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A bs tr ac t

Background

The value of continuous glucose monitoring in the management of type 1 diabetes 
mellitus has not been determined.

Methods

In a multicenter clinical trial, we randomly assigned 322 adults and children who 
were already receiving intensive therapy for type 1 diabetes to a group with continu-
ous glucose monitoring or to a control group performing home monitoring with a 
blood glucose meter. All the patients were stratified into three groups according to 
age and had a glycated hemoglobin level of 7.0 to 10.0%. The primary outcome was 
the change in the glycated hemoglobin level at 26 weeks.

Results

The changes in glycated hemoglobin levels in the two study groups varied markedly 
according to age group (P = 0.003), with a significant difference among patients 25 
years of age or older that favored the continuous-monitoring group (mean differ-
ence in change, −0.53%; 95% confidence interval [CI], −0.71 to −0.35; P<0.001). The 
between-group difference was not significant among those who were 15 to 24 years 
of age (mean difference, 0.08; 95% CI, −0.17 to 0.33; P = 0.52) or among those who 
were 8 to 14 years of age (mean difference, −0.13; 95% CI, −0.38 to 0.11; P = 0.29). 
Secondary glycated hemoglobin outcomes were better in the continuous-monitoring 
group than in the control group among the oldest and youngest patients but not 
among those who were 15 to 24 years of age. The use of continuous glucose moni-
toring averaged 6.0 or more days per week for 83% of patients 25 years of age or 
older, 30% of those 15 to 24 years of age, and 50% of those 8 to 14 years of age. The 
rate of severe hypoglycemia was low and did not differ between the two study groups; 
however, the trial was not powered to detect such a difference.

Conclusions

Continuous glucose monitoring can be associated with improved glycemic control 
in adults with type 1 diabetes. Further work is needed to identify barriers to effective-
ness of continuous monitoring in children and adolescents. (ClinicalTrials.gov num-
ber, NCT00406133.)
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Despite the increased use of insu
lin pumps and multiple-injection regimens 
and the introduction of insulin analogues, 

intensive treatment of type 1 diabetes mellitus of-
ten does not achieve the target glycated hemoglo-
bin levels recommended by the Diabetes Control 
and Complications Trial (DCCT) more than 15 
years ago.1 Although self-monitoring of blood glu-
cose plays an important role in achieving target 
glycated hemoglobin levels, few patients with type 1 
diabetes measure glucose levels after meals or over-
night. Consequently, postprandial hyperglycemia 
and asymptomatic nocturnal hypoglycemia are 
commonly seen, even in patients with well-con-
trolled type 1 diabetes who measure blood glu-
cose several times daily with a home glucose 
meter.2-4 In many patients, fear of hypoglycemia5 
or development of hypoglycemia-associated auto-
nomic failure6 hinders the successful implemen-
tation of intensive insulin therapy.

The availability of devices for continuous glu-
cose monitoring permits the measurement of in-
terstitial glucose in an ongoing fashion. However, 
the first-generation continuous monitors either 
provided data only for short-term retrospective 
analysis7 or were too difficult and uncomfortable 
for clinical use.8 Although not yet as accurate as 
blood glucose meters,9,10 newer real-time devices 
for continuous glucose monitoring provide im-
proved accuracy and functionality, such as sound-
ing alarms when the glucose trend projects future 
hypoglycemia, and are better tolerated by users.11 
Although short-term or uncontrolled studies have 
suggested benefit,11-15 whether these systems help 
to produce a sustained lowering of glycated hemo-
globin levels and reduce hypoglycemia in patients 
with type 1 diabetes has not been established. 
Therefore, in this randomized, multicenter clini-
cal trial, we evaluated the efficacy and safety of 
continuous glucose monitoring in adults and chil-
dren with type 1 diabetes.

Me thods

Patients

All eligible patients were 8 years of age or older, 
had received a diagnosis of type 1 diabetes at least 
1 year before randomization, either used an insu-
lin pump or received at least three daily insulin 
injections, had a glycated hemoglobin level of 7.0 
to 10.0%, and had not used continuous glucose 
monitoring at home in the 6 months leading up 

to the trial. Patients completed a run-in phase us-
ing a continuous glucose monitor that was mod-
ified so that the glucose values were recorded in 
the receiver but were not visible to the patient; we 
refer to this as a “blinded” continuous glucose 
monitor. Eligibility required that patients wear a 
sensor for at least 6 of 7 days before randomiza-
tion, with a minimum of 96 hours of glucose val-
ues including at least 24 hours overnight, and that 
home blood glucose monitoring be performed at 
least three times daily.

