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I ntensive self-management with fre-
quent self-monitoring of blood glucose
(SMBG) is important in type 1 diabetes

to achieve good metabolic control (1–3).
Nevertheless, many patients still experi-
ence episodes of unrecognized hypo- and
hyperglycemia (4). Novel technologies
for continuous glucose monitoring
(CGM) that provide information about
glucose excursions are now available.
Previous studies reported the benefits of
retrospective evaluation of CGM data (5–
11), but few assessed effects on glycemic
control (5,12–14), and only one showed
improvements compared with SMBG
(14). We evaluated the effect of a new
real-time glucose monitor on glycemic
control in patients with poorly controlled
type 1 diabetes. The device, Guardian RT
(Medtronic MiniMed, Northridge, CA),
allows users to see glucose readings and
set hypo- and hyperglycemic alarms and
provides trend information on changing
glucose values.

RESEARCH DESIGN AND
METHODS — The study included 81
children (median age 14.4 years [range
8.0–18.9]) and 81 adults (age 39.1 years

[19.0–59.5]) with stable type 1 diabetes.
All had adhered to intensified insulin
treatment (continuous subcutaneous in-
sulin infusion, n � 78; multiple daily in-
jection, n � 84) but had HbA1c (A1C)
levels �8.1%. Informed consent was ob-
tained from patients regularly attending
the eight participating centers.

Subjects were randomly assigned
1:1:1 for 3 months to Guardian RT con-
tinuously (arm 1) or biweekly for 3-day
periods every 2 weeks (arm 2) or to con-
tinue conventional SMBG (control).
Treatment adjustments made by physi-
cians and patients were based on SMBG
profiles in control subjects and on real-
time glucose profiles in arms 1 and 2. Pa-
tients were instructed to perform
confirmatory SMBG measurements be-
fore therapeutical interventions or correc-
tive action if hypo- or hyperglycemic
alarms or symptoms occurred. A1C was
measured centrally after 1 and 3 months.

The Guardian RT continuously dis-
plays real-time interstitial glucose values
and is calibrated prospectively using
SMBG reference values. High/low alert
thresholds were set at 50–80 mg/dl for
hypoglycemia and 170–250 mg/dl for hy-

perglycemia with the upper alarm lower-
ing to 200 mg/dl after the first 10 days.
Settings could be readjusted during the
study.

A repeated-measures ANOVA model
was used to analyze changes from base-
line across groups and visits (PROC
MIXED using SAS, version 9.1). Fisher’s
least significant differences test was used
to assess statistical significance (P � 0.05)
between groups. Data were analyzed by
intention-to-treat approach using last
value carried forward for missing end
points and adjusted for age-group (� or
�19 years) as patients were randomized
within age-groups.

RESULTS — In total, 156 patients
completed the evaluation. One discontin-
ued before the start of intervention. Four
discontinued arm 1, and one discontin-
ued arm 2 due to difficulties with contin-
uous sensor use and/or alarms.

Baseline values in arms 1 and 2 and the
control arm for A1C were (means � SD)
9.5 � 1.1, 9.6 � 1.2, and 9.7 � 1.3%, re-
spectively. Real-time CGM was associated
with reductions from baseline in A1C in
arm 1 versus control (Fig. 1) at 1 month
(0.6 � 0.8 vs. 0.2 � 0.8%, P � 0.008) and
3 months (1.0 � 1.1 vs. 0.4 � 1.0%, P �
0.003). In arm 2 (1 month 0.4 � 0.9%, 3
months 0.7 � 1.3%), there was no differ-
ence versus control or arm 1. At 3 months,
50% of the patients in arm 1 had A1C re-
ductions �1% (37% in arm 2 and 15% in
control arm) and 26% had reductions �2%
(9% in arm 2 and 4% in control arm).

Average baseline SMBG per day were
4.6 � 1.4, 5.0 � 1.5, and 5.1 � 1.8,
respectively. A mean reduction in SMBG
per day from baseline was observed at 1
and 3 months in arm 1 (0.9 � 1.8 and
1.4 � 1.7, respectively) but was not sta-
tistically significant compared with arm 2
(0.5 � 1.9 and 0.4 � 2.1) or control sub-
jects (0.5 � 1.5 and 0.7 � 1.8).

