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Executive summary

Executive summary: Comparison of minimally invasive glucose monitoring devices with conventional monitoring

Background

Diabetes is associated with significant morbidity, 
which has been shown to be reduced by improved 
glycaemic control. Although subject to much 
debate, self-monitoring of blood glucose is seen as 
a key element in implementing intensive therapy as 
it provides real-time feedback on the effects of diet, 
exercise and stress on the actual blood glucose, thus 
allowing patients to determine blood glucose values 
and identify hypo- or hyperglycaemia. Patients 
are, however, reluctant to test their blood glucose 
because of the pain, inconvenience and discomfort 
experienced, as well as any perceived stigma 
associated with the procedure. Even if performed 
more frequently, this form of blood glucose 
monitoring only provides a snapshot and may miss 
debilitating episodes of hypo- and hyperglycaemia. 
To address these limitations, minimally invasive 
continuous glucose monitoring devices have been 
developed to provide more detailed information 
along with analyses of trends of blood glucose. It 
has been assumed that this additional information 
will lead to more appropriately targeted advice and 
improved glycaemic control.

Objectives

The objective of this study was to evaluate whether 
the additional information provided by two 
minimally invasive glucose monitors resulted 
in improved glycaemic control in people with 
poorly controlled insulin-requiring diabetes in 
both the long and medium term. In addition, the 
acceptability and health economic impact of the 
devices was assessed.

Methods
Design
This was a four-arm randomised controlled trial. 
Two groups (groups 1 and 2) received minimally 
invasive glucose monitoring devices. Group 1 
received the GlucoWatch Biographer device 
and group 2 the MiniMed Continuous Glucose 
Monitoring System (CGMS). These groups were 
compared with group 3, an attention control group 

that received standard treatment but with nurse 
feedback sessions at the same frequency as those 
in the groups receiving the devices, and group 4, 
a standard control group that reflected common 
practice in the clinical management of diabetes in 
the UK.

Setting

Participants were recruited from secondary 
care diabetes clinics in four hospitals. Two 
sites were inner-city locations, the third was 
an urban, relatively affluent area with a high 
proportion of retired people and the fourth was a 
socioeconomically deprived area. Assessment visits 
took place in diabetes outpatient clinics.

Participants

Participants were eligible if they were aged over 
18 years, had insulin-treated diabetes mellitus 
(type 1 or type 2) and were receiving two or more 
injections of insulin daily. They also had to have 
been diagnosed with diabetes for at least 6 months 
and to have had two glycosylated haemoglobin 
(HbA1c) values greater than or equal to 7.5% in the 
last 15 months.

In total, 100 participants were recruited and 
randomised to receive the GlucoWatch (group 1), 
102 were recruited to receive the CGMS (group 2), 
100 were recruited to the attention control group 
and 102 were recruited to the standard care control 
group. At baseline HbA1c ranged from 7.0% to 
15.5% with group means ranging from 8.9% to 
9.4%.

Intervention

The intervention was divided into two phases.

•	 Phase 1 (0–3 months for participants in groups 
1–3). Participants in the device groups were 
provided with the GlucoWatch Biographer or 
CGMS monitors. Those in the GlucoWatch 
group were trained and asked to use the 
device a minimum of four times per month 
and a maximum attempted use of four times 
per week. The information provided by the 
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GlucoWatch was downloaded at the nurse 
feedback sessions. Participants in the CGMS 
group were requested to be fitted with the 
device at baseline and at 6 and 12 weeks and 
received nurse feedback sessions 72 hours later. 
Participants in groups 1–3 also attended three 
nurse feedback sessions in this phase.

•	 Phase 2 (3–18 months for each participant). 
During this phase participants in group 1 used 
the GlucoWatch Biographer as desired and 
participants in group 2 were fitted with the 
CGMS at 6, 12 and 18 months. Participants 
in groups 1–3 also attended nurse feedback 
sessions at 6, 12 and 18 months.

All participants were provided with the same self-
monitoring glucose meter and trained in its use at 
the baseline clinic visit.

Main outcomes

Change in HbA1c from baseline to 18 months was 
the primary indicator of long-term efficacy in this 
study. Change in HbA1c from baseline to 3 and 6 
months evaluated short-term efficacy, and change 
from baseline to 12 months assessed efficacy in 
the medium term. Perceived acceptability of the 
GlucoWatch and CGMS was assessed by use and 
a self-report questionnaire, developed for the 
purpose of this study, at 3, 6, 12 and 18 months. 
A health economic analysis of the trial was also 
performed.

Results

At 18 months all groups demonstrated a decline in 
their HbA1c levels from baseline. Mean percentage 
changes in HbA1c were –1.4 for the GlucoWatch 
group, –4.2 for the CGMS group, –5.1 for the 
attention control group and –4.9 for the standard 
care control group. At 18 months the relative 
percentage reduction in HbA1c in each of the 
intervention arms was less than that in the standard 
care control group. In the intention to treat analysis 
the difference in the relative percentage reduction 
between the GlucoWatch and standard care control 
groups was 3.7% [95% confidence interval (CI) –1.1 
to 8.5], for the CGMS 0.9% (95% CI –3.8 to 5.7) 
and for the attention control group 0.1% (–4.3 to 
5.4). No significant differences were found between 
any of the groups at any of the assessment times. 
The findings indicated no advantage of having the 
additional information provided by a continuous 
glucose monitoring device on change in HbA1c 

in unselected individuals with poorly controlled 
insulin-requiring diabetes.

There was also no evidence that the additional 
information provided by the minimally invasive 
glucose devices resulted in any change in the 
number or nature of treatment recommendations 
offered by the nurses.

The health economics analysis indicated no 
advantage in the groups who received the 
continuous blood glucose monitoring devices. 
Using the health economic tools a lower cost and 
higher benefit was found for the attention control 
arm in the trial period.

A comparison between the devices in terms 
of use and acceptability indicated a decline in 
use of both devices but this was most marked 
in the GlucoWatch group, as opposed to the 
CGMS group, by 18 months (20% still using the 
GlucoWatch device versus 57% still using the 
CGMS). The participants using the GlucoWatch 
device reported more side effects, greater 
interference with daily activities and more difficulty 
in using the device than those using the CGMS.

Conclusions

The outcomes indicate that continuous glucose 
monitors as assessed in this study do not lead 
to improved clinical outcomes in unselected 
individuals with poorly controlled insulin-requiring 
diabetes.

In addition, the data suggest that the additional 
information provided by the two continuous 
glucose monitoring devices in this study (CGMS 
and GlucoWatch) is not cost-effective for improving 
HbA1c in an unselected population with poorly 
controlled type 1 or type 2 diabetes.

The findings also indicate that the two devices 
were accepted differently by participants. The 
GlucoWatch device was associated with a large 
number of side effects and its acceptability to 
participants was particularly low with only 20% 
of participants continuing to use the device at 
18 months. On acceptability grounds alone the 
data suggest that the GlucoWatch technology 
assessed in this study will not be frequently used by 
individuals with diabetes. The findings emphasise 
the importance of examining acceptability, as 
devices may demonstrate clinical value, but if 
potential users find them unacceptable or choose 
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not to use them then it is unlikely that they could 
be introduced into routine care.

Future studies of continuous glucose monitoring 
devices should target specific subgroups for study 
such as poorly controlled type 1 patients with 
hypoglycaemia unawareness. The acceptability 
of these devices to participants and health-care 
professionals is an area that needs further research 
and should be included in studies of their potential 
clinical benefit.

Trial registration

This trial is registered as ISRCTN33678610.
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