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Abstract

Background: Traditional continuous glucose monitoring (CGM) provides detailed information on glucose
patterns and trends to inform daily diabetes management decisions, which is particularly beneficial for patients
with a history of hypoglycemia unawareness. However, a high level of patient adherence (‡70%) is required to
achieve clinical benefits. The aim of this study was to assess the impact of real-world patient nonadherence and
early discontinuation on healthcare resource use.
Methods: A cost calculator was designed to evaluate monthly healthcare resource waste within the first year of
traditional CGM initiation by combining estimates of real-world nonadherence and early discontinuation from
the literature with the wholesale acquisition costs of the current technology in the United States (for a com-
mercial payer and for Medicare), or its equivalent in Sweden, Germany, or the Netherlands.
Results: Based on an early discontinuation rate of 27% and nonadherence rates of 13.9%–31.1% over the 12
months following initiation, the healthcare resource waste associated with nonadherence and early discontinuation
was $220,289 and $21,775, respectively, for every 100 patients initiating CGM in the U.S. commercial payer
scenario. In the Medicare scenario, the corresponding figures were $72,648 and $5,675, respectively. In both
scenarios, nonadherence and early discontinuation accounted for *24% of resources being wasted within the first
year of CGM initiation. Similar results were observed using the local costs in the other countries analyzed.
Conclusions: The healthcare resource waste associated with traditional CGM nonadherence and early dis-
continuation warrants deliberate consideration when selecting suitable patients for this technology.
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Introduction

Improved glycemic control has been shown to reduce
both the microvascular and the macrovascular complica-

tions of diabetes mellitus.1,2 Traditional continuous glucose
monitoring (CGM), which involves the insertion of a small
glucose sensor under the skin that measures glucose within
the interstitial fluid continuously, can improve glycemic
control by providing timely, actionable data about glucose
levels to patients and/or providers.3–10 CGM data provide a

graph of glucose levels over time, allowing trends and pat-
terns to be seen and treatment adjusted accordingly, thus
informing the management of diabetes. Better-informed
treatment decisions can help patients avoid hyper- and hy-
poglycemia and their associated complications. Studies have
shown that even patients with well-controlled diabetes can
experience postprandial hyperglycemia and nocturnal hypo-
glycemia that are not detectable with routine self-monitoring
of blood glucose; identifying these events may improve
glycemic control and the patient’s quality of life.11,12
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However, the clinical benefits associated with traditional
CGM are only achieved when patients demonstrate a
high level of adherence over time.3,4,6,7,13,14 For example,
in a large study by Battelino et al. (n = 10,501), patients with
the highest CGM usage (‡75%) had significantly lower
mean blood glucose than those in all other usage groups, and
were significantly more likely to achieve a hemoglobin A1c
(HbA1c) level <8.6 mmol/L and had 50% fewer hypoglycemic
episodes.9 By contrast, patients using the sensor <25% of the
time did not experience any reduction in HbA1c relative to
nonusers. Similarly, in a small study (n = 34), Anderson et al.
found that short-term users of CGM had no statistically sig-
nificant improvement in HbA1c compared with nonusers.15

Therefore, clinical and health technology assessment
guidelines, such as the Endocrinology Society and American
Diabetes Association guidelines, recommend continuous use
and emphasize the need for assessment of patient willingness
and commitment to incorporating CGM as part of their dis-
ease management.16–20 Nonetheless, despite recent advances
in CGM technology and a focus on patient education and
support programs, real-world adherence and persistence rates
for traditional CGM remain suboptimal.9,10,21 Studies have
consistently reported that significant proportions of patients
use their CGM device less often than recommended or dis-
continue using it at all.3,4,9,22

Determining the efficacy of technological interventions is
complicated by the fact that data from randomized controlled
trials are often not generalizable to everyday clinical practice.
Such trials are performed by highly qualified and highly
motivated teams of clinicians with the skill, time, and re-
sources to support patients optimally and encourage adher-
ence. Recently reported randomized controlled trials of
traditional CGM, such as DIAMOND, HypoDE, and GOLD,
have required high levels of adherence for inclusion.23–25 The
difference between strict randomized controlled trial criteria
and real-world clinical practice points to the likelihood that
nonadherence and early discontinuation rates in real-world
settings are higher than those seen in trials, potentially com-
promising therapeutic efficacy rates.