Study Treatment

Patients meeting these criteria were randomly as-
signed to receive continuous glucose monitoring 
(continuous-monitoring group) or home monitor-
ing with a blood glucose meter (control group) with 
the use of a permuted-block design stratified ac-
cording to clinical center, age group (≥25 years, 15 
to 24 years, and 8 to 14 years), and glycated hemo-
globin level (≤8.0% and >8.0%). A total of 23 pa-
tients (1 in the ≥25-year group, 8 in the 15-to-
24–year group, and 14 in the 8-to-14–year group) 
were screened for the study but were not enrolled, 
either because the run-in phase was not success-
fully completed or because the patient elected not 
to enter the study after using the blinded continu-
ous glucose monitor.

Patients in the continuous-monitoring group 
were provided with one of the following devices: 
the DexCom Seven (DexCom), the MiniMed Para-
digm Real-Time Insulin Pump and Continuous 
Glucose Monitoring System (Medtronic), or the 
FreeStyle Navigator (Abbott Diabetes Care). Each 
system consists of a glucose oxidase–based elec-
trochemical sensor, which is placed subcutane-
ously and replaced every 3 to 7 days (depending on 
the type of device), along with a receiver to which 
interstitial glucose measurements are sent wire-
lessly and stored. Since the purpose of the study 
was to evaluate a treatment strategy using the 
technology of continuous glucose monitoring and 
not a specific device, a device was assigned to each 
patient by the clinical center on the basis of device 
features and the patients’ preferences. Patients 
were instructed to use the device on a daily basis 
and to verify the accuracy of the glucose measure-
ment with a home blood glucose meter (provided 
by the study) before making management deci-
sions, according to the regulatory labeling of the 
devices. Patients in the control group were given 
blood glucose meters and test strips and asked to 
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perform home blood glucose monitoring at least 
four times daily.

Patients in the two groups were provided with 
written instructions on how to use the data pro-
vided by continuous glucose monitoring and blood 
glucose meters to make real-time adjustments of 
insulin doses and on the use of computer software 
(for those with a home computer) to retrospec-
tively review the glucose data to alter future insu-
lin doses.16,17 The two study groups had the same 
target premeal glucose values (70 to 130 mg per 
deciliter [3.9 to 7.2 mmol per liter]), peak post-
prandial values (<180 mg per deciliter [10.0 mmol 
per liter]), and bedtime or overnight values (100 to 
150 mg per deciliter [5.6 to 8.3 mmol per liter]). 
Instructions for the insulin regimen included the 
determination of a premeal bolus dose on the basis 
of the glucose level and the patient’s insulin-to-
carbohydrate ratio and guidelines for correcting 
high glucose levels outside the target range at 
other times. Patients using a continuous glucose 
monitor received additional instructions for mod-
ifying their insulin doses and treatment of hypo-
glycemia on the basis of the glucose trend.

Follow-up

The number of scheduled contacts with study staff 
was identical for both study groups. Visits were 
conducted at 1, 4, 8, 13, 19, and 26 weeks (±1 week), 
with one telephone contact between each visit, to 
review glucose data and adjust diabetes manage-
ment. After the visits at 13 weeks and 26 weeks, 
the control group used a blinded continuous glu-
cose monitor for 1 week, which was repeated if 
fewer than 96 hours of glucose values were ob-
tained. Glycated hemoglobin was measured at 
baseline and at 13 and 26 weeks at a central labo-
ratory at the University of Minnesota with the use 
of the Tosoh A1c 2.2 Plus Glycohemoglobin Ana-
lyzer method.18 Reportable adverse events includ-
ed severe hypoglycemia (which was defined as an 
event that required assistance from another per-
son to administer oral carbohydrate, glucagon, or 
other resuscitative actions1), hyperglycemia result-
ing in ketoacidosis, unexpected study-related or 
device-related events, and serious adverse events 
regardless of cause.

Study Design

The protocol was approved by the institutional re-
view board at each of the 10 participating centers, 
which included academic, community, and man-

aged care–based practices. Written informed con-
sent was obtained both from adult patients and 
patients who were minors; the parents or guard-
ians of minors also provided written consent. De-
tails of the study protocol have been reported pre-
viously.16

The authors designed the study, collectively 
wrote the manuscript, and vouch for the complete-
ness and accuracy of the data. Continuous glucose 
monitors and sensors were purchased at a bulk 
discount price from DexCom, Medtronic, and Ab-
bott Diabetes Care. Home glucose meters and 
test strips were provided to the study by LifeScan 
and Abbott Diabetes Care. The manufacturers had 
no involvement in the study design, data accrual 
or analysis, or preparation of the manuscript.

