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Abstract

Background: Studies comparing standalone real-time continuous glucose monitoring (rtCGM) to self-monitoring of
blood glucose (SMBG) in patients with type | diabetes mellitus (T IDM) have found that rtCGM is associated with lower
glycated hemoglobin (A1 C) levels, yet does not increase the risk of severe hypoglycemia. However, little is known about the
relationship between rtCGM and health care costs and utilization. The objective of this study was to compare health care
spending, hospital admissions, and Al C levels of patients using rtCGM to that of patients not using rtCGM.

Methods: This retrospective, cross-sectional analysis used a large repository of health plan administrative data to compare
average health care costs (excluding durable medical equipment), hospital admissions, and AIC levels of those using rtCGM
(N = 1027) versus not using rtCGM (N = 32583). To control for potentially confounding variables, a propensity score
method was used to match patients using rtCGM to those not using rtCGM, based on characteristics such as age, gender,
and comorbidities.

Results: Patients using rtCGM spent an average of approximately $4200 less in total health care costs, when compared
to patients not using rtCGM (P < .05). They also experienced fewer hospital admissions (P < .05) and lower AIC (P < .05)
during the postindex year.

Conclusions: Use of rtCGM by patients with TIDM is associated with lower health care costs, fewer hospital admissions,

and better glycemic control.
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According to a recent report from the Centers for Disease
Control, nearly 10% of Americans have diabetes, a chronic
condition and the leading cause of kidney failure, nontrau-
matic lower-limb amputation, and new cases of blindness
among adults, as well as a major cause of heart disease
and stroke.! Diabetes and its complications impose a sig-
nificant economic burden on the health care system,
exceeding $245 billion in total direct and indirect costs in
20122

Blood glucose monitoring is considered an integral com-
ponent of effective therapy for diabetes management.'~ The
finger-stick test, also known as self-monitoring of blood
glucose (SMBG), is the most commonly used technique.
However, SMBG necessitates multiple blood samples over
the course of a day and is not typically used to detect

nocturnal hypoglycemia and asymptomatic hypoglycemia.
Patients with diabetes frequently use SMBG less often than
recommended, due to a number of issues, including pain,
lifestyle interference, lack of information, and motivational
and behavioral barriers.*® Up to 75% of hyper- and hypo-
glycemic episodes can therefore go undetected.” In addition,
SMBG provides only a single, immediate measure without
information regarding glucose trends over time, potentially
resulting in significant fluctuations that go untreated.®’
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In contrast, real-time continuous glucose monitoring
(rtCGM) uses a small subcutaneously inserted sensor to
measure glucose levels in the interstitial fluid every few min-
utes, 24 hours per day. tCGM provides patients with real-
time and trend data, as well as alerts when blood glucose
level is rapidly rising or falling, which allows better self-
management throughout the day.'

A meta-analysis comparing the effectiveness of tCGM
and SMBG supported the superiority of tCGM in lowering
glycated hemoglobin (A1C) levels in patients with type 1
diabetes mellitus (T1DM), without increasing the risk of
severe hypoglycemia.' More recently, two randomized clin-
ical trials comparing the use of rtCGM and SMBG in adults
with T1DM using multiple daily insulin injections found that
the former group had greater decreases in A1C, as well as
greater time within target glucose range and less glycemic
variability.'>"> Although more limited evidence supports the
use of rtCGM in patients with type 2 diabetes (T2DM), a
2016 consensus conference statement by the American
Association of Clinical Endocrinologists and the American
College of Endocrinology notes that tCGM is likely to be of
benefit “whenever intensive insulin therapy is used, regard-
less of diabetes type.”'* This is echoed by the Endocrine
Society’s 2016 Clinical Practice Guideline, which recom-
mends rtCGM for “adult patients with T2DM (not on pran-
dial insulin) who have A1C levels 27% and are willing and
able to use the device.”"” Significantly greater reductions in
A1C have been observed in patients using rtCGM at least
75% of the time, when compared to patients using rtCGM
less than 25% of the time.'®

