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OBJECTIVE — This randomized controlled trial assesses the effect on glycemic control of
continuous glucose monitoring system (CGMS)-guided insulin therapy adjustment in young
people with type 1 diabetes on intensive diabetes treatment regimens with continuous subcu-
taneous insulin infusion (CSII) or glargine.

RESEARCH DESIGN AND METHODS — Pediatric subjects were recruited if they had
an HbA1c (A1C) �10% and had been on CSII or glargine for at least 3 months. Thirty-six subjects
were randomized to insulin adjustment on the basis of 72 h of CGMS every 3 weeks or inter-
mittent self-monitoring of blood glucose (SMBG) for 3 months. A1C and fructosamine were
measured at baseline and 6 and 12 weeks. Follow-up A1C was measured at 6 months. Mean
baseline A1C was 8.2% (n � 19) in the CGMS group and 7.9% (n � 17) in the control group.

RESULTS — There was a significant improvement in A1C from baseline values in both
groups, but there was no difference in the degree of improvement in A1C at 12 weeks between
the CGMS (�0.4% [95% CI �0.7 to �0.1]) and the control group (�0.4% [�0.8 to 0.2]). In the
CGMS group, improved A1C was at the cost of increased duration of hypoglycemia.

CONCLUSIONS — CGMS is no more useful than intermittent fingerstick SMBG and fre-
quent review in improving diabetes control in reasonably well-controlled patients on near-
physiological insulin regimens when used in an outpatient clinic setting.
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R ecent target recommendations for
HbA1c (A1C) in children and ado-
lescents with type 1 diabetes are

�7.5% (1,2), provided that this can be
achieved without excessive hypoglyce-
mia. Even small reductions in A1C have
been shown to be beneficial (3,4), and any
technique that can aid in improving met-

abolic control will have an impact on the
incidence of long-term complications.

Intensive insulin treatment regimens
designed to mimic physiological insulin
production are beneficial in achieving
good metabolic control (5,6). Continuous
insulin infusion (CSII) and multiple daily
doses of insulin (MDI) given with each

meal have been shown to improve met-
abolic control in children without an
increased rate of adverse events (7). A
meta-analysis of studies, mostly in adults,
found A1C was 0.5% lower in subjects on
CSII compared with insulin injections
(8). Glargine is a new insulin analog that
has been shown to reduce fasting blood
glucose levels (BGLs) without increased
hypoglycemia in young people with type
1 diabetes (9). One trial (6) in young peo-
ple showed marginal superiority of CSII
in A1C reduction. Two trials (10,11) in
adults had similar reductions in A1C in
both glargine and CSII arms.

One of the barriers to better glycemic
control is intermittent blood glucose test-
ing, which provides limited blood glucose
profiles. Accordingly, devices that contin-
uously monitor glucose levels have been
developed to overcome such limitations
and improve the ability to assess blood
glucose patterns allowing improved ad-
justment of management. The continuous
glucose monitoring system (CGMS) has
been shown to be useful in detecting un-
recognized hypoglycemia (12,13) and
other patterns prompting insulin adjust-
ment that had not been detected with in-
termittent blood glucose monitoring (14).
Early uncontrolled studies (14,15) and a
cross-over trial (16) have shown some
benefit in improving glycemic control,
but larger controlled studies have not re-
peated the findings (17,18). The use of
CGMS requires further evaluation in chil-
dren and adolescents, particularly with an
intermediate frequency of use.

The purpose of this study was to as-
sess the effect on diabetes control of guid-
ing insulin adjustment with four cycles of
CGMS over 3 months in children on near-
physiological insulin replacement regimen.

