a CGM app by
calculating itsincremental cost-effectivenessratio (ICER). The
ICER isobtained by dividing the difference between the medical
cost of the medical technology under evaluation and that of the
conventional technology (A Cost) by the difference between
the utility value of the medical technology under evaluation and
that of the conventional technology (A Effect).

ACost($)
AEffect(QALY)

ICER($/QALY) = (3)

Investigation of the Validity of the Markov M odel

We investigated the validity of our Markov model from two
aspects. The first was its interna validity, in which we
considered it from the perspectives of whether it fully expressed
the natural progression of the states concerned and whether the
parameters used were appropriate. The second was its external
validity, which we investigated by replacing the clinical data
used in the model with other data and examining whether the
estimated val ues thus obtained were appropriate. We picked up
complications associated with DM, particularly the medical
expenditure of a complication. In the process of model
construction and selection of the parameters, the model overview
and each parameter were reviewed by a cardiology specialist.
At the sametime, we adopted the values of the parametersfrom
previous studies conducted in Japan. These operations
guaranteed the validity of our Markov model, and we judged it
could concisely express the progression of the states and the
difference of medical expenditure derived from type 2 DM.

https://www.jmir.org/2020/9/€16053

Results

Medical Costs

Thetotal medical costs for patients undergoing insulin therapy
were US $50,417,581,024 over 20 yearswith the use of aCGM
app and US $47,817,427,894 over 20 years without app use, an
increase of US $2,600,153,130 over 20 years. Theincreasesin
utility value, ICER, and QALY over 20 yearswere 78,699, US
$33,039/QALY, and 0.11 QALY per person, respectively.

In terms of the medical costs for each patient state, CGM app
use increased the costs (over 20 years) of insulin therapy (US
$3,503,535,847), macroalbuminuria (US $20,981,856), and
dialysis (US $1,465,525), whereas it decreased the cost (over
20 years) of microalbuminuria (US $842,698,713), ESRD (US
$4,280,039), and cardiovascular disease (US $78,851,346). In
terms of changes in patient numbers, the number of patients
undergoing insulin therapy increased by 21,649 people over 20
years, and the number with macroalbuminuriaincreased by 830
people over 20 years, whereas the number of patients with
microalbuminuria decreased by 13,547 people over 20 years,
with ESRD by 22 people over 20 years, undergoing dialysis by
23 people over 20 years, and with cardiovascular disease by
3357 people over 20 years. There were 5529 fewer deaths over
20 years.

Sensitivity Analyses

The sensitivity analysis of transition probabilities showed that
the minimum and maximum ICERs (US $26,989/QALY and
US $54,650/QALY) were obtained when the transition
probability from insulin therapy to macroalbuminuriawas 0.5
times or 2 times the standard value (1.24% and 5.35%,
respectively; Figure 2). The sensitivity analysisof utility values
showed that a variation of £5% in the utility value of insulin
therapy caused the ICER to vary from US $21,516/QALY to
US $71,142/QALY (Figure 3). Finaly, the sensitivity analysis
of medical costs showed that the maximum variation occurred
when the medical cost of insulin therapy wasincreased by 10%
(US$42,436/QALY) and the medical cost of macroalbuminuria
was decreased by 10% (US $31,732/QALY; Figure 4) We
carried out sensitivity analyses to investigate the effect of
variations in the CGM app use model parameters (transition
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probabilities, utility values, and medical costs) on the ICER.
First, the results of the sensitivity analysis of transition
probabilities showed that the | CER for transitioning frominsulin
therapy to macroa buminuriawas US $54,650/QALY. Although
thisisbelow the ICER used by the WHO [29], it gresatly exceeds
the value of US $43,478 (5 million yen) per QALY used by the
Central Social Insurance Medical Council. The sametrend was
also evident for the second and third highest | CERSs, which were
seen when the transition probabilities from insulin therapy to
microalbuminuria  and  from  microalbuminuria  to
macroalbuminuria, respectively, wereincreased. From the |ICER
perspective, the introduction of CGM apps for patients who
develop diabetic nephropathy and whose condition progresses
rapidly should be viewed with caution. Next, the results of the
sensitivity analysis of utility values showed that a reduction in
the utility value of insulin therapy dramatically increased the
ICER (to US $71,142/QALY). However, as the utility value
for insulin therapy used in this study for patients using a CGM
app was similar to that for patients not using such an app, the
introduction of CGM appsis unlikely to cause the utility value
to decline, and it is more likely that a rise in the utility value
would decrease the ICER. Increasing the utility value by 10%
may also reduce the ICER to US $21,516/QALY. With respect
to the effect of a decrease in the utility value of
microalbuminuria, which exhibited a high ICER, the value of
US $35517/QALY was well below the value of US
$43,478/QALY used by the Central Social Insurance Medical
Council, suggesting that it did not correspond to afactor causing
major variation in the ICER obtained in this study. Finally, the
sensitivity analysis of medical costs showed that an increase of

