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Abstract

Continuous glucose monitoring (CGM) is developing into an increasingly useful tool for glucose monitoring
and therapeutic guidance in the treatment of diabetes. Multiple daily doses of insulin (MDI) is the most
common method for intensive insulin treatment of type 1 diabetes and is also becoming more common in the
treatment of type 2 diabetes as an increasing population with type 2 diabetes experiences progressive beta cell
loss. The clinical evidence demonstrating the benefit of CGM in the outcomes of patients treated with MDI is
becoming clearer, particularly with the recent completion of several randomized clinical trials addressing both

type 1 and 2 diabetes. This evidence is reviewed.
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Introduction

IT HAS BEEN over 20 years since the association between
glucose control and diabetes complications became irre-
futable.'~ During this interval there has been great focus on
development of pharmacological agents, including improved
insulin products and multiple noninsulin agents with various
mechanisms of action.*> Yet, many individuals with diabetes
fail to meet glucose goals considered appropriate for the
prevention of chronic complications.®™® Patients are faced
with numerous barriers to improved control, including in-
convenience, cost, inertia in changing personal health habits,
fear of weight gain, and fear of hypoglycemia.

Since the publication of the DCCT in 1993," insulin regi-
mens have become increasingly complex in the effort to
make the treatment of type 1 diabetes more effective, phys-
iologic, and flexible. At the same time, it has become obvious
that improved guidance for insulin dosing is necessary to
attain lower glucose averages and improved consistency
while avoiding hypoglycemia, an acute complication of
insulin therapy that can be life threatening. Self-monitoring
of blood glucose (SMBG) with personal meters became a
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practical companion to insulin treatment starting in the 1980s
and was a necessary tool to conduct the DCCT trial of in-
tensified insulin therapy. Over the years, technology for
SMBG became more convenient and more accurate. The
evidence indicates a direct association between frequency of
SMBG and glucose control in type 1 diabetes with lowest
HbAlc seen in those monitoring at least 10 times daily.’
Many patients find it difficult to practice SMBG monitoring
at recommended rates despite the recognized benefit.

The introduction of continuous glucose monitors to clini-
cal medicine in 2000 emanated from the belief that attain-
ment of frequent glucose levels with less frequent effort by
the patient would lead to improved guidance and improved
outcomes.'®!" Again, over the intervening years the CGM
devices have become more accurate with improved analytical
tools and improved patient usability. In their 2017 standards
of care, the American Diabetes Association (ADA) states that
“when used properly, CGM in conjunction with intensive
insulin regimens is a useful tool to lower A1C” citing the
highest level evidence.'” Likewise, the Endocrine Society
and the American Association of Clinical Endocrinologists
support CGM use in type 1 diabetes.'>'* However, as noted
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by Yeh et al. in a systematic review, the available evidence is
essentially restricted to the use of CGM with insulin pumps. '
The majority of individuals with type 1 diabetes in the United
States are treated with multiple daily doses of insulin (MDI)
rather than with continuous subcutaneous insulin infusions
(CSII). Data on the combined use of CGM with MDI have
clearly been insufficient. For this and other reasons the use of
MDI continues to be infrequently utilized in clinical practice
despite the technological advancements. It is likely that the
10% CGM use reported among the adult patients in the recent
T1D (type 1 diabetes) Exchange Report represents a best-
case scenario as this is a select group of patients from pro-
gressive diabetes centers, including an unusually high 60%
on insulin pump therapy.® Beyond the issue of evidence for
benefits of CGM in individuals with type 1 diabetes on MDI
is the question of potential benefit for those patients with type
2 diabetes. Increasing number of patients with type 2 diabetes
has progressed to intensive insulin therapy and the benefit of
CGM in this treatment group has not been appropriately
addressed. We are now beginning to see progress in clinical
research addressing the use of CGM in those treated with
MDI, in both type 1 and 2 diabetes.