RESEARCH DESIGN AND
METHODS — Seventy-five eligible
pediatric patients of The Children’s Hos-
pital, Westmead, the largest pediatric di-
abetes center in NSW, Australia, were
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consecutively approached from May
2004 until 39 patients had agreed to par-
ticipate. Participation criteria were aged
�18 years with type 1 diabetes for at least
1 year on either CSII or an MDI regimen
that included glargine for at least 3
months. Subjects with known poor com-
pliance or A1C �10% were excluded.
Thirty-six declined to participate, usually
because of concerns about blood tests or
wearing an invasive monitor. Compared
with participants, those who refused had
a similar mean A1C (8.5%) in the previ-
ous year. Glargine users declined to par-
ticipate more frequently than CSII users.
Glargine patients administered short-
acting insulin at least three times per day
before main meals. All subjects had re-
ceived education on adjustment of doses
for variation in carbohydrate intake, ac-
tivity, and ambient BGLs. Formalized
sliding scales were not used. CSII patients
were asked to bolus before all carbohy-
drate intake using the ratio that had been
set by previous contact with the diabetes
team. CSII patients had also received ed-
ucation about adjustments for activity
and corrections for ambient BGLs outside
the target range. Participants were strati-
fied according to treatment regimen and
then randomized to CGMS or control
arms in equal numbers. Group allocation
was blinded with opaque sealed enve-
lopes. Randomization was done by an
independent body using biased coin
randomization. This study was ap-
proved by the ethics committee of The
Children’s Hospital Westmead. Signed
informed consent was obtained from
parents and assent obtained from all
participants. Verbal or behavioral as-
sent (e.g., holding own arm out for blood
collection) was considered acceptable in
younger children.

CGMS
The Medtronic CGMS was used as previ-
ously described (15,19) and is a system
that does not give live readings to sub-
jects. Subjects were asked to enter at least
four calibration readings per day and
event codes for meals, exercise, and hy-
poglycemia symptoms. They were not
asked to adhere to a special diet or exer-
cise routine but were encouraged to con-
tinue their usual behavior.

The CGMS arm had monitoring for 3
days every 3 weeks over a 3-month period
in addition to traditional intermittent self-
monitoring of blood glucose (SMBG), and
the control arm had SMBG four to six
times daily. Every 3 weeks, the insulin
doses were reviewed and adjusted based
on either the CGMS and SMBG or SMBG
alone by the principal investigator. BGL
targets were set at 4 –7 mmol/l before
meals, �9 mmol/l 2 h postprandial,
5.5– 8 mmol/l at bedtime, and 5– 8
mmol/l at 3 A.M. These principles were
based on the standards of care at our
institution.

Subjects were asked to confirm symp-
toms of hypoglycemia with SMBG and
were asked about episodes of severe hy-
poglycemia causing coma or seizure at
each review. Other than the method of
glucose measurement, groups were
treated equally. All subjects were edu-
cated on appropriate meter use. On en-
rollment, each subject’s existing meter
was compared with a single reference
meter and accepted if the readings did not
differ by �10%.

MiniMed solution software version
3.0B and modified sensors were used.
Sensor traces were accepted for pattern
recognition and insulin dose adjustment
if there were at least two SMBG calibration
points in agreement with sensor data.
Area under the curve (AUC) for BGL �9

mmol/l (20) and duration of time with
BGL �3.9 mmol/l was calculated for the
first and fourth cycle for each subject in
the CGMS arm of the study using only the
data that conformed to the software rec-
ommendations (19). Duration of time for
events occurring during CGMS are ex-
pressed as a percentage of total acceptable
hours because of inconsistency in the
number of hours each monitor was worn
and the need to exclude data not fulfilling
accuracy criteria above.

Measurement
Diabetes control was measured using
A1C and fructosamine measured at base-
line and 6 and 12 weeks. A1C was mea-
sured using ion-exchange high-pressure
liquid chromatography (Bio-Rad Labora-
tories), which has a nondiabetic normal
range of 4.6–6.5%. A1C values in the 12
months before the study and 6 months
after were measured at routine clinic visits
using DCA 2000 (Roche Diagnostics),
which has a nondiabetic normal range of
4–6%. Fructosamine was measured us-
ing Cobras Integras system (normal range
190–285 �mol/l; Roche Diagnostics).

Power calculation
Recruitment of 40 subjects was designed
to have 80% power at the 95% confidence
level to detect 0.8% difference in mean
A1C based on an SD of 0.9 in this popu-
lation (21).