At 3 months, average total insulin
dose per day was not significantly differ-
ent from baseline in the three arms (about
0.8 units � kg�1 � day�1). Almost all pa-
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tients (82% at 1 month and 95% at 3
months) in arms 1 and 2 reported making
insulin, dietary, or lifestyle adjustments us-
ing the real-time information.

Severe hypoglycemia occurred once
each in arms 1 and 2. The patient in arm 2
was not wearing the device at the time.
The event during real-time CGM oc-
curred despite a confirmatory low SMBG
value and corrective carbohydrate intake.

CONCLUSIONS — This is the first
randomized controlled trial to demon-
strate a clinically meaningful reduction in
A1C using real-time CGM in type 1 dia-
betic patients. One previous study (15)
showed real-time CGM decreased time
spent in hypo- and hyperglycemia but
was too short (9 days) to assess A1C. An-
other controlled trial used real-time CGM
for 1–2 days/week over 6 months and
found no improvement in overall meta-
bolic control (16). In the present study,
real-time CGM gradually improved glyce-
mic control over 3 months, resulting in a
reduction in A1C by at least 1% in half the
patients and at least 2% in one-quarter.
This was achieved in a broad population
of children and adults with type 1 diabe-
tes and in a setting translatable into cur-
rent clinical practice. Study patients had
poor metabolic control, despite intensive
insulin treatment and frequent SMBG.
These patients are the main target group
for improving glycemic control (17). No-
tably, the control subjects performed, on
average, more than five SMBG per day at
baseline, consistent with acknowledged
recommendations (18) and with no sig-

nificant within-group decrease through-
out the trial. In addition, a within-group
reduction in SMBG frequency was ob-
served in arm 1, possibly because the pa-
t ients became more confident at
interpreting the real-time glucose read-
ings and trend information.

In this study, the patients did not reg-
ister specific information about their self-
management of diabetes therapy on a
daily basis. Therefore, we cannot delin-
eate in detail the link between the use of
real-time CGM and the improvement in
glycemic control. However, despite no
overall change in total daily dose of insu-
lin, almost all patients using real-time
CGM reported making treatment adjust-
ments and/or changes to their lifestyle
and food intake. Thus, intermittent cor-
rective adjustments of insulin administra-
tion, such as the number of boluses or the
basal-to–total dose ratio, and food intake
adjustments based on the real-time glu-
cose display and alarm functions may
have been carried out on an individual
basis. Evidently, further investigations are
needed to better define treatment guide-
lines when using real-time CGM to opti-
mize the improvement in glycemic
control observed in this study. Moreover,
other aspects of this new technique, such
as long-term efficacy, clinical feasibility in
patients with more satisfactory glycemic
control, and effect on the incidence of hy-
poglycemia, need to be investigated. Our
findings strongly indicate that the use of
real-time CGM has considerable potential
for the management of patients with
diabetes.
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Switzerland.

The authors thank the GuardControl Study
coinvestigators and staff: Dr. O. Kordonouri,
Dr. J. Hoeffe, and R. Hartmann, Germany; R.
Nimri, H. Benzaquen, and R. Ofan, Israel; I.
Bredenberg and M. Pihl, Sweden; Dr. G. Char-
pentier and Dr. D. Dardari, France; Dr. N. Ur-
sic-Bratina and M. Avbelj, Slovenia; Dr. G.
Galimberti, Dr. A. Laurenzi, and Dr. E. Me-
neghini, Italy; Prof. P. Czernichow, F.
Thourer, and CIC nurses, France; M. Weiss
and J. Ryder, U.K.; and Severine Liabat for her
outstanding assistance to this project.

References
1. Diabetes Control and Complications Trial

Research Group: The effect of intensive
treatment of diabetes on the development
and progression of long-term complica-
tions in insulin-dependent diabetes mel-
litus. N Engl J Med 329:977–986, 1993

2. Haller MJ, Stalvey MS, Silverstein JH: Pre-
dictors of control of diabetes: monitoring
may be the key. J Pediatr 144:660–661,
2004

3. Levine BS, Anderson BJ, Butler DA, An-
tisdel JE, Brackett J, Laffel LM: Predictors
of glycemic control and short-term ad-
verse outcomes in youth with type 1 dia-
betes. J Pediatr 139:174–176, 2001

