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Continuous Glucose Monitoring in the
Management of Diabetes Mellitus

Summary
9 Continuous glucose monitors (CGMs)
measure interstitial fluid (ISF) glucose, and
provide information about continuous
glucose fluctuations that is not otherwise
captured by intermittent blood glucose
testing.
9 CGMs may benefit patients having difficulty
controlling their blood sugar or during
initiation or monitoring of insulin pump use.
9 CGMs require calibration with finger-stick
tests and supplement, but do not replace
conventional blood glucose testing.
9 CGM values correspond to blood glucose
values taken approximately 13-18 minutes
earlier and may differ from metered
readings.

measured over a range of 2.2 - 22.2 mmol/L.
Readings, taken every 10 seconds, are averaged
every five minutes and stored in the monitor's
memory. Averaged readings are transferred to a
computer for therapeutic planning by a physician;
no real-time measurements are provided directly to
the patient.
The GlucoWatch Biographer system (Cygnus Inc;
Redwood City, CA, USA) is worn like a
wristwatch for up to 12 hours at a time.4 An
AutoSensor containing glucose oxidase-laden gel
discs and electrodes snaps onto the back of the
device. When a low electric current passes between
the electrodes, glucose is extracted through the
intact skin by electro-osmotic flow. ISF glucose
collects in the discs and reacts with glucose oxidase
producing hydrogen peroxide. The electrodes
measure this reaction every 20 minutes.

Regulatory Status

The Technology
Continuous glucose monitors (CGMs) measure
glucose levels in the interstitial fluid surrounding
skin cells, providing continuous information about
glucose fluctuations that is not otherwise captured
by intermittent testing. These devices require
calibration with blood glucose levels as determined
by finger-stick tests. Errors of 20% or more have
been noted in blood glucose metered readings.1
This error could be transferred to CGMs during
calibration and thereby affect their overall accuracy.
CGMs can record when meals, insulin injections,
hypoglycaemic episodes and exercise occur.2
The Continuous Glucose Monitoring System
(CGMS) (MiniMed Inc; Sylmar, CA, USA)
supplements finger-stick glucose measurements
by monitoring glucose fluctuations over a 72-hour
period.3 A needle sensor is inserted under the
patient's abdominal skin and is wired to an
externally worn monitor. Glucose in the interstitial
fluid reacts with glucose oxidase on the needle,
producing hydrogen peroxide. This chemical
reaction generates measurable current. Glucose is

Device

Country

Approval

Status

MiniMed
CGMS

US5
Canada6
Europe7

June 1999
May 2000
June 2000

Supplement conventional testing
Class III device licence
Available by prescription

GlucoWatch
Biographer

Europe7
US4
Canada

Dec 1999
Approved
March 2001
Supplement conventional testing
Not approved as of 05/06/02

Patient Group
Diabetes mellitus (DM) is a chronic condition
wherein the body is unable to produce or use
insulin. Without insulin regulation, cells cannot
absorb sufficient glucose from the bloodstream or
derive energy from food, resulting in high blood
glucose levels. Long-term high blood glucose
values are associated with damage to the eyes,
kidneys, nerves and large blood vessels. Diabetes
is the leading cause of blindness, kidney failure,
and lower leg amputation and is also a major
cause of premature heart disease and other
vascular diseases.8
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There are two types of DM, type 1 and type 2.
Accounting for 10% of cases, type 1 occurs when
islet cells of the pancreas do not produce insulin.
With its onset, typically in the teen or young adult
years, type 1 DM requires daily insulin injections.
Approximately 90% of cases are type 2, resulting
from insulin resistance and partial deficiency.
Typically affecting people over 40 years of age,
type 2 DM can sometimes be controlled by diet
alone, however, medications may be required.8
Over two million people have DM and it is the
seventh leading cause of death in Canada.9
CGMs provide information about glucose
fluctuations that may be of particular benefit to
patients with type 1 DM that is difficult to control.
This includes patients with asymptomatic hypoglycemia, nocturnal hypoglycemia, unpredictable
blood glucose levels regardless of therapeutic
adjustments, and patients starting or changing
insulin regimens.

Current Practice
Maintaining blood glucose at near-normal levels
reduces the risk of long-term complications.8
However, tight control of glucose levels increases
the risk of low blood glucose levels that are
associated with significant consequences. Periodic
testing for glycosylated hemoglobin (HbA1c) is
recommended; this assesses the average blood
glucose levels over the preceding three months.10
Self-monitoring allows persons with diabetes to
measure their blood glucose levels at home and
adjust therapy appropriately.11 Self-monitoring
requires a finger-prick to draw blood several times
a day.11 Alternative site testing on an arm or leg
may reduce callus formation and loss of sensation
from frequent testing. Many patients are reluctant
to perform finger-stick tests frequently due to
inconvenience, pain, and expense, making it
difficult to adjust therapy appropriately.11 Glucose
meter types differ by: the amount of blood required,
testing time, size of the meter and presentation of
the memory data.

Administration and Cost
Neither the CGMS device, the sensors, nor the
procedure for insertion are covered by Canadian
provincial health insurance plans (Mark Mailloux,
MiniMed, Ile des Soeurs, PQ: personal
communication, 2002 May 7).

