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Il sistema CGM 

Misurazione delle prestazioni Totale popolazione Adulto (>18 anni) Pediatria (6-17 anni) 
Accuratezza complessiva 
(MARD), 40-400 mg/dl1 9.0% 9.8% 

(addome) 
7.7% 

(addome o alto gluteo) 
Giorno 1 %MARD  9.3%   

Giorno 10 %MARD  9.0%   
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Glycaemic control in type 1 diabetes during real time
continuous glucose monitoring compared with self
monitoring of blood glucose: meta-analysis of
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Abstract
Objective To determine the clinical effectiveness of real time continuous
glucose monitoring compared with self monitoring of blood glucose in
type 1 diabetes.

Design Meta-analysis of randomised controlled trials.

Data sourcesCochrane database for randomised controlled trials, Ovid
Medline, Embase, Google Scholar, lists of papers supplied by
manufacturers of continuous glucose monitors, and cited literature in
retrieved articles.

Studies reviewed Randomised controlled trials of two or more months’
duration in men and non-pregnant women with type 1 diabetes that
compared real time continuous glucose monitoring with self monitoring
of blood glucose and where insulin delivery was the same in both arms.

Analysis Two step meta-analysis of individual patient data with the
primary outcome of final glycated haemoglobin (HbA1c) percentage and
area under the curve of hypoglycaemia (glucose concentration <3.9
mmol/L) during either treatment, followed by one step metaregression
exploring patient level determinants of HbA1c and hypoglycaemia.

Results Six trials were identified, consisting of 449 patients randomised
to continuous glucose monitoring and 443 to self monitoring of blood
glucose. The overall mean difference in HbA1c for continuous glucose
monitoring versus self monitoring of blood glucose was −0.30% (95%
confidence interval −0.43% to −0.17%) (−3.0, −4.3 to −1.7 mmol/mol).
A best fit regression model of determinants of final HbA1c showed that
for every one day increase of sensor usage per week the effect of
continuous glucose monitoring versus self monitoring of blood glucose
increased by 0.150% (95% credibility interval −0.194% to −0.106%) (1.5,
−1.9 to −1.1 mmol/mol) and every 1% (10mmol/mol) increase in baseline
HbA1c increased the effect by 0.126% (−0.257% to 0.0007%) (1.3, −2.6
to 0.0 mmol/mol). The model estimates that, for example, a patient using
the sensor continuously would experience a reduction in HbA1c of about

0.9% (9 mmol/mol) when the baseline HbA1c is 10% (86 mmol/mol). The
overall reduction in area under the curve of hypoglycaemia was −0.28
(−0.46 to −0.09), corresponding to a reduction in median exposure to
hypoglycaemia of 23% for continuous glucose monitoring compared
with self monitoring of blood glucose. In a best fit regression model,
baseline area under the curve of hypoglycaemia was only weakly related
to the effect of continuous glucose monitoring compared with self
monitoring of blood glucose on hypoglycaemia outcome, and sensor
usage was unrelated to hypoglycaemia at outcome.

Conclusions Continuous glucose monitoring was associated with a
significant reduction in HbA1c percentage, which was greatest in those
with the highest HbA1c at baseline and who most frequently used the
sensors. Exposure to hypoglycaemia was also reduced during continuous
glucose monitoring. The most cost effective or appropriate use of
continuous glucose monitoring is likely to be when targeted at people
with type 1 diabetes who have continued poor control during intensified
insulin therapy and who frequently use continuous glucose monitoring.

Introduction
Continuous glucose monitoring uses a wire-type glucose sensor
implanted in the subcutaneous tissue to monitor the glucose
concentration of interstitial fluid in people with diabetes. Initially
introduced into clinical practice in 1999 for short term,
retrospective analysis of blood glucose control1 (where review
of glucose traces allows healthcare professionals to advise on
changes in therapy), continuous glucose monitoring is also now
available for real time use and provides information on direction,
magnitude, frequency, and duration of glycaemic oscillations
on a moment to moment basis to aid control of diabetes by
patients themselves.2 However, evidence from randomised
controlled trials for the effectiveness of continuous glucose
monitoring at improving glycaemic control in type 1 diabetes
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Tables

Table 1| Characteristics of trials included in meta-analysis

Insulin delivery

Study
duration
(weeks)

Mean diabetes
duration (years)

Mean baseline
HbA1c (%)

Mean age
(years)

Dropout rate
(%)

