
GlucoWatch® G2™ Biographer (GW2B) Alarm Reliability During
Hypoglycemia in Children*

The Diabetes Research in Children Network (DirecNet) Study Group†

Abstract
Background—The GlucoWatch® G2™ Biographer (“GW2B”, Cygnus, Inc.) provides near
continuous monitoring of glucose values in near real time. This device is equipped with two types
of alarms to detect hypoglycemia. The hypoglycemia alarm is triggered when the current glucose
measurement falls below the level set by the user. The “down alert” alarm is triggered when
extrapolation of the current glucose trend anticipates hypoglycemia to occur within the next 20
minutes.

Methods—We used data from an inpatient accuracy study to assess the performance of these alarms.
During a 24-h clinical research center stay, 89 children and adolescents with T1DM (3.5–17.7 years
old) wore 174 GW2Bs and had frequent serum glucose determinations during the day and night.

Results—Sensitivity to detect hypoglycemia (reference glucose ≤60 mg/dL) during an insulin-
induced hypoglycemia test was 24% with the hypoglycemia alarm alone and 88% when combined
with the down alert alarm. Overnight sensitivity from 11pm–6am was 23% with the hypoglycemia
alarm alone and 77% when combined with the down alert alarm. For 16% of hypoglycemia alarms,
the reference glucose was above 70 mg/dL for 30 minutes before and after the time of the alarm. For
the two alarm types combined, the corresponding false positive rate increased to 62%.

Conclusions—The down alert alarm substantially improves the sensitivity of the GW2B to detect
hypoglycemia at the price of a large increase in the false alarm rate. The utility of these alarms in the
day to day management of diabetic children remains to be determined.

Introduction
In pediatric patients with type 1 diabetes mellitus (T1DM), hypoglycemia is a major
management challenge, particularly at night. In the DCCT, the risk of severe hypoglycemia in
adolescents with T1DM was greatly increased compared with the risk in adults, regardless of
the intensity of treatment.1 In very young children with T1DM, there are heightened concerns
that hypoglycemia will cause permanent neurologic sequelae.2, 3 Across all age groups, the
possibility of a severe hypoglycemic event occurring at school, at play, or at night while
sleeping is one of the greatest fears of patients and parents alike.4 A device with the ability to
continually monitor the blood glucose and to reliably detect hypoglycemia in real time would
therefore be a valuable tool in the management of T1DM in children.

The GlucoWatch® G2™ Biographer (“GW2B”; Cygnus, Inc., Redwood City, CA) provides a
near real-time glucose measurement every 10 minutes.5 Since glucose values are obtained
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frequently, it allows for the prediction of future hypoglycemia, a new tool in diabetes
management, which is not possible with standard glucose monitoring when 4–6 discrete
glucose values are obtained each day. The GW2B is equipped with an alarm that sounds when
either 1) the measured glucose drops below the level set by the user (hypoglycemia alarm) or
2) the trend of consecutive glucose values projects that this glucose level will be reached within
20 minutes (down alert alarm). Because of the physiological lag between blood glucose and
interstitial fluid as well as the instrument lag of the system, the hypoglycemia alarm reflects
the blood glucose level approximately 20 minutes earlier. The down alert alarm, on the other
hand, should reflect the blood glucose level at the time of the alarm because the 20 minute lag
is counterbalanced by projecting the glucose value 20 minutes ahead.

The accuracy of the GW2B has been reported in several studies,6–10 but data in children are
limited.11 We conducted a five-center CRC-based study that assessed the accuracy of the
GW2B in children with T1DM by comparing the sensor glucose measurements with serum
glucose measurements made by a central laboratory. Results showed lower sensor accuracy in
the hypoglycemic range than in the hyperglycemic range, with a median relative absolute
difference (RAD) between the sensor and reference values of 16% overall and 38% when the
reference glucose was ≤70 mg/dL.12 Sensitivity of the hypoglycemia alarm was 23% when
the alarm was set at 60 mg/dL.13 Sensitivity increased at higher alarm settings but at the
expense of a high false positive rate. We concluded that this high false positive rate limits the
utility of the hypoglycemia alarm function.

