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COMMENTARY

Hypoglycemia Reduction and Accuracy
of Continuous Glucose Monitoring

Boris P. Kovatchev, PhD

Introduction

HE ARTICLE BY PEYSER ET AL.' published in this issue of

Diabetes Technology & Therapeutics reports accuracy
results in the hypoglycemic range for the Dexcom (San Diego,
CA) G4 Platinum continuous glucose monitoring (CGM)
system (software 505), which uses algorithmic signal proces-
sing to convert the raw electrochemical sensor data into cali-
brated blood glucose (BG) values. In this commentary, we
match these results to previously published in silico experi-
ments linking accuracy of CGM to frequency of hypoglyce-
mia. The in silico experiments indicate that, compared with the
original Dexcom G4 Platinum sensor, software 505 would
result in (1) an approximately 25% reduction in biochemical
severe hypoglycemia (defined as reference BG <39 mg/dL)
during direct point-of-care use of CGM values for insulin
dosing and (2) 45% reduction in biochemical severe hypo-
glycemia if all hypoglycemia alerts issued by the sensor are
adequately attended to. In addition, the reported error levels of
Dexcom G4 Platinum (software 505) are below the thresholds
that would allow CGM use for insulin dosing decisions (i.e.,
below the thresholds for nonadjunct CGM use) determined by
our in silico experiments.

The Optimization Problem of Diabetes

People with diabetes face a lifelong biobehavioral opti-
mization problem: to maintain strict glycemic control with-
out increasing their risk for hypoglycemia. Average glycemia
(typically represented by hemoglobin Alc) and glucose
variability are the measurable results from this optimization
and the principal feedback to the patient for his or her
maintenance of diabetes control. Many, now classic, studies
have established links among intensive insulin therapy, hy-
poglycemia unawareness, and impaired counterregulation”
and concluded that recurrent hypoglycemia spirals into a
““vicious cycle” implicated as the principal factor limiting
intensive treatment of diabetes.”®

Despite the progress of technology, hypoglycemia still
remains a significant challenge to diabetes control.” How-
ever, in a study of adolescents with hypoglycemia unaware-

ness, epinephrine response was restored in most subjects
with 4 weeks of CGM when the alarm threshold was set to
108 mg/dL."° It was also shown that real-time CGM reduced
significantly severe hypoglycemia while improving hemo-
globin Alc in patients with established hypoglycemia un-
awareness.'' Moreover, virtually all contemporary studies of
threshold'? or predictive'® low glucose suspend and closed-
loop control (known as the artificial pancreas)*'® report
significant reduction of hypoglycemia achieved by real-time
control algorithms using CGM data as their principal source
of information. Thus, CGM data contain valuable informa-
tion that, if sufficiently accurate and correctly interpreted by
the patient or by automated algorithms, can help with opti-
mization of diabetes control and with reducing the risk for
hypoglycemia.

Hypoglycemia Reduction and the Frequency
of BG Observations

Intuitively, the aggressiveness of glucose control in dia-
betes depends on the frequency of BG measurement. For
example, if only the average glycemic state of a patient is
available once every few months (as it would be with mea-
surement of hemoglobin Alc alone), then control strategies
could only target adjustment of long-term average glycemia,
but would not be able to respond to daily or hourly variation
in glucose level. Rapid BG changes would remain largely
unnoticed, unless leading to acute complications such as se-
vere hypoglycemia or diabetic ketoacidosis. Thus, the tem-
poral resolution of glucose measurement to a large extent
determines the aggressiveness of possible treatments. Epi-
sodic self-monitoring of BG (SMBG) typically includes
several (e.g., two to five) BG readings per day; thus, the
temporal resolution of SMBG allows for assessment of daily
BG profiles, or weekly trends.

With the advent of CGM, it is now well accepted that BG
fluctuations are a process in time characterized by the am-
plitude and the rate of BG changes. Contemporary CGM
devices are capable of producing BG determinations every 5—
10 min, which allows for detailed monitoring of glucose
fluctuations on a temporal scale of minutes. Thus, the
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frequency of CGM readings is sufficient to enable real-time
prediction (and possibly prevention) of rapidly evolving BG
fluctuations such as hypoglycemic episodes. The one re-
maining question is to what extent the accuracy of CGM is
sufficient to provide actionable information?

Algorithms and Accuracy of CGM

It is important to note that subcutaneous CGM devices
measure glucose concentration in a different than blood
compartment—the interstitium—and then deduce BG con-
centration from interstitial glucose (IG) readings. Pre-
sumably, IG fluctuations are related to BG via a diffusion
process, which results in a well-defined codependence al-
lowing BG changes to be deduced from IG dynamics.'®~*' To
account for the gradient between BG and IG, CGM glucose is
calibrated using capillary glucose measurements to match
BG levels. The rather complex conversion of IG concentra-
tion into BG measurement suggests that, in addition to sensor
chemistry, several algorithms are involved in the signal
processing. Eight years ago, we suggested algorithmic pro-
cessing of CGM data that involved three key components: (1)
denoising of the CGM signal; (2) “‘smart’ calibration, and
(3) short-term prediction to mitigate the inherent sensor time
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lag.zz’23 More recently, these ideas were further refined, new
versions of these methods have been formulated in the
“Smart Sensor Concegt,” and were applied to improve CGM
accuracy in real time.***>

The article by Peyser et al.' published in this issue of
Diabetes Technology & Therapeutics reports results from the
implementation of the Smart Sensor Concept into the Dex-
com G4 Platinum CGM system (software 505), which uses
algorithmic signal processing to convert the raw electro-
chemical sensor data into calibrated BG values. The new data
expand the previously reported pivotal trial results*® and
demonstrate improved accuracy in the hypoglycemic range.

