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ABSTRACT

Introduction: Some people with type 2 diabetes
(T2D) require intensive insulin therapy to
manage their diabetes. This can increase the risk
of diabetes-related hospitalizations. We
hypothesize that initiation of real-time contin-
uous glucose monitoring (RT-CGM), which
continuously measures a user’s glucose values
and provides threshold- and trend-based alerts,
will reduce diabetes-related emergency depart-
ment (ED) and inpatient hospitalizations and
concomitant costs.
Methods: A retrospective analysis of US
healthcare claims data using Optum’s de-iden-
tified Clinformatics� Data Mart database was
performed. The cohort consisted of commer-
cially insured, CGM-naı̈ve individuals with T2D
who initiated Dexcom G6 RT-CGM system
between August 1, 2018, and March 31, 2021.

Twelve months of continuous health plan
enrollment before and after RT-CGM initiation
was required to capture baseline and follow-up
rates of diabetes-related hospitalizations and
associated healthcare resource utilization
(HCRU) costs. Analyses were performed for
claims with a diabetes-related diagnosis code in
either (1) any position or (2) first or second
position on the claim.
Results: A total of 790 individuals met the
inclusion criteria. The average age was 52.8
(10.5) [mean (SD)], 53.3% were male, and 76.3%
were white. For claims with a diabetes-related
diagnosis code in any position, the number of
individuals with C 1 ED visit decreased by
30.0% (p = 0.01) and with C 1 inpatient visit
decreased by 41.5% (p\ 0.0001). The number
of diabetes-related visits and average number of
visits per person similarly decreased by at least
31.4%. Larger relative decreases were observed
for claims with a diabetes-related diagnosis code
in the first or second position on the claim.
Total diabetes-related costs expressed as per-
person-per-month (PPPM) decreased by $341
PPPM for any position and $330 PPPM for first
or second position.
Conclusion: Initiation of Dexcom G6 among
people with T2D using intensive insulin therapy
was associated with a significant reduction in
diabetes-related ED and inpatient visits and
related HCRU costs. Expanded use of RT-CGM
could augment these benefits and result in fur-
ther cost reductions.

Prior presentation: Portions of this article were
presented at the 83rd Scientific Sessions of the American
Diabetes Association held in San Diego, CA, on June
23–26, 2023.

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s12325-024-02851-8.

K. L. Hannah � P. M. Nemlekar � C. R. Green �
G. J. Norman (&)
Dexcom, Inc., 6340 Sequence Dr., San Diego, CA
92121, USA
e-mail: greg.norman@dexcom.com

Adv Ther

https://doi.org/10.1007/s12325-024-02851-8

http://orcid.org/0000-0003-1027-4059
http://orcid.org/0009-0003-7092-5295
http://orcid.org/0000-0002-9279-0649
http://orcid.org/0000-0001-7989-9597
https://doi.org/10.1007/s12325-024-02851-8
https://doi.org/10.1007/s12325-024-02851-8
https://doi.org/10.1007/s12325-024-02851-8
https://doi.org/10.1007/s12325-024-02851-8
http://crossmark.crossref.org/dialog/?doi=10.1007/s12325-024-02851-8&amp;domain=pdf
https://doi.org/10.1007/s12325-024-02851-8


Keywords: Intensive insulin therapy; Medical
costs; Real-time continuous glucose
monitoring; Retrospective analysis; Type 2
diabetes

Key Summary Points

Why carry out this study?

Individuals with type 2 diabetes (T2D)
using intensive insulin therapy may be at
increased risk for diabetes-related
hospitalizations

Real-time continuous glucose monitoring
(RT-CGM) systems provide threshold- and
trend-based alerts which notify users of
current or impending glucose excursions

We hypothesize that initiation of the
Dexcom G6 RT-CGM system will reduce
diabetes-related emergency department
(ED) and inpatient hospitalizations and
the costs associated with these events

What was learned from the study?