4. Bolinder J, Hagstrom-Toft E, Ungerstedt
U, Arner P: Self-monitoring of blood glu-
cose in type 1 diabetic patients: com-
parison with continuous microdialysis
measurements of glucose in subcutaneous
adipose tissue during ordinary life condi-
tions. Diabetes Care 20:64–70, 1997

5. Chase HP, Kim LM, Owen SL, MacKenzie
TA, Klingensmith GJ, Murtfeld R, Garg
SK: Continuous subcutaneous glucose
monitoring in children with type 1 diabe-
tes. Pediatrics 107:222–226, 2001

6. Boland E, Monsod T, Delucia M, Brandt
CA, Fernando S, Tamborlane WV: Limi-
tations of conventional methods of self-
monitoring of blood glucose: lessons
learned from 3 days of continuous glucose
sensing in pediatric patients with type 1
diabetes. Diabetes Care 24:1858–1862,
2001

7. Danne T, Deiss D, Hopfenmuller W, von
Schutz W, Kordonouri O: Experience
with insulin analogues in children. Horm
Res 57 (Suppl. 1):S46–S53, 2002

8. Weintrop N, Schechter A, Benzaquen H,
Shalitin S, Lilos P, Galatzer A, Phillip M:
Glycemic patterns detected by continu-
ous subcutaneous glucose sensing in chil-
dren and adolescents with type 1 diabetes
mellitus treated by multiple daily injec-
tions vs continuous subcutaneous insulin
infusion. Arch Pediatr Adolesc Med 158:
677–684, 2004

9. Bolinder J, Ungerstedt U, Arner P: Long-

Figure 1—Change from baseline at 1 and 3 months of AIC. Values are means � SE. P values
correspond to the difference in change from baseline between the continuous and control groups.
F, continuous group (arm 1); f, biweekly group (arm 2); Œ, control group.

Deiss and Associates

DIABETES CARE, VOLUME 29, NUMBER 12, DECEMBER 2006 2731



term continuous monitoring with micro-
dialysis in ambulatory insulin-dependent
diabetic patients. Lancet 342:1080–1085,
1993

10. Klonoff D: Continuous glucose monitoring:
roadmap for the 21st century diabetes ther-
apy. Diabetes Care 28:1231–1239, 2005

11. Deiss D, Kordonouri O, Meyer K, Danne
T: Long hypoglycemic periods detected
by subcutaneous continuous glucose
monitoring in toddlers and pre-school
children with diabetes mellitus. Diabet
Med 18:337–338, 2001

12. Tanenberg R, Bode B, Lane W, Levetan C,
Mestman J, Harmel AP, Tobian J, Gross T,
Mastrototaro J: Use of the continuous glu-
cose monitoring system to guide therapy
in patients with insulin-treated diabetes: a
randomized controlled trial. Mayo Clin

Proc 79:1521–1526, 2004
13. Chico A, Vidal-Rios P, Subira M, Novials

A: The continuous glucose monitoring
system is useful for detecting unrecog-
nized hypoglycemias in patients with type
1 and type 2 diabetes but is not better than
frequent capillary glucose measurements
for improving metabolic control. Diabetes
Care 26:1153–1157, 2003

14. Ludvigsson J, Hanas R: Continuous sub-
cutaneous glucose monitoring improved
metabolic control in pediatric patients
with type 1 diabetes: a controlled cross-
over study. Pediatrics 111:933–938, 2003

15. Garg SK, Zisser H, Schwartz S, Bailey T,
Kaplan R, Ellis S, Jovanovic L: Improve-
ment in glycemic excursions with a trans-
cutaneous, real-time continuous glucose
sensor. Diabetes Care 29:44–50, 2006

16. The Diabetes Research in Children Net-
work (DirecNet) Study Group: Accuracy
of the modified continuous glucose mon-
itoring system (CGMS) sensor in an out-
patient setting: results from a diabetes
research in children network (DirecNet)
study. Diabetes Technol Ther 7:109–114,
2005

17. Diabetes Control and Complications
Trial Research Group: The relationship
of glycemic exposure (HbA1c) to the
risk of development and progression of
retinopathy in the Diabetes Control and
Complication Trial. Diabetes 44:968 –
983, 1995

18. American Diabetes Association: Clinical
practice recommendations. Diabetes Care
29 (Suppl. 1):S1–S80, 2006

Real-time glucose monitoring in type 1 diabetes

2732 DIABETES CARE, VOLUME 29, NUMBER 12, DECEMBER 2006