Statistical analysis
Baseline characteristics are presented as
means � SD unless otherwise indicated.
Results are presented as means (95% CI).
Significance was set at the 5% level. Con-
tinuous variables were compared using a
two-sided t test or paired t test for change
within each subject. Univariate ANOVA
was used to examine factors that may con-
found the change in A1C. Stepwise mul-
tiple linear regression was used to
examine predictors of change in A1C
from CGMS data. Friedman test was used
for nonparametric data. Data were ana-
lyzed using SPSS version 11.5.1

RESULTS — CGMS and cont ro l
groups were similar for all measured base-
line characteristics (Table 1). CSII users
had lower insulin doses than glargine us-
ers in both CGMS and control arms (P �
0.04 and P � 0.02). Baseline A1C and
mean A1C for the previous 12 months did
not differ between CSII and glargine users
within each arm. Three glargine users
were on a three-injections-per-day regi-

Table 1—Baseline characteristics

CGMS Control Refused

n 19 17 36
Male 7 (37) 6 (36) 10 (50)
Age (years) 14.7 (13.6–14.4) 14.1 (12.8–15.3) 15.1 (13.1–16.6)
CSII 9 (47) 8 (47) 8 (22)
Baseline A1C (%) 8.2 � 0.9 7.9 � 0.9 8.5 � 0.7*
Mean A1C in last

12 months
8.4 � 1.0 8.3 � 0.7 8.5 � 0.9

Insulin (dose/kg) 1.1 � 0.4 0.9 � 0.3 1.0 � 0.4
Initial A1C �7.5% 6 (32) 6 (35) 1 (3)

Data are means � SD, n (%), or median (interquartile range). *P � 0.04.
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men, with NPH and regular insulin; the
remainder were on at least four injections
per day. Two subjects, both on glargine,
initially consented and then withdrew be-
fore commencing the trial, one from the
CGMS arm and one from the control arm.
One subject on CSII randomized to
CGMS withdrew after 12 h of CGMS be-
cause of skin irritation at the sensor site.
There were no other withdrawals, and the
remaining 36 patients were included in
the final analysis.

Metabolic control
Patients who had insulin adjustments
made on the basis of CGMS data had a

significant reduction in A1C at 6 weeks
compared with baseline values (� �0.2%
[95% CI �0.5 to �0.1]) and at 12 weeks
(� �0.4% [�0.7 to �0.1]). Similar im-
provements were seen in the control
group at 6 weeks (� �0.2% [�0.5 to
0.2]) and 12 weeks (� �0.4% [�0.8 to
0.2]). However, there was no significant
difference in A1C or fructosamine values
between the CGMS and control groups at
6 or 12 weeks. At 6 months, there was no
significant difference in A1C from baseline
in either group (Table 2). CGMS appears to
be of greater benefit in users of glargine than
CSII (Fig. 1) but as the broad CIs indicate
that there is no significant difference in final

A1C in the CGMS and control groups for
either type of insulin therapy.

Adverse events
There were no cases of hypoglycemia
causing coma or seizures. One subject in
the CGMS group was admitted with keto-
acidosis thought to be due to insulin
omission, and one subject in the control
arm was admitted with suicidal ideation as-
sociated with recent onset of depression.

CGMS data
A total of 80 sensors were inserted. One
subject only had three cycles of CGMS. In
total, 75 traces were available for analysis.
Monitors were worn for an average of 74 h
(range 42�99). Data accuracy was main-
tained into the 4th day in subjects who
wore CGMS for longer periods.

CGMS sensors were well tolerated,
but only 70% of the total hours worn were
usable; suboptimal data were usually be-
cause of insufficient calibration points.
Average number of data points for each
subject was 860 � 109 (range 725–
1,202). This equates to 200 glucose read-
ings per day compared with an average of
4.4 SMBGs per day for both CSII and MDI
users in the control group.

Common patterns seen were post-
prandial hyperglycemia, asymptomatic
nocturnal hypoglycemia, excessive treat-
ment and rebound after hypoglycemia,
erratic response to exercise, and idiosyn-
cratic reaction to certain foods. Specific
adjustments for those using glargine in-
cluded tolerance of lower glucose level at
bed time and omitting supper. In three
children, glargine was moved from the
evening to the morning to avoid a peak
effect overnight. Standard compliance
problems were also encountered, such as

Figure 1—Mean A1C (95%
CI) in CGMS (F) and control
(E) groups for those on CSII
and glargine.

