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Original Article

Incidence and Health Consequences of 
Severe Hypoglycemia

Intensive therapy has become the standard of care for treat-
ment of type 1 diabetes (T1DM) based on its proven ability to 
help patients achieve near-normal glucose levels and signifi-
cantly reduce the risk of microvascular diabetes complications 
and cardiovascular disease events.1 Unfortunately, intensive 
therapy also increases the risk of severe hypoglycemia,2,3 an 
iatrogenic acute complication with significant health and 

socioeconomic consequences. Although it has been over 20 
years since the Diabetes Control and Complications Trial 
(DCCT) showed that intensive therapy tripled the incidence of 
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Abstract

Background: Severe hypoglycemia remains a major barrier to optimal diabetes management and places a high burden on 
the US health care system due to the high costs of hypoglycemia-related emergency visits and hospitalizations. Patients with 
type 1 diabetes (T1DM) who have hypoglycemia unawareness are at a particularly high risk for severe hypoglycemia, the 
incidence of which may be reduced by the use of real-time continuous glucose monitoring (RT-CGM).

Methods: We performed a cost calculation using values of key parameters derived from various published sources to 
examine the potential cost implications of standalone RT-CGM as a tool for reducing rates of severe hypoglycemia requiring 
hospitalization in adult patients with T1DM who have hypoglycemia unawareness.

Results: In a hypothetical commercial health plan with 10 million members aged 18-64 years, 9.3% (930 000) are expected 
to have diagnosed diabetes, with approximately 5% (46 500) having T1DM, of whom approximately 20% (9300) have 
hypoglycemia unawareness. RT-CGM was estimated to reduce the cost of annual hypoglycemia-related hospitalizations in 
this select population by $54 369 000, yielding an estimated net cost savings of $8 799 000 to $12 519 000 and a savings of 
$946 to $1346 per patient.

Conclusion: This article presents a cost calculation based on available data from multiple sources showing that RT-CGM 
has the potential to reduce short-term health care costs by averting severe hypoglycemic events requiring hospitalization in 
a select high-risk population. Prospective, randomized studies that are adequately powered and specifically enroll patients 
at high risk for severe hypoglycemia are needed to confirm that RT-CGM significantly reduces the incidence of these costly 
events.
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severe hypoglycemia,4 and despite the advent of insulin ana-
logues and easier-to-use glucose monitoring devices, most cli-
nicians still believe that hypoglycemia represents the biggest 
barrier to intensive glucose management.5 In adults, severe 
hypoglycemia is defined as hypoglycemia that requires assis-
tance from another person to actively administer carbohy-
drates, glucagon, or take other corrective actions.6 A review of 
the literature indicates that most studies of adults with T1DM 
have reported annual incidence rates of approximately 1 epi-
sode of severe hypoglycemia per patient.7-12

Severe hypoglycemia causes poor health outcomes in peo-
ple with T1DM, is a major barrier to optimal diabetes man-
agement, and often results in acute complications requiring 
emergency medical care. Potential long-term serious sequelae 
of severe hypoglycemia include increased risk of dementia, 
fracture-related falls, and cardiovascular events.13-16 In addi-
tion, severe hypoglycemia has been associated with an 
increased risk of mortality in patients with T1DM,17,18 
although it is not yet clear whether severe hypoglycemia is a 
direct cause of death or a marker for other risk factors associ-
ated with elevated mortality. Fear of severe hypoglycemia, 
which may be triggered by a single episode, can cause 
patients, parents, and providers to utilize less aggressive dia-
betes management and prevent patients from achieving target 
glycemic levels.19 Approximately 19% of severe hypoglyce-
mic episodes result in acute complications, including loss of 
consciousness, transport to emergency room, hospitalization, 
or fracture or trauma.20

Hypoglycemia unawareness, the diminished ability to 
perceive the acute autonomic warning symptoms of hypo-
glycemia,21 affects approximately 20% of adults with 
T1DM.22 Because awareness of the onset of hypoglycemia is 
fundamental to effective self-management to prevent pro-
gression to severe hypoglycemia,21 the presence of hypogly-
cemia unawareness greatly increases the risk of severe 
hyperglycemia in adults with insulin-treated diabetes.22-24

High Medical Costs of Severe 
Hypoglycemia

Severe hypoglycemia places a high burden on the US health 
care system due to the high costs of hypoglycemia-related 
emergency department (ED) visits and hospitalizations. Each 
year in the United States, hypoglycemia is responsible for 
100 000 ED visits, approximately one-third of which result in 
hospitalization.25 Over a 5-year period, ED visits for severe 
hypoglycemia cost the US health care system an estimated 
$600 million ($120 million per year),25 with an average cost 
of $1387 per visit.26

Approximately 30% of all severe hypoglycemic events in 
patients with T1DM necessitate ambulance/emergency team 
care, 10% emergency room/hospital attendance (<24 hours), 
and 5% hospital admission >24 hours.27 Among 43 patients 
with T1DM admitted to the emergency room for hypoglyce-
mia on 59 occasions, 47% were admitted to the hospital, of 

whom 64% had no coexistent reason other than hypoglyce-
mia for hospitalization.28 Among Medicare beneficiaries, the 
number of hospital admissions due to hypoglycemia admis-
sions now exceeds that for hospital admissions due to hyper-
glycemia.29 These admissions come at a high cost. An 
analysis of claims data for a large cohort of privately insured, 
working-age adults with type 2 diabetes (T2DM) estimated 
the average cost of a hospitalization for hypoglycemia at 
$17 654 in 2008 USD, which was significantly higher than 
the average cost of other diabetes-related inpatient admis-
sions.26 Based on this figure, Vigersky estimated the total 
annual cost of hospitalizations for hypoglycemia for the US 
T1DM population to be between $1.8 billion and $5.9 
billion.19

