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Real-time continuous glucose monitor-
ing (rtCGM) is increasingly used in pa-
tients with type 1 diabetes because it
provides real-time data with low glucose
alarms in place to alert individuals or
their carers to developing hypoglycemia.
This technology may be especially useful
for those with impaired awareness of
hypoglycemia (IAH). However, there is
limited reported evidence on the accu-
racy of these devices in the hypoglycemic
range in these patients under controlled
conditions (1). In an ongoing clinical
study of people with type 1 diabetes
and IAH we compared data collected
from rtCGM with time-matched arterial-
ized venous (AV) blood analyzed using
a bedside plasma glucose analyzer and
a standard blood glucose meter (used
in self-monitoring of blood glucose
[SMBG]) under experimental hypoglycemic
conditions.
Participants with type 1 diabetes and

IAH were recruited to a parallel-group
study during which they underwent a
90-min hyperinsulinemic-hypoglycemic
(45mg/dL) clamp. Throughout the clamp,
AV blood samples were obtained every
5 min via a retrograde cannula inserted
into the nondominant hand that had been
placed into a heated hand box. Each AV
sample was tested using a standard blood
glucose meter (Contour Meter; Ascensia
Diabetes Care UK Limited, Newbury, U.K.)

before being centrifuged at 5500 rpm and
plasma glucose then measured using a
bedside plasma glucose analyzer (Biosen
C-Line GP1; EKF Diagnostics, Cardiff,
U.K.). Each participant had an rtCGM
device (Dexcom G6; Dexcom, San Diego,
CA) in place that had been fitted at least
48 h preceding the study, and this mon-
itoring was maintained throughout the
hypoglycemic clamp.

Fifteen hyperinsulinemic-hypoglycemic
clamp studies with complete data
sets for all three glucose readings ob-
tained were analyzed. Mean (SEM)
glucose at euglycemia (plasma; SMBG,
CGM) was 91.7 (2.6), 88.3 (2.8), and
99.1 (3.4) mg/dL and during stable hy-
poglycemia was 45.0 (0.5), 43.2 (0.8),
and 53.7 (1.8) mg/dL. Of 105 readings
analyzed during the hypoglycemic pe-
riod, only 46.7% of rtCGM readings
were ,54 mg/dL. In comparison with
AV plasma glucose, we found SMBG of
whole AV blood to report 3% lower at
euglycemia and 5% lower at hypoglyce-
mia. In contrast, we found rtCGM to
report 8% higher at euglycemia and
19% higher at hypoglycemia (Fig. 1). A
generalized estimated equation was
applied to adjust for baseline and time;
this confirmed that, overall, rtCGM over-
estimates glucose compared with AV
plasma (P , 0.05). In addition, in a
comparison of methods and time

periods throughout the hypoglycemic
clamp, rtCGM readings are significantly
higher (P , 0.001).

The hyperinsulinemic-hypoglycemic
clamp is the gold standard technique
used to assess the impact of hypoglyce-
mia on various aspects of the counter-
regulatory response including cognitive
function. AV glucose provides a close
approximation of arterial glucose, a dif-
ference of 1.8 mg/dL (2). The glycemic
threshold for impaired cognitive function
in people without diabetes is,50.5 mg/
dL (3), and in people with type 1 diabetes
the risk of severe hypoglycemia increases
by up to fourfold in those who do not
recognize when their blood glucose falls
to ,54 mg/dL (4). The International
Hypoglycaemia Study Group proposed
that a blood glucose concentration
,54 mg/dL is low enough to be consid-
ered serious, clinically important hypo-
glycemia and should be avoided (5).
These observed findings show that
when tested under hypoglycemic con-
ditions, rtCGM reports significantly
higher glucose readings compared
with AV plasma and whole blood using
SMBG. rtCGM remains a technology that
can be of great benefit to people who
struggle with IAH, but clinicians should be
aware that it may underestimate the
degree and recognition of hypoglycemia,
therefore delaying treatment and the
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possible restoration of hypoglycemia
awareness.
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Figure 1—Glucose data (mean6 SEM) during hyperinsulinemic-hypoglycemic clamps. Black circles
representAVplasmaglucose;bluesquares,AVbloodtestedviaSMBG; redtriangles,CGM.***P,0.001.
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