No
analysed

No
randomisedStudy

Continuous subcutaneous
infusion or multiple daily
injections

13—*9.5626.83.7156162Deiss et al 20063

Continuous subcutaneous
infusion

2618.78.4433.15.5138146Hirsch et al 20084

Continuous subcutaneous
infusion or multiple daily
injections

2612.17.8423.51.6317322JDRF 2008
(primary)5

Continuous subcutaneous
infusion or multiple daily
injections

2634.66.4530.71.6127129JDRF 2009
(secondary)6

Continuous subcutaneous
infusion

1310.27.4023.211.35562O’Connell et al
20097

Continuous subcutaneous
infusion

2628.49.2028.512.9115132Raccah et al 20098

JDRF=Juvenile Diabetes Research Foundation.
*Not given in published paper.
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Continuous Glucose Monitoring vs Conventional Therapy
for Glycemic Control in Adults With Type 1 Diabetes
Treated With Multiple Daily Insulin Injections
The GOLD Randomized Clinical Trial
Marcus Lind, MD, PhD; William Polonsky, PhD; Irl B. Hirsch, MD; Tim Heise, MD; Jan Bolinder, MD, PhD;
Sofia Dahlqvist; Erik Schwarz, MD, PhD; Arndís Finna Ólafsdóttir, RN; Anders Frid, MD, PhD; Hans Wedel, PhD;
Elsa Ahlén, MD; Thomas Nyström, MD, PhD; Jarl Hellman, MD

IMPORTANCE The majority of individuals with type 1 diabetes do not meet recommended
glycemic targets.

OBJECTIVE To evaluate the effects of continuous glucose monitoring in adults with type 1
diabetes treated with multiple daily insulin injections.

DESIGN, SETTING, AND PARTICIPANTS Open-label crossover randomized clinical trial
conducted in 15 diabetes outpatient clinics in Sweden between February 24, 2014, and June 1,
2016 that included 161 individuals with type 1 diabetes and hemoglobin A1c (HbA1c) of at least
7.5% (58 mmol/mol) treated with multiple daily insulin injections.

INTERVENTIONS Participants were randomized to receive treatment using a continuous
glucose monitoring system or conventional treatment for 26 weeks, separated by a washout
period of 17 weeks.

MAIN OUTCOMES AND MEASURES Difference in HbA1c between weeks 26 and 69 for the 2
treatments. Adverse events including severe hypoglycemia were also studied.

RESULTS Among 161 randomized participants, mean age was 43.7 years, 45.3% were women,
and mean HbA1c was 8.6% (70 mmol/mol). A total of 142 participants had follow-up data in
both treatment periods. Mean HbA1c was 7.92% (63 mmol/mol) during continuous glucose
monitoring use and 8.35% (68 mmol/mol) during conventional treatment (mean difference,
−0.43% [95% CI, −0.57% to −0.29%] or −4.7 [−6.3 to −3.1 mmol/mol]; P < .001). Of 19
secondary end points comprising psychosocial and various glycemic measures, 6 met the
hierarchical testing criteria of statistical significance, favoring continuous glucose monitoring
compared with conventional treatment. Five patients in the conventional treatment group
and 1 patient in the continuous glucose monitoring group had severe hypoglycemia. During
washout when patients used conventional therapy, 7 patients had severe hypoglycemia.

CONCLUSIONS AND RELEVANCE Among patients with inadequately controlled type 1 diabetes
treated with multiple daily insulin injections, the use of continuous glucose monitoring
compared with conventional treatment for 26 weeks resulted in lower HbA1c. Further
research is needed to assess clinical outcomes and longer-term adverse effects.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT02092051

JAMA. 2017;317(4):379-387. doi:10.1001/jama.2016.19976
Corrected on May 9, 2017.
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Effect of Continuous Glucose Monitoring on Glycemic Control
in Adults With Type 1 Diabetes Using Insulin Injections
The DIAMOND Randomized Clinical Trial
Roy W. Beck, MD, PhD; Tonya Riddlesworth, PhD; Katrina Ruedy, MSPH; Andrew Ahmann, MD;
Richard Bergenstal, MD; Stacie Haller, RD, LD, CDE; Craig Kollman, PhD; Davida Kruger, MSN, APN-BC;
Janet B. McGill, MD; William Polonsky, PhD; Elena Toschi, MD; Howard Wolpert, MD; David Price, MD;
for the DIAMOND Study Group

IMPORTANCE Previous clinical trials showing the benefit of continuous glucose monitoring
(CGM) in the management of type 1 diabetes predominantly have included adults using
insulin pumps, even though the majority of adults with type 1 diabetes administer insulin
by injection.