There is little research linking real-world CGM treatment
patterns with healthcare costs. Upfront investment in CGM
technology makes up a large proportion of the total first-year
cost of administration. This means that a significant amount of
the equipment cost is incurred before the first use. Therefore,
nonadherence and early discontinuation could be associated
with a substantial amount of wasted healthcare spending.

The aim of this study was to estimate the healthcare re-
source waste associated with traditional CGM initiation
under real-world usage scenarios. First, we determined real-
world CGM nonadherence and early discontinuation rates via
a literature review. Second, we determined the costs of CGM.
Finally, we estimated the amount of healthcare resources
wasted as a result of nonadherence and early discontinuation
from a healthcare payer perspective by combining the costs
of CGM with the rates of nonadherence and early discon-
tinuation in a cost calculator created for the study.

Methods

Data source

We performed a targeted literature review to identify
publications reporting CGM adherence and discontinua-

tion rates. The following electronic databases were searched
for the period 2000 (when CGM became commercially
available) to April 2017: Medline, Google Scholar, Science
Direct, Web of Science, and the Cochrane Registry. The
search terms were a combination of medical subject and text
terms that included ‘‘diabetes mellitus’’; ‘‘continuous glucose
monitoring,’’ ‘‘glucose monitoring,’’ or ‘‘CGM’’; and ‘‘adher-
ence,’’ ‘‘compliance,’’ ‘‘non-adherence,’’ ‘‘possession,’’ ‘‘dis-
continuation,’’ ‘‘usage patterns,’’ and ‘‘treatment patterns.’’
Additional articles were located by hand searching the refer-
ences of identified publications.

The review was restricted to studies reporting real-world
data (i.e., observational, database, registry, prospective, and
retrospective studies) in English language publications. Our
focus was on subjects ‡18 years of age with type 1 or type 2
diabetes, and so, studies that only included children or ado-
lescents were excluded. Due to the paucity of literature in this
area, no other restrictions were imposed on the quality of
study design. Each abstract was reviewed and the full text of
each potentially relevant article assessed based on the in-
clusion and exclusion criteria. Existing nonadherence and
early discontinuation estimates in the literature vary widely
across studies, and so, the review aimed to elucidate this
variance and qualitatively examine the characteristics of
study samples and research designs associated with those
estimates. From the identified studies, we selected the most
robust and generalizable nonadherence and early discontin-
uation rates to enter into the cost calculator. Preference was
given to the most recent data to reflect the potential impact of
improvements in technology on patient behavior.

The primary outcome measures were the rates of CGM
nonadherence and early discontinuation in the identified
studies. Early discontinuation was defined as cessation of use
within 1-year of initiation. Nonadherence was based on the
proportion of days/times of CGM use after initiation and was
defined as <70% use. In other words, a patient using CGM
<70% of the time was considered nonadherent. The cutoff of
70% was chosen because this is the most common level used in
the literature to date. Studies have demonstrated significantly
lower HbA1c levels in patients with ‡70% use versus those
with <70% use,6,7 and have also found that HbA1c reductions
are only significant in patients who use their CGM for high
proportions of the time, such that when patients with lower
levels of use are included in analyses, CGM is associated with
no significant reduction.4,7 Thus, for the purposes of the study,
partial adherence below the threshold was treated as equivalent
to nonadherence, based on the premise that any additional
benefit of below-threshold adherence would be minimal and
unlikely to be reflected in a reduction in HbA1c. The study
involved no primary data collection, and therefore, Health
Insurance Portability and Accountability Act (HIPAA) and
Institutional Review Board (IRB) approval were not required.