Device

Cost

CGMS7

US$1,995
US$ 395
US$ 99
US$ 19
US$ 49
US$ 49
US$ 299

GlucoWatch12 UK£ 350
UK£ 50

Component

Considerations

Monitor
Com-station
CGMS software
ShowerPak (30/box)
IV 3000 (100/box)
SenSerter
Sensor (10/box)

5-yr device life expectancy
Finger-sticks required

GlucoWatch Biographer 2-3 yr device life expectancy
Auto Sensor
Finger-sticks required
(16pads/box)

Rate of Technology Diffusion
Available by prescription only, the CGMS
supplements standard glucose measurement in
specific situations. Glucose fluctuations identified
with the CGMS can determine more precisely
when finger-stick tests should be done.13 Therapy
can then be adjusted to compensate for glucose
fluctuations. Current studies are investigating
CGMS use in paediatric and non-Caucasian
patients, and patients with type 2 DM, concomitant
disease states, or gestational diabetes.13
The GlucoWatch is used as an adjunct to standard
testing by patients at home and in health care
facilities. Cygnus received supplemental pre-market
approval from the FDA for the GlucoWatch G2
Biographer. This technology has a shorter warm-up
time, and displays and stores more readings than
the first-generation GlucoWatch.14

Concurrent Developments
Several biosensors are under development; from a
wireless system by TheraSense, to a transdermal
patch that draws ISF glucose for reading by a handheld meter (Technical Chemicals and Products
Inc.).15 Bioject Medical Technologies is designing
a combined patch and sensor that produces a
continuous reading.12 The Diasensor 2000 monitor
(Biocontrol Technology Inc, Pittsburgh, USA),
based on infrared technology, is used in Europe but
is not yet available in North America.

The Evidence
CGMS:
Evidence of CGMS use, primarily in type 1 DM,
includes a randomized controlled trial (n=11),16
several prospective comparative studies
(nT≈250),17-23 and a post market surveillance trial
(n=238).24 CGMS measurements correlate closely
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(correlation coefficient >0.85) with glucose levels
measured by patients using home blood glucose
meters, according to comparative studies.18,19,24 Both
hypo- and hyperglycaemic episodes, that would
have remained unrecognized by traditional testing,
were identified in patients using CGMS.16,17,20-22
Therapeutic changes made based on CGMS
measurements, not identified by intermittent tests,
were effective in improving glucose control
according to HbA1c measures.19,23 Since patients
were aware the CGMS provided continuous
recordings to their physicians, it is possible that
patient compliance contributed to improved control
in the trials.7
GlucoWatch:
In comparative studies, GlucoWatch readings
correlate closely (correlation coefficient >0.80) with
blood glucose measurements but lagged behind by
a mean of 18 minutes.4,25-27 Set at a low glucose
alert level of 5.6 mmol/L, the device correctly
identified hypoglycaemic levels of ≤ 4.0 mmol/L
75% of the time, with 10% false alerts (sensitivity
75%, specificity 90%). Set at a high glucose alert
level of 13.3 mmol/L, the device correctly
identified hyperglycaemic levels of > 15.0 mmol/L
79% of the time, with 8% false alerts (sensitivity
79%, specificity 92%).25 Users can adapt the
sensitivity or specificity balance to meet their own
clinical needs.28

Diffusion of Innovative Technologies (CEDIT),
France also plans to evaluate the CGMS.30
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Skin irritation was observed in 50% of patients in
clinical trials of the GlucoWatch.4

Implementation Issues
CGMs supplement, but do not replace,
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temperature changes, excessive sweat, and strong
electromagnetic sources may affect operation.13
Addendum:
Following external review of this bulletin, a
literature update identified a multicentre study.
Measurements using a new subcutaneous glucose
sensor (Glucoday; A. Menarini Diagnostics)
showed close correlation with blood glucose
measurements.29 The Committee for Evaluation and

The Canadian Coordinating Office for Health Technology Assessment (CCOHTA)
is a non-profit organization funded by the federal, provincial and territorial governments. (www.ccohta.ca)

10. Meltzer S, Leiter L, Daneman D, Gerstein HC, Lau D,
Ludwig S, et al. 1998 clinical practice guidelines for the
management of diabetes in Canada. Canadian Diabetes
Association. CMAJ 1998;159 Suppl 8:S1-S29.
Available: http://www.cma.ca/cmaj/vol-159/issue8/diabetescpg/.
11. Bode BW, Sabbah H, Davidson PC. What's ahead in
glucose monitoring? New techniques hold promise for
improved ease and accuracy. Postgrad Med
2001;109(4):41-9.
12. Iontophoretic glucose monitoring system for
diabetes patients [Target report no 51]. Plymouth
Meeting (PA): ECRI; 2001.
13. Center for Devices and Radiological Health, Food and
Drug Administration. Summary of safety and
effectiveness data. In: MiniMed Inc. Continuous
Glucose Monitoring System. PMA number P980022.
Docket # 99M-2169. Rockville (MD): The Center; 2001.
Available: http://www.fda.gov/ohrms/dockets/dailys/
071699/aav0001.pdf (accessed 2001 Nov).
14. Cygnus receives approval for second-generation
GlucoWatch® Biographer [press release]. Redwood
City (CA): Cygnus, Inc.; 2002 Apr 2. Available:
http://www.cygn.com/press/040202.html (accessed
2002 Apr 2).