Impact of Real-Time Continuous 
Glucose Monitoring on Severe 
Hypoglycemia

Real-time continuous glucose monitoring (RT-CGM) offers 
opportunities to improve hyperglycemia and hypoglycemia 
by providing patients with real-time actionable information 
about their current blood glucose levels, the rate and direc-
tion of blood glucose changes, and alerts/alarms when blood 
glucose values exceed or fall below specified thresholds.30 
Meta-analyses have shown that RT-CGM significantly low-
ers HbA1c without increasing the risk of hypoglycemia in 
patients with T1DM, and is most effective in reducing 
HbA1c when patients use RT-CGM at least 70% of the 
time.31-33 Studies have not examined whether regular 
RT-CGM use is associated with a greater reduction in the 
frequency of hypoglycemic events, but it stands to reason 
that patients must be using the device to benefit from alerts/
alarms indicating when blood glucose levels fall below a 
threshold. There is not yet conclusive evidence that RT-CGM 
reduces the number of hypoglycemic events, including 
severe episodes, but data support the role of RT-CGM in 
reducing moderate hypoglycemia as well as the time spent in 
hypoglycemic range.34,35 Although clinical trials of RT-CGM 
have largely failed to demonstrate a significant reduction in 
hypoglycemic events,31-33,36 these studies were not ade-
quately designed or powered to detect a statistically signifi-
cant decrease in this endpoint that occurs relatively 
infrequently in an unselected population.37 Two studies that 
had a reduction in hypoglycemia as the primary outcome 
showed a significant reduction in the rate of mild hypoglyce-
mia, but rates of severe hypoglycemia were very low.34,38 
Although the Juvenile Diabetes Research Foundation (JDRF) 
randomized controlled trial35 was not adequately powered to 
detect a statistically significant reduction in the frequency of 
severe hypoglycemia, in a 6-month usual care extension 
study, T1DM patients, including both adults and children, 
assigned to the control group in the original trial who were 
newly initiated on RT-CGM experienced a 46% reduction in 
the incidence of severe hypoglycemia.39
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Several recent studies conducted in patients with T1DM 
and hypoglycemia unawareness suggest that RT-CGM may 
significantly reduce the rate of severe hypoglycemia in this 
high-risk population. In a small retrospective study, the mean 
rate of severe hypoglycemia declined from 8.1 to 1.2 epi-
sodes/year (P = .005) after initiation of RT-CGM in patients 
who had problematic hypoglycemia that were primarily using 
insulin pumps.40 A 6-month randomized controlled trial found 
that a sensor-augmented insulin pump with low-glucose sus-
pension significantly reduced the rate of severe hypoglyce-
mic events compared with standard insulin pump therapy.41 
Another 6-month prospective clinical trial reported that the 
average annualized rate of severe hypoglycemia fell from 
11.3 to 0.8 events in patients with T1DM who received 
RT-CGM.42 The HypoDE (Hypoglycemia in Deutschland) is 
the first study that will examine the impact of RT-CGM in 
reducing the frequency of severe hypoglycemia in T1DM 
patients who have high baseline rates of severe hypoglycemia 
and are being treated with multiple daily doses of insulin.37 
This study should provide some important information about 
the advantages of standalone RT-CGM in patients with T1DM 
at increased risk for experiencing severe hypoglycemia.

Cost-Effectiveness and Reimbursement 
of RT-CGM

Mounting evidence of the benefits of RT-CGM has resulted 
in improved reimbursement of this technology by US com-
mercial health plans.43 There are dedicated current procedure 
terminology billing codes for educating/training patients 
about CGM and interpreting CGM data,44 although these 
codes do not distinguish between real-time and retrospective 

CGM. Commercial health plans almost universally provide 
coverage for RT-CGM in subsets of patients with T1DM,43 
and are expanding to cover similar types of patients with 
insulin-treated T2DM.45 Despite these positive develop-
ments, barriers continue to hinder greater access to RT-CGM. 
Medicare does not currently cover RT-CGM, which it con-
siders to be a “precautionary” rather than a “medically criti-
cal” device.46 The different structures of health plans affect 
patient copays and deductibles, some of which may place a 
high burden on patients for out-of-pocket costs for RT-CGM. 
RT-CGM is usually considered durable medical equipment 
and is subject to the same deductibles and copays as other 
types of durable medical equipment. However, some health 
plans provide continuous glucose monitoring sensors through 
the patient’s pharmacy benefit, which is typically far less 
costly to the patient.

Additional evidence supporting the economic value of 
RT-CGM may improve payer coverage and reimbursement. 
To date, 6 studies have examined the cost-effectiveness of 
RT-CGM in patients with T1DM (see Table 1).47-52 The 
results of these studies have been wide ranging, which may 
be due both to advances in RT-CGM technology over time 
and differences in assumptions that form the basis of the 
models, and may not be compelling to US payers for several 
reasons. First, most studies estimated costs over a long time 
horizon even though the average retention of commercial 
health plan members is typically a few years, and US payers 
traditionally focus on 1- to 3-year time frames corresponding 
to their budget and contracting cycles.53 Second, almost all 
economic models of RT-CGM are complex Markov models, 
which payers may not find credible because of the use of 
implausible or unsubstantiated assumptions or lack of 

Table 1.  Cost-Effectiveness Studies of RT-CGM in Patients With Type 1 Diabetes.