Some studies have also compared the cost-effectiveness
of rtCGM versus SMBG. The majority use validated mod-
els, such as the Center for Outcomes Research (CORE)
Diabetes Model'” (a combination of Markov structure and
Monte Carlo simulation), to simulate disease progression
for a cohort of patients typically drawn from clinical trials
or meta-analyses; however, results vary widely, likely due
to differences in methodology.'®?** Other concerns regard-
ing much of the published cost-effectiveness research are
estimation of costs over a long follow-up period (eg, 30
years to lifetime) and inclusion of both direct and indirect
costs, both of which may limit the utility of the findings for
payers.”

Most of the modeling studies examined the cost-effective-
ness of standalone rtCGM versus SMBG in patients with
T1DM and reported incremental cost-effectiveness ratios
(ICERs) ranging from $33 789 per quality-adjusted life-year
(QALY) gained to $98 679 per QALY.'®*" In contrast, when
modeling the cost-effectiveness of rtCGM in patients with
T2DM, Fonda et al reported an ICER of $13 030 per QALY,
and a modeling study by Roze et al, which focused on
patients using an insulin pump in conjunction with rtCGM,
reported an ICER of $54 698 per QALY.>"** A somewhat dif-
ferent type of modeling study used data derived from previ-
ously published research to determine the cost-effectiveness

of standalone rtCGM in terms of decreasing the rate of severe
hypoglycemia and subsequent hospitalization in adults with
T1DM.* The authors found that rtCGM lowered the annual
cost of hypoglycemia-related hospitalizations by $946 to
$1345 per patient.

Other investigators have conducted controlled trials and
observational studies to explore the effect of rtCGM on
health care utilization. For example, a multicenter, random-
ized, controlled crossover study examined the effect of a
combination of insulin pump therapy and rtCGM on medical
resource use. The authors reported that insulin pump use in
conjunction with rtCGM was associated with lower A1C,
without increases in health care utilization.** More recently,
a multicenter, prospective, observational cohort study found
that patients with TIDM using an insulin pump and rtCGM
experienced fewer hospital admissions for acute diabetes
complications, compared to similar patients using an insulin
pump without tCGM.*

Finally, Parkin et al used health plan administrative data
for a cohort of patients with TIDM to evaluate the effect of
rtCGM versus SMBG.? They reported that the former was
associated with improvements in A1C, as well as reductions
in hospital admissions; however, with the exception of inpa-
tient and emergency room (ER) costs, they did not evaluate
health care spending. Our research builds on these findings
by including a detailed analysis of spending. More specifi-
cally, we used a large repository of health plan administrative
data linked to automated lab results to compare annual health
care costs/utilization and A1C levels in patients with TIDM
using standalone rtCGM (ie, without an insulin pump) to
those not using standalone rtCGM.

Methods
Study Design

We conducted a population-based, cross-sectional analysis
that compared annual health care costs/utilization and A1C
of patients with diabetes who used rtCGM for at least 3 quar-
ters, to those who did not use rtCGM.

Data Source

For this analysis, we utilized the Optum Clinformatics®
Data Mart (OptumlInsight, Eden Prairie, MN) database of
commercially insured and Medicare Advantage subscribers
and their dependents. The database contains deidentified,
person-specific data, including insurance claims submitted
by all providers of medical care or treatments, including
durable medical equipment (DME), and claims submitted by
pharmacies. In addition, actual lab results/values were avail-
able in the database for a subset of all laboratory tests, includ-
ing the A1C tests used in this analysis. Institutional review
board oversight was not necessary, because the database was
deidentified in compliance with HIPAA rules.
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Figure 1. Study period.

Sample selection and creation of analytic variables were
performed using the Instant Health Data (IHD) platform
(BHE, Boston, MA). Statistical analyses were undertaken
with SAS software, version 9.4 (SAS Institute Inc, Cary, NC).