CGM in Type 1 Diabetes Treated with MDI

Treatment challenges, morbidity, and mortality
in type 1 diabetes

Insulin replacement therapy in type 1 diabetes continues to
be problematic despite advancements in insulin formulations,
in insulin delivery systems, and in methods of SMBG. In a
follow-up study of 16,061 persons enrolled in the T1D (type 1
diabetes) Exchange Clinic Registry, the mean HbAlc in-
creased slightly from 8.2% to 8.4% from the initial survey in
2010-2012 to the follow-up in 2013-2014.° Lower mean
HbAlc was noted in adults compared with children, and in
those using an insulin pump and/or CGM compared with
those using MDIL.® SMBG was performed, a mean of 4.7
times per day, range 3.5 to 6.2 times per day in the follow-up
cohort. Investigators for the T1D Exchange Clinic Registry
had previously demonstrated that the frequency of SMBG
was inversely related to HbAlc in all age groups, and that
frequent monitoring (6.45+2.94 times/day vs. 4.24+2.30
times/day, P <0.0001) was a key factor in the achievement of
excellent glucose control, defined as HbAlc <6.5% versus
those in fair to poor control, HbAlc >8.5%.'° Other char-
acteristics such as higher socioeconomic status and older age,
and behaviors such as exercising frequently, giving mealtime
bolus doses before eating, and missing bolus doses less fre-
quently were also more common in the excellent control
group compared with the fair/poor control group.'®

Attainment of the ADA and EASD (European Association
for the Study of Diabetes) HbAlc goal of HbAlc <7% is
challenging for the majority of patients with type 1 diabetes. In
addition to well-described chronic complications, higher
HbAlc is associated with increased mortality in both the
DCCT-EDIC study group and in a Swedish population-based
study of persons with type 1 diabetes compared with con-
trols.'”'® In the DCCT-EDIC mortality study, intensive insulin
therapy nearly obliterated the difference in cardiovascular
outcomes at 30 years of follow-up, but in the full cohort, a 10%
higher HbA1c was associated with a 56% increase in the risk
of mortality.17’19’20 Reports from Scotland, Australia, and
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Norway show that both acute and chronic complications
of diabetes contribute to the excess mortality in persons with
type 1 diabetes.?'* Sudden death, including those discovered
dead-in-bed accounted for 22% of the deaths in persons dying
under age 40 with type 1 diabetes in the Australian study and
5% of those dying before age 30 in the Norwegian cohort.?'**
One case report confirmed hypoglycemia as the cause of dead-
in-bed syndrome, and a recent report by Novodvorsky et al.
confirms that cardiac arrhythmias and repolarization occur
during asymptomatic nocturnal hy2po§lycemia more com-
monly than daytime hypoglycemia.”>*’

Hypoglycemia is a well-described deterrent to the achieve-
ment of normal glycemia and impacts patients at all levels of
glucose control. Mild hypoglycemia is common in patients
with type 1 diabetes, occurring daily to weekly.”> Even when
self-treatment is possible, hypoglycemic episodes disrupt
daily life, impair coggnitive function and performance, and
can result in injury.”® Severe hypoglycemia that requires the
assistance of another person, or is sometimes defined as a
blood glucose of <54 mg/dL (3 mmol/L), can result in seizure
or coma in 25% of cases and death very rarely.”® Frequent
episodes of hypoglycemia may lead to impaired awareness
of hypoglycemia (IAH). Education aimed at physiologic
dosing of insulin and recognition of activities that may lead
to hypoglycemia, and continuous infusion of insulin through
insulin pumps with personalized settings have provided
some benefit to patients with IAH, but do not abolish the
risk of severe hypoglycemia entirely.” In a review and meta-
analysis of CSII versus MDI for the reduction of severe
hypoglycemia, Pickup and Sutton found that CSII reduced
severe hypoglycemia and reduced HbAlc by 0.62%, but in
most of the studies cited patients had high starting HbAlc
levels and rarely got to goal.