Eastman, 2003 Huang, 2010 McQueen, 2011 Kamble, 2012 Ly, 2014 Roze, 2015

Country US US US US Australia Sweden
Perspective Payer Societal Societal Payer Payer Societal
Model type Monte Carlo–

based Markov 
model

Monte Carlo–
based Markov 
model

Monte Carlo–based 
Markov model

Monte Carlo–
based Markov 
model

Decision analytic model Monte Carlo–
based Markov 
model

Interventions RT-CGM vs 
SMBG

RT-CGM vs SMBG RT-CGM vs SMBG SAP vs MDI SAP with automated 
insulin suspension vs 
standard insulin pump

SAP vs standard 
insulin pump

Population Age 7-17 years 
with A1c ≥8%

Age ≥25 years 
with A1c ≥7%

Adults with A1c 
≥7% and ≤10%; 
mean A1c of 7.6%

Adults with 
A1c>8.3%

Age ≥12 years with 
hypoglycemia 
unawareness

Age of 27 years 
with A1c of 
8.6%

Horizon Lifetime Lifetime 33 years 60 years 6 months Lifetime
Model inputs RCT, DCCT JDRF RCT, DCCT, 

UKPDS, other 
literature

JDRF RCT, DCCT, 
UKPDS, other 
literature

Star 3 trial, DCCT, 
UKPDS, other 
literature

Clinical trial Meta-analysis, 
DCCT, UKPDS, 
other literature

Funding source Cygnus, Inc JDRF No funding Medtronic Medtronic Medtronic
ICER $61 326/QALY $98 679/QALY $45 033/QALY $229 675/QALY 

(3-day sensors); 
$168 104/QALY 
(6-day sensors)

$14 884 per severe 
hypoglycemic event 
avoided; $42 503 per 
QALY

$54 698/QALY

A1c, hemoglobin A1c; DCCT, Diabetes Control and Complications Trial; JDRF, Juvenile Diabetes Research Foundation; MDI, multiple daily insulin injections; QALY, quality-adjusted 
life year; RCT, randomized controlled trial; SAP, sensor-augmented insulin pump; SMBG, self-monitoring of blood glucose; UKPDS, UK Prospective Diabetes Study.
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transparency.54 Third, all studies reported the economic value 
of RT-CGM in terms of cost per quality-adjusted life year 
gained, which may have limited relevance, meaningfulness, 
validity, and reliability to US payers.55 Fourth, models using 
a societal perspective (ie, which include both direct and indi-
rect costs) may not be relevant to payers who are mainly con-
cerned with direct costs. Finally, many of the studies focused 
on devices that combined an insulin pump and RT-CGM (eg, 
sensor-augmented insulin pump), which makes it difficult to 
discern the relative value of RT-CGM alone.

Potential Cost Implications of Reducing 
Severe Hypoglycemia in Hypoglycemia 
Unaware Adults With T1DM With  
RT-CGM

Assumptions and Estimates

Given the limitations of existing cost-effectiveness models 
for demonstrating the economic value of RT-CGM to US 
payers, it may be worthwhile to explore the potential cost 
implications of standalone RT-CGM as a tool for reducing 
rates of severe hypoglycemia requiring hospitalization in a 
subset of T1DM patients at high risk for these costly events. 
Although there are insufficient data to develop a robust eco-
nomic model addressing this question, a simple cost calcula-
tion using values of key parameters derived from various 
published sources may provide a rough estimate for the 
direct cost benefits of providing RT-CGM to T1DM adults at 
high risk for severe hypoglycemia.

Table 2 summarizes the parameters that will serve as the 
basis of this cost calculation. We have defined individuals at 
high risk for severe hypoglycemia as those with hypoglycemia 
unawareness. In a large cohort study, approximately 20% of 
adults with T1DM had hypoglycemia unawareness,22 which 
was identified by asking individuals to rate on a 7-point Likert-
type scale (1 = always aware, 7 = never aware) the extent of 
their awareness of when hypoglycemia was commencing, 
with a value of 4 or higher indicating impaired awareness of 
hypoglycemia. Adults with T1DM and hypoglycemia 
unawareness have a 6-times greater risk of severe hypoglyce-
mia than those without hypoglycemia unawareness.22,23

To estimate the annual rate of severe hypoglycemic events 
in patients with T1DM and hypoglycemia awareness, we first 
examined studies that estimated the annual rate of severe 
hypoglycemia in the general population of adults with T1DM 
(which includes individuals with and without hypoglycemia 
unawareness) to determine the average incidence of severe 
hypoglycemia among all adults with T1DM. Although these 
studies reported varying rates of severe hypoglycemia, 
defined as episodes of hypoglycemia requiring assistance 
from a third party, in the general T1DM population, the 
majority reported rates close to 1 episode per patient-year 
(Table 3).7-12,56 A lower incidence rate (0.49 events per patient-
year) was reported in a recent retrospective study of 206 
T1DM patients in Italy.56 The authors surmised that the com-
paratively lower incidence of severe hypoglycemia found in 
their study may have been due to the fact that study patients 
were receiving optimal diabetes care, including treatment by 
diabetes specialists and almost universal treatment with insu-
lin analogues. In contrast, a global study conducted in 24 
countries involving 8022 individuals with T1DM reported 
considerably higher annual rates of severe hypoglycemia (2.1 
and 4.9 events per patient-year, respectively, when assessed 
retrospectively and prospectively).57 Based on the totality of 
evidence, we assumed the annual rate of severe hypoglyce-
mia in the general adult T1DM population to be 1 episode per 
patient-year, which we believe is a conservative estimate. 
Given that adults with T1DM and hypoglycemia unaware-
ness have a 6-fold greater risk of severe hypoglycemia than 
those without hypoglycemia unawareness,22,23 we estimated 
the incidence of severe hypoglycemia in adults with T1DM 
and hypoglycemia unawareness at 6 episodes per patient-year 
(ie, the rate of severe hypoglycemia in the general T1DM 
adult population [1 episode per patient-year] multiplied by 6).