Tsuiji et a

10% in the cost of insulin therapy increased the ICER from US
$33,039/QALY to US $42,436/QALY (increase of US
$9397/QALY)), but thiswas very close to the value used by the
Central Socid Insurance Medical Council (US$43,478/QALY),
suggesting that the introduction of CGM apps should be
considered even if the cost of insulin therapy and other medical
costs were to increase.

The WHO suggeststhat the ICER for the introduction of anew
medical technology should be no more than three times GDP
per capita[32]. Applied to the GDP of Japan, this figure would
be US $116,649/QALY (as of 2016). The ICER used by the
Central Social Insurance Medical Council isUS$43,478/QALY
(5,000,000 yen/QALY), less than one-quarter of the value
proposed by the WHO. The ICER obtained in this study (US
$33,039/QALY) is well below either of these two thresholds.
In comparison, cost-effectiveness analyses of retrospective
CGM (in type 1 DM patients) have reported ICERS between
US $41,000/QALY and US $99,000/QALY [33-35]. For
example, acost-effectiveness analysis of self-injection compared
with CGM plus intensified insulin therapy found that, over a
period of 33 years, the ICER for CGM plusintensified insulin
therapy was US US $45,033/QALY [32]. The ICER for the
introduction of CGM apps that we found in our study (US
$33,039/QALY) was thus both lower than the ICER for the
conventional method of retrospective CGM and the ICERS
suggested by the WHO and the Central Socia Insurance Medical
Council (US $116,649/QALY and US $43,478/QALY,
respectively), indicating that the introduction of this medical
technology should be considered in Japan.

Figure 2. Sensitivity analysis of the incremental cost-effectiveness ratio (ICER) using transition probabilities. CVD: cardiovascular disease; ESRD:

end-stage renal disease; QALY: quality-adjusted life year.
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Figure 3. Sensitivity analysis of the incremental cost-effectiveness ratio (ICER) using utility values. CVD: cardiovascular disease; ESRD: end-stage

renal disease; QALY: quality-adjusted life year.
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Figure 4. Sensitivity analysis of the incremental cost-effectiveness ratio (ICER) using medical fees. CVD: cardiovascular disease; ESRD: end-stage

renal disease; QALY: quality-adjusted life year.
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In this study, we used a Markov model to calculate the ICER
of the use of a CGM app to investigate the cost-effectiveness
of such apps for patients receiving insulin treatment and
calculated that the ICER was US $33,039/QALY.

Internal and External Validity of the M odel

Themodel used in this study was devel oped around the medical
costs for patients undergoing insulin treatment with afocus on
diabetic nephropathy, dialysis, and cardiovascular disease, all
of which entail high medical costs. Asfar aspossible, the values
assigned to the parameters were obtained from publications
describing patients of similar ages and backgrounds. The
transition probability valuesand utility valuesfor patientsusing

https://www.jmir.org/2020/9/e16053
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insulin therapy with the aim of avoiding any overestimation of
the effect achieved by the introduction of CGM apps, and
although the range of variation in the parameters as a result of
the introduction of CGM apps is currently unclear, this was
assured by sensitivity analysis. For our mode in this study, we
chose diseases with a major effect on medical costs and for
which data on each of the parameters were available; for this
reason, the model did not include neuropathy and retinopathy,
two of the three major complications of type 2 DM. Because
we were unable to obtain sufficient data on the proportion of
patients whose diseases improved, thiswas not reflected in our
model. On these two points, the model must be revised and
revalidated as and when usable clinical data are published in
the future.
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In terms of the external validity of the model, a comparison of
the transition probability for diabetic nephropathy used in this
study and the prevalence reported by Yokoyama et al [36]
showed that the prevalence of nephropathy in our study was
higher until year 18 of type 2 DM, but that subsequently it was
lower. One reason may have been that the preval ence of diabetic
nephropathy isknown to increasein patientswho have had type
2 DM for longer [36], and the patientsin the study by Yokoyama
et al [36] were aged <30 years, whereas the data used in our
study came from patients aged approximately 50 years. The
difference in the transition probability caused by this age
difference meant that the patients in our study may have
transitioned to the state of death earlier than those studied by
Yokoyama et al [36]. Although the clinical data were obtained
from patients with diverse attributes, including some who had
already developed complications, for the patients smulated in
thisstudy, the analysis started from the state of receiving insulin
therapy alone, and this may have been another reason for the
differencesin prevalence.