Population Selection and Study Period

Using the database described above, we began our popula-
tion selection by identifying individuals with at least one
pharmacy claim for insulin between January 1, 2009, and
December 31, 2016. Patients were excluded if they used an
insulin pump or had gestational or nonclinical diabetes dur-
ing the same time period. We then defined the index date as
the date of service on the last claim for insulin minus one
year. Our study period consisted of the 2 years prior to last
insulin claim, with 1 year prior to the index date defined as
“preindex” period and 1 year following and including the
index date as the “postindex” period (Figure 1).

In addition, patients had to have at least one insulin claim
in the first 6 months of the postindex period. The sample
was then further narrowed to include only those patients
who were continuously enrolled with medical and pharmacy
benefits during the study period. Additional exclusion crite-
ria included patients who were younger than 14 years or
older than 64 years at the index date, and who had no insulin
claims during the preindex period. Then, whether a patient
had TIDM or T2DM was defined by a combination of diag-
nosis codes and use of oral antidiabetic medications (OAD).
Only commercially insured patients with TIDM were
included in the final study sample. These criteria were
applied since they most closely match the suggested target
population for rtCGM, and very few individuals with T2DM
and Medicare Advantage were found to use rtCGM during
exploratory analyses.

Our intervention, or the “rtCGM” cohort, was the subset of
each of the above samples that included patients with a
rtCGM order at least 3 quarters of a year during the postindex
period. We chose this cut-off based on previously published

research.'® Our comparison group, or the “non-rtCGM”
cohort, was the subset of each of the above samples that did
not use rtCGM during the postindex period.

Measures

Health Care Costs and Utilization. We computed direct health
care costs based on all medical and pharmacy claims, exclud-
ing DME (eg, rtCGM and SMBG), for each patient. We then
categorized medical claims based on place of service (appen-
dix). Pharmacy claims that were not diabetes-related were
combined into an “other prescription” category. The Optum
database treats claim dollar amounts as if they were paid by
a single payer with a consistent (ie, standard) fee schedule,
so that any differences in cost could be attributed to differ-
ences in health care utilization.

We defined health care utilization as the number of hospital-
izations and the length of stay (LOS) for each hospitalization.

Demographics. Demographic data collected at the index date
included age, gender, and geographic location.

Health Status/Comorbidities. We determined a composite mea-
sure of overall disease severity based on the Charlson Comor-
bidity Index (CCI)*’ and the presence of select conditions based
on ICD-9% and ICD-10 codes,”®* as well as the presence of
macrovascular or microvascular conditions (eg, coronary artery
disease and retinopathy, respectively). These data were col-
lected during both the preindex and postindex periods.

AlC. We collected the last A1C measure during both the pre-
index and postindex periods. A1C values were available for
a subset of patients.

Multivariate Analyses

To control for confounding factors in our cost analyses, we
used a propensity score method to select equal-sized
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Patients withTIDM or T2DM on insulin. (Excludes patients using an insulin
pump and/or patients with gestational diabetes or nonclinical diabetes)
N=408,2587

O

Excluded patients whowere not continuously enrolled with medical and
pharmacy benefits from the same health insurance plan (Commercial or
Medicare Advantage) and/or had negative total healthcare, medical, or
pharmacy costs during the study period.
N=244,821

15}

Excluded patients whose gender or state of residence was not recorded.