OBJECTIVE To determine the effectiveness of CGM in adults with type 1 diabetes treated with
insulin injections.

DESIGN, SETTING, AND PARTICIPANTS Randomized clinical trial conducted between October
2014 and May 2016 at 24 endocrinology practices in the United States that included 158
adults with type 1 diabetes who were using multiple daily insulin injections and had
hemoglobin A1c (HbA1c) levels of 7.5% to 9.9%.

INTERVENTIONS Random assignment 2:1 to CGM (n = 105) or usual care (control group; n = 53).

MAIN OUTCOMES AND MEASURES Primary outcome measure was the difference in change
in central-laboratory–measured HbA1c level from baseline to 24 weeks. There were
18 secondary or exploratory end points, of which 15 are reported in this article, including
duration of hypoglycemia at less than 70 mg/dL, measured with CGM for 7 days at 12
and 24 weeks.

RESULTS Among the 158 randomized participants (mean age, 48 years [SD, 13]; 44% women;
mean baseline HbA1c level, 8.6% [SD, 0.6%]; and median diabetes duration, 19 years
[interquartile range, 10-31 years]), 155 (98%) completed the study. In the CGM group, 93%
used CGM 6 d/wk or more in month 6. Mean HbA1c reduction from baseline was 1.1% at 12
weeks and 1.0% at 24 weeks in the CGM group and 0.5% and 0.4%, respectively, in the
control group (repeated-measures model P < .001). At 24 weeks, the adjusted
treatment-group difference in mean change in HbA1c level from baseline was –0.6% (95% CI,
–0.8% to –0.3%; P < .001). Median duration of hypoglycemia at less than <70 mg/dL was
43 min/d (IQR, 27-69) in the CGM group vs 80 min/d (IQR, 36-111) in the control group
(P = .002). Severe hypoglycemia events occurred in 2 participants in each group.

CONCLUSIONS AND RELEVANCE Among adults with type 1 diabetes who used multiple daily
insulin injections, the use of CGM compared with usual care resulted in a greater decrease in
HbA1c level during 24 weeks. Further research is needed to assess longer-term effectiveness,
as well as clinical outcomes and adverse effects.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT02282397

JAMA. 2017;317(4):371-378. doi:10.1001/jama.2016.19975
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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.)

The New England Journal of Medicine 
Downloaded from nejm.org on November 19, 2017. For personal use only. No other uses without permission. 

 Copyright © 2008 Massachusetts Medical Society. All rights reserved. 
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A Pilot Study of the Continuous Glucose
Monitoring System
Clinical decisions and glycemic control after its use in pediatric type 1
diabetic subjects

FRANCINE R. KAUFMAN, MD

LEENA C. GIBSON, MA

MARY HALVORSON, RN, MSN, CDE

SUE CARPENTER, BA, RN, CDE

LYNDA K. FISHER, MD

PISIT PITUKCHEEWANONT, MD

OBJECTIVE — To determine whether the continuous glucose monitoring system (CGMS)
(MiniMed, Sylmar, CA) could be used to make clinical decisions and whether it has an impact on
glycemia in pediatric type 1 diabetic subjects.

RESEARCH DESIGN AND METHODS — Pediatric subjects were recruited if they had
HbA1c !8.0% with management problems (n " 35) or episodes of severe or nocturnal hypo-
glycemia or hypoglycemia unawareness associated with HbA1c !8.0% (n " 12). A total of 47
patients with a mean HbA1c value of 8.6 # 1.6% (mean age 11.8 # 4.6 years, youngest 2.7 years,
and diabetes duration 5.5 # 3.5 years) on three to four insulin injections/day (n " 24) or insulin
pump therapy (n " 23) were followed with the CGMS for a mean of 69.5 # 28 h. Comparisons
were made between the number of high (!150 mg/dl) and low ($70 mg/dl) glucose patterns
discerned with the sensor or the logbook, and HbA1c levels were evaluated.

RESULTS — In patients on injection therapy, 30 high or low glucose patterns were discerned
with the logbook records and 120 patterns with the CGMS. Specific alterations of the diabetes
regimen were made. An overall significant change in HbA1c, from 3 months before wearing the
sensor to 6 months after (analysis of variance 0.04), was found in the subjects. Post hoc analysis
showed a significant change in HbA1c from 8.6 # 1.5% at baseline to 8.4 # 1.3% at 3 months
(paired Student’s t test 0.03).