The cost of traditional CGM was based on the wholesale
acquisition cost of the Dexcom G5 device.26–29 This was
chosen because of its availability in all countries included in
the study: United States, Germany, Sweden, and the Nether-
lands. In March 2017, Medicare announced that the Dexcom
G5 device would be covered as durable medical equipment
under Medicare part B for beneficiaries with type 1 or 2 dia-
betes who have been using a home blood glucose monitor
and performing at least four finger-stick glucose tests per day,
who are treated with insulin via multiple daily injections or an
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insulin pump, and who are receiving an insulin treatment
regimen that requires frequent adjustment on the basis of
therapeutic test results.30 Medicare is a U.S. government-
administered single-payer, national social insurance program
for citizens aged ‡65 years, and those with disabilities and
end-stage renal disease. Due to the difference between the
commercial rate and the Medicare reimbursement rate, we
considered two separate cost scenarios for the United States:
commercial payer and Medicare. Upfront costs referred to the
cost of the CGM receiver. Variable costs referred to the pro-
vider costs associated with continued use of CGM and com-
prised the sensor and transmitter costs.

Cost calculation

A cost calculator model was designed to evaluate health-
care resource waste within the first year of CGM initiation by
combining estimates of real-world nonadherence and early
discontinuation rates from the literature with cost inputs.
Healthcare resource waste was defined as CGM spending that
fails to produce clinically meaningful therapeutic benefit due
to patient nonadherence or early discontinuation. The study
period was chosen based on data availability—the majority
of studies reporting nonadherence and early discontinuation
rates focus on the first year after CGM initiation. Analysis
was conducted using Microsoft Excel.

The cost calculator has five components. Treatment pattern
inputs included estimates of CGM nonadherence and early
discontinuation over the first year of use. Cost inputs included
upfront and ongoing CGM-related costs. The treatment pat-
tern processing module provided month-by-month estimates
of nonadherence and early discontinuation in the first year
of use. The logic within the module transforms all inputs from
the literature to a uniform format that can be used in other
modeling steps. The cost processing module converted raw
cost inputs into month-by-month cost estimates in a uniform
format. The healthcare waste module provided the raw core
results, which are a function of device costs and the gap
between perfect and real-world conditions. These estimates
will be expressed as US$ or the local currency in the respective
country, per year per 100 CGM users.

In the model, when a patient discontinued CGM, they
ceased to incur ongoing costs, and so healthcare waste was
primarily traced to the unutilized portion of upfront costs.
Nonadherent patients continued to incur ongoing costs, for
which no meaningful clinical benefit was achieved in return, so
healthcare waste was traced to both upfront and ongoing costs.

Results

Literature review and cost sourcing

Seven studies met the eligibility criteria.9,10,21,31–34 All the
studies were published in the last 8 years, and the majority
focused on type 1 diabetes populations. They varied in du-
ration from 12 weeks to 2 years and encompassed a variety of
designs. In 2009, Cohen et al. analyzed a prospective registry
and identified 85 type 1 diabetes patients (mean age 33.2
years) starting CGM sensor-augmented pump (SAP) therapy
in 6 European countries over a 12-week period.21 In the first
month, 43.4% of patients were nonadherent, and in the third
month, 50.6% of patients were nonadherent. In 2013, Nør-
gaard et al. performed an observational study in 263 type 1

diabetes patients (mean age 28.0 years) treated with CGM SAP
therapy in Europe or Israel.10 They found that the average
sensor use for 12 months was 30% and that sensor use de-
creased with time. In a study by McQueen et al. published in
2014, 66 adult type 1 diabetes patients undergoing CGM SAP
at 1 center in the United States were retrospectively identi-
fied.31 Overall, patients used CGM an average of 21 days per
month (71% usage), with 48% of patients using it <21 days per
month. The rate of early discontinuation was 36% over the
course of 1 year. Wong et al. performed a 2014 survey within
the T1D Exchange Clinic Registry, which was completed
by 1,613 type 1 diabetes patients using CGM in the United
States.33 Among adults, the median duration of CGM use per
month was 29 days. However, the early discontinuation rate
was 41% at 1 year. In a large analysis of the CareLink� da-
tabase (10,501 patients with type 1 and 2 diabetes, of whom
7,916 had used CGM over a 2-year observation period),
published in 2015, Battelino et al. found that 77.8% of pa-
tients used the CGM sensor <75% of the time.9 Among new
users, the early discontinuation rate was 25.4% during the
observation period and the mean time to discontinuation was
339 days. All the studies found a relationship between ad-
herence and HbA1c reduction, confirming the importance of
maintaining high levels of adherence to benefit from CGM.