The down alert alarm has received little attention in prior reports on GW2B performance. We
investigated whether the down alert alarm performance is superior to that of the hypoglycemia
alarm by analyzing the data collected in this inpatient accuracy study and comparing the
sensitivity and false positive rates of both alarms.

Methods
This study was conducted by the Diabetes Research in Children Network (DirecNet) at five
academic centers in the United States. The study protocol consisted of a 24-hour inpatient stay
in a clinical research center during which the accuracy of the GW2B and the Continuous
Glucose Monitoring System, CGMS™ (“CGMS”; Medtronic MiniMed, Northridge, CA) was
assessed by comparing sensor glucose values with reference serum glucose values measured
at a central laboratory.12, 14 The central laboratory used a hexokinase method which has been
suggested as the reference method for measuring glucose. 15, 16 The study protocol included
a 60-minute meal-induced hyperglycemia test and a 90-minute insulin-induced hypoglycemia
test during which blood samples were drawn for reference glucose measurements every 5
minutes. At other times, samples were drawn 1) hourly between 7 a.m. and 9 p.m.; 2) every
half hour between 9 p.m. and 7 a.m.; 3) when the sensors were calibrated; and 4) when there
were symptoms of hypoglycemia. The analyses of the current study consisted of an evaluation
of the GW2B hypoglycemia and down alert alarms during the insulin-induced hypoglycemia
test and overnight between 11 p.m. and 6 a.m. The subject eligibility criteria, study protocol
and procedures, and informed consent process have been described in detail in prior
manuscripts;12, 14 only methods pertinent to this study are described herein.

The insulin-induced hypoglycemia test was performed only on subjects age 7 years or older.
Subjects were excluded from the analysis if the reference glucose at the end of the test was
between 61 and 70 mg/dL and still dropping. A GW2B sensor’s data were included only if
there were at least 4 readings during the test and at least one of which occurred on or after the
reference glucose nadir. These criteria were met for 66 GW2Bs worn by 46 subjects ranging
in age from 7.1 to 17.7 years (mean 12.6); 46% were female and 93% were Caucasian. The
analysis included all GW2B sensor readings from the initial insulin bolus injection until 30
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minutes after the reference glucose nadir. The subjects had a median of 14 reference glucose
values during the test (range 6–19). Of the total 530 possible GW2B sensor readings during
the test, 501 (95%) were available for analysis and 29 (5%) were missed due to skips.

A GW2B sensor’s data were included in the overnight analysis if there existed a continuous 3
hour period from 11 p.m. to 6 a.m., during which the subject had at least 6 reference glucose
values and at least 15 (~80% of the 18 expected based on 1 reading every 10 minutes) sensor
glucose values. These criteria were met for 135 GW2Bs worn by 81 subjects ranging in age
from 3.5 to 17.7 years (mean 10.1); 48% were female and 88% were Caucasian. There were
4,289 GW2B sensor readings available for analysis, with a median of 32 glucose values per
GW2B (range 16–43). The subjects had a median of 15 overnight reference glucose values
(range 6–19).

Statistical Methods
Because the actual hypoglycemic alarm settings varied by subject, the GW2B alarms were
retrospectively reevaluated to simulate a hypothetical alarm setting of 60 mg/dL. The GW2B
was considered to have given a hypoglycemia alarm whenever the sensor glucose reading was
≤60 mg/dL. For the down alert alarm, a linear slope was calculated based on the difference in
glucose values from the current and previous readings and a down alert alarm was issued if
that slope predicted a glucose reading ≤60 mg/dL within 20 minutes. More specifically, if gc
and gp denote the current and previous GW2B sensor glucose readings (ignoring skips),
respectively, and tc and tp denote the times (in minutes) those readings were given, the GW2B
was considered to have issued a down alert alarm at time tc if each of the following conditions
was met:

1. tc − tp ≤ 50 minutes.