Among 790 included individuals, ED visits
and inpatient visits decreased significantly
after RT-CGM initiation (- 30.0%,
p = 0.01, and - 41.5%, p\0.0001,
respectively). Relatedly, diabetes-related
costs decreased by[ $300 per-person-per-
month

Initiation of Dexcom G6 among people
with T2D using intensive insulin therapy
was associated with reductions in
healthcare costs. Expanded use of RT-
CGM could extend these benefits and
result in further cost reductions

INTRODUCTION

Type 2 diabetes (T2D) is a significant health
concern in the USA with [ 30 million adults
diagnosed with the disease [1]. The already high
prevalence of T2D is expected to increase by

almost 50% globally by 2045 [2]. About one in
four people with T2D use insulin [3, 4], and
some require intensive insulin therapy to man-
age their condition, putting them at increased
risk for acute diabetes-related events and
hospitalizations.

The economic burden of T2D is significant
and continues to strain the US health care sys-
tem. In 2022, the total estimated cost of dia-
betes was[$410 billion, about three-fourths of
which was due to direct medical costs [5].
Almost 30% of all hospital inpatient days were
incurred by people with diabetes, a figure that
far exceeds the roughly 10% of the US popula-
tion who have diabetes [1, 5].

Increasingly, people with T2D use real-time
continuous glucose monitoring (RT-CGM) sys-
tems to monitor their glucose levels and make
treatment decisions. RT-CGM systems contain
an adhesive patch and are applied to the body
(usually the abdomen or upper arm) for 10–-
14 days. A thin wire measures glucose levels in
the interstitial fluid and transmits a glucose
value to a compatible smartphone or dedicated
receiver every 1–5 min. Numerous randomized
controlled trials and real-world studies have
shown that RT-CGM use can improve glycemic
control in people with T2D [6–10] and reduce
diabetes-related hospitalizations [7, 9, 11]. The
present study employed a retrospective analysis
of administrative claims data to investigate the
association between initiation of the Dexcom
G6 RT-CGM system among people with T2D
using intensive insulin therapy and the rate of
diabetes-related emergency department (ED)
and inpatient hospital visits. We hypothesize
that these hospitalizations and the associated
health care resource utilization (HCRU) costs
will decrease after RT-CGM initiation.

METHODS

Study Design

This observational, retrospective analysis used
administrative claims data from US beneficiaries
with commercial health insurance contained
within Optum’s de-identified Clinformatics�

Data Mart (CDM) database. The CDM database
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includes [ 65 million unique lives over a
15-year period (January 2007 through March
2022). CDM administrative claims submitted
for payment by providers and pharmacies are
verified, adjudicated, and de-identified prior to
inclusion. These data, including beneficiary-
level enrollment information, are derived from
claims submitted for all medical and pharmacy
health care services with information related to
health care costs and resource utilization. The
authors licensed the use of the CDM from
Optum and because the database is statistically
de-identified and compliant with the Health
Insurance Portability and Accountability Act
(HIPAA), the study was deemed exempt from an
ethics committee review.

A modified Klompas algorithm was used to
identify individuals with T2D [12]. The Klompas
algorithm is used to classify and segregate
individuals with type 1 versus type 2 diabetes
using a combination of International Classifi-
cation of Diseases (ICD)-9 or ICD-10 codes,
medications, and laboratory test results.
National drug codes (NDC) were used to iden-
tify those with at least one pharmacy claim for a
Dexcom G6 RT-CGM system between August 1,
2018, and March 31, 2021 (study identification
period). The index date was the earliest
observed claim for Dexcom G6 within the
identification period. Individuals were required
to have 12 months of continuous health plan
enrollment before the index date (baseline per-
iod) and after the index date (follow-up period).
Individuals’ complete diabetes medication
therapy (including therapies indicative of
treatment with intensive insulin therapy), as
well as diabetes-related comorbidities during
baseline, was determined from NDC and
Healthcare Common Procedure Coding System
(HCPCS). Intensive insulin therapy required
evidence of mixed insulin use or bolus insulin
use with or without basal insulin use. People
with type 1 diabetes, indication of pregnancy,
Medicare health plan coverage, or any CGM use
during baseline were excluded. Demographics,
such as age, gender, and race, were captured
from enrollment records.