The two most recent studies, both published in 2016, were
selected to provide the nonadherence and early discontinua-
tion rates for the cost calculator. In the SENLOCOR obser-
vational study, Picard et al. evaluated 234 type 1 diabetes
patients (207 adults) undergoing CGM SAP therapy in
France.32 The nonadherence rate (defined as sensor wear
£70% of the time) was 13.9% in months 1–3, and 31.1% in
months 4–6. We conservatively assumed that nonadherence
would remain 31.1% and carried this figure forward for
months 7–12. In the most recent analysis of the T1D Exchange
Clinic Registry, among 1,006 adults with type 1 diabetes un-
dergoing CGM in the United States, the early discontinuation
rate was 27% over the first year.34 We used linear extrapola-
tion to derive conservative monthly estimates of cumulative
net early discontinuation.

The estimated annual cost of CGM was $9,975.36 per patient
in the United States for the commercial scenario, and $3,237.06
for the Medicare scenario. The cost breakdown and estimated
costs for the other countries analyzed are listed in Table 1.

Cost calculation

In the commercial U.S. scenario, based on the rates from
the literature, the healthcare resource waste associated with
nonadherence and early discontinuation in the first year was
$220,289 and $21,775, respectively, for every 100 patients
initiating CGM. Thus, nonadherence was responsible for the
majority of healthcare resource waste (Fig. 1). In combina-
tion, nonadherence and early discontinuation wasted 24.3%
of healthcare spending on CGM equipment within the first
year of initiation (Fig. 2). In the Medicare scenario, non-
adherence and early discontinuation were responsible for
$72,648 and $5,675 of wasted healthcare resources, respec-
tively, for every 100 patients initiating CGM. The difference
in healthcare waste between the commercial and Medicare
scenarios was mainly due to the lower cost of CGM within
the Medicare fee schedule. Thus, in the Medicare scenario
nonadherence and early discontinuation were associated with

422 YU ET AL.



a similar proportion of resources being wasted in the first year
of CGM initiation, at 24.2%. Comparable results and patterns
were observed using the local costs in Sweden, the Nether-
lands, and Germany, with slightly higher rates of wastage in
Germany at 25.5% (Table 2).

Conclusions

In this study, we found that CGM nonadherence and early
discontinuation are likely to be responsible for significant
waste of healthcare resources. Based on our calculations,
almost one-quarter of healthcare spending on traditional
CGM could be wasted through nonadherence and early dis-
continuation. These calculations may even underestimate
healthcare waste. We made a conservative assumption with
regard to nonadherence in months 7–12. If the nonadherence

rate actually rose during this period, so would the amount of
waste. In addition, if early discontinuation occurred dispro-
portionately in the early months of initiation rather than at a
constant rate throughout the first year, as we assumed, the
amount of healthcare waste would again be greater. Fur-
thermore, patients in the SENLOCOR study were trained and
followed up by a medical team, and so may have had better
adherence than the average patient in real-world clinical
practice. In fact, adherence was higher than that seen in some
randomized trials, such as the RealTrend study, in which only
69% of patients wore the sensor >70% of the time.7

Recent randomized controlled trials performed to evaluate
the efficacy of traditional CGM, such as DIAMOND, Hy-
poDE, and GOLD, have shown strong results for the effect of
CGM on HbA1c reduction.23–25 However, these trials required
a high level of adherence (>80%) as part of their inclusion and

Table 1. Continuous Glucose Monitoring Costs by Components and by Countries

U.S. commercial plana U.S. Medicarea Sweden Germany The Netherlands

Individual component costs
Receiver/system $793.80 $256.50 2300 SEK e714.00 e578.00
Transmitterb $453.68 NA 2100 SEK e514.00 e310.00
Sensor packc $141.67 NA 625 SEK e74.75 e74.50

Upfront and ongoing monthly costs
Upfront costs $793.80 $256.50 2300 SEK e714.00 e578.00
Ongoing monthly costsd $765.13 $248.38 3408 SEK e495.25 e426.17

aThe CGM cost for commercial plan is based on wholesale acquisition cost. The Medicare fee schedule for purchasing a new CGM
monitor/receiver ranges from approximately $236 to $277, and there is a monthly fee schedule amount that covers sensors, transmitters,
alkaline batteries used in the glucose monitors, and a blood glucose monitoring necessary for calibration of the CGM. Thus, no individual
component costs are available for this scenario.

bThe transmitter must be replaced every 3 months.
cThe sensor must be replaced every 7 days. A pack covers 1 month.
dBased on 4 transmitters and 12 packs of sensors per year.
CGM, continuous glucose monitoring.