2.
/minute (rate of change at least 0.5% of previous glucose value

per minute).

3.
 (linear extrapolation predicts a reading below 60 mg/

dL in the next 20 minutes).

Insulin-induced hypoglycemia test—A subject was considered to have achieved
hypoglycemia if the nadir reference glucose value was ≤60 mg/dL. Each GW2B was evaluated
for whether or not it would have given either a hypoglycemia alarm and/or down alert alarm
according to the algorithms described above. Time from alarm to true hypoglycemia was
defined as the time of the first alarm to the first time the reference glucose was ≤60 mg/dL.
For subjects wearing two GW2Bs during the hypoglycemia test, this was evaluated separately
for each one.

Overnight (11 p.m. to 6 a.m.)—The reference glucose level was estimated between the
half-hour measurements by linear interpolation. Results were similar using cubic spline
interpolation (data not shown). No interpolation was calculated between reference glucose
measurements taken more than 40 minutes apart.

Hypoglycemic episodes were defined as periods with at least two interpolated reference
glucose readings ≤60 mg/dL and no readings >70 mg/dL (the episode was considered to have
ended when the interpolated reference glucose was >70 mg/dL). Distinct episodes were
required to be separated by a period of at least 30 minutes with all reference glucose values
>70 mg/dL. Similar episodes were also defined for two values ≤70 mg/dL ending with a value
>80 mg/dL. Each episode was evaluable for sensitivity if the GW2B sensor gave at least 50%
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of the expected readings (based on 1 reading every 10 minutes) during the period. Sensitivity
was defined as the percentage of episodes during which the GW2B would have given at least
1 alarm and was calculated separately for each alarm type (hypoglycemia alarm vs. down alert
alarm). A combined analysis was also conducted looking at the first GW2B alarm of either
type.

Analysis of false positives was restricted to the first overnight alarm separately for each type
and for each GW2B. A combined analysis was also conducted looking at the first alarm of
either type. An alarm was considered a false positive if the nadir (interpolated) reference
glucose was >60 mg/dL continuously for a period of ±30 minutes. False positive rates were
also calculated based on the nadir >70 mg/dL.

Results
Insulin-induced Hypoglycemia Test

Hypoglycemia (nadir reference glucose ≤60 mg/dL) was achieved by 34 (74%) subjects
wearing 50 GW2Bs during the test. A hypoglycemia alarm occurred for 12 of the 50 GW2Bs
for a sensitivity rate of 24%. However, a down alert alarm occurred for 44 of the 50 GW2Bs,
improving sensitivity to 88%.

The 12 subjects who did not achieve hypoglycemia during the test wore a total of 16 GW2Bs.
A false positive hypoglycemia alarm occurred for 1 (6%) and a false positive down alert alarm
occurred for 9 (56%) of the 16 GW2Bs (Table 1/Figure 1). The 9 false positives were from 6
subjects whose nadir reference glucose ranged from 68–113 mg/dL with a median value of 79
mg/dL.

Overnight
There were 10 total episodes of hypoglycemia (reference glucose ≤60 mg/dL) experienced by
9 subjects wearing 13 total GW2Bs between 11 p.m. to 6 a.m. Only 1 (8%) of the 13 GW2Bs
worn by these 9 subjects gave a hypoglycemia alarm (sensor glucose ≤60 mg/dL) during the
episode and only 3 (23%) gave an alarm within ±30 minutes of the episode. However, 6 (46%)
of the GW2Bs issued a down alert alarm during the episode and 10 (77%) issued a down alert
alarm within ±30 minutes. There were no episodes during which a hypoglycemia alarm
occurred that was not preceded by a down alert alarm. Adding the hypoglycemia alarms to the
down alert alarms, therefore, did not improve sensitivity in the combined analysis (Table 2).