Estimates for the percentage reduction in the frequency of 
severe hypoglycemic events conferred by RT-CGM in adults 
with T1DM were derived from the 6-month JDRF extension 
study, in which adults (aged ≥25 years) who were formerly 
assigned to the JDRF randomized trial control group experi-
enced a 32% reduction in the incidence of severe hypoglyce-
mia after initiating RT-CGM.39 Given that several small 
studies have reported much larger reductions (>80%) in the 
incidence of severe hypoglycemia following initiation of 

Table 2.  Estimates for Cost Calculation.

Parameter Estimate

% of T1DM adults with hypoglycemia unawareness 20%22

Annual rate of severe hypoglycemia in adults with T1DM 1.08-10,12

Increased risk of severe hypoglycemia in T1DM adults with hypoglycemia unawareness 6 times22,23

% of severe hypoglycemic episodes requiring hospitalization 14.5%27

% reduction in severe hypoglycemic episodes conferred by RT-CGM in adults with T1DM 32%39

Average cost of a hypoglycemia-related hospitalization $21 000a26

Cost of RT-CGM $4500 to $4900

a$17 564 in 2008 USD reported by Quilliam et al was updated to $21 000 in 2014 USD using the medical component of the Consumer Price Index.
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RT-CGM in patients with hypoglycemia unawareness,40-42 
estimates derived from the JDRF extension study (which did 
not select patients at high risk for severe hypoglycemia) may 
be considered conservative for a population with hypoglyce-
mia unawareness.

In 15 open-label, randomized, treat-to-target clinical trials 
with durations of 26 or 52 months involving 8000 patients, all 
episodes of severe hypoglycemia requiring emergency medi-
cal assistance (ambulance services or hospital/ER visit) were 
captured.27 Among patients with T1DM, 420 severe hypogly-
cemic events occurred, of which 14.5% required hospital/ER 
visits (< or ≥24 hours). The average cost of a hypoglycemia-
related hospitalization ($17 564 in 2008 USD [updated to 
$21 000 in 2014 USD using the medical component of the 
Consumer Price Index]) was derived from an analysis of 
administrative claims data for a large cohort of privately 
insured, working-age US adults with T2DM.26 The annual 
cost of RT-CGM (as a standalone device) was estimated to 
range from $4500 to $4900, depending on the frequency and 
duration of sensor use. This range is consistent with the esti-
mated annual cost of 2 commercial types of RT-CGM devices 
used in the JDRF randomized clinical trial.48

Cost Calculation

Table 4 applies the assumptions and estimates described 
above to a hypothetical US commercial health plan with 10 

million members aged 18-64 years. The prevalence of diag-
nosed diabetes among US adults aged ≥18 years is 9.3%.58 
Thus, in this hypothetical health plan, 9.3% (930 000) of the 
10 million adult members would be expected to have diag-
nosed diabetes, with approximately 5% (46 500) having 
T1DM.59 All enrollees with T1DM are assumed to be receiv-
ing insulin therapy.

The target population for treatment with RT-CGM is the 
approximately 9300 adults with T1DM and hypoglycemia 
unawareness. Without the use of RT-CGM, these patients are 
estimated to experience 55 800 episodes of severe hypoglyce-
mia each year, of which 8091 require hospitalization at a total 
cost of $169 911 000. With RT-CGM, these same patients are 
expected to experience 37 944 episodes of severe hypoglyce-
mia each year, of which 5502 require hospitalization at a total 
cost of $115 542 000. Thus, RT-CGM is estimated to reduce the 
cost of hypoglycemia-related hospitalizations in this select 
population by $54 369 000. Subtracting the cost of providing 
RT-CGM to this population ($41 850 000 to $45 570 000) yields 
an estimated net cost savings of $8 799 000 to $12 519 000 and 
a savings of $946 to $1346 per patient.

Discussion

Coverage and reimbursement of RT-CGM has expanded fol-
lowing improvements in the accuracy and usability of these 
devices and the growing number of high-quality clinical trials 

Table 3.  Annual Incidence of Severe Hypoglycemia in Adults With T1DM.

Study Population Design

Number of severe 
hypoglycemic events per 

patient-year

MacLeod et al, 
19938

544 randomly selected adult patients 
with T1DM attending a diabetes 
outpatient clinic in a teaching hospital

Retrospective patient 
questionnaire covering past year

1.7

ter Braak et al, 
200010

195 consecutive adult patients with 
T1DM attending a diabetes outpatient 
clinic at an academic medical center

Retrospective patient 
questionnaire covering past year

1.5

Pedersen-
Bjergaard et al, 
20049

1076 consecutive adult patients with 
T1DM attending a clinical at a Danish 
general hospital

Retrospective patient 
questionnaire covering past year

1.3

Donnelly et al, 
20057

77 adults with T1DM recruited from a 
population-based diabetes register in 
Tayside, Scotland

Prospective patient diary 
recording of events occurring 
over 1 month

1.15

UK Hypoglycaemia 
Study Group, 
200711

107 adults with T1DM recruited from 6 
secondary care diabetes centers

Prospective patient diary 
recording of events occurring 
over 9-12 months

1.1 (T1DM duration <5 years)
3.2 (T1DM duration >15 years)

Khunti et al, 
201457

8022 adults with T1DM from 24 
countries consecutively enrolled 
during a routine clinical consultation

Retrospective (6 months) patient 
questionnaire and prospective 
(4 weeks) patient questionnaire

2.1 (retrospective)
4.9 (prospective)

Weitgasser and 
Lopes, 201512

222 adults with T1DM recruited from 
online panel representative of general 
diabetes population

Retrospective patient 
questionnaire covering past year

0.7

Giorda et al, 
201556

206 consecutive adults with T1DM seen 
and 18 diabetes clinics

Retrospective patient 
questionnaire covering past year

0.49

In all studies, severe hypoglycemia was defined as episodes of hypoglycemia requiring assistance from others for recovery.
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that have demonstrated the superiority of RT-CGM versus 
self-monitoring of blood glucose in reducing hypoglycemia 
and HbA1c in children and adults with T1DM. To further 
broaden access to RT-CGM, the economic value of the tech-
nology must be more firmly established in terms that are rel-
evant and compelling to US payers. An important gap in the 
clinical literature is the extent to which standalone RT-CGM 
improves the rate, severity, and duration of hypoglycemia. In 
particular, it will be important to demonstrate the impact of 
RT-CGM on severe hypoglycemia, which is associated with 
significant morbidity, mortality, and health care costs. To 
accomplish this, studies like HypoDE,37 which are specifi-
cally designed and powered to address these questions, are 
needed.