FIG. 1. Healthcare resource waste over time due to nonadherence and early discontinuation in the United States from the
commercial payer perspective.
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exclusion criteria, and therefore, the results may not be gen-
eralizable to real-world CGM populations. In all the real-world
studies we identified, suboptimal adherence was seen in high
proportions of patients, and thus, it is likely that high propor-
tions of patients initiating CGM in real-world settings will not
achieve the results seen in randomized controlled trials.

Although the benefit of a CGM system is only achieved
when patients continue to use it, much of the investment is
made up-front with the expectation that the user will realize
the full benefit over years with optimal adherence. Non-
adherence and early discontinuation thus constitute an eco-
nomic loss to the payer that cannot be recuperated. As
optimal CGM use is associated with improved glycemic
control and fewer hypoglycemic episodes, nonadherence and
early discontinuation are also associated with what Rodbard
et al. call ‘‘cost to society for failure to implement CGM.’’35

Such costs include the treatment of severe hypoglycemia,
hospitalizations, morbidity, and mortality, as well as costs of
inadequate glycemic control for patients’ quality of life36 and
long-term diabetes complications.

Understanding the reasons for nonadherence and early
discontinuation will be crucial for improving the rate of pa-
tient adherence and reducing healthcare resource waste.
Commonly quoted reasons for early discontinuation include
problems with equipment and sensor inaccuracy; intrusive-
ness and inconvenience; skin irritation, pain, and insertion
site bleeding; too many alarms; and issues with insurance and
reimbursement.9,37 Factors contributing to nonadherence are

similar, but may also include inconsistent recommendations
by physicians,21,35 and lower levels of patient engagement
with their diabetes management, with two studies finding that
a low frequency of blood glucose measurement per day be-
fore CGM initiation predicted low CGM adherence.9,14 In a
recent study by Tanenbaum et al., including 1,503 patients in
the T1D Exchange Clinic Registry, the most common barri-
ers to CGM uptake were cost (61%), the hassle of wearing the
device (47%), and disliking devices on one’s body (35%).22

Concerns about intrusiveness and alarm frequency, accuracy,
and physical discomfort were also present.

Cost and reimbursement constraints have frequently been
cited as factors in nonadherence and early discontinua-
tion.35,37 However, Battelino et al. found that in countries
with 100% CGM reimbursement, 32% of patients used CGM
<25% of time, indicating that reimbursement constraints may
not be the primary cause of low adherence.9 de Bock et al.
found that sensor accuracy was the strongest factor associated
with adherence.38 In another study, Mastrototaro et al. found
that many patients were setting their CGM alert thresholds at
levels that produced frequent alarms, resulting in annoyance
and contributing to nonadherence, and early discontinua-
tion.39 In addition, the majority of studies have found that
patients ‡25 years of age have higher levels of CGM ad-
herence and thus increased glycemic benefit compared with
younger patients.13,14,21

There are few studies on how to improve patient adherence
and persistence with CGM. Patient involvement appears to be

FIG. 2. CGM spending according to patient usage in the United States from the commercial payer perspective. CGM,
continuous glucose monitoring.

Table 2. Healthcare Resource Waste in European Countries for Every 100 Patients Initiating

Continuous Glucose Monitoring

Country Due to nonadherence Due to early discontinuation Total waste Waste %

Sweden 954,000 SEK 84,300 SEK 1,038,300 SEK 24.1
Germany e147,009 e22,446 e169,455 25.5
The Netherlands e125,698 e15,306 e141,004 24.8
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crucial, and this requires education and training to help pa-
tients to interpret and react to alarms and CGM data. Battelino
et al. found that sensor use in the first month was significantly
associated with long-term use, such that only 0.4% of patients
in the highest usage group discontinued CGM during the ob-
servation period compared with 52.9% of those in the lowest
usage group, and the authors speculate that patient education
and training during this early period might be helpful in pro-
moting adherence.9 A similar pattern was seen in the Juvenile
Diabetes Research Foundation (JDRF) Continuous Glucose
Monitoring Study, indicating an opportunity for early inter-
vention to have long-term benefits.14