Statistical Analysis

The primary outcome was the change in the 
mean glycated hemoglobin level from baseline to 
26 weeks, as determined by a central laboratory. 
A sample size of 110 patients in each of three age 
groups (≥25 years, 15 to 24 years, and 8 to 14 years) 
was planned to have a power of 90% within each 
age group to detect a difference in the mean gly-
cated hemoglobin level between study groups, as-
suming a population difference of 0.5%, a stan-
dard deviation of 0.9 at 26 weeks, a correlation 
between baseline and 26-week values of 0.58, an 
alpha level of 0.05, and a loss to follow-up of no 
more than 15%. An interim estimation of sample 
size that was based on only the observed variance 
in the change in glycated hemoglobin levels indi-
cated that 86 patients would be needed in each 
age group to provide sufficient statistical power.

All analyses were performed according to the 
intention-to-treat principle. The primary analysis 
was a comparison between the two study groups 
of the change in the glycated hemoglobin levels 
from baseline to 26 weeks in analysis of covari-
ance (ANCOVA) models, conducted separately in 
each of the three age groups and adjusted for the 
baseline glycated hemoglobin level and clinical 
center. There was a highly significant interaction 
between study group and age group (P = 0.003) in 
an ANCOVA model containing an age group–
treatment group interaction term, a finding that 
confirmed the need to analyze outcomes sepa-
rately for each age group. As a result, a P value of 
0.0167 was considered the significance level for 
the primary analysis in each age group to main-
tain an overall type I error rate of 0.05.
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Within each age group, in addition to the pri-
mary ANCOVA analysis, five prespecified binary 
outcomes for glycated hemoglobin at 26 weeks 
(a relative decrease of ≥10%, a 26-week level of 
<7.0%, an absolute decrease of ≥0.5%, a relative 
increase of ≥10%, and an absolute increase of 
≥0.5%) were evaluated in logistic-regression mod-
els, adjusted for the baseline glycated hemoglobin 
level and clinical center. In a post hoc analysis, a 
binary outcome of a glycated hemoglobin level of 
less than 7.0% with no severe hypoglycemic events 
at 26 weeks was similarly analyzed. Prespecified 
exploratory analyses were conducted to assess the 
consistency of the treatment effect on the change 

in the glycated hemoglobin level from baseline to 
26 weeks in subgroups that were based on the type 
of insulin delivery (pump or multiple daily injec-
tions) and the baseline glycated hemoglobin level 
(≤8.0% or >8.0%).

Data regarding continuous glucose monitoring 
in both groups after the 26-week visit (blinded 
monitors in the control group and unblinded 
monitors in the continuous-monitoring group) 
were used to estimate the amount of time per day 
the glucose level was hypoglycemic (≤70 mg per 
deciliter or ≤50 mg per deciliter [≤3.9 or ≤2.8 mmol 
per liter]), hyperglycemic (>180 mg per deciliter 
or >250 mg per deciliter [10.0 or 13.9 mmol per 

Table 1. Baseline Characteristics of the Patients, According to Age.*

Variable Age Group

≥25 Yr 15–24 Yr 8–14 Yr

Continuous-
Monitoring 

Group (N = 52)
Control Group 

(N = 46)

Continuous-
Monitoring 

Group (N = 57)
Control Group 

(N = 53)

Continuous-
Monitoring 

Group (N = 56)
Control Group 

(N = 58)

Female sex — no. (%) 31 (60) 26 (57) 29 (51) 38 (72) 27 (48) 29 (50)

Age — yr 41.2±11.2 44.6±12.3 18.8±3.0 18.2±2.7 11.4±2.0 11.6±2.1

Non-Hispanic white race —  
no. (%)†

52 (100) 41 (89) 47 (82) 51 (96) 51 (91) 54 (93)

Body-mass index z score — no. (%)‡

Less than −0.5 8 (15) 9 (20) 6 (11) 5 (9) 2 (4) 1 (2)

−0.5 to 0.5 34 (65) 28 (61) 18 (32) 18 (34) 16 (29) 11 (19)

>0.5 10 (19) 9 (20) 33 (58) 30 (57) 38 (68) 46 (79)

Duration of diabetes — yr 23.6±10.6 21.8±10.4 9.5±4.8 8.8±4.0 6.2±3.1 5.3±2.8

Insulin administration — no. (%)