The cost calculation presented in this article applied argu-
ably conservative estimates for the incidence of severe hypo-
glycemia and potential impact of RT-CGM on the frequency 
of severe hypoglycemic episodes in patients with T1DM 
who are at particularly high risk for these events. Results 
indicated that providing RT-CGM to patients with T1DM 
and hypoglycemia unawareness could save a US commercial 
health plan with 10 million members aged 18-64 years 
between $8.8 and $12.5 million each year by averting hospi-
talizations for severe hypoglycemia.

Of course, patients with hypoglycemia unawareness con-
stitute a minority of T1DM patients for whom RT-CGM is 
indicated and potentially beneficial. Many patients with 
T1DM who have difficulty achieving glycemic targets, but 
who are not at high risk of experiencing severe hypoglycemia, 
may benefit from the glucose lowering effects of RT-CGM. 
Quantifying the economic benefits of the glucose-lowering 
effects of RT-CGM, as measured by HbA1c, necessitates a 
long-term view as the most serious health consequences of 
prolonged hyperglycemia (eg, renal failure, lower limb ampu-
tation) typically do not manifest until later in the disease 

process. An economic model that takes into account both the 
short- and long-term health benefits of RT-CGM may prove to 
be particularly compelling as the potentially large short-term 
cost savings arising from the reduction of severe hypoglyce-
mia in high-risk patients coupled with the decreased risk of 
long-term diabetes complications may offset the costs of pro-
viding RT-CGM to a broader population of patients with 
T1DM over their lifetimes. In addition, although RT-CGM 
effects on quality of life are more difficult to quantify in short-
term budget impact analyses, quality-of-life metrics are an 
important component in many long-term cost-effectiveness 
analyses.

Use of RT-CGM is expanding to treat insulin-treated 
patients with T2DM who meet the same indications as 
patients with T1DM (eg, glucose levels above target, recur-
rent hypoglycemia). We did not include patients with insulin-
treated T2DM in the cost calculation because there are not yet 
sufficient data to estimate key parameters for this population, 
such as the reduction in the frequency of severe hypoglyce-
mia conferred by RT-CGM. As these data are reported, we 
will expand the model to include this population. A number of 
studies have reported a lower incidence of self-reported 
severe hypoglycemia in patients with insulin-treated T2DM 
than is typically seen in patients with T1DM,7,8,24,60 with dura-
tion of diabetes and insulin therapy and presence of hypogly-
cemia unawareness identified as major risk factors. However, 
a recent study found that patients with T2DM receiving mul-
tiple daily injections of insulin or basal-oral therapy had much 
higher rates of emergency room/hospital use due to hypogly-
cemia than patients with T1DM.27 The 14.5% rate of hospital/
ER visits for patients with T1DM cited in the recent study by 
Heller et  al includes both hospital visits for <24 hours and 
those lasting ≥24 hours. Heller et al noted that the 18.6% of 
T1DM and T2DM patients with severe hypoglycemia who 
sought hospital treatment in their study was lower than the 

Table 4.  Cost Calculation Inputs and Results for a Commercial Health Plan.

Parameter Calculation Result

Number of adult members with T1DM 10 million × 9.3% × 5% 46 500
Number of adult members with T1DM and hypoglycemia unawareness 46 500 × 20% 9300
Number of annual severe hypoglycemic events without RT-CGM 9300 × 6 episodes 55 800
Number of annual severe hypoglycemic events requiring hospitalization without RT-CGM 55 800 × 14.5% 8091
Number of annual severe hypoglycemic events with RT-CGM 55 800 – (55 800 × 32%) 37 944
Number of annual severe hypoglycemic events requiring hospitalization with RT-CGM 37 944 × 14.5% 5502
Annual cost of severe hypoglycemic events requiring hospitalization
  Without RT-CGM 8091 × $21 000 $169 911 000
  With RT-CGM 5502 × $21 000 $115 542 000
  Difference in cost $54 369 000
Cost of RT-CGM (low estimate) 9300 × $4500 $41 850 000
Cost of RT-CGM (high estimate) 9300 × $4900 $45 570 000
Net cost savings conferred by RT-CGM (based on lower device cost) $54 369 000 – $41 850 000 $12 519 000
Net cost savings conferred by RT-CGM (based on higher device cost) $54 369 000 – $45 570 000 $8 799 000
Per patient cost savings conferred by RT-CGM (based on lower device cost) $12 519 000/9300 $1346
Per patient cost savings conferred by RT-CGM (based on higher device cost) $8 799 000/9300 $946
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28% of insulin-treated patients with severe hypoglycemia 
who required hospitalization in an earlier study by Leese 
et  al.61 The authors surmised that the higher rate of severe 
hypoglycemia-related hospitalizations reported in the earlier 
study may have been due to a more severely affected popula-
tion, but also acknowledged that rates of severe hypoglyce-
mia reported in clinical trials, which have excluded patients at 
high risk for severe hypoglycemia, including those with 
hypoglycemia unawareness, may underestimate the fre-
quency of these events in real-world settings. In support of 
the contention that the true incidence of severe hypoglycemia 
has been underestimated in both clinical trials and observa-
tional studies, the Hypoglycaemia Assessment Tool study 
recently reported considerably higher rates of the incidence of 
severe hypoglycemia in a global T1DM patient population 
than have been previously reported.57 Therefore, it seems rea-
sonable to assume that the proportion of severe hypoglycemia 
events requiring hospitalization in adults with T1DM lies 
somewhere between 15% and 28%.