N=244,105
L
Excluded patients younger than 14 years atindex date.
N=242,428
. 2
Excluded patients with no insulin claims during the pre-index period.
N=221,373
Excluded patients enrolled ina Medicare Advantage health insurance plan
and/or who had T2DM.
N=33,945
: Non-rtCGM group:
Had at least 1 claim for tCGM < A :
during post-index period Had no ntCGM clam'!s during post-index
N=1,362 period
¥ N= 32,583
rtCGM group:
Had rtCGM for 23 quarters during post-
index period
N=1,027

Figure 2. Selection of the study sample.

groups of patients using rtCGM and patients not using
rtCGM (ie, 1:1 matching). Prior to matching, we excluded
patients with >99th percentile total costs (including DME)
during the pre- or postindex period. Then, propensity
scores were estimated based on logistic regression with
preindex predictors of age, gender, macrovascular and
microvascular complications, geographic region, presence
of inpatient costs, index year, CCI score, use of multiple
daily injections (MDI) or oral medications, and total costs.
rtCGM users and nonusers were matched if their individ-
ual propensity score fell within a set range (caliper). The
caliper was set as 0.20 of pooled standard deviation of
logit of the propensity score.

This matching procedure was also applied for our AIC
analysis, but only the last A1C in the preindex period was used
in the propensity score regression. In addition, only patients

with at least one A1C measurement in both the preindex and
postindex period were included prior to matching.

After matching, a paired or matched #-test was used to test
whether postindex costs differed between the tCGM group
and non-rtCGM group.

Results

Selection of the Study Sample

Of the 409297 patients having at least 1 pharmacy claim for
insulin during calendar years 2009 to 2016, 375687 were
excluded from the study based on the factors described in
Figure 2, leaving a total of 33610 patients in the study sam-
ple. Of these, 1027 patients used rtCGM and 32 583 patients
did not use rtCGM.
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Table I. Preindex Period Characteristics Following Propensity
Score Matching for Health Care Costs and Utilization.

Table 2. Preindex Period Characteristics Following Propensity
Score Matching for AIC.

Variable rtCGM Non-rtCGM P value Variable rtCGM Non-rtCGM P value
N? 1023 1023 N 283 283
Female, n (%) 402 (39.3) 410 (40.1) 7177 Last Alc, mean 7.62 7.62 1.00
Age, mean 40.7 40.7 1.0000
Rzgion 7483 ;.Z,F:;Z:Iznzs:::};;:fr;i?:;shad AIC value available in both the
\l;lvorthea'it/,)n (%) T;: 823; T;l g;g T-test was used for continuous variables.
est, n (% X .

Midwest, n (%) 435 (42.5) 418 (40.9)

South, n (%) 241 (23.6) 258 (25.2) average when compared to patients not using rtCGM (P <
CCl, mean 1.59 1.56 5751 .05). The majority of this cost difference was in medical
Long-term complications 9517 costs, compared to pharmacy costs. Within medical costs,
None, n (%) 523 (51.1) 520 (50.8) about $2200 lower costs were seen in the “outpatient other
Microvascular only, n (%) 27 (2.6) 31 (3.0) facility” category, which includes outpatient hospital, outpa-
Macrovascular only, n (%) 187 (18.3) 183 (17.9) tient psychiatry, outpatient rehabilitation, and surgical center
Microvascular and 286 (28.0) 289 (28.3) costs. In addition, almost $2000 lower costs, on average,

macrovascular, n (%) were seen in the “inpatient hospital” category. These lower
Index year, n (%) 4549 inpatient costs are in line with fewer hospital admissions (P

;ggg :§ E:g; :2 E: 2; <.05) and shorter lengths of stay during the postindex period

: : P =.08). (Table 3

2010 29 (2.8) 27 (2.6) ( )-( )

2011 28 (2.8) 37 (3.6)

2012 76 (7.4) 64 (6.3) AlC

2013 93 (9.1 89 (8.7 . . . . . .

2014 99 29 7; 8l 27 9; During the postindex period, patients using rtCGM had sig-

2015 655 (64.0) 688 (67.3) nificantly lower Al C when compared to patients not using

2016 16 (1.6) 8 (0.8) rtCGM (P < .05) (Figure 3).

Had hospitalization, n (%) 49 (4.8) 46 (4.5) .7526
Total costs, mean $19983 $18123 .1248 Discussion

T-test was used for continuous variables; chi-square test was used for
categorical variables.

