
produce a new reading every 1 to 5 minutes. As a result, patients become
aware of swings in blood glucose levels much sooner and can respond
promptly to prevent episodes of hypoglycemia or to bring down rising
glucose levels before they become dangerously elevated.  

Because CGM devices have the ability to set “glucose thresholds”
that trigger vibratory and audible alarms, CGM addresses the fear of
hypoglycemia that many patients with diabetes have and offers a way
to guard against having a serious low, especially in those with hypo-
glycemia unawareness. In one representative randomized trial,
investigators examined the impact of CGM in 91 patients with type 1
diabetes.19 Use of CGM was associated with a 21% reduction in the
time spent in hypoglycemia (≤55 mg/dL), 23% less time in hyper-
glycemia (≥240 mg/dL), and a 24% increase in the time spent within
the target range for blood glucose (81 mg/dL to 140 mg/dL).

In most instances, patients have little or no difficulty learning how
to use the CGM devices. They usually find that the devices do not cause
unacceptable intrusions into daily activities.20

Patients with diabetes who have “special circumstances”—such as
patients with hypoglycemia unawareness and patients who are preg-
nant21—have clearly been shown to benefit from CGM. Other groups,
such as patients with gastroparesis and those with type 2 diabetes on
insulin regimens, may also stand to benefit from CGM, although further
studies in this area are needed.

Even patients with well-controlled diabetes can benefit from CGM,
as shown in a large randomized clinical trial that compared CGM to
SMBG in children and adults with type 1 diabetes.22 A subset of the
patients had baseline HbA1c values <7%. After 26 weeks of follow-up,
patients assigned to CGM had spent significantly less time with glucose
levels of 60 mg/dL or lower (P=0.05), significantly less time outside the
target blood glucose range of ≤70 mg/dL to >180 mg/dL (P=0.003), and
had a significantly lower mean HbA1c, (6.4% at baseline and 26 weeks
vs 6.5% and 6.8% in the control group, P<0.001). However, the groups
did not differ with respect to the frequency of severe hypoglycemia. 

As research has proven the value of CGM, and the adoption of the
technology has evolved, the American Diabetes Association has revised
its clinical practice recommendations to address CGM more specifically
than in the past.23 The 2009 recommendations state that CGM can be
useful in conjunction with intensive insulin therapy to lower HbA1c
levels in adults with type 1 diabetes, may be useful in the management
of children and teenagers with type 1 diabetes, and may be useful for
patients who have frequent episodes of hypoglycemia or who have hypo-
glycemia unawareness.  

Clinicians can offer patients more than one option for CGM. Currently,
three manufacturers have four FDA-approved CGM monitors. All of the
available devices have demonstrated the ability to obtain reasonably accu-
rate blood glucose measurements on a consistent basis in comparison to
conventional SMBG or YSI laboratory venous glucose values.19,24,25 The
situation in which CGM devices have shown the least accuracy is during
times of either rapidly rising or rapidly decreasing blood glucose.
During these times, the glucose reading on the CGM device may lag com-
pared to venous glucose sampling results.24 However, the lag times
demonstrated will vary depending in part on the type of CGM, and the
discrepancies can be minimized by appropriate selection of a CGM
device.26 For this reason, incorporating the information given by trend
arrows on CGM devices may be necessary rather than just relying on the
most recent glucose value displayed.

CGM devices are not worry free for every patient. Skin reactions have
been reported at insertion sites, some rarely classified as “severe” by inves-
tigators.20 Some patients develop “sensor burnout” if the software that
drives the devices develops problems that lead to poor calibration of the
device or values that differ from those obtained with SMBG. Frequent
alarms pose problems for some patients but often can be mitigated by
learning how to better troubleshoot their device, properly setting the
alarm thresholds, or choosing a different CGM device. Like all advances
in technology, some patients are resistant or do not benefit from CGM
for a host of different physical, financial, and emotional barriers.
However, most patients incorporate the devices into diabetes manage-
ment and daily living with little or no difficulty.20    

The reimbursement climate for CGM continues to improve. Most
commercial insurers cover CGM devices for patients with type 1 dia-
betes who meet specific criteria; some payors cover for patients with
type 2 diabetes requiring insulin therapy. The clinically proven ability

of CGM to reduce hypoglycemia-associated complications, costs, and
adverse effects on glucose control has played a major role in shaping
the reimbursement environment. 

Summary
Tight glucose control remains the standard of care for patients with type
1 diabetes and patients with type 2 diabetes requiring insulin therapy.
However, hypoglycemia and the fear of hypoglycemia pose the major obsta-
cles to effective implementation of regimens designed to achieve adequate
glycemic control. Conventional SMBG fails to address those obstacles by
providing only static information from glucose assessments at a few spe-
cific times each day. SMBG provides patients and physicians with limited
information about the bigger picture of blood glucose levels throughout
the day and night, namely, the trends and directions of glucose values over
time. As a consequence, conventional SMBG may actually contribute to
problems and concerns related to hypoglycemia in certain situations.