Pump 43 (83) 39 (85) 38 (67) 40 (75) 47 (84) 49 (84)

Multiple daily injections 9 (17) 7 (15) 19 (33) 13 (25) 9 (16) 9 (16)

Glycated hemoglobin — % 7.6±0.5 7.6±0.5 8.0±0.7 7.9±0.8 8.0±0.7 7.9±0.6

7.0–8.0% — no. (%) 43 (83) 40 (87) 34 (60) 36 (68) 32 (57) 34 (59)

8.1–8.9% — no. (%) 8 (15) 5 (11) 18 (32) 11 (21) 18 (32) 23 (40)

≥9.0% — no. (%) 1 (2) 1 (2) 5 (9) 6 (11) 6 (11) 1 (2)

One or more episodes of severe hy-
poglycemia during previous 
6 mo — no. (%)§

7 (13) 3 (7) 5 (9) 4 (8) 2 (4) 3 (5)

Daily home glucose-meter reading 
— no./day

6.5±2.3 6.6±2.2 5.6±2.0 6.1±2.6 6.7±2.1 7.0±2.5

College graduate (patient or primary 
caregiver) — no. (%)

42 (81) 36 (78) 35 (61) 37 (70) 48 (86) 52 (90)

* Plus–minus values are means ±SD. 
† Race was self-reported.
‡ The body-mass index z scores were adjusted for age and sex on the basis of scores for a healthy population.
§ A severe episode of hypoglycemia was defined as an event that required assistance from another person to administer carbohydrate, gluca-

gon, or other resuscitative actions.
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liter]), and in the target range (71 to 180 mg per 
deciliter [3.9 to 10.0 mmol per liter]). Variability in 
glucose levels was assessed by computing the ab-

solute rate of change.19 Comparisons between 
study groups were performed with the use of 
ANCOVA models based on van der Waerden nor-
mal scores and adjusted for the corresponding 
baseline value, baseline glycated hemoglobin level, 
clinical center, and type of continuous glucose 
monitor. In the continuous-monitoring group, the 
association between age group and the amount of 
sensor use during the 26-week period was evalu-
ated with the use of the Kruskal–Wallis test. The 
association between sensor use and the baseline 
glycated hemoglobin level was evaluated with 
Spearman’s correlation coefficients.

The proportions of patients who had one or 
more severe hypoglycemic events in each study 
group were compared with the use of Fisher’s exact 
test. Incidences of hypoglycemic events were com-
pared and confidence intervals for the treatment 
group difference calculated with the use of per-
mutation tests. Similar analyses were performed 
for the subgroup of hypoglycemic events associ-
ated with seizure or coma.

Analyses were conducted with the use of SAS 
software, version 9.1 (SAS Institute). All P values 
are two-sided. Adjustment for imbalances between 
baseline factors and imputation for missing data 
with the use of Rubin’s method20 did not alter the 
results (data not shown). Parallel analyses were 
performed on data regarding glycated hemoglo-
bin levels and continuous glucose monitoring ob-
tained at 13 weeks.

R esult s

Patients

In 2007, between February and December, 322 pa-
tients underwent randomization, with 165 patients 
assigned to the continuous-monitoring group and 
157 to the control group. Of those patients, 98 pa-

Figure 1. Glycated Hemoglobin Levels during 26-Week 
Study Period, According to Age.

Shown are glycated hemoglobin levels for patients 25 
years of age or older (Panel A), 15 to 24 years (Panel B), 
and 8 to 14 years (Panel C) who were receiving either 
continuous glucose monitoring or usual monitoring 
(control group). Points below the diagonal line repre-
sent an improvement in the glycated hemoglobin level 
from baseline. The horizontal dotted line represents 
the American Diabetes Association target of 7.0%.

22p3

12.0

G
ly

ca
te

d 
H

em
og

lo
bi

n 
at

 2
6 

W
k 

(%
)

10.0

11.0

9.0

8.0

6.0

7.0

5.0
5.0 6.0 7.0 8.0 9.0 11.010.0 12.0

Continuous-monitoring group
Control group

Glycated Hemoglobin at Baseline (%)

B Age, 15–24 Yr

A Age, ≥25 Yr

AUTHOR:

FIGURE:

JOB:

4-C
H/T

RETAKE

SIZE

ICM

CASE

EMail Line
H/T
Combo

Revised

AUTHOR, PLEASE NOTE: 
Figure has been redrawn and type has been reset.

Please check carefully.

