
Introduction
Major clinical trials have shown
that approaching normal gly-
caemic control postpones or slows
the progression of diabetes compli-
cations.1 Self-monitoring of blood
glucose (SMBG) has been the most
useful instrument in diabetes 
management and three or more
daily glucose measurements are
recommended for people with 
type 1 diabetes.2

A continuous glucose monitor-
ing system (CGMS) can play a role
in attempting to achieve optimal 
glycaemic control. The CGMS devel-
oped by Medtronic (MinMed®,
Northridge, CA) is a sensor system
that measures interstitial glucose lev-
els every five minutes (288 measure-
ments/day) for three or more days,

by means of a sensor (microelec-
trode) which is inserted in the 
subcutaneous tissue. The sensor cal-
ibration requires at least four blood
glucose measurements with the cus-
tomary glucose meter. The data are
stored in a glucose monitor con-
nected to the sensor by a cable and
are only visualised when down-
loaded to a computer.

Several studies have found that
the information provided by the
CGMS allows treatment adjust-
ments that make possible an
improvement in glycaemic con-
trol.3–5 Other studies have sug-
gested its role as a motivation tool

for patients in diabetes education.6,7

However, some authors affirm that
CGMS does not provide an addi-
tional benefit to frequent SMBG,8

though it does show a high inci-
dence of unrecognised hypogly-
caemias, particularly nocturnal.9,10

The aim of this study was to eval-
uate the effect that the CGMS has
on the patient’s self-management
and to ascertain if the information
provided – and the discussion of
the continuous glucose record by
the patient and team members –
would help achieve attitude
changes that improve glycaemic
control.
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Abstract
The study was designed to determine the usefulness of the CGMS (continuous 
glucose monitoring system) as a support tool in type 1 diabetes education. The CGMS
is a sensor system that measures interstitial glucose levels every five minutes for three
or more days, by means of a microelectrode inserted in the subcutaneous tissue.

People with type 1 diabetes (n=52), who actively participated in diabetes self-
management programmes, were monitored with CGMS during three to five days.
Patients were selected for CGMS when unsatisfied with the glycaemic results
achieved, given the effort made. Ten patients used CSII, 14 used insulin glargine plus
rapid acting insulin analogue and 28 used NPH insulin plus short acting insulin. All
patients used blood glucose self-monitoring, with a mean of 6.5±1.4 glucose 
readings per day. The CGMS register was evaluated with the patient. Mean capillary 
glucose during the 15 days prior to CGMS, mean capillary glucose during CGMS
and mean capillary glucose during the 15 days after CGMS are compared.

Discussion of the record with the patient frequently allowed detection of 
inappropriate solving attitudes. Mean capillary glucose dropped from 155±20mg/dL
(8.60±1.11mmol/L) prior to CGMS to 143±20mg/dL (7.94±1.11mmol/L) after CGMS
(p=0.000). The effectiveness of CGMS (number of patients in whom mean glucose
improved) rose from 66.7% in 2001 to 70.6% in 2002, 78.9% in 2003 and 88.8% 
in 2004.

When the patient is involved in the analysis of glucose fluctuations, CGMS is a
useful tool in diabetes education that will help achieve attitude changes because of
the evidence depicted by the continuous glucose record. Experience in the use of
this tool by the professional will improve its effectiveness. Copyright © 2005 FEND.
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Research design and 
methodology
A total of 52 patients (42 women
and 10 men) with type 1 diabetes
completed the study (from May
2001 to May 2004). The CGMS was
used when patients were unsatisfied
with the glycaemic results achieved
in spite of the effort made. All
patients actively participated in dia-
betes self-management programmes
and performed SMBG with a mean
of 6.5±1.4 glucose readings per day
(before and two hours after break-
fast, lunch and dinner). These are
follow-up programmes which imply
twice a month (preconception care)
or once a month visits, aiming to
analyse specific individual situations.
All patients to whom the CGMS was
offered accepted to participate.

The mean age was 34.8±8 years
and the mean duration of diabetes
was 14±7 years. Ten patients used
continuous subcutaneous insulin
infusion (CSII) and 42 patients
were on multiple daily insulin injec-
tion therapy (14 with insulin
glargine plus rapid acting insulin
analogue, and 28 with NPH insulin
plus short acting insulin).

The sensor was usually inserted
on Tuesdays to register regular days
(Tuesday to Friday), and only
exceptionally was the weekend
included to analyse particular situa-
tions. The first patients had the sen-
sor inserted in the abdominal 
subcutaneous tissue, making sure
the area was free of lipohypertrophy
and not injecting insulin in that
quadrant. Subsequently, the but-
tocks were used as the insertion site,
with an improvement of the regis-
ter. All sensors inserted were func-
tional. The glucose meter time was
synchronised with the sensor moni-
tor, and patients were instructed to
enter glucose meter values (at least
six a day) and event markers of
meals and insulin into the monitor.
Additionally, patients noted down
meals and any unusual event.