Some governments that cover CGM devices have imposed
criteria for CGM use in an attempt to select for patients who
are likely to be adherent. For example, the UK National In-
stitute for Health and Care Excellence requires a 3-month trial
period, after which the technology is only funded if it is ef-
fective and the patient wants to continue with it.19 In Australia,
CGM requires endorsement from a healthcare practitioner,
who must confirm that the patient is expected to benefit from
the device and has the capability and willingness to use it.20 It
must be acknowledged that patient education and assessing the
readiness and compliance require staff time, and thus it in-
creases costs. Future studies on the cost–benefit equation with
regard to improving CGM compliance would be welcome.

Another factor that would be expected to improve both
adherence and persistence is improvements in CGM devices
as this technology evolves; for example, improved accuracy,
elimination of the need for user calibration, and lower device
costs. Assessment of adherence as newer devices enter the
market will be important.

It has recently been argued that we are at a watershed mo-
ment for CGM where its accuracy has improved to the point
where it is likely to be approved for use across the world.35 In
addition to the CGM coverage mentioned above in United
Kingdom and Australia, healthcare systems such as Medicare
and the German Federal Joint Committee (G-BA) are already
starting to approve CGM for diabetes patients receiving in-
tensive insulin therapy, meaning that global CGM usage is
likely to increase considerably in the near future.30,40 How-
ever, the reimbursement criteria rarely require patient persis-
tence or adherence.

Our study demonstrates that lack of patient persistence and
adherence put scarce healthcare resource spending at risk of
potential waste. Given the variability of adherence to treat-
ments among diabetes patients and the increasing availability
of CGM devices, proper evaluation of patient willingness
and capability to incorporate CGM as part of their diabetes
management is essential to preserving valuable healthcare
resources for those who will truly benefit from the technology.
Real-world patient adherence and persistence and the discon-
nect between them and randomized clinical trial data should
be taken into consideration by healthcare providers making
prescribing decisions and by payers making reimbursement
decisions. Interventions to promote patient adherence will also
be crucial to prevent substantial waste when CGM is approved
on large scales.

Limitations

Cost calculator studies are valuable for estimating the di-
rect and indirect costs of treatment under specific conditions

modeled on real-world data. However, such studies have
limitations. Cost models derive their assumptions from
published literature, and therefore, one set of limitations re-
lates to secondary analyses, such as publication bias and
external validity of the original studies. It is possible that the
chosen studies had patient populations that are not repre-
sentative of the overall population of CGM users. Thus, the
cost calculator results are limited in their generalizability by
the samples of the original studies. Furthermore, individual
studies differ in their estimates of core variables such as
nonadherence and early discontinuation rates, and it is pos-
sible that the nonadherence and early discontinuation rates
examined are not representative of all CGM populations in
clinical practice.

A further limitation relates to our choice of ‡70% CGM
use as the cutoff for adherence. There are few studies to date
examining populations of patients using their CGM devices
for varying proportions of time (i.e., subdividing patients
using the sensor <70% of the time into different levels of use).
Therefore, we cannot be sure that patients with adherence at a
level such as 50%–70% do not achieve similar levels of
benefit to patients with adherence ‡70%.

We chose the Dexcom G5 device to represent CGM in our
study because it is currently available in all of the countries
we examined, and it has also recently been approved for
coverage under Medicare part B, expecting an increased us-
age among the elderly population for whom the real-world
patient adherence might be even more challenging. However,
this also means that our findings may not be generalizable to
diabetes patients using other CGM devices. Our estimations
may also not reflect potential differences in adherence in
patients using CGM either with or without insulin pump
systems. The Wong et al. T1D Exchange Clinic Registry
study included multiple CGM products, as well as both pump
and nonpump users.33 CGM use was significantly more likely
in patients using an insulin pump in that study.

Despite these limitations, cost calculators are important as
they provide more realistic expectations of resource use and
costs in real-world clinical practice, rather than assuming
ideal treatment conditions.
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