We acknowledge the limitations of the cost calculations 
presented herein. First, the assumptions and parameters used 
in the calculations were derived from multiple studies that 
had variable strengths and weaknesses. To maximize the 
external validity of our findings, we selected large, popula-
tion-based studies as sources of estimates for key parame-
ters, such as the incidence of hypoglycemia awareness and 
severe hypoglycemia among adults with T1DM and the cost 
of hospitalization for severe hypoglycemia. Despite these 
efforts, it is possible that certain assumptions and estimates 
that formed the basis of our cost calculations were not 
broadly representative of the target population. Second, this 
article focuses on the potential cost benefits of providing 
RT-CGM to a highly select subgroup of patients with T1DM. 
A longer term perspective may be needed to demonstrate the 
cost-effectiveness of RT-CGM for the broader population of 
patients with T1DM who are at normal risk for severe hypo-
glycemia but have a high risk for developing long-term com-
plications of diabetes due to chronic hyperglycemia.

Conclusion

In conclusion, although the long-term health benefits of good 
glycemic control are clearly important and should justify the 
value of RT-CGM, it has been challenging to demonstrate 
that reducing the risk of microvascular and macrovascular 
diabetes complications over patients’ lifetime is a cost-effec-
tive strategy for commercial payers. In this article, we pres-
ent a cost calculation based on available data from multiple 
sources showing that RT-CGM has the potential to reduce 
short-term health care costs by averting severe hypoglyce-
mic events requiring hospitalization. Prospective, random-
ized studies that are adequately powered and specifically 
enroll patients at high risk for severe hypoglycemia are 
needed to confirm that RT-CGM significantly reduces the 
incidence of these costly events.

Abbreviations

DCCT, Diabetes Control and Complications Trial; ED, emergency 
department; JDRF, Juvenile Diabetes Research Foundation; 
RT-CGM, teal-time continuous glucose monitoring; T1DM, type 1 
diabetes mellitus; T2DM, type 2 diabetes mellitus.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest 
with respect to the research, authorship, and/or publication of this 
article: AB is a paid consultant to Dexcom, Inc. CG is an employee 
of Dexcom, Inc.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: This 
study was funded by Dexcom, Inc.

References

	 1.	 Nathan DM. The diabetes control and complications trial/epi-
demiology of diabetes interventions and complications study at 
30 years: overview. Diabetes Care. 2014;37:9-16.

	 2.	 The relationship of glycemic exposure (HbA1c) to the risk of 
development and progression of retinopathy in the diabetes 
control and complications trial. Diabetes. 1995;44:968-983.

	 3.	 Diabetes Control and Complications Trial Research Group. 
Hypoglycemia in the Diabetes Control and Complications 
Trial. Diabetes. 1997;46:271-286.

	 4.	 DCCT Research Group. Epidemiology of severe hypoglyce-
mia in the diabetes control and complications trial. Am J Med. 
1991;90:450-459.

	 5.	 American Diabetes Association. Defining and reporting hypo-
glycemia in diabetes: a report from the American Diabetes 
Association Workgroup on Hypoglycemia. Diabetes Care. 
2005;28:1245-1249.

	 6.	 Seaquist ER, Anderson J, Childs B, et al. Hypoglycemia and 
diabetes: a report of a workgroup of the American Diabetes 
Association and the Endocrine Society. Diabetes Care. 
2013;36:1384-1395.

	 7.	 Donnelly LA, Morris AD, Frier BM, et al. Frequency and pre-
dictors of hypoglycaemia in type 1 and insulin-treated type 2 
diabetes: a population-based study. Diabet Med. 2005;22:749-
755.

	 8.	 MacLeod KM, Hepburn DA, Frier BM. Frequency and mor-
bidity of severe hypoglycaemia in insulin-treated diabetic 
patients. Diabet Med. 1993;10:238-245.

	 9.	 Pedersen-Bjergaard U, Pramming S, Heller SR, et al. Severe 
hypoglycaemia in 1076 adult patients with type 1 diabetes: 
influence of risk markers and selection. Diabetes Metab Res 
Rev. 2004;20:479-486.

	10.	 ter Braak EW, Appelman AM, van de Laak M, et al. Clinical 
characteristics of type 1 diabetic patients with and without 
severe hypoglycemia. Diabetes Care. 2000;23:1467-1471.

	11.	 UK Hypoglycaemia Study Group. Risk of hypoglycaemia in 
types 1 and 2 diabetes: effects of treatment modalities and their 
duration. Diabetologia. 2007;50:1140-1147.

	12.	 Weitgasser R, Lopes S. Self-reported frequency and impact 
of hypoglycaemic events in insulin-treated diabetic patients in 
Austria. Wiener Klinische Wochenschrift. 2015;127:36-44.



912	 Journal of Diabetes Science and Technology 10(4)

	13.	 Johnston SS, Conner C, Aagren M, et al. Association between 
hypoglycaemic events and fall-related fractures in Medicare-
covered patients with type 2 diabetes. Diabetes Obes Metab. 
2012;14:634-643.

	14.	 Johnston SS, Conner C, Aagren M, et  al. Evidence linking 
hypoglycemic events to an increased risk of acute cardiovas-
cular events in patients with type 2 diabetes. Diabetes Care. 
2011;34:1164-1170.

	15.	 Whitmer RA, Karter AJ, Yaffe K, et  al. Hypoglycemic epi-
sodes and risk of dementia in older patients with type 2 diabe-
tes mellitus. JAMA. 2009;301:1565-1572.