Data were downloaded to the
computer and the register
obtained was evaluated by team
members. The graph, which shows
glucose fluctuations over the day
(each colour represents a different
day), was discussed with the 
patient and treatment decisions
were made.

Mean capillary glucose levels
during the following periods were
analysed: the 15 days prior to the
sensor insertion, the monitoring

period, and the 15 days after the
monitoring period. Mean capillary
pre-breakfast glucose levels were
obtained for the same periods. All
patients used the same glucose
meter (One Touch Profile®,
LifeScan, Milpitas, CA) and glucose
readings were assessed using a 
computer program (InTouch®,
LifeScan, Milpitas, CA).

The effectiveness of CGMS
across each year of the study was cal-
culated as the percentage of patients
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Figure 1. CGMS register examples with the mean glucose level during the
monitoring period. Patient (a) regular insulin plus NPH; Patient (b) short acting
insulin plus glargine; Patient (c) CSII. Each colour represents a different day
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in whom mean glucose improved
after the monitoring period.

Statistical analyses were con-
ducted using SPSS version 8.0 statis-
tical software (SPSS Inc, Chicago,
IL). Values are reported as
mean±SD or as percentages. The
paired t test was used to compare
mean glucose levels. The one-way
analysis of variance (F test) was used
to compare the change in mean glu-
cose values (mean glucose value
prior to the monitoring period
minus mean glucose value after 
the monitoring period) between
groups. Linear correlation coeffi-
cients (Pearson) were used to evalu-
ate the relation between the change
in mean glucose values and age or
diabetes duration. A p value of
<0.05 was considered significant.

Results
Records of three patients with dif-
ferent types of insulin treatment
(NPH [a]; glargine [b]; CSII [c])
are shown in Figure 1. Each colour
in the graph represents a different
day. The record of each patient is
relatively similar through the days
registered, but between patients we
see different patterns of glycaemic
behaviour; however, the mean 
glucose level during the monitor-
ing period was similar for the 
three patients.

Inappropriate problem solving
attitudes were frequently detected
when discussing glucose records
with the patients. For example, in
Figure 1(a) high post-dinner glu-
cose is overcorrected leading to
nocturnal hypoglycaemia (blue and
black lines), while low post-dinner
glucose is treated by eating to pre-
vent hypoglycaemia leading to noc-
turnal hyperglycaemia (red and
green lines). In Figure 1(b) post-
dinner snack (blue and black lines)
or high post-dinner glucose levels
(green line) will maintain high glu-
cose levels throughout the night in
patients treated with glargine. In

Figure 1(c) overcorrecting hypogly-
caemia will lead to notable hyper-
glycaemic excursions, especially
after breakfast (black line).

Mean capillary glucose during
the 15 days after the monitoring
period (143±20mg/dL) (7.94±
1.11mmol/L) was significantly
lower than mean capillary glucose
during the 15 days prior to the sen-
sor insertion (155±20mg/dL)
(8.60±1.11mmol/L) (p=0.000).
Mean capillary glucose during the
monitoring period (142±23mg/dL)
(7.88±1.28mmol/L) was also signifi-
cantly lower than before the moni-
toring period (p=0.000) (Figure 2).

Mean capillary pre-breakfast 
glucose after the monitoring 
period (156±46mg/dL) (8.66±
2.55mmol/L) was also significantly
lower than mean capillary pre-
breakfast glucose levels before the
monitoring period (176±42mg/dL)
(9.77±2.33mmol/L) (p=0.001).

The number of glucose read-
ings/day was similar during the
three periods (before: 6.5±1.5; dur-
ing: 7.5±1.2 and after: 6.1±1.7) and
a good correlation coefficient was
observed between the sensor glu-
cose mean and the glucose meter
mean (r=0.79).

The drop in mean capillary glu-
cose after the monitoring period was
not different for patients who did

more than six capillary measure-
ments than for those who did less
than six capillary measurements
(11.2 vs 12.6mg/dL [0.62 vs
0.70mmol/L]; p=0.814). Duration
of CGMS recording for more than
three days was not associated with a
larger drop in mean capillary glu-
cose (8.8 vs 13mg/dL [0.49 vs
0.72mmol/L]; p=0.543). The drop
in mean capillary glucose was simi-
lar for women in preconception
care to that for the other patients
(11 vs 12.6mg/dL [0.61 vs
0.70mmol/L]; p=0.789). Type 
of insulin treatment did not influ-
ence the reduction in mean capil-
lary glucose (CSII: 7.7mg/dL
[0.43mmol/L]; glargine: 5.9mg/dL
[0.33mmol/L]; NPH: 16.7mg/dL
[0.93 mmol/L]; p=0.233). Age and
duration of diabetes were not corre-
lated with capillary glucose drop 
(r=-0.184 and r=-0.120, respectively).

The CGMS was effective in four
out of six patients during 2001, in
13 out of 18 patients during 2002, in
15 out of 19 patients during 2003,
and in eight out of nine patients
during 2004 (Figure 3).