The reported incidences of cardiovascular events induced by
type 2 DM include those obtained from the Hisayama Study
(5/2000 people/year) [37] and the Japan Diabetes Complications
Study (14.7-17.4/1000 people/year) [38], and despite the
differences in patient attributes, we obtained a similar rate in
our study (11.0/1000 people/year over 20 years). Evidencefrom
cohort studieswill be required for further internal validation of
the state of cardiovascular events. For dialysis, according to
materials published by the Japan Society for Dialysis Therapy
[18], diabetic nephropathy was the reason for the introduction
of dialysisin 43.2% of patients who started dialysisin 2015. A
calculation of the proportion of the 3,166,000 type 2 DM
patients who were undergoing insulin therapy in 2015 and
started on dialysis for diabetic nephropathy who were aged
70-75 yearsfound that they congtituted 24.18% of such patients,
and in our model, the 1.20 million patients undergoing insulin
treatment who were aged 70 years (after 20 years) also
accounted for 25.16% of patients, a very similar figure. Other
clinical datatend to compare data from patients with different
attributes, and their evaluation is dependent on the data provided.
Considered from the viewpoint of medical costs, the costs of
treating type 2 DM, including insulin therapy, published by the
MHLW in its 2016 summary of national medical costs (for
patients aged 45-65 years, $2.7 hillion yen for type 2 DM and
$1.4 billion yen for cardiovascular disease) were higher than
themedical costsfor patientsreceiving insulin therapy estimated
inthisstudy (for patients age 60 years, approximately 2.5 billion
yen), but the two were broadly consistent. To validate our model,
comparisonswith long-term cohort follow-up dataare required,
but the only method available is to compare the model's
estimated values with the small number of cases reported in
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Japan; therefore, there is room for further analysis of the
validation results.

Limitationsand Topicsfor Further Investigation

This study has several limitations. One of the limitationsisthe
problem of assigning transition probabilities, as shown in the
results of the investigation of the model's external validity. The
patients in this study were 50 years old, and over a 20-year
analysis period, the probability of developing complications
would changerapidly asthey aged, potentially generating errors
compared with the actual numbers of patients over longer
analysis periods. To bridge this gap with reality, it will be
necessary to divide the analysis period into shorter periods and
assign different transition probabilities for the different periods.

Second, we could not consider unmeasured values because this
analysis was based on a simulation. There is no evidence that
the assumed value should be due to a lack of data, such asthe
proportion of patients whose diseases improved after using the
CGM app.

This study assumed that CGM apps offer the advantages of
enabling patients to control their own blood glucose levels by
monitoring them in real time and share this information with
medical ingtitutions and family members. Although the
economic evauation itself is likely not new, this simulation
method has not been applied to CGM apps yet, as far as we
were able to determine. Analysis of the cost-effectiveness of
the second of these advantages, that of sharing blood glucose
level information, is atopic for further investigation.

The present study is limited by alack of considering the effect
by population aging, because we employed transition
probabilities as a constant in the construction of the Markov
model. For instance, it is assumed that the per capita medical
cost increases as the population ages, but it was not possible to
consider the decrease in the number of patients due to the rise
in mortality. Although this could be overcomein future studies,
the present study was unable to incorporate this consideration.

Finally, we assumed that the effect of CGM app use on type 2
DM is the same as intensified insulin therapy. At this point,
there is no evidence to support this assumption. Therefore, we
could only perform a simulation analysis based on some
assumptions. To measure cost-effectiveness with greater
accuracy, further research or accumulation of real-world data
about app use is required.

Conclusion

We calculated that the ICER of the introduction of CGM apps
for type 2 DM patients was $33,039/QALY, and a comparison
with ICERs reported in previous studies and by independent
organizationsindicated that thisisamedical technology worthy
of consideration.

ST and KO received donation from Medtronic Foundation Japan, and this study was performed with a part of the support. .
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