CONCLUSIONS — The CGMS can be used by pediatric patients to detect abnormal patterns
of glycemia. The information that was obtained could be used to alter the diabetes regimen and
impact glycemic outcome.

Diabetes Care 24:2030–2034, 2001

The goal of the management of type 1
diabetes in children and youth is to
maintain blood glucose and HbA1c

levels as near to normal as possible (1).
Although this goal is difficult to achieve
for all patients with type 1 diabetes, it is
even more challenging for pediatric sub-
jects. Children and adolescents often have
fluctuations in blood glucose level, and
their activity pattern and food intake are
often erratic and unpredictable. In 1998–
1999, data from our large, urban center at
Childrens Hospital Los Angeles for over
1,000 patients who had received diabetes
education and had access to the health
team for advice on diabetes management
showed that the mean HbA1c level was
8.2%.

The diabetes regimen followed by our
patients consisted of taking multiple in-
sulin injections per day or using continu-
ous subcutaneous insulin infusion (CSII)
(2). As part of the diabetes regimen, our
patients are advised to obtain at least four
finger-stick glucose measurements each
day. This allows for adjustment of insulin
dosage, food intake, and activity level to
maintain glycemia within the individual-
ized target range, which is dependent on
age, developmental stage, and the ability
to recognize hypoglycemia (3). Currently,
one of the main obstacles to achieving gly-
cemic control is that blood glucose is
intermittently measured. Continuous
glucose monitoring would eliminate the
fact that finger-stick measurements can
only provide information regarding a few
minutes of each day and cannot be used to
easily identify patterns of abnormal glyce-
mia.

Recently, the MiniMed continuous
glucose monitoring system (CGMS), a
light-weight, portable, minimally invasive
system, was developed (4). This system
continuously measures subcutaneous tis-
sue interstitial glucose levels, recording
values on average every 5 min within a
range of 40–400 mg/dl. Glucose values
obtained with the CGMS have been
shown to correlate with laboratory mea-
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OBJECTIVE — To determine whether the continuous glucose monitoring system (CGMS)
(MiniMed, Sylmar, CA) could be used to make clinical decisions and whether it has an impact on
glycemia in pediatric type 1 diabetic subjects.

RESEARCH DESIGN AND METHODS — Pediatric subjects were recruited if they had
HbA1c !8.0% with management problems (n " 35) or episodes of severe or nocturnal hypo-
glycemia or hypoglycemia unawareness associated with HbA1c !8.0% (n " 12). A total of 47
patients with a mean HbA1c value of 8.6 # 1.6% (mean age 11.8 # 4.6 years, youngest 2.7 years,
and diabetes duration 5.5 # 3.5 years) on three to four insulin injections/day (n " 24) or insulin
pump therapy (n " 23) were followed with the CGMS for a mean of 69.5 # 28 h. Comparisons
were made between the number of high (!150 mg/dl) and low ($70 mg/dl) glucose patterns
discerned with the sensor or the logbook, and HbA1c levels were evaluated.

RESULTS — In patients on injection therapy, 30 high or low glucose patterns were discerned
with the logbook records and 120 patterns with the CGMS. Specific alterations of the diabetes
regimen were made. An overall significant change in HbA1c, from 3 months before wearing the
sensor to 6 months after (analysis of variance 0.04), was found in the subjects. Post hoc analysis
showed a significant change in HbA1c from 8.6 # 1.5% at baseline to 8.4 # 1.3% at 3 months
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CONCLUSIONS — The CGMS can be used by pediatric patients to detect abnormal patterns
of glycemia. The information that was obtained could be used to alter the diabetes regimen and
impact glycemic outcome.

Diabetes Care 24:2030–2034, 2001

The goal of the management of type 1
diabetes in children and youth is to
maintain blood glucose and HbA1c

levels as near to normal as possible (1).
Although this goal is difficult to achieve
for all patients with type 1 diabetes, it is
even more challenging for pediatric sub-
jects. Children and adolescents often have
fluctuations in blood glucose level, and
their activity pattern and food intake are
often erratic and unpredictable. In 1998–
1999, data from our large, urban center at
Childrens Hospital Los Angeles for over
1,000 patients who had received diabetes
education and had access to the health
team for advice on diabetes management
showed that the mean HbA1c level was
8.2%.