	16.	 Yaffe K, Falvey CM, Hamilton N, et al. Association between 
hypoglycemia and dementia in a biracial cohort of older adults 
with diabetes mellitus. JAMA Intern Med. 2013;173:1300-
1306.

	17.	 Lung TW, Petrie D, Herman WH, et al. Severe hypoglycemia 
and mortality after cardiovascular events for type 1 diabetic 
patients in Sweden. Diabetes Care. 2014;37:2974-2981.

	18.	 McCoy RG, Van Houten HK, Ziegenfuss JY, et al. Increased 
mortality of patients with diabetes reporting severe hypoglyce-
mia. Diabetes Care. 2012;35:1897-1901.

	19.	 Vigersky RA. The benefits, limitations, and cost-effectiveness 
of advanced technologies in the management of patients with 
diabetes mellitus. J Diabetes Sci Technol. 2015;9:320-330.

	20.	 Cariou B, Fontaine P, Eschwege E, et  al. Frequency and 
predictors of confirmed hypoglycaemia in type 1 and insu-
lin-treated type 2 diabetes mellitus patients in a real-life 
setting: results from the DIALOG study. Diabetes Metab. 
2015;41:116-125.

	21.	 Cryer PE. The barrier of hypoglycemia in diabetes. Diabetes. 
2008;57:3169-3176.

	22.	 Geddes J, Schopman JE, Zammitt NN, et  al. Prevalence of 
impaired awareness of hypoglycaemia in adults with type 1 
diabetes. Diabet Med. 2008;25:501-504.

	23.	 Gold AE, MacLeod KM, Frier BM. Frequency of severe hypo-
glycemia in patients with type I diabetes with impaired aware-
ness of hypoglycemia. Diabetes Care. 1994;17:697-703.

	24.	 Henderson JN, Allen KV, Deary IJ, et al. Hypoglycaemia in 
insulin-treated type 2 diabetes: frequency, symptoms and 
impaired awareness. Diabet Med. 2003;20:1016-1021.

	25.	 Geller AI, Shehab N, Lovegrove MC, et al. National estimates 
of insulin-related hypoglycemia and errors leading to emer-
gency department visits and hospitalizations. JAMA Intern 
Med. 2014;174:678-686.

	26.	 Quilliam BJ, Simeone JC, Ozbay AB, et al. The incidence and 
costs of hypoglycemia in type 2 diabetes. Am J Manag Care. 
2011;17:673-680.

	27.	 Heller SR, Frier BM, Herslov ML, et al. Severe hypoglycaemia 
in adults with insulin-treated diabetes: impact on healthcare 
resources. Diabet Med. 2015.

	28.	 Rajendran R, Hodgkinson D, Rayman G. Patients with diabetes 
requiring emergency department care for hypoglycaemia: char-
acteristics and long-term outcomes determined from multiple 
data sources. Postgrad Med J. 2015;91:65-71.

	29.	 Lipska KJ, Ross JS, Wang Y, et al. National trends in US hos-
pital admissions for hyperglycemia and hypoglycemia among 
Medicare beneficiaries, 1999 to 2011. JAMA Intern Med. 
2014;174:1116-1124.

	30.	 Hirsch IB, Armstrong D, Bergenstal RM, et al. Clinical applica-
tion of emerging sensor technologies in diabetes management: 

consensus guidelines for continuous glucose monitoring (CGM). 
Diabetes Technol Ther. 2008;10:232-244.

	31.	 Floyd B, Chandra P, Hall S, et al. Comparative analysis of the 
efficacy of continuous glucose monitoring and self-monitoring 
of blood glucose in type 1 diabetes mellitus. J Diabetes Sci 
Technol. 2012;6:1094-1102.

	32.	 Pickup JC, Freeman SC, Sutton AJ. Glycaemic control in type 
1 diabetes during real time continuous glucose monitoring 
compared with self monitoring of blood glucose: meta-analysis 
of randomised controlled trials using individual patient data. 
BMJ. 2011;343:d3805.

	33.	 Yeh HC, Brown TT, Maruthur N, et  al. Comparative effec-
tiveness and safety of methods of insulin delivery and glu-
cose monitoring for diabetes mellitus: a systematic review and 
meta-analysis. Ann Intern Med. 2012;157:336-347.

	34.	 Battelino T, Phillip M, Bratina N, et  al. Effect of continu-
ous glucose monitoring on hypoglycemia in type 1 diabetes. 
Diabetes Care. 2011;34:795-800.

	35.	 Tamborlane WV, Beck RW, Bode BW, et al. Continuous glu-
cose monitoring and intensive treatment of type 1 diabetes.  
N Engl J Med. 2008;359:1464-1476.

	36.	 Langendam MW, Luijf YM, Hooft L, et al. Continuous glucose 
monitoring systems for type 1 diabetes mellitus. Cochrane 
Database Syst Rev. 2012;1:CD008101.

	37.	 Heinemann L, Deiss D, Hermanns N, et al. HypoDE: Research 
design and methods of a randomized controlled study evaluat-
ing the impact of real-time CGM usage on the frequency of 
CGM glucose values <55 mg/dl in patients with type 1 diabe-
tes and problematic hypoglycemia treated with multiple daily 
injections. J Diabetes Sci Technol. 2015;9:651-662.

	38.	 Beck RW, Hirsch IB, Laffel L, et  al. The effect of continu-
ous glucose monitoring in well-controlled type 1 diabetes. 
Diabetes Care. 2009;32:1378-1383.

	39.	 Juvenile Diabetes Research Foundation Continuous Glucose 
Monitoring Study Group. Effectiveness of continuous glucose 
monitoring in a clinical care environment: evidence from the 
Juvenile Diabetes Research Foundation continuous glucose 
monitoring (JDRF-CGM) trial. Diabetes Care. 2010;33:17-22.