Discussion
This study was designed to deter-
mine the usefulness of the CGMS as
a support tool in type 1 diabetes
education. It is surprising that mean
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Figure 2. Evolution of mean capillary glucose during the periods analysed
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capillary glucose dropped during
the monitoring period in patients
who were actively participating in
diabetes self-management pro-
grammes. If this reduction were to
be kept in the long term, a drop in
HbA1c from 7.2% to 6.9% would be
expected. This fact goes to show that
patients do have some knowledge of
how to modify their daily routine in
order to improve glycaemic levels.
However, it is not difficult to under-
stand that it is very hard to keep up
these changes in everyday life.
Therefore, people with type 1 dia-
betes need support and strategies to
alleviate daily self-care.

The maintenance of mean capil-
lary glucose drop after the moni-
toring period is in agreement with
previous studies that demonstrated
the utility of CGMS to facilitate sus-
tainable improvements in gly-
caemic control3–5 and its role in
diabetes education and patient
motivation.6,7 The fact that effec-
tiveness increased throughout the
years of the study proves that dia-
betes educators also learn by expe-
rience, allowing a better interpreta-
tion of the registers and conse-
quently improving communication
of definite and practical aspects.
Experience in the use of this tool

has encouraged us to investigate
with the patient those situations
where the self-care changes sug-
gested are not accepted. On occa-
sions incomplete knowledge of glu-
cose fluctuations or unexplained
glucose values will lead to an erro-
neous conclusion and sometimes a
previous negative experience will
cause fear or insecurity.

Each patient has their own pecu-
liarities (timetable, habits, treat-
ment and meal schedule), therefore
rules or strategies will not be equally
useful for all patients. An individual
analysis is needed to acknowledge
which changes will cause better
results with less burden on the
patient’s life quality. As an example
patient (a) in Figure 1, who is in
preconception care, mixes regular
and NPH insulin before breakfast
(07.30h) and lunch (14.30h), uses
regular insulin before dinner
(22.00h) and NPH at bedtime
(00.00h). She does not recognise
hypoglycaemic symptoms and, in
her aim to improve glycaemic con-
trol, she does not have the patience
to confirm which changes are
needed in her insulin dose.
Therefore, she overcorrects high
glucose levels with extra insulin, giv-
ing way to asymptomatic hypogly-

caemic episodes ending up in
chaos. This is observed in Figure 1
(a), when the post-dinner (00.00h)
glucose value is over 200mg/dL
(blue and black days) and she adds
regular insulin to her night time
NPH dose. On the other hand,
when the post-dinner glucose value
is below 150 (red and green days)
she eats some biscuits with milk to
prevent hypoglycaemia, but the
result in this case is that glucose lev-
els will be high throughout the
night. Since her pre-breakfast glu-
cose levels are always high, she was
not willing to lower her insulin dose
until we analysed her register. The
need to confirm glucose values dur-
ing the two or three days before
making changes was also made 
self-evident.

Use of CGMS should be decided
not solely by team members:
patients who disagree with certain
self-care prescriptions need the
reassurance that can be provided by
CGMS – alternatively, the patient
may have a personal situation which
he or she is not willing to share with
health care providers.

Patients who performed more
than six capillary glucose measure-
ments did not achieve a larger drop
in glucose levels, which reaffirms
that diabetes educators need to
work on redirecting obsessive
behaviours which cause confusion.
Women on preconception care,
who are highly motivated, would
have been expected to achieve bet-
ter results than the other patients.
However, this was not the case,
probably because interest in gly-
caemic control was already very
high prior to CGMS. On the other
hand, participation in a new educa-
tion strategy will equal patients’
motivation. 

Using the CGMS as an educa-
tional tool implies an additional
cost, which we have not quantified.
However, it is effective not only
because of the results obtained in
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Figure 3. Percentage of patients in whom mean glucose improved after the
monitoring period across the years of the study

C
G

M
S

 e
ffe

ct
iv

en
es

s 
(%

)

2001 2002 2003 2004

100

90

80

70

60

50

40

30

20

10

0

OA Ibarra 1.05.qxp  22/3/05  11:08 am  Page 4



the short term but also because of
the feeling of reality provided to the
patient. Long-term results need to
be evaluated.

Implications
• Continuous glucose monitoring is
a useful tool in diabetes education,
with a drop in mean glucose of
12mg/dL (0.67mmol/L) after the
monitoring period, which would
represent a drop in HbA1c levels of
0.3%, and a pre-breakfast drop of
20mg/dL (1.11mmol/L).
• Continuous glucose monitoring
allows highly motivated patients 
on self-management programmes 
to analyse and discuss glucose 
fluctuations in daily situations.
Furthermore, the evidence depicted
will give the strength needed for atti-
tude changes.
• Experience in the use of this tool
by the professional will improve its
effectiveness. When the team
(patient/health care providers)
establish what exactly they aim to
analyse, the results are optimised. 
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