To investigate the performance of the GW2B alarms in subjects who did not experience
hypoglycemia, we restricted the analysis to subjects who had at least 14 reference glucose
values and where there were at least 21 (50%) of the GW2B sensor readings available
overnight. The reference glucose stayed above 60 mg/dL all night for 52 such subjects wearing
86 GW2Bs. Only 13 (15%) of these GW2Bs falsely gave a hypoglycemia alarm, but 39 (45%)
issued a down alert alarm sometime during the night and 40 (47%) gave at least one alarm of
either type. Of the 71 GW2Bs worn by 43 subjects where the reference glucose stayed above
70 mg/dL all night, only 2 (3%) falsely gave a hypoglycemia alarm, but 25 (35%) issued a
down alert alarm sometime during the night. Both of the GW2Bs with a false hypoglycemia
alarm also gave a false down alert alarm, so the total number of GW2Bs giving a false alarm
of either type was also 25 (35%).

Twenty-five (19%) of the 135 GW2Bs issued at least one hypoglycemia alarm overnight.
However, for 16% of the first hypoglycemia alarms in each GW2B, the interpolated reference
glucose was continuously above 70 mg/dL for 30 minutes prior to and 30 minutes following
the alarm. Seventy (52%) of the 135 GW2Bs issued at least one down alert alarm, but reference
glucose was unavailable at the time for 2 of these cases. In the remaining 68 GW2Bs, the

Page 4

Diabetes Technol Ther. Author manuscript; available in PMC 2008 April 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



corresponding false alarm rate was 65%. There was only one GW2B that gave a hypoglycemia
alarm, but did not also give a down alert alarm. Adding the hypoglycemia alarms to the down
alert alarms in the combined analysis, therefore, had minimal effect on the false alarm rate
(62%; Table 3/Figure 2).

Discussion
A critically important function of real-time continuous glucose monitors is the detection and
prevention of hypoglycemia. This study evaluated the accuracy of the algorithms used for the
GW2B hypoglycemia and down alert alarms in children and adolescents with T1DM. The
down alert alarm algorithm offers the possibility of increasing sensitivity by using the current
glucose trend to anticipate hypoglycemia rather than waiting for a low sensor reading. The
alarm function algorithms were evaluated from data collected both overnight and during an
insulin-induced hypoglycemia test.

Our results demonstrate that the down alert alarm does improve sensitivity substantially.
Overnight, sensitivity to detect episodes ≤70 mg/dL improved from 31% with the
hypoglycemia alarm alone to 71% when both alarm types were used together. However, the
corresponding impact on the false alarm rate was also substantial, increasing from 16% to 62%.
Since nearly all hypoglycemia alarms in this dataset were preceded by a down alert alarm, the
addition of the hypoglycemia alarm to the down alert alarm is redundant with regard to
sensitivity and false alarm rate. In contrast, less than 40% of down alert alarms were
accompanied by a subsequent hypoglycemia alarm. Thus, by more than doubling the number
of alarms, the addition of the down alert function to the GW2B improves sensitivity, but at the
price of an elevated false positive rate.

For some users this high false alarm rate may not be acceptable. For parents of children with
T1DM, however, detection of more hypoglycemic episodes during overnight sleep may be a
valuable feature that is worth the negative aspects of false alarms. For example, if the blood
glucose at the time of the initial down alert alarm is ≤70 mg/dL and the child was treated for
hypoglycemia at the time of the alert, 83% of potential hypoglycemic episodes would have
been prevented. However, the child would also have been unnecessarily treated for
hypoglycemia for approximately two-thirds of these alarms had a confirmatory home glucose
meter measurement not been obtained before acting. An added problem is the danger that
families may ignore the alarms once they realize that the majority are false.