Outcome Measure

Diabetes-related hospital visits (ED or inpatient)
and associated HCRU costs were determined
during the 12-month baseline and follow-up
periods from ICD-10 diagnosis codes. Health-
care costs outside the ED or inpatient setting
were not included. Events were defined as dia-
betes-related if the claim contained a diabetes
diagnosis code. Codes related to hypoglycemia,
hyperglycemia, and diabetic ketoacidosis are
summarized in Supplementary Table 1. Events
and related HCRU costs were separately ana-
lyzed by the position of the diagnosis code (any
position on the claim or first or second position
on the claim). These separate analyses based on
the position of the diabetes-related code on the
claim exist to capture situations where hyper-
glycemia or hypoglycemia was the likely pri-
mary reason for the visit (first or second
position) as well as those where it was simply
present (any position). Main outcomes included
the difference in the prevalence of ED or inpa-
tient visits, the proportion of individuals with
at least one visit, and per-person-per-month
(PPPM) HCRU costs (in 2021 US dollars)
between the baseline and follow-up period.

Statistical Analysis

Descriptive statistics, including percentages,
means, and standard deviations, were calcu-
lated for demographic characteristics and study
outcomes. Differences in ED and inpatient
encounters and PPPM costs between the base-
line and follow-up periods were tested with
paired t-tests or McNemar’s chi-squared tests, as
appropriate, using Instant Health Data (Panal-
go, Boston, MA). All statistical tests were two-
tailed with p-values \0.05 considered statisti-
cally significant.

RESULTS

Data from 790 individuals with T2D using
intensive insulin therapy were included in the
analysis (see Supplementary Fig. 1 for a cohort
attrition diagram). Average age was 52.8 ± 10.5
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(mean ± SD) years, and the majority were male
(53.3%) and white race (76.3%) (Table 1). The
average Charlson comorbidity score was
1.72 ± 1.84, and the most common comor-
bidities were obesity (51.7%) and peripheral
neuropathy (35.6%). The most-used medica-
tions were metformin (50.8%) and glucagon-
like peptide 1 receptor agonists (37.7%).

Table 2 summarizes the prevalence of dia-
betes-related ED visits and inpatient hospital-
izations experienced by people with T2D using
intensive insulin therapy and the associated
HCRU costs. The proportion of individuals
experiencing either encounter decreased signif-
icantly, by at least 30%, independent of the
position of the diabetes-related code on the
claim. The number of hypoglycemia-related
encounters declined during follow-up in all
cases, and the proportion of claims with a
hypoglycemia-related code in the first or second
position declined during follow-up. In addition,
the average number of diabetes-related visits to
the ED or inpatient setting also significantly
decreased.

Average hospitalization (ED ? inpatient)
costs for claims with a diabetes-related code in
any position were $10,282 ± $34,594 during
baseline and $6181 ± $34,642 during the fol-
low-up period. The average PPPM hospitaliza-
tion cost decreased by $341 from $856 during
baseline to $515 during follow-up (p = 0.01)

Table 1 Baseline cohort demographics

Demographic Value
N = 790

Age, mean (SD) 52.8 (10.5)

Male, n (%) 421 (53.3%)

Race, n (%)

Asian 26 (3.4%)

Black 78 (10.3%)

Hispanic 76 (10.0%)

White 579 (76.3%)

Region of the US, n (%)

Midwest 345 (43.7%)

Northeast 44 (5.6%)

South 300 (38.0%)

West 101 (12.8%)