Table 2—Glycemic control by study group

Variable CGMS Control P

A1C (%)
Baseline 8.2 (7.8–8.8) 7.9 (7.3–8.3) 0.47
6 weeks 8.0 (7.4–8.5) 7.7 (7.3–8.1) 0.37
12 weeks 7.9 (7.4–8.3) 7.6 (7.2–7.8) 0.21
6 months 8.2 (7.5–8.9) 7.8 (7.3–8.2) 0.25
Change (from baseline to

6 weeks)
�0.2 (�0.5 to �0.1) �0.2 (�0.5 to 0.2) 0.71

Change (from baseline to
12 weeks)

�0.4 (�0.7 to �0.1) �0.4 (�0.8 to 0.2) 0.83

Change (from baseline to
6 months)

�0.1 (�0.4 to 0.6) �0.1 (�0.4 to 0.7) 0.87

Fructosamine (�mol/l)
Baseline 397.5 (367.6–427.4) 400.4 (368.5–430.1) 0.88
6 weeks 384.5 (350.7–411.8) 383.5 (363.8–403.5) 0.95
12 weeks 385.7 (353.1–413.9) 369.2 (344.5–389.7) 0.35
Change (from baseline to

6 weeks)
�16.3 (�43.5 to 10.9) �16.8 (�47.0 to 15.6) 0.98

Change (from baseline to
12 weeks)

�25.8 (�50.7 to �1) �18.6 (�60 to 23) 0.59

Final A1C �7.5% 10 (53) 8 (47) 0.5
Increase in insulin dose

(units � kg�1 � day�1)
0.01 0.03 0.69

Data are means (95% CI).

CGMS-guided insulin adjustment in children
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missed boluses and failure to repeat
SMBG after hypoglycemia treatment.

AUC�9mmol/l was weakly associated
with initial A1C (R2 � 0.4, P � 0.098)
and did not significantly change from the
first to the last cycle. There was no signif-
icant correlation between change in
AUC�9mmol/l and change in A1C (R2 �
0.04, P � 0.4). Absolute values and
change from cycles one to four for
AUC�9mmol/l, percentage of time with hy-
poglycemia, and nocturnal hypoglycemia
were similar in CSII and glargine users.

In the CGMS group, an improvement
in A1C was at a cost of an increase in
hypoglycemia. For each 1% reduction in
A1C, there was a 7% increase in percent
of total monitoring period with hypogly-
cemia (R2 � 0.22, P � 0.06) and an 18%
increase in the percent of the night with
hypoglycemia (R2 � 0.2, P � 0.08). Sim-
ilarly, there was a significant increase in
percent of total monitoring period with
hypoglycemia in those whose A1C im-
proved by at least 0.5% compared with
those whose A1C did not improve (P �
0.012).

There were 18 separate nocturnal hy-
poglycemic events (glucose �3.9 mmol/l)
in 8 of 18 (44%) subjects with usable
data. Nocturnal hypoglycemic events
ranged from 1 to 7 h. There was no
change by the fourth cycle when there
were 20 events in 10 subjects (59%). Most
events were asymptomatic, except one in
the first cycle and five in the fourth cycle.
There was no significant change in the
percent of nocturnal hours with hypogly-
cemia between each of the four cycles.

Mild, self-treated symptomatic hypo-
glycemia was very common in both
groups. In the control group, the number
of hypoglycemic events recorded with
SMBG was 0.3 per day. This increased to
0.7 per day by the fourth cycle. In be-
tween CGMS cycles, the mean number of
hypoglycemic events recorded by SMBG
in the CGMS group did not change from
0.4 per day. Eight control subjects chose
to wear CGMS at the end of the study.
There was no difference in the duration of
hypoglycemia recorded by CGMS be-
tween the eight control arm subjects and
the CGMS group (P � 0.19), but the
numbers were small.

CONCLUSIONS — This study shows
that in children on intensified insulin reg-
imens there was no additional benefit
from CGMS-guided insulin adjustment
every 3 weeks for 3 months that could not
be achieved by standard intermittent BGL

monitoring and with regular review. The
trend to improvement was associated
with increased hypoglycemia. We did not
find CGMS, in this form, a useful tool in
reducing A1C when used in the general
clinic setting.

Our findings are similar to those of
several recent larger studies in adults
(17,18). Tanenberg et al. (18) random-
ized 128 adults to insulin adjustment on
the basis of one cycle of CGMS or frequent
SMBG. They found a significant drop in
A1C after 3 months but no difference be-
tween the intervention and control arms.
There was a reduction by half in the du-
ration of hypoglycemic events in the in-
tervention arm when all subjects wore
CGMS for a second time 3 months later.
We did not test all our control group with
CGMS at the end of the study, but in the
intervention group we found the oppo-
site, i.e., improved A1C was at the cost of
increased hypoglycemia in both groups.