REG F

Enon

1st

2nd

3rd

Beck

1 of 3

xx-xx-08

ARTIST: ts

359xx ISSUE:

12.0

G
ly

ca
te

d 
H

em
og

lo
bi

n 
at

 2
6 

W
k 

(%
)

10.0

11.0

9.0

8.0

6.0

7.0

5.0
5.0 6.0 7.0 8.0 9.0 11.010.0 12.0

Control group
Continuous-monitoring group

Glycated Hemoglobin at Baseline (%)

C Age, 8–14 Yr

12.0

G
ly

ca
te

d 
H

em
og

lo
bi

n 
at

 2
6 

W
k 

(%
)

10.0

11.0

9.0

8.0

6.0

7.0

5.0
5.0 6.0 7.0 8.0 9.0 11.010.0 12.0

Control group
Continuous-monitoring group

Glycated Hemoglobin at Baseline (%)

Downloaded from www.nejm.org on September 26, 2008 . Copyright © 2008 Massachusetts Medical Society. All rights reserved. 



Continuous Glucose Monitoring in Type 1 Diabetes

n engl j med 10.1056/nejmoa0805017 7

33p9

100

C
um

ul
at

iv
e 

D
is

tr
ib

ut
io

n 
(%

)

60

80

40

20

0
6.0 6.5 7.57.0 8.0 8.5 9.0 9.5 11.010.0 10.5 11.5

Continuous-
monitoring

group

Control group

Glycated Hemoglobin at Wk 26 (%)

B Age, 15–24 Yr 

A Age, ≥25 Yr

AUTHOR:

FIGURE:

JOB:

4-C
H/T

RETAKE

SIZE

ICM

CASE

EMail Line
H/T
Combo

Revised

AUTHOR, PLEASE NOTE: 
Figure has been redrawn and type has been reset.

Please check carefully.

REG F

Enon

1st
2nd
3rd

Beck

2 of 3

xx-xx-08

ARTIST: ts

359xx ISSUE:

C Age, 8–14 Yr

100

C
um

ul
at

iv
e 

D
is

tr
ib

ut
io

n 
(%

)

60

80

40

20

0
6.0 6.5 7.57.0 8.0 8.5 9.0 9.5 11.010.0 10.5 11.5

Continuous-
monitoring

group

Control group

Glycated Hemoglobin at Wk 26 (%)

100

C
um

ul
at

iv
e 

D
is

tr
ib

ut
io

n 
(%

)

60

80

40

20

0
6.0 6.5 7.57.0 8.0 8.5 9.0 9.5 11.010.0 10.5 11.5

Continuous-
monitoring

group

Control group

Glycated Hemoglobin at Wk 26 (%)

Figure 2. Cumulative Distribution of Glycated Hemoglobin Levels, According to Age.

Shown are glycated hemoglobin levels for patients 25 years of age or older (Panel A), 15 to 24 years (Panel B),  
and 8 to 14 years (Panel C). The vertical dotted line represents the American Diabetes Association target of 7.0%. 

Downloaded from www.nejm.org on September 26, 2008 . Copyright © 2008 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 10.1056/nejmoa08050178

Ta
bl

e 
3.

 H
yp

og
ly

ce
m

ia
 a

nd
 O

th
er

 A
dv

er
se

 E
ve

nt
s,

 A
cc

or
di

ng
 to

 A
ge

.*

V
ar

ia
bl

e
A

ge
 G

ro
up

≥2
5 

Yr
15

–2
4 

Yr
8–

14
 Y

r

C
on

tin
uo

us
-

M
on

ito
ri

ng
 

G
ro

up
  (

N
 =

 5
2)

C
on

tr
ol

 G
ro

up
 

(N
 =

 4
6)

P 
V

al
ue

†

C
on

tin
uo

us
-

M
on

ito
ri

ng
 

G
ro

up
 (

N
 =

 5
7)

 
C

on
tr

ol
 G

ro
up

 
(N

 =
 5

3)
P 

V
al

ue
†

C
on

tin
uo

us
-

M
on

ito
ri

ng
 

G
ro

up
 (

N
 =

 5
6)

C
on

tr
ol

 G
ro

up
 

(N
 =

 5
8)

P 
V

al
ue

†

Se
ve

re
 h

yp
og

ly
ce

m
ic

 e
ve

nt
 ‡

N
o.

 p
er

 p
at

ie
nt

 —
 n

o.
 o

f p
at

ie
nt

s 
(%

)

0 
ev

en
ts

47
 (

90
)

42
 (

91
)