22. Ratner RE, Jeng LM, Want LL, Levetan CS, Thornton
KR. Identifying postprandial peaks using continuous
glucose monitoring [abstract]. Diabetes 2001;50 Suppl
2:A129.
23. Bode BW, Sabbah H, McCulloch K. Continuous
glucose monitoring facilitates lowering HbA1c levels
in poorly controlled diabetes: results of a randomized,
controlled study [abstract]. Diabetes 2001;50 Suppl
2:A431.
24. Gross TM, Bode BW, Einhorn D, Kayne DM, Reed JH,
White NH, et al. Performance evaluation of the MiniMed®
continuous glucose monitoring system during patient
home use. Diabetes Technol Ther 2000;2(1):49-56.
25. Tierney MJ, Tamada JA, Potts RO, Eastman RC, Pitzer
K, Ackerman NR, et al. The GlucoWatch Biographer:
a frequent automatic and noninvasive glucose monitor.
Ann Med 2000;32(9):632-41.
26. Tamada JA, Garg S, Jovanovic L, Pitzer KR, Fermi S,
Potts RO, et al. Noninvasive glucose monitoring:
comprehensive clinical results. JAMA
1999;282(19):1839-44. Available: http://jama.amaassn.org/issues/v282n19/rfull/joc91527.html.

15. TheraSense continuous glucose monitor R&D to get
boost from IPO. The Gray Sheet 2001;27(29).

27. Garg SK, Potts RO, Ackerman NR, Fermi SJ, Tamada
JA, Chase HP. Correlation of fingerstick blood glucose
measurements with GlucoWatch Biographer glucose
results in young subjects with type 1 diabetes.
Diabetes Care 1999;22(10):1708-14.

16. Chase HP, Kim LM, Owen SL, MacKenzie TA,
Klingensmith GJ, Murtfeldt R, et al. Continuous
subcutaneous glucose monitoring in children with type
1 diabetes. Pediatrics 2001;107(2):222-6.

28. Pitzer KR, Desai S, Dunn T, Edelman S, Jayalakshmi
Y, Kennedy J, et al. Detection of hypoglycemia with
the GlucoWatch Biographer. Diabetes Care
2001;24(5):881-5.

17. Boland E, Monsod T, Delucia M, Brandt CA, Fernando
S, Tamborlane WV. Limitations of conventional
methods of self-monitoring of blood glucose: lessons
learned from 3 days of continuous glucose sensing in
pediatric patients with type 1 diabetes. Diabetes Care
2001;24(11):1858-62.

29. Maran A, Crepaldi C, Tiengo A, Grassi G, Vitali E,
Pagano G, et al. Continuous subcutaneous glucose
monitoring in diabetic patients: a multicenter analysis.
Diabetes Care 2002;25(2):347-52.

18. Mastrototaro J. The MiniMed Continuous Glucose
Monitoring System (CGMS). J Pediatr Endocrinol
Metab 1999;12 Suppl 3:751-8.
19. Bode BW, Gross TM, Thornton KR, Mastrototaro JJ.
Continuous glucose monitoring used to adjust diabetes
therapy improves glycosylated hemoglobin: a pilot
study. Diabetes Res Clin Pract 1999;46(3):183-90.
20. Boullu-Sanchis S, Jeandidier N, Meyer L, Busch M,
Ott F, Pinget M. Use of continuous glucose monitoring
system (CGMS) in 23 insulin treated diabetic patients:
feasibility, reliability and efficacy for the diagnosis of
unnoticed hypoglycemia (glycemia less than 3 mmol/l)
[abstract]. Diabetes 2001;50 Suppl 2:A447.
21. Deiss D, Kordonouri O, Meyer K, Danne T. Long
hypoglycaemic periods detected by subcutaneous
continuous glucose monitoring in toddlers and preschool children with diabetes mellitus. Diabet Med
2001;18(4):337-8.

30. Edlinger C, Baffert S, Perrin J-P, Féry-Lemonnier E.
Glycemia Holter. INAHTA Briefs 2002;(5). Available:
http://www.inahta.org/briefs/issue2002-05.html
(accessed 2002 May 27).
This brief was prepared by Lynda McGahan, MSc; CCOHTA
and has been peer reviewed by:
Dr. Alun Edwards
Associate Professor, Faculty of Medicine
University of Calgary
Dr. Irene Hramiak
Professor of Medicine, University of Western Ontario
Dr. Phil Jacobs
Professor, Dept. of Public Health Services
University of Alberta
Dr. E.A. Ryan
Professor of Medicine, University of Alberta
ISSN 1488-6324 (online)
ISSN 1488-6316 (printed)
Publications Agreement Number 40026386

The Canadian Coordinating Office for Health Technology Assessment (CCOHTA)
is a non-profit organization funded by the federal, provincial and territorial governments. (www.ccohta.ca)