Making appropriate insulin dose ad-
justments was difficult in the face of large
interday variations in glucose readings,
which have been previously noted (22).
This reflects the daily difficulty young pa-
tients face in recognizing the impact of
variation in exercise and food intake on
their blood glucose levels. Many subjects
commented that they found it useful to
see a graphical representation of the effect
of different activities, but this was not
translated into improved management.
One of the limitations of CGMS was the
high rate of unusable data because of fail-
ure to calibrate SMBG readings fre-
quently, and this is a commonly reported
issue (16,17,23,24). The same patients
who have poor control because of reluc-
tance to perform SMBG may not comply
with CGMS.

A1C is a useful measure of glucose
exposure that is known to correlate with
risk of complications, but it does not give
any indication of glucose stability. CGMS
graphs give an insight into changes in gly-
cemic profile over the day, and it can re-
veal rapid changes in glucose levels that
do not predict A1C but are associated
with increased risk of hypoglycemia (25).
We postulated that in some children high
AUC�9mmol/l may be offset by long peri-
ods of hypoglycemia. We did not find that
high AUC�9mmol/l and longer duration of
hypoglycemia were associated in any in-
dividual, only that A1C decreased be-
cause of an increase in hypoglycemia
without a reduction in AUC�9mmol/l.

One of the well-recognized limita-
tions of CGMS is the high rate of asymp-

tomatic hypoglycemia mostly occurring
at night (12,13,26), much of which may
be spurious (27–29). Frequent calibra-
tion of CGMS at a variety of plasma glu-
cose-to-insulin ratios with SMBG data has
been reported to prevent this problem.
Most subjects wearing CGMS outside a
controlled trial will not wake overnight to
enter these additional calibration data
points. This limitation has prompted the
suggestion that CGMS should be used for
pattern recognition and to target high
readings in those with poor control (28).
In our study, therapy was adjusted to fo-
cus primarily on high readings, but there
was difficulty in knowing at what level to
respond to low CGMS readings. This was
especially the case when low readings oc-
curred after recent dose increases, and
this limited further dose increases, possi-
bly explaining our failure to reduce
AUC�9mmol/l. Hopefully, these limita-
tions will be overcome as sensor reliability
improves (28,30).

It is recognized that our study is rela-
tively small and is unable to detect small
differences between each group, which
may still have clinical significance at a
population level. As there is no recog-
nized threshold for an A1C at which there
is no increased risk of diabetes complica-
tions, any reduction population mean
A1C is likely to be beneficial. Recruitment
of larger numbers was hampered by ado-
lescents’ reluctance to be attached to an
external device or additional device in the
case of CSII users. New wireless sensors
may improve patient acceptability, espe-
cially if they do not interfere with bathing,
sport, or sleep, the three most common
concerns leading to refusal to participate
in this study.

Physicians and patients alike hold
great hope for new developments in dia-
betes care, and there is a temptation to
regard evolving technology as a panacea
for all the limitations of current manage-
ment techniques. The adoption of new
therapies follows a characteristic trajec-
tory of rapid uptake, abandonment as
limitations are identified, and then an
eventual plateau as appropriate applica-
tions are agreed upon. Clinical use of
CGMS is still in this first phase and is be-
ing tested in a wide range of situations.
Our study adds to existing knowledge by
demonstrating that the benefits of CGMS
are not universal. Subjects willing to un-
dertake this study are likely to be better
motivated and more willing to accept the
inconvenience of an invasive monitor
than the general clinic population. De-
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spite this, we were not able to show a ben-
efit that could not be achieved with
increased review alone. CGMS may be
better suited to patients whose interest in
their own diabetes management falls at
either end of the normal spectrum rather
than a general management tool for the
majority of patients. It could act either as
a motivational device for those with poor
control or to provide additional informa-
tion for the very diligent who have not
been able to fine tune their treatment de-
spite frequent SMBG. Future studies
could focus on these populations. Patient
readable real-time CGMS devices are
likely to be more widely available soon,
changing the monitoring and adjustment
paradigm for patients. As for currently
available CGMS, what must follow is a
critical analysis of its performance in differ-
ent settings and the cost benefits compared
with existing methods of monitoring. Ul-
timately, the most suitable circumstances
for CGMS (non–real-time and real-time)
will be identified, and it will be able to be
used in those settings with acknowledg-
ment of its limitations.
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