	40.	 Choudhary P, Ramasamy S, Green L, et al. Real-time continu-
ous glucose monitoring significantly reduces severe hypogly-
cemia in hypoglycemia-unaware patients with type 1 diabetes. 
Diabetes Care. 2013;36:4160-4162.

	41.	 Ly TT, Nicholas JA, Retterath A, et  al. Effect of sensor-
augmented insulin pump therapy and automated insulin sus-
pension vs standard insulin pump therapy on hypoglycemia 
in patients with type 1 diabetes: a randomized clinical trial. 
JAMA. 2013;310:1240-1247.

	42.	 Little SA, Leelarathna L, Walkinshaw E, et  al. Recovery of 
hypoglycemia awareness in long-standing type 1 diabetes: a 
multicenter 2 × 2 factorial randomized controlled trial compar-
ing insulin pump with multiple daily injections and continuous 
with conventional glucose self-monitoring (HypoCOMPaSS). 
Diabetes Care. 2014;37:2114-2122.

	43.	 Bartelme A, Bridger P. The role of reimbursement in the adop-
tion of continuous glucose monitors. J Diabetes Sci Technol. 
2009;3:992-995.

	44.	 Harrell RM, Orzeck EA. Coding guidelines for continuous glu-
cose monitoring. Endocr Pract. 2010;16:151-154.

	45.	 Schwartz S, Schiener G. The role of continuous glucose moni-
toring in the management of type 1 and type 2 diabetes. In: 



Bronstone and Graham	 913

Vora J, Buse J, eds. Evidence-Based Management of Diabetes. 
Shrewsbury, UK: TFM; 2012:91-110.

	46.	 Centers for Medicare & Medicaid Services. Your Medicare 
coverage: continuous glucose monitoring (CGM) devices. 
Available at: http://www.medicare.gov/coverage/continu-
ous-glucose-monitoring-devices.html. Accessed May 12, 
2015.

	47.	 Chase HP, Roberts MD, Wightman C, et  al. Use of the 
GlucoWatch biographer in children with type 1 diabetes. 
Pediatrics. 2003;111:790-794.

	48.	 Huang ES, O’Grady M, Basu A, et al. The cost-effectiveness 
of continuous glucose monitoring in type 1 diabetes. Diabetes 
Care. 2010;33:1269-1274.

	49.	 Kamble S, Schulman KA, Reed SD. Cost-effectiveness of sen-
sor-augmented pump therapy in adults with type 1 diabetes in 
the United States. Value Health. 2012;15:632-638.

	50.	 Ly TT, Brnabic AJ, Eggleston A, et  al. A cost-effectiveness 
analysis of sensor-augmented insulin pump therapy and auto-
mated insulin suspension versus standard pump therapy for 
hypoglycemic unaware patients with type 1 diabetes. Value 
Health. 2014;17:561-569.

	51.	 McQueen RB, Ellis SL, Campbell JD, et al. Cost-effectiveness 
of continuous glucose monitoring and intensive insulin therapy 
for type 1 diabetes. Cost Eff Resour Alloc. 2011;9:13.

	52.	 Roze S, Saunders R, Brandt AS, et al. Health-economic analy-
sis of real-time continuous glucose monitoring in people with 
type 1 diabetes. Diabet Med. 2015;32:618-626.

	53.	 Watkins JB, Minshall ME, Sullivan SD. Application of economic 
analyses in U.S. managed care formulary decisions: a private 
payer’s experience. J Manag Care Pharm. 2006;12:726-735.

	54.	 Shaya FT, Ohsfeldt RL. Bridging the gap between pharmaco-
economics and the real-world practice of managed care phar-
macy. J Manag Care Pharm. 2007;13:66-67.

	55.	 McGregor M. Cost–utility analysis: Use QALYs only with 
great caution. CMAJ. 2003;168:433-434.

	56.	 Giorda CB, Ozzello A, Gentile S, et  al. Incidence and risk 
factors for severe and symptomatic hypoglycemia in type 
1 diabetes. Results of the HYPOS-1 study. Acta Diabetol. 
2015;52:845-853.

	57.	 Khunti K, Alsifri S, Aronson R, et  al. PO118 Self-reported 
hypoglycemia: a global study of 24 countries with 27,585 insu-
lin-treated patients with diabetes: the HAT study. Diabetes Res 
Clin Pract. 2014;106:S105-S106.

	58.	 Schiller JS, Ward BW, Freeman G, et al. Early release of selected 
estimates based on data from the January–June 2014 National 
Health Interview Survey. National Center for Health Statistics. 
December 2014. Available at: http://www.cdc.gov/nchs/data/nhis/
earlyrelease/earlyrelease201412.pdf. Accessed May 14, 2015.

	59.	 Centers for Disease Control and Prevention. National Diabetes 
Statistics Report: Estimates of Diabetes and Its Burden in the 
United States, 2014. Atlanta, GA: US Department of Health 
and Human Services; 2014.

	60.	 Akram K, Pedersen-Bjergaard U, Carstensen B, et  al. 
Frequency and risk factors of severe hypoglycaemia in insulin-
treated type 2 diabetes: a cross-sectional survey. Diabet Med. 
2006;23:750-756.

	61.	 Leese GP, Wang J, Broomhall J, et  al. Frequency of severe 
hypoglycemia requiring emergency treatment in type 1 and 
type 2 diabetes: a population-based study of health service 
resource use. Diabetes Care. 2003;26:1176-1180.

http://www.medicare.gov/coverage/continuous-glucose-monitoring-devices.html
http://www.medicare.gov/coverage/continuous-glucose-monitoring-devices.html
http://www.cdc.gov/nchs/data/nhis/earlyrelease/earlyrelease201412.pdf
http://www.cdc.gov/nchs/data/nhis/earlyrelease/earlyrelease201412.pdf