*4 patients were excluded as outliers, based on >99th percentile total
costs during the pre- or postindex period.

Preindex Period Characteristics

Table 1 shows the characteristics of the study sample during
the preindex period, after propensity score matching for
health care cost and utilization. Since 4 patients were
excluded as outliers, based on >99th percentile total costs
during the pre- or postindex period, there were 1023 patients
in each group. After matching, no significant differences
between the rtCGM and non-rtCGM groups remained on
preindex characteristics used in the matching, indicating that
the matching was successful.

Table 2 shows the characteristics of the study sample dur-
ing the preindex period, after propensity score matching for
A1C. There were 283 patients in each group and no signifi-
cant differences between the rtCGM and non-rtCGM groups,
indicating that the matching was successful.

Health Care Costs and Utilization

During the postindex period, patients using tCGM had total
health care costs that were more than $4000 lower on

A 2016 consensus statement by the American Association of
Clinical Endocrinologists and American College of
Endocrinology advocates expanding rtCGM use for patients
with diabetes, because it has been found to improve glucose
control and reduce the occurrence of hypoglycemic events.
The authors note, however, that real-world analyses are
needed to confirm potential cost savings.'* Indeed, a number
of studies have demonstrated the clinical benefits of tCGM,
but raise questions about its cost-effectiveness.'' Our
research has addressed these questions by using health plan
administrative data to investigate the health care costs, hos-
pital admissions, and glycemic control associated with
rtCGM use by commercially insured patients with TIDM.
We found that average annual total health care costs
(excluding DME) were $4257 lower for patients using
rtCGM for a majority of the time when compared to a similar
group of patients who were not using rtCGM. A substantial
effect was seen in inpatient costs, with lower costs of almost
$2000 seen among patients using tCGM. Although not ana-
lyzed, this may be due to a lower number of diabetes-related
admissions, as seen in other analyses.”® The greatest differ-
ence (an average of $2287 per year) was seen with respect to
expenses related to outpatient treatment that took place out-
side of the typical office/clinic setting (ie, outpatient psychi-
atry, outpatient rehabilitation, and surgical centers). Better
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Table 3. Mean Health Care Costs and by Study Group.

rtCGM (N = 1023) Non-rtCGM (N = 1023) Difference® P value
Total Cost (w/o DME) $16194 $20452 -$4257 .0010
Medical (w/o DME) $7749 $11583 -$3834 .0001
Inpatient $i1116 $3104 -$1987 .0002
Inpatient other facility $256 $201 $56 .6446
Outpatient office & clinic $2055 $1787 $268 .0282
Outpatient other facility $2273 $4560 -$2287 .0002
Emergency room $869 $1282 -$413 .0180
Postacute care and other location $1179 $649 $530 .0002
Pharmacy (w/o DME) $8445 $8869 -$424 4444
Insulin $4637 $4566 $71 .5742
OAD $0 $1 -$l 3175
Other Rx (nondiabetic) $3807 $4301 -$494 3599
Utilization
Average hospital admission 0.06 0.13 -0.07 .0001
Average LOS per admission 3.79 5.46 -1.67 .0788

T-test was used for continuous variables. Cost breakdown based on place of service. Details in the appendix.

*Rounded to the nearest dollar.

9.0

85

80

£ -0.41%, P<0.001
=
- 75
-4
£
T 70
7.49 7.89
B.5
6.0
rtCGM Non-rtCGM
N =283 N=283

Figure 3. Postindex AIC: rtCGM versus non-rtCGM.

glucose control may also affect the level of complications
seen in other settings, such as outpatient hospitals, resulting
in lower costs for these procedures. Patients using rtCGM
also experienced fewer hospitalizations than did patients not
using tCGM.