The diabetes regimen followed by our
patients consisted of taking multiple in-
sulin injections per day or using continu-
ous subcutaneous insulin infusion (CSII)
(2). As part of the diabetes regimen, our
patients are advised to obtain at least four
finger-stick glucose measurements each
day. This allows for adjustment of insulin
dosage, food intake, and activity level to
maintain glycemia within the individual-
ized target range, which is dependent on
age, developmental stage, and the ability
to recognize hypoglycemia (3). Currently,
one of the main obstacles to achieving gly-
cemic control is that blood glucose is
intermittently measured. Continuous
glucose monitoring would eliminate the
fact that finger-stick measurements can
only provide information regarding a few
minutes of each day and cannot be used to
easily identify patterns of abnormal glyce-
mia.

Recently, the MiniMed continuous
glucose monitoring system (CGMS), a
light-weight, portable, minimally invasive
system, was developed (4). This system
continuously measures subcutaneous tis-
sue interstitial glucose levels, recording
values on average every 5 min within a
range of 40–400 mg/dl. Glucose values
obtained with the CGMS have been
shown to correlate with laboratory mea-
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A table elsewhere in this issue shows conventional and Système International (SI) units and conversion
factors for many substances.
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There was a mean of 3.3 ! 0.8 recom-
mendations per patient.

Table 2 shows the HbA1c results 3
months before, at baseline, and 3 and 6
months post-CGMS for all patients and
those using CSII and injection therapy.
Repeated measures of ANOVA showed
significance in HbA1c at these intervals
(P " 0.04). Post hoc analysis showed a
significant change between time of sensor
placement and 3 months post-CGMS as
in table 2 (P " 0.03, paired Student’s t
test). Comparing HbA1c levels at the time
of sensor placement and at 3 months, 27
patients (25 with HbA1c #8.0% and 2
with HbA1c !8.0% at baseline) had a re-
duction in HbA1c by a mean of 0.66%.
These subjects had a mean baseline
HbA1c of 9.08 ! 1.1%. Sixteen subjects
(seven with HbA1c #8.0% and nine with
HbA1c !8.0% at baseline) had an in-
crease in HbA1c by a mean of 0.43%.
Their mean baseline HbA1c was 7.88 !
0.9%. In four children (three with HbA1c
#8.0% and one with !8.0% at baseline),
there was no change in HbA1c between 3
months before and 3 months after contin-
uous glucose monitoring.

CONCLUSIONS —This study showed
that the CGMS was well tolerated and
beneficial in pediatric type 1 diabetic pa-
tients. Patients, some of whom were very
young, were able to wear the sensor with-
out problems, and events such as meals,
exercise, and symptoms of hypoglycemia
were coded in the sensor during daily ac-
tivities as advised. The glucose tracings
derived from the CGMS enabled diabetes
care providers as well as patients and their
families to discern distinct patterns of ab-
normal glycemia regardless of whether
they were using CSII or insulin injection
therapy. The information obtained led to
recommendations for adjustment of the
diabetes regimen. Follow-up studies de-
termined that these alterations led to im-

proved glycemic control as assessed by
mean HbA1c levels. Although HbA1c lev-
els were statistically unchanged when ret-
rospectively compared 3 months before
and at the time of CGMS placement, these
values were improved at 3 months post-
CGMS and sustained at 6 months. Be-
cause HbA1c levels had been previously
correlated with the number of finger-stick
glucose levels obtained in a French study
that evaluated 2,579 children with type 1
diabetes (12), it was anticipated that the
larger number of glucose measurements
done with the CGMS would improve the
glycemic outcome of pediatric subjects.

The CGMS revealed that one or more
basal, bolus, and correction insulin dos-
age was not optimal in a large number of
patients. At least one-quarter to one-third
of subjects were found to have a high pre-
meal pattern (at one or more premeal time
periods), and 17–23% were found to have
a high postmeal pattern (at one or more
postmeal time periods). These findings
necessitated increasing one or more basal
and bolus insulin dosage in 87 and 70%
of subjects, respectively, as well as in-
creasing the dose of insulin used to cor-
rect a high glucose level outside of the
target range in 32% of patients. It is likely
that these recommendations on how to
decrease the large number of high pre-
and postmeal patterns positively im-
pacted on the follow-up HbA1c. At the
present time, it is controversial whether
fasting or postprandial glycemia has more
impact on diabetes control (13). With fol-
low-up sensor-wear, it might be possible
to determine the relative importance of
pre- versus postmeal glucose levels on di-
abetes outcome. Therefore, the CGMS
might prove to have a role in clinical dia-
betes research that is aimed at addressing
areas of controversy in diabetes manage-
ment.