54
 (

95
)

48
 (

91
)

52
 (

93
)

52
 (

90
)

1 
ev

en
t

3 
(6

)
3 

(7
)

1 
(2

)
4 

(8
)

3 
(5

)
5 

(9
)

2 
ev

en
ts

1 
(2

)
0

2 
(4

)
1 

(2
)

1 
(2

)
1 

(2
)

3 
ev

en
ts

0
1 

(2
)

0
0

0
0

6 
ev

en
ts

1 
(2

)
0

0
0

0
0

Pa
tie

nt
s 

w
ith

 ≥
1 

ev
en

t —
 n

o.
 o

f p
at

ie
nt

s 
(%

)
5 

(1
0)

4 
(9

)
1.

0
3 

(5
)

5 
(9

)
0.

48
4 

(7
)

6 
(1

0)
0.

74

Ev
en

ts
 p

er
 1

00
 p

er
so

n-
yr

 —
 n

o.
43

.4
§

26
.3

0.
66

17
.9

23
.9

0.
64

17
.9

24
.4

0.
64

Se
ve

re
 h

yp
og

ly
ce

m
ic

 e
pi

so
de

 w
ith

 s
ei

zu
re

  
or

 c
om

a¶

N
o.

 p
er

 p
at

ie
nt

 —
 n

o.
 o

f p
at

ie
nt

s 
(%

)

0 
ev

en
ts

51
 (

98
)

45
 (

98
)

56
 (

98
)

50
 (

94
)

56
 (

10
0)

58
 (

10
0)

1 
ev

en
t

0
1 

(2
)

1 
(2

)
3 

(6
)

0
0

6 
ev

en
ts

1 
(2

)
0

0
0

0
0

Pa
tie

nt
s 

w
ith

 ≥
1 

ev
en

t —
 n

o.
 o

f p
at

ie
nt

s 
(%

)
1 

(2
)

1 
(2

)
1.

0
1 

(2
)

3 
(6

)
0.

35
0

0
N

A

Ev
en

ts
 p

er
 1

00
 p

er
so

n-
yr

 —
 n

o.
23

.7
§

4.
4

0.
85

3.
6

11
.9

0.
14

0
0

N
A

G
lu

co
se

 le
ve

l‖

M
ea

n 
m

in
 p

er
 d

ay
 in

 2
 r

an
ge

s 
—

 b
as

el
in

e/
 

26
 w

k

≤7
0 

m
g/

dl
89

/6
0

80
/8

1
0.

41
99

/8
8

10
2/

88
0.

79
49

/4
7

59
/5

9
0.

29

≤5
0 

m
g/

dl
32

/1
1

22
/2

3
0.

10
37

/2
9

42
/3

1
0.

99
17

/1
0

18
/1

3
0.

50

Downloaded from www.nejm.org on September 26, 2008 . Copyright © 2008 Massachusetts Medical Society. All rights reserved. 



Continuous Glucose Monitoring in Type 1 Diabetes

n engl j med 10.1056/nejmoa0805017 9

tients were 25 years of age or older, 110 patients 
were 15 to 24 years old, and 114 patients were  
8 to 14 years old. The majority of patients were non-
Hispanic white, were using insulin pumps, were 
measuring glucose levels more than five times per 
day with a home glucose meter, and had a mean 
glycated hemoglobin level of 8.0% or less (Table 1).

Across the three age groups, the rate of com-
pletion of visits in the two study groups was 95 
to 100% (Fig. 1 in the Supplementary Appendix, 
available with the full text of this article at www.
nejm.org). For protocol-specified telephone con-
tacts, the rate was 93 to 98%. The 26-week visit 
was completed by all but two patients in the con-
tinuous-monitoring group who were 25 years of 
age or older, by all but one patient in the contin-
uous-monitoring group and two patients in the 
control group who were 15 to 24 years of age, and 
by all patients who were 8 to 14 years of age. Two 
patients in the control group (both 8 to 14 years of 
age) initiated the use of continuous glucose moni-
toring before completing the 26-week visit.

Glycemic Control

In the primary analysis, a significant between-
group difference in the change in glycated hemo-
globin levels from baseline to 26 weeks was seen 
in patients who were 25 years of age or older fa-
voring the continuous-monitoring group (mean 
difference in change, −0.53%; 95% confidence in-
terval [CI], −0.71 to −0.35; P<0.001) but not in 
those 15 to 24 years of age (0.08; 95% CI, −0.17 to 
0.33; P = 0.52) nor in those 8 to 14 years of age 
(−0.13; 95% CI, −0.38 to 0.11; P = 0.29).