Charlson comorbidity score

Mean (SD) 1.72 (1.84)

Range 0–11

Commercial insurance, n (%) 790 (100%)

Diabetes medications, n (%)

Alpha-glucosidase inhibitor 3 (0.4%)

Dipeptidyl peptidase 4 (DPP-4) inhibitor 47 (6.0%)

Glucagon-like peptide 1 (GLP-1) receptor

agonist

298 (37.7%)

Metformin 401 (50.8%)

Meglitinide 1 (0.1%)

Sodium-glucose cotransporter-2 (SGLT2)

inhibitor

164 (20.8%)

Sulfonylurea 109 (13.8%)

Thiazolidinedione (TZD) 37 (4.7%)

Combination medications 41 (5.2%)

Comorbidities, n (%)

Angina 36 (4.6%)

Chronic kidney disease 124 (15.7%)

Congestive heart failure (nonsystemic) 55 (7.0%)

Table 1 continued

Demographic Value
N = 790

Congestive heart failure (systemic) 21 (2.7%)

Diabetic retinopathy 194 (24.6%)

Foot ulcer 49 (6.2%)

Lower extremity amputation 18 (2.3%)

Myocardial infarction 22 (2.8%)

Obesity 408 (51.7%)

Peripheral neuropathy 281 (35.6%)

Peripheral vascular disease 65 (8.2%)

Stroke 25 (3.2%)
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(Table 2). Similarly, average hospitalization
costs for claims with a diabetes-related code in
the first or second position on the claim were
$6521 ± $28,475 during baseline and
$2561 ± $17,391 during the follow-up period.
In this analysis, the average PPPM hospitaliza-
tion cost decreased by $330 from $543 to $213
(p = 0.0008) (Table 2).

DISCUSSION

In this observational retrospective analysis of
administrative claims data, initiation of RT-
CGM was associated with significant reductions
in diabetes-related ED or inpatient visits as well
as significant reductions in diabetes-related

HCRU costs. These results are in line with a
similar analysis of people with T2D treated with
insulin or non-insulin therapies who initiated
RT-CGM [11].

Despite over $400 billion spent on diabetes
in the US in 2022 [5], about half of those with
T2D are not meeting treatment targets such as
A1C\7.0% [1]. This increases the risk of acute
diabetes-related events and hospitalizations, as
examined in this study, as well as long-term
diabetes-related complications [13]. The risks
associated with these complications can be
mitigated with proper diabetes management
and knowledge of one’s glucose values, which is
particularly critical in the context of insulin
dosing.

Table 2 Prevalence of diabetes-related emergency department (ED) or inpatient encounters and associated costs among
individuals with T2D using intensive insulin therapy

Variable Code in any position Code in 1st or 2nd position

Baseline Follow-up Change p-value Baseline Follow-up Change p-value

Number of individuals with at least one diabetes-related visit, n (%)

ED 97 (12.3%) 68 (8.6%) - 30.0% 0.01 66 (8.4%) 40 (5.1%) - 39.4% 0.008

Inpatient 142 (18.0%) 83 (10.5%) - 41.5% \ 0.0001 104 (13.2%) 45 (5.7%) - 56.7% \ 0.0001

Number of diabetes-related visits, n

ED 124 85 - 31.4% – 85 45 -52.9% –

Hyperglycemia 91 (73.4%) 65 (76.5%) – – 57 (67.1%) 33 (73.3%) – –

Hypoglycemia 33 (26.6%) 20 (23.5%) – – 28 (32.9%) 12 (26.7%) – –

Inpatient 223 128 - 42.6% – 132 66 - 50.0% –

Hyperglycemia 186 (83.4%) 100 (78.1%) – – 112 (84.8%) 59 (89.4%) – –

Hypoglycemia 37 (16.6%) 28 (21.9%) – – 20 (15.2%) 7 (10.6%) – –

Average number of diabetes-related visits per person, mean (SD)