As recently described by Bode et al.
(14), during sensor-wear, nocturnal hy-

poglycemia and the dawn phenomenon
are frequently found but are not apparent
with finger-stick monitoring alone be-
cause finger-sticks are rarely done at those
times. In our patients, the CGMS con-
firmed what has been described in previ-
ous research studies, which showed a
high occurrence of asymptomatic noctur-
nal hypoglycemia in pediatric subjects
who measured nighttime blood glucose
levels as part of a research protocol
(15,16). In our subjects, the finding of
nighttime hypoglycemia lead to the rec-
ommendation to decrease basal insulin
rates during the night for pump patients
and evening intermediate-acting insulin
for patients on injection therapy. Reduc-
ing insulin dosages might have helped de-
crease further episodes of hypoglycemia
by ameliorating hypoglycemia unaware-
ness, which results in part from recurrent
low blood glucose (17).

We were surprised by the number of
recommendations that were made to alter
the diabetes regimen in addition to
changing insulin dosages. Over one-half
of our subjects did not appropriately
manage hypoglycemia. This could be dis-
cerned when hypoglycemia was detected
by a finger-stick glucose measurement
and then subsequent glucose levels were
evaluated by the CGMS. Approximately
30% of subjects did not recheck to insure
that hypoglycemia had been resolved. In
addition to this pattern of persistent hy-
poglycemia, at least one-quarter of the
time, a recurrent episode of hypoglycemia
occurred after treatment.

The CGMS data also revealed the fre-
quent occurrence of hypoglycemia asso-
ciated with exercise in many of our
subjects. Some subjects experienced hy-
perglycemia after the completion of exer-
cise as a result of excess carbohydrate
ingestion at the time of hypoglycemia or
as a result of disconnecting the insulin
pump during exercise. The CGMS data
indicated that if glycemic control is to be
optimized in the future, patients/families
must consider whether the food that is
being ingested is high in fat or carbohy-
drates in order to appropriately alter in-
sulin doses and insulin delivery to
account for meal composition. Finally, it
should be noted that fewer abnormal pat-
terns were detected in subjects using in-
sulin pumps compared with those taking
insulin injections. This suggests that bet-
ter glycemic control might be achieved

Table 2 —HbA1c for all subjects and those on CSII and injections

Time from baseline
(months) All CSII Injections

$3 8.7 ! 1.6 8.5 ! 1.6 8.9 ! 1.6
0 8.6 ! 1.5 8.4 ! 1.7 8.8 ! 1.4

%3 8.4 ! 1.3 8.2 ! 1.3 8.5 ! 1.3
%6 8.3 ! 1.3 8.1 ! 1.3 8.5 ! 1.4
Data are means ! SE. Repeat measures of ANOVA: type III sum of squares " 4.509; df " 2.185; mean
square " 2.064; F " 3.262; P " 0.038.

Kaufman and Associates
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(months) All CSII Injections

1.6 8.9 ! 1.6
1.7 8.8 ! 1.4
1.3 8.5 ! 1.3
1.3 8.5 ! 1.4

4.509; df " 2.185; mean
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Improving the Clinical Value
and Utility of CGM Systems:
Issues and Recommendations
A Joint Statement of the European
Association for the Study of Diabetes
and the American Diabetes Association
Diabetes Technology Working Group
https://doi.org/10.2337/dci17-0043

The first systems for continuous glucose monitoring (CGM) became available over
15 years ago. Many then believed CGM would revolutionize the use of intensive
insulin therapy in diabetes; however, progress toward that vision has been gradual.
Although increasing, the proportion of individuals using CGM rather than conventional
systems for self-monitoring of blood glucose on a daily basis is still low inmost parts of
the world. Barriers to uptake include cost, measurement reliability (particularly with
earlier-generation systems), human factors issues, lack of a standardized format for
displaying results, and uncertainty on how best to use CGM data to make therapeutic
decisions. This Scientific Statement makes recommendations for systemic improve-
ments in clinical use and regulatory (pre- and postmarketing) handling of CGMdevices.
The aim is to improve safety and efficacy in order to support the advancement of the
technology in achieving its potential to improve quality of life and health outcomes for
more people with diabetes.