The reduced sensitivity and increased false positive rate of the alarm function limits the ability
to monitor for hypoglycemia. We previously reported that the GW2B has greater accuracy for
hyperglycemia than hypoglycemia.12 Therefore, for many users, the greatest value of the
GW2B may be for studying trends and not for the detection of hypoglycemia. For future
generations of the GW2B and other real-time continuous glucose monitors, consideration
should be given whether to include both a down-alert alarm and hypoglycemia alarm and if
so, whether there should be an option to activate one or both.
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Figure 1.
Sensitivity during Insulin-induced Hypoglycemia Test by Alarm Type. Sensitivity defined as
percent of hypoglycemic cases when the GW2B alarmed.
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Figure 2.
Overnight Sensitivity and False Positive Rates by Alarm Type. Sensitivity defined as percent
of hypoglycemic episodes where the GW2B alarmed within ± 30 min. False positive rate
defined as the percent of alarms where the reference glucose was continuously > 70 mg/dL
from 30 minutes prior to 30 minutes after the alarm.
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Table 1
GW2B Alarms during Insulin-Induced Hypoglycemia Test
Alarms based on a setting of 60 mg/dL. Data from 66 GW2B sensors worn by 46 subjects.

Reference Glucose Nadir ≤
60 mg/dL

Reference Glucose Nadir > 60
mg/dL

Number of Subjects 34 12
Number of GW2B sensors 50 16
Hypoglycemia Alarma
 anytime during test 12 (24%) 1 (6%)
 within ± 30 min. of hypoglycemiab 12 (24%) N/A
 within ± 20 min. of hypoglycemiab 7 (14%) N/A
 within ± 10 min. of hypoglycemiab 2 (4%) N/A
Down Alert Alarma
 anytime during test 44 (88%) 9 (56%)
 within ± 30 min. of hypoglycemiab 44 (88%) N/A
 within ± 20 min. of hypoglycemiab 41 (82%) N/A
 within ± 10 min. of hypoglycemiab 23 (46%) N/A
Combineda,c
 anytime during test 44 (88%) 9 (56%)
 within ± 30 min. of hypoglycemiab 44 (88%) N/A
 within ± 20 min. of hypoglycemiab 41 (82%) N/A
 within ± 10 min. of hypoglycemiab 23 (46%) N/A

a
Only consider the first alarm during the test for each GW2B.

b
Defined as first time reference glucose is ≤ 60 mg/dL.

c
Hypoglycemia alarm or the down alert alarm, whichever occurs first.
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Table 2
Sensitivity of GW2B Alarms during Overnight (11 p.m. to 6 a.m.) Episodes of Hypoglycemia
Alarms based on a setting of 60 mg/dL.

Episodesa ≤ 60 mg/dL Episodesa ≤ 70 mg/dL

Number of subjects 9 20
GW2Bs worn during an episode 13 35
Hypoglycemia Alarm
 during episode 1 (8%) 11 (31%)
 from 30 min before to end of episode 1 (8%) 12 (34%)
 ± 30 min either side of episodeb 3 (23%) 12 (34%)
Down Alert Alarm
 during episode 6 (46%) 25 (71%)
 from 30 min before to end of episode 10 (77%) 28 (80%)
 ± 30 min either side of episodeb 10 (77%) 29 (83%)
Combinedc
 during episode 6 (46%) 25 (71%)
 from 30 min before to end of episode 10 (77%) 28 (80%)
 ± 30 min either side of episodeb 10 (77%) 29 (83%)

a
Determined by reference glucose values (see Methods).

b
Period beginning 30 minutes prior to the start of the episode until 30 minutes after the end of the episode.

c
Hypoglycemia alarm or the down alert alarm, whichever occurs first.
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Table 3
False Alarm Rates for GW2B Overnight (11 p.m. to 6 a.m.)
Based on the first overnight alarm at a setting of 60 mg/dL.

Alarm Type Na Reference Glucose > 60 mg/dLb,c Reference Glucose > 70 mg/dLb,c

Hypoglycemia Alarm 25 60% 16%
Down Alert Alarm 68 78% 65%
Combinedd 69 77% 62%

a
Number of GW2Bs giving at least one alarm overnight. Only consider the first alarm for each GW2B.

b
Linearly interpolated value between half-hourly measurements.

c
Reference glucose continuously high for ± 30 minutes from time of the alarm.

d
Hypoglycemia alarm or the down alert alarm, whichever occurs first.
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