At 26 weeks, among patients in the continuous-
monitoring group who were 25 years of age or 
older, there were improvements in virtually all 
measures of glycemic control, as compared with 
the control group (Table 2 and Fig. 1 and 2). In 
the secondary analyses, more patients in the con-
tinuous-monitoring group had a relative reduction 
of 10% or more in the mean glycated hemoglobin 
level, as compared with baseline (P = 0.003), and 
more achieved the target glycated hemoglobin 
level of less than 7.0% (P = 0.005), as recommended 
for adults by the American Diabetes Association.21 
The frequency of the combined outcome of a 26-
week glycated hemoglobin level of less than 7.0% 
and no severe hypoglycemic events was 30% in the 
continuous-monitoring group and 7% in the con-
trol group (P = 0.006). The amount of time per day 
within the target glucose range of 71 to 180 mg O
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per deciliter was significantly greater in the con-
tinuous-monitoring group than in the control 
group (P<0.001).

Among patients who were 15 to 24 years of age, 
the mean decrease in glycated hemoglobin levels 
from baseline to 26 weeks was approximately 0.2% 
in both study groups. There were no significant 
differences between groups on any of the second-
ary glycemic measures.

Among patients who were 8 to 14 years of age, 
the mean decrease in glycated hemoglobin levels 
was 0.37% in the continuous-monitoring group, 
which did not differ significantly from the de-
crease of 0.22% in the control group. However, 
secondary indexes of glycemic control were im-
proved in the continuous-monitoring group — 
namely, more patients had a relative reduction of 
10% or more in the glycated hemoglobin level 
from baseline (P = 0.04) and more patients had 
glycated hemoglobin levels of less than 7.0% 
(P = 0.01) (Table 2 and Fig. 1 and 2). At 26 weeks, 
there were no significant differences between the 
two study group in outcomes as measured by con-
tinuous glucose monitoring.

Within the three age groups, the 13-week re-
sults were similar to the 26-week results (Table 1 
in the Supplementary Appendix). At 26 weeks, re-
sults were consistent in subgroups based on the 
type of insulin delivery (pump vs. multiple daily 
injections) and baseline glycated hemoglobin lev-
els (≤8.0% vs. >8.0%) (Table 2 in the Supplemen-
tary Appendix).

Hypoglycemia and Other Adverse Events

Severe hypoglycemic events were infrequent in the 
two study groups. In the six age-stratified groups, 
5 to 10% of patients had at least one severe hypo-
glycemic event, with no significant differences 
between the two study groups on the basis of age 
(Table 3). Likewise, there were no significant dif-
ferences in the incidence of severe hypoglycemic 
events between study groups according to age. One 
patient in the continuous-monitoring group who 
was 30 years of age had six events involving either 
seizure or coma during a period in which he re-
ported not using any long-acting insulin; for four 
of the six events, he reported that he had not used 
short-acting insulin on the day of the event.

Biochemical hypoglycemia (blood glucose, 
≤70 mg per deciliter), which was evaluated by col-
lecting data from continuous glucose monitoring 
in both study groups after the 26-week visit, was 
present for only a small portion of the day and 

did not differ significantly between the two groups 
in each age group. There were few other adverse 
events (Table 3).

Frequency of Sensor Use

In the continuous-monitoring group, the use of 
sensors was greater among patients who were 25 
years of age or older than in the other two age 
groups (P<0.001). The use of sensors was consis-
tently high during the 26-week period among pa-
tients in the oldest age group but declined over 
time in the other two age groups (Fig. 3). Exclud-
ing the three patients who dropped out, only one 
patient who was 25 years of age or older, seven who 
were 15 to 24 years of age, and two who were 8 to 
14 years of age discontinued continuous glucose 
monitoring before completing the 26-week visit. 
At least 6.0 days of sensor use per week was the 
average for 83% of patients who were 25 years of 
age or older, 30% who were 15 to 24 years of age, 
and 50% who were 8 to 14 years of age. Sensor use 
was not associated with the baseline glycated he-
moglobin level (Spearman’s correlation coeffi-
cients, 0.08, −0.02, and 0.03 in the three groups, 
respectively).