Continuous glucose monitoring (CGM) is a method of continuously following glucose
levels in the interstitial fluid as a basis for improving metabolic control. This includes
increasing time in the target glucose range by reducing hyperglycemia and minimizing
the occurrence of low glucose values (including symptomatic hypoglycemia). The in-
ternational diabetes community has welcomed the introduction of CGM systems. How-
ever, daily use of these devices is associated with challenges including potential risks.
There are several ways in which CGM functions. It can either be blinded to the user

or viewed in real time. The device sends data continuously to a receiver, which allows for
alerts and alarms to be provided to thewearer. Recently a formof CGMknown as “flash”
glucose monitoring (FreeStyle Libre; Abbott Diabetes Care) became available from one
manufacturer in some countries. Although this device is based on similar technology,
daily costs are lower and no calibration is required; however, alarms are not provided
for high and low glucose values. Interstitial glucose levels are measured continuously,
but as data are not transmitted continuously from the sensor, the results are available
only when the sensor is scanned with a reading device. Full 24-h data can be captured
anddownloaded if the sensor is scannedat least every 8h. This latter formofCGMwill be
described here as intermittently scanned continuous glucose monitoring (isCGM) (1).
The glucose sensors of most CGM systems are inserted subcutaneously and worn exter-
nally by the user, although implantable CGM devices are also becoming available (2).
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Following an evaluation of insulin
pumps (3), the same working group of
the American Diabetes Association (ADA)
and the European Association for the
Study of Diabetes (EASD) has now evalu-
atedCGMand related technologies froma
clinical perspective. The aim was not to
replicate published position statements
and guidelines on CGM technology (4–6)
but instead to consider how health care
professionals, CGM manufacturers, regu-
latory authorities, policymakers, and con-
sumers can best ensure effective and
appropriate use of CGM as the technol-
ogy continues to develop.
As only limited clinical trial data are re-

quired for approval of glucosemonitoring
devices, larger trials are often performed
at a later stage with the aims of convinc-
ing payers to provide reimbursement and
providing guidance on appropriate use.
As such trials usually take 3 ormore years,
the marketed version of the CGM device
has often been updated or modified by
the time of publication. The rapidity of
this development cycle means that a sci-
entific statement can never be definitive
or comprehensive and requires regular
updating.
Our goal was to assess current clinical

and regulatory aspects of CGMwithin this
rapidly evolving landscape in order to en-
courage cycles of improvement in device
performance, clinical outcomes, and utili-
zation.Wemake a number of recommen-
dations (marked in text as numbers/
letters in rectangular brackets), each tar-
geted at relevant stakeholders involved
in delivering safe and effective use of
CGM.Wegathered evidence by searching
PubMed from inception until end of No-
vember 2016 using the search terms
“continuous glucose monitoring [Title/
Abstract] OR real-time glucose moni-
toring [Title/Abstract] OR subcutaneous
continuous glucose monitoring [Title/
Abstract] OR continuous measurement
of glucose [Title/Abstract].” We supple-
mented thiswith information from recent
trial publications, abstracts, web-based
resources, regulatory authorities (includ-
ing their databases), manufacturing com-
panies, and our own clinical experience.

CLINICAL EVIDENCE

Growing evidence supports the benefits
of using CGM: the studies and clinical tri-
als reviewedbelowsuggest that adultswith
type 1 diabetes (T1D) who wear a CGM
device most days can improve glycemic

controlwithout increasing risk of hypogly-
cemia, while those already close to target
HbA1c can maintain control while reduc-
ing risk of hypoglycemia. In children and
adolescents, achieving adequate adher-
ence remains a significant barrier, although
usability has improved with current-
generation CGMdevices in this age-group
[2b].

Type 1 Diabetes
In the JDRF trial (7), 322 adults and child-
ren ($8 years of age) with HbA1c 7.0–
10.0% (53–86 mmol/mol), more than
80%using continuous subcutaneous insu-
lin infusion (CSII), were randomized to
receive one of three different CGM devices
(Dexcom SEVEN [Dexcom], MiniMed
Paradigm REAL-Time Insulin Pump and
Continuous Glucose-Monitoring System
[Medtronic], FreeStyleNavigator [AbbottDi-
abetes Care]) or usual self-monitoring of
blood glucose (SMBG). A significant im-
provement in the primary outcome of
change in HbA1c at 26 weeks (20.53%
[95%CI20.71 to20.35] [25.7mmol/mol
(95% CI 27.7 to 23.8; P , 0.001)]) was
observed only in the subgroup defined
by age $25 years. This improvement
was strongly associated with wearing
the device for 6 or more days per week
(7). In the recentMultiple Daily Injections
and Continuous Glucose Monitoring in
Diabetes (DIAMOND) study, in which
158 adults on multiple daily injections
were randomized (2:1) to CGM (Dexcom
G4) or usual care for 6 months, baseline
HbA1c (8.6% [70.5 mmol/mol]) improved
by 1.0% (11.0 mmol/mol) with CGM and
by 0.4% (4.3 mmol/mol) with usual
care (adjusted mean difference 0.6%
[6.5 mmol/mol], P , 0.001); adherence
was high (8). A further large crossover tri-
al is in progress using the same device
(9), and supportive cross-sectional real-
world data are available (with the various
marketed devices) (10). The potential
for CGM to take the place of (rather
than augment) SMBG recently gained
support from REPLACE-BG, an open-label
randomized trial of 226 adults with
well-controlled T1D (HbA1c 7.1 6 0.7%
[54.0 6 7.6 mmol/mol] at baseline)
that compared “CGM only” with “CGM
and SMBG”: SMBG in addition to CGM
had no effect on time in range (70–
180 mg/dL [3.9–10.0 mmol/L]), the pri-
mary end point (11). For this reason, the
U.S. Food and Drug Administration (FDA)
recently (December 2016) approved a