ED 0.16 (0.47) 0.11 (0.39) - 31.4% 0.02 0.11 (0.39) 0.06 (0.26) - 52.9% 0.001

Inpatient 0.28 (0.70) 0.16 (0.55) - 42.6% \ 0.0001 0.17 (0.47) 0.08 (0.37) - 50.0% \ 0.0001

Diabetes-related costs, PPPM

ED $71 $47 - $24 n.s $41 $20 - $21 0.008

Inpatient $785 $468 - $317 0.02 $502 $193 - $308 0.002

Total $856 $515 - $341 0.01 $543 $213 - $330 0.0008

ED emergency department, PPPM per-person-per-month, SD standard deviation
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People with T2D using intensive insulin
therapy are increasingly using RT-CGM to
manage their diabetes and improve their health.
The findings in this study indicate that signifi-
cant reductions in diabetes-related HCRU were
associated with initiation of Dexcom G6 RT-
CGM in this population. This is supported by
multiple studies that similarly demonstrate the
cost reductions or cost-effectiveness of RT-CGM
use in the insulin-using T2D population in the
US [9, 11, 14] and globally [15–17].

While this study only analyzed individuals
with T2D using intensive insulin therapy, the
benefits of RT-CGM have been demonstrated in
people using less intensive insulin therapy. In a
recent randomized controlled trial, people with
T2D treated with basal insulin experienced a
significantly larger A1C improvement when
using RT-CGM compared to those self-moni-
toring their blood glucose (i.e., fingerstick test-
ing) [8]. In a large database study of people with
T2D using insulin, the event rate for hypo-
glycemia-related ED or inpatient visits
decreased by [ 50% for RT-CGM initiators
compared to a small increase for noninitiators
[7]. Additional real-world evidence and cost
effectiveness analyses are needed in basal insu-
lin and non-insulin-using populations.

The benefits of RT-CGM and the continuous
stream of glucose values it provides extend
beyond practical items such as insulin dosing
decisions. The use of remote monitoring fea-
tures can improve quality of life and overall
wellbeing among insulin-using individuals [18]
and their caregivers or spouses/partners [19].
Additionally, a recent survey found that most
users of retrospective data analysis software
(such as Dexcom Clarity) reported improved
hypoglycemic confidence and reduced diabetes
distress [20]. Finally, CGM systems can act as
motivational tools, encouraging users to engage
in more healthful practices [21–24]. In fact,
when use of RT-CGM systems is discontinued,
about half of the glycemic improvements are
lost [25].

Limitations of this study include the all-US
population with commercial health insurance,
which limits generalizability to other countries
or insurance providers, such as Medicare or
Medicaid. Demographic information was also

limited and prevented further analysis of factors
such as social determinants of health on CGM
access [26, 27]. We also do not know whether,
or to what extent, individuals used the RT-CGM
to monitor their glucose. The study did not
include a control group, and biases such as self-
selection to RT-CGM and regression to the
mean cannot be ruled out. It is possible that
people who experienced a diabetes-related hos-
pitalization initiated RT-CGM to prevent
another occurrence. Relatedly, the follow-up
period of 1 year was too short to derive con-
clusions related to durability of outcomes.
However, this study provides real-world evi-
dence that use of Dexcom G6 RT-CGM was
associated with reduced event rates and lower
medical costs, and it is possible that a longer
observation window would amplify these cost
savings. Finally, we only analyzed users of one
RT-CGM system, Dexcom G6, so the results may
not generalize to other CGM systems.

CONCLUSION

Overall, initiation of RT-CGM among people
with T2D using intensive insulin therapy was
associated with a significant reduction in dia-
betes-related ED and inpatient visits. This
decrease in health care utilization resulted in a
significant PPPM reduction in hospitalization
costs. Greater awareness of the benefits of RT-
CGM among payors and providers could result
in expanded access and continued cost
reductions.
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