Discussion

In this randomized, controlled trial, we observed 
that the benefit associated with continuous glu-
cose monitoring was strongly related to age. A sig-
nificant difference in the primary analysis of the 
change in glycated hemoglobin levels from base-
line to 26 weeks was seen in the predefined group 
of patients who were 25 years of age or older but 
not in the two groups of patients who were young-
er. In patients 25 years of age or older, substan-
tially tighter glycemic control was evident in the 
continuous-monitoring group in both glycated he-
moglobin levels and sensor glucose results, with-
out a significant increase in biochemical hypogly-
cemia (time per day with values of ≤70 mg per 
deciliter on continuous glucose monitoring). More 
patients in the continuous-monitoring group than 
in the control group had a glycated hemoglobin 
level of less than 7.0% without having a severe hy-
poglycemic event. 

In contrast, comparisons between study groups 
showed less benefit of continuous glucose mon-
itoring among patients who were 8 to 14 years of 
age and no benefit among those who were 15 to 
24 years of age. Among those 8 to 14 years of 
age, the between-group difference in mean gly-
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cated hemoglobin levels did not achieve statisti-
cal significance. However, in this age group, in 
secondary analyses, more patients in the contin-
uous-monitoring group than in the control group 
had glycated hemoglobin levels of less than 7.0% 
and more had a relative reduction of 10% or more 
in glycated hemoglobin levels from baseline val-
ues. The latter observation is important, since the 
DCCT showed that a relative reduction of 10% in 
glycated hemoglobin levels is associated with a 
reduction of more than 40% in the rate of devel-
opment and progression of early diabetic retin op-
athy.22,23

The observed age effect may be related to sub-
stantially greater use of sensors in the adults than 
in patients in the two younger groups. Imperfect 
adherence with many aspects of diabetes manage-
ment has long been recognized as an obstacle to 
successful intensive treatment in adolescents and 
young adults with type 1 diabetes.24-27 Greater 
parental involvement could be the reason that 
patients in the continuous-monitoring group be-
tween the ages of 8 and 14 years had greater sen-
sor use than the patients between the ages of 15 
and 24 years. In adolescents, the transition from 
parental assistance with management of diabe-
tes to patient-only management is often accom-
panied by deterioration of glycemic control.25,28

Severe hypoglycemic events were infrequent and 
did not differ significantly according to study 
group. This finding must be interpreted with cau-
tion, since the trial was not powered to detect a 
between-group difference in such events. In the 
two groups, the rate of severe hypoglycemia was 
much lower than that reported in the DCCT.1,29 
The use of a blinded continuous glucose monitor 
in the control group also provided the opportunity 
to compare the exposure of the two groups to 
biochemical hypoglycemia, which is often asymp-

tomatic. In this regard, among patients 25 years 
of age or older, it was noteworthy that the de-
crease in glycated hemoglobin levels was not as-
sociated with an increase in hypoglycemia. This 
finding is in direct contrast to that of the DCCT, 
which showed that the rate of hypoglycemic events 
increased in patients who lowered their glycated 
hemoglobin levels.1,29

Figure 3. Use of Continuous Glucose Monitors in the 
Continuous-Monitoring Group, According to Age.

Shown are the hours per week of glucose readings that 
were recorded during the 26-week study period for 52 
patients who were 25 years of age or older (Panel A), 
57 patients who were 15 to 24 years of age (Panel B), 
and 56 patients who were 8 to 14 years of age (Panel 
C). Each box represents the interquartile range, with 
the horizontal line in the box representing the median 
and the dot representing the mean. Patients who with-
drew from the trial were considered to have had no use 
of the monitors after the date of discontinuation. (See 
Fig. 1 in the Supplementary Appendix for the timing  
of withdrawals.)
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With respect to the generalizability of the re-
sults, it is important to recognize that before the 
study, patients were receiving intensive insulin 
therapy with either an insulin pump or multiple 
daily injections and frequent home blood glucose 
monitoring, and most had better-than-average gly-
cated hemoglobin levels.30,31 In addition, to be eli-
gible for the study, patients needed to show the 
ability to wear a sensor and insert a new sensor 
at home. Therefore, the results do not shed light 
on the use of such devices in a less well controlled, 
less motivated population of patients with type 1 
diabetes. Although the results in patients using 
multiple daily injections were similar to the results 
in those using an insulin pump, the number of 
patients using multiple daily injections was too 
small for a definitive assessment.

The results of our study indicate that continu-
ous glucose monitoring improves glycated hemo-
globin levels and may enhance the management 
of type 1 diabetes in adults who have the motiva-
tion to use this technology and the capability to 
incorporate it into their own daily diabetes man-
agement. Further work is needed to identify and 

address the lack of effectiveness of continuous 
glucose monitoring in children and adolescents.
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