specific CGM device (Dexcom G5 Mobile
CGM System) to replace fingerstick glucose
measurements in people $2 years of age
with diabetes, although twice daily finger-
stick calibrations remain necessary (12).
Some evidence with isCGM is also now

available in T1D. In the recent IMPACT trial,
241 adults with T1D and HbA1c #7.5%
(58.5 mmol/mol) (68% treated with mul-
tiple daily injections; 32% with CSII) wore
an isCGM device for 14 days (FreeStyle
Libre) without access to glucose results.
This period was then compared with a sub-
sequent 14-day periodwhen access to data
was provided. The primary end point of
time spent in hypoglycemia (,70 mg/dL
[,3.9 mmol/L]) was reduced by almost
90 min per day (P, 0.0001) with isCGM,
while time in hyperglycemia (.240 mg/
dL [.13.3 mmol/L]) was reduced by just
over 20 min per day (P = 0.0247); there
was no change in HbA1c over this short
period (13).

Type 2 Diabetes
Currently there is limited evidence to sup-
port the use of CGM in this large group of
individuals; further studies are required
[4a, 4b]. In a single-center controlled
trial, which randomized 100 people with
type 2 diabetes (T2D) on a variety of ther-
apies (excluding prandial insulin) to ei-
ther SMBG or intermittent use of CGM
(DexcomSEVEN), a significant improvement
in HbA1c from a baseline of 8.3% (67.2
mmol/mol)was observed over 12weeks
forCGMvs.SMBG(1.061.1 vs. 0.560.8%
[11.0 6 12.0 vs. 5.4 6 8.7 mmol/mol])
(14). The improvementwas sustained (al-
though attenuated) over a 40-week ob-
servational follow-up period (0.8 6 1.5
vs. 0.2 6 1.3% [8.7 6 16.3 vs. 2.1 6
14.1 mmol/mol]) (15). These data require
replication using other CGMdevices and in
other populations with T2D but provide
support for periodic use of CGM in those
using basal insulin (16).
In the case of isCGM, a 6-month trial

(REPLACE) (FreeStyle Libre) in people with
T2D on basal-bolus insulin therapy and a
baseline HbA1c of 8.8% (72.7 mmol/L)
showed a significant reduction in time
in hypoglycemia (by almost 30 min) but
no change in HbA1c, the primary end
point (17).
The above-mentioned clinical studies

have undoubtedly moved the field for-
ward, but our review of the CGM litera-
ture revealed common design limitations,
including:
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L’utilizzo del CGM in terapia multi-iniettiva
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Analisi dati: utilizzo del Clarity



Analisi dati: utilizzo del 
Clarity
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Punti di forza e “non” nell’utilizzo del monitoraggio
continuo della glicemia in terapia multi-iniettiva:

• Without proper education, this  tremendous quantity of blood glucose data can 
be viewed as information overload

• Alarm fatigue

• Inappropriate overtreatment

• Exacerbation of family conflicts ant tensions 

• Some children have reported feeling “spied on”

• Frustration with having their blood glucose be the absolute center of attention all 
day



Conclusioni

• L’utilizzo del CGM in pazienti che utilizzano MDI puo’ migliorare il controllo
glico-metabolico ed ottimizzare la terapia

• E’ importante utilizzare lo strumento nel modo corretto per avere informazioni
attendibilià calibrazione, interpretazione delle frecce, utilizzo degli allarmi, 
sistemi predittivi

• Educazione del paziente da parte del team

• Analisi critica dei dati insieme al paziente attraverso lo scarico dati

• Non sottovalutare gli aspetti psicologici



Grazie 
per 

l’attenzione!!