A large volume of scientific and clinical evidence shows that CGM
addresses the key issues of tight control: maintaining blood glucose levels
within the target range while avoiding hypoglycemia. As a person with
type 1 diabetes since 1970, as well as a diabetologist, I bring a different
perspective to the clinical setting, compared with most other clinicians
who care for patients with diabetes. Having used CGM for several years,
I could never return to conventional methods of self-monitoring. By reduc-
ing the frequency and duration of hypoglycemia and hyperglycemia, CGM
makes living with diabetes easier and safer and improves the quality of
life for patients with diabetes that requires insulin therapy.
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Since the results of the Diabetes Control and Complications Trial
(DCCT) were reported in 1993, clinicians have known that tight
glucose control reduces the risk of diabetic complications in

patients with type 1 diabetes.1 Several years later, the long-term exten-
sion of the DCCT study, called the Epidemiology of Diabetes
Interventions and Complications (EDIC) study, extended the benefits of
early tight glycemic control to reducing the risk of cardiovascular com-
plications, which account for two thirds to three fourths of mortality in
patients with diabetes.2,3

A recent update of the DCCT/EDIC data, reflecting 30 years of
follow-up, showed that the benefits of early tight glycemic control are
long-lasting “legacy” effects.4 During the intitial phases of the DCCT
study, the difference in mean glycosylated hemoglobin A1C (HbA1c)
values for the two groups was approximately 2% (~7 vs 9%); however,
during the extension phase of the EDIC, the mean A1C values for both
groups merged to approximately 8% and were not different statistically.
In conventionally managed patients in the DCCT cohort, the incidences
of proliferative retinopathy, nephropathy, and cardiovascular disease were
50%, 25%, and 14%, respectively. Corresponding values in the EDIC
cohort were 47%, 17%, and 14%. In contrast, patients assigned to tight
control had a 21% incidence of proliferative retinopathy, 9% incidence
of nephropathy, and 9% incidence of cardiovascular disease. Early tight
control had long-lasting effects even though the control was not nearly
as tight for the duration of the EDIC protocol. The phenomenon has
been termed metabolic memory and highlights the benefits of inten-
sively controlling glucose levels from the time of diagnosis.

The impact of the DCCT and EDIC data on diabetes care cannot be
overestimated; however, the trial data had a downside that received con-
siderably less attention. Intense glucose control increased the frequency
of severe hypoglycemia by as much as threefold.1

Hypoglycemia remains the principal complication of tight glycemic
control and  poses the principal obstacle to effective and consistent inten-
sive glucose control in diabetes. Data from the DCCT showed that 70%
of patients who wanted to improve glycemic control feared hypoglycemia
and considered it a major barrier to more intense management.5 Fear of
hypoglycemia and associated reluctance to strive for tight control can
lead to poor control and unacceptably high glucose values.

Frequent episodes of hypoglycemia can disrupt the body’s counter-
regulatory mechanisms and blunt normal responses to subsequent
hypoglycemia in intensively treated patients with diabetes. The end
result is a phenomenon known as “hypoglycemia unawareness,” which
leads to a vicious cycle of recurrent hypoglycemia.6

The potential consequences of hypoglycemia should not be under-
estimated. Hypoglycemia poses a risk not only for the patient with
diabetes but potentially others who come in contact with the patient.
We recently reviewed three cases involving patients with diabetes who
had hypoglycemic episodes while driving, resulting in accidents that
caused one or more fatalities. In the DCCT, 1.5% of severe hypoglycemia
incidents were associated with automobile accidents.7 The so-called
“dead-in-bed” syndrome (unexplained deaths presumably caused by
hypoglycemia) is thought to be responsible for 6% of deaths among
patients with type 1 diabetes younger than 40.8-10

Home Glucose Monitoring
Over the past 25 to 30 years, technology for home glucose monitor-
ing has improved continually, particularly finger-stick technology.
However, the fact remains that home monitoring provides a static rep-
resentation of glucose levels, which are anything but static in a patient
with diabetes. A patient who performs finger-stick testing four to eight
times a day learns about blood glucose status for little more than eight
of the 1,440 minutes in a day. 

Patients who fear hypoglycemia may develop near-obsessive behav-
ior regarding glucose monitoring and perform finger-stick
measurements almost hourly. Regardless of the frequency of finger-stick
monitoring, the fact remains that one is getting information at one point
in time with no idea of the trend or direction of glucose values. 

Self-monitoring of blood glucose (SMBG) by conventional tech-
niques cannot tell a patient whether blood glucose is declining from
an already low level, is decreasing from a high level in response to an
insulin bolus, or has been stable for the past hour. With finger-stick
monitoring, patients have no way of knowing the current or recent
direction of blood glucose levels. A patient may not become aware of
a falling glucose level until symptoms of hypoglycemia arise. Some
patients with hypoglycemia unawareness have no warning symptoms.7

Conversely, a patient’s blood glucose level might soar to 300 mg/dL
or 400 mg/dL without producing any acute symptoms.11

Classically, the major influences on blood glucose levels have been diet,
exercise, and insulin dose.7 However, a single-minded focus on those three
factors excludes a host of other variables that have a major impact on
glucose levels: the nutritional makeup of a meal,12 timing of insulin doses,13

menstrual periods,14 digestion,15 time of the day,16 seasonal differences,17

stress,18 and other hormonal and environmental factors, to name just a few.

Continuous Glucose Monitoring
Continuous glucose monitoring (CGM) provides primarily patients and
secondarily physicians with the information that has been missing in
therapeutic strategies designed to achieve tight glucose control in the
safest manner possible. CGM devices measure glucose over time and
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