In the pivotal trial*® the reported overall (across the BG
range of 40-400 mg/dL) mean absolute relative difference of
this system was 9%, and the mean absolute difference when
the reference YSI analyzer values were within hypoglycemic
range (<70 mg/dL) was 6.4 mg/dL; in the present study,’
mean absolute difference when the YSI value was below
70 mg/dL. was 6 mg/dL. Compared with the original G4
Platinum sensor, the accuracy in the hypoglycemic range was
improved significantly, which was particularly notable in the
reduction of large sensor deviations (e.g., those farther than
20% or 20 mg/dL from the reference value): from 18% for the
original G4 Platinum to 7% for the same sensor equipped
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viations exceeding 20% from reference blood glucose level as defined by in silico experiments based on real continuous
glucose monitoring—use data. Superimposed are (1) the placement of Dexcom G4 Platinum (triangle) and the same sensor
with software 505 (circle), (2) the frequency per patient-year of biochemical severe hypoglycemia (defined as reference
blood glucose of <39mg/dL) during point-of-care continuous glucose monitoring use as a direct replacement of self-
monitoring of blood glucose for insulin dosing and with threshold alerts that are properly attended to 100% of the time, and
(3) the thresholds for nonadjunct sensor use as determined in silico.
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with software 505 (Fig. 2 in Peyser et al."). This improve-
ment resulted in hypoglycemia (BG <70 mg/dL) detection of
95% within 10 min when the CGM alert threshold was set
at 80mg/dL." Intuitively, better detection should lead to
reduction of hypoglycemia through better-informed self-
treatment behaviors (barring “‘alarm fatigue”’) or through
better-informed control algorithms in the case of closed-loop
implementations.

Accuracy of CGM and Hypoglycemia Reduction

To address the relationship between CGM accuracy and
the frequency of hypoglycemic episodes, we have conducted
an in silico study combining real data with computer simu-
lation experiments to assess the sensor accuracy needed for
nonadjunct use of CGM. The results from this study are re-
ported in a previous publication.?® As discussed in our arti-
cle,”® a precise assessment of the relationship between CGM
accuracy and hypoglycemia is not possible in a clinical trial
because the exact same glycemic/treatment conditions can-
not be reproduced in vivo at varying degrees of sensor error.
Thus, the only option we had to gauge the degree of influence
of sensor error on glycemic control was modeling and sim-
ulation. Our in silico investigation yielded several findings
that are directly relevant to the results now presented by
Peyser et al.":

As shown in Figure 4A of our previous article®® and re-
drawn in Figure 1 here, there is an apparent curvilinear re-
lationship between a sensor mean absolute relative difference
and the percentage sensor deviations exceeding 20% from
reference. This relationship depends on the distribution of
sensor errors and appears to hold across various devices. In
particular, the errors reported for both Dexcom G4 Platinum
and Dexcom G4 Platinum (software 505) fall on this curve
(see Fig. 1).

The number of biochemical severe hypoglycemia (defined
as reference BG <39 mg/dL) per patient-year as determined
by our in silico experiments increases along the curvilinear
relationship: a fourfold increase (from 13 to 49.2 episodes) is
observed in experiments with direct insulin dosing based on
sensor values (point-of-care replacement use), and a 10-fold
increase (from 3.5 to 33.1 episodes) is observed in experi-
ments involving a threshold alert that is properly reacted to
100% of the time.?® Based on these estimated frequencies, we
can expect that, compared with the original sensor, Dexcom
G4 Platinum (software 505) would result in an approximately
25% reduction in biochemical severe hypoglycemia during
point-of-care use and in a 45% reduction in biochemical se-
vere hypoglycemia if all hypoglycemia alerts are adequately
attended to.

Conclusions

There is a direct relationship between the accuracy of
CGM and the reduction of hypoglycemia confirmed by sev-
eral clinical trials and precisely quantified by our in silico
experiments. In addition, as discussed by Polonsky and
Hessler,” “The available data suggest that greater satisfac-
tion with accuracy is linked to better real-time CGM adher-
ence, more confident and aggressive insulin adjustments,
improvements in quality of life, reduced reliance on self-
monitoring of blood glucose, and—potentially—less alarm
fatigue.”” Thus, the results presented by Peyser et al.' mark a
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positive step for the continued adoption of CGM, particularly
in intensive treatments increasing patients’ risk for hypo-
glycemia. We can also conclude that, as determined by our in
silico experiments,28 the error levels of Dexcom G4 Platinum
with software 505 are below the thresholds that would
allow CGM use for insulin dosing decisions (i.e., below the
thresholds for ‘‘nonadjunct use’”).
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