These results confirm the findings of a somewhat similar
study of patients with TIDM by Parkin et al, which also
focused on the effect of rtCGM using data extracted from the
Optum database. More specifically, when compared to
SMBG, rtCGM was associated with lower inpatient and ER
costs (—17.4% and

—15.0%, respectively), as well as fewer inpatient and ER
admissions (—42.2% and —17.0%, respectively), however
only the results for inpatient admissions reached statistical
significance (P = .013).%® Several important methodological
differences between the study by Parkin et al and ours include
the fact that (1) our study also examined total health care
costs, as well as many other cost subcategories, whereas the
former study focused only on inpatient and ER costs; (2) our

study population excluded patients using an insulin pump,
whereas the former study did not; (3) our study defined the
index date as 1 year prior to the last insulin claim and defined
rtCGM use as having rtCGM orders in at least 3 quarters of a
year, whereas the former study defined the index date as the
first claim for the initiation of rtCGM and assumed that
patients continued using rtCGM during the follow-up period;
and (4) our sample size was almost twice as large.

In addition to the positive effect of rtCGM on health care
costs and utilization, our study also found that patients with
T1DM who used rtCGM for at least 1 year had lower A1C
than did similar patients who did not use tCGM (P < .05).
This supports the findings of a number of other studies that
have reported a positive association between rtCGM use and
lower A1C.""132¢

Our study had several limitations that must be considered
when interpreting the results. First, because the Optum data-
base does not include actual allowed amounts for claims, but
instead treats claims as if they were paid by a single payer
with a consistent fee schedule, we were unable to determine
the actual effect of tCGM on spending. This, however, does
not affect the relative comparison between the rtCGM and
non-rtCGM groups, since the standardized pricing affects
both groups similarly. Second, the Optum database includes
only direct costs, so we were unable to evaluate the impact of
rtCGM on indirect costs, such as days missed from work.
Third, the sample size for the subgroup of patients for whom
A1C data were available was relatively small. This subgroup
may have also introduced bias, if characteristics of patients
for whom A1C data were available differed from characteris-
tics of patients for whom A1C data were not available, and
this, in turn, impacted the outcomes. The fact that the Optum
database does not contain information regarding socioeco-
nomic status or mental health benefits is another source of
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potential bias that we were unable to consider as part of our
propensity score matching. Finally, some of the patients in
the rtCGM group may have been using rtCGM during both
the pre- and postindex periods, however we were able to con-
trol for this to some extent by including total health care
costs during matching.

Conclusion

Despite its limitations, this study had yielded real-world evi-
dence that rtCGM use by patients with TIDM is associated
with improved glucose control, as well as with decreased
health care costs and utilization. An international expert
panel has recommended that rtCGM, in conjunction with
AI1C, be considered “for glycemic status assessment and
therapy adjustment in all patients with type 1 diabetes and
patients with type 2 diabetes treated with intensive insulin
therapy who are not achieving glucose targets,” and both the
American Association of Clinical Endocrinologists and the
American College of Endocrinology note that “expanded
CGM coverage by government and private payers is an
urgent need.”'*** Our results should contribute to the evi-
dence required to make such coverage a reality.

Appendix

Health Care Locations

General category IHD-defined location

Inpatient
Inpatient, other facility

Inpatient hospital
Inpatient psychiatry
Inpatient rehabilitation
Inpatient other

Office

Clinic

Outpatient hospital
Outpatient psychiatry
Outpatient rehabilitation
Surgical center

Other outpatient
Emergency department
Home health care
Hospice facility
Long-term care

Other location
Pharmacy

Skilled nursing facility

Outpatient office and clinic

Outpatient, other facility

Emergency room
Postacute care and other location

Abbreviations

A1C, glycated hemoglobin, CCI, Charlson Comorbidity Index;
CORE, Center for Outcomes Research; DME, durable medical
equipment; ER, emergency room; IHD, Instant Health Data; LOS,
length of stay; MDI, multiple daily injections; OAD, oral antidia-
betic; QALY, quality-adjusted life-year; tCGM, real-time continu-
ous glucose monitoring; SMBG, self-monitoring of blood glucose;
T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
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