Initial studies of CGM utility in type 1
diabetes using MDI

CGM has changed the conversation in type 1 diabetes. No
longer do intervention studies consider only HbAlc and
frequency of hypoglycemia, but now routinely report time
spent in range (70-180 mg/dL), above range (>180 mg/dL),
and below range (usually <70 mg/dL) as measured with either
real-time or blinded CGM. Lowering of HbAlc remains an
important target of therapeutic interventions, but not at the
expense of increased time in the hypoglycemic range, or with
increased frequency of hypoglycemia. Improved accuracy of
CGM systems has permitted these changes.

The effectiveness of CGM in patients with type 1 diabetes
using MDI has been examined in nonrandomized observa-
tional and intervention studies, and in randomized clinical
trials (Table 1). In the very first report of real-time CGM use
in the outpatient setting, Garg et al. showed that CGM users
(7 of 15 were on MDI, 8 of 15 on CSII) spent less time below
3.1 mmol/L (P <0.05) and 25% less time above 13.3 mmol/L
(P<0.05) during the unblinded portion of the study com-
pared with the blinded period.*" A 12-week trial of the STS®
System (DexCom, Inc., San Diego, CA) in 139 patients, of
whom 109 had type 1 diabetes and 57 were treated with MDI,
showed a HbAlc reduction of 0.4%, P <0.001, in the MDI
subgroup.®” The first and largest randomized study of CGM
use in children and adults was funded by the Juvenile Dia-
betes Research Foundation.>® Of the 322 participants, 20%
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used MDI, with the greatest percentage of MDI users in the
R adolescent cohort. The results showed that adults age >25
o years experienced a reduction in HbAlc of 0.53% (95%
confidence interval [CI] —0.71 to —0.35; P <0.001), but there
was no difference in children or adolescents.>® In the 12-
month extension of the same study, adults with a baseline
HbAlc of >7% experienced a mean change in HbAlc of
—0.4%*0.6% (P<0.001), reduced incidence of severe hy-
poglycemia and increased time-in-range of 71-180 mg/dL
from baseline to 12 months.** The participants used either a
DexCom SEVEN (DexCom), MiniMed Paradigm REAL-
Time System (Medtronic MiniMed, Northridge, CA) or
FreeStyle Navigator (Abbott Diabetes Care, Alameda, CA)
system and data were not presented per type of insulin ad-
ministration or sensor type.>>"

A follow-up study by The Diabetes Research in Children
Network (DIRECNET) Study Group reported by Mauras et al.
tested CGM in 146 children with type 1 diabetes.> In this
26-week study, 36% of the participants used MDI. There was no
change in HbA ¢ or hypoglycemia in either the CGM or control
groups. CGM use declined over the 26 weeks of the study,
however. A key factor in the success of CGM to lower HbAlc
and to reduce hypoglycemia is clearly wear time and use of
trend arrows and alarms to help guide therapy and to provide
warning for hyperglycemia or impending hypoglycernia.35

Riveline et al. reported a three-arm study comparing
standard of care versus physician- or patient-led groups using
CGM.*® The study population from 19 diabetes care centers
in Europe included 178 adults, mean age 36.4+13.6 years,
diabetes duration about 17 years, 47.2% using MDI, mean
HbA1c 9.0% £0.9%. The Freestyle Navigator CGM (Abbott
Diabetes Care) was used for the study. Interestingly, over the
1-year duration of the study, the HbAlc dropped more in the
patient-led group (-0.50%, 95% CI —0.70% to —0.29%) and
the physician-led group (-0.45%, 95% CI —-0.66% to —0.24%)
than in the standard treatment group (0.02%, 95% CI —0.18
to 0.23).>° The combined CGM groups had superior HbAlc
reduction compared with standard treatment, —0.48% (95%
CI —0.63 to —0.33), P<0.0001; however, the CSII-treated
patients had a more robust drop than MDI-treated patients,
—0.67% compared with —0.28%, P=NS.>® Sensor use was
57 to 65£20-29% of the prescribed time, with the patient-led
group utilizing the sensor for a greater percent of time than the
physician-led group. Hypoglycemia was not different be-
tween the CGM and standard treatment groups.’®

Garg et al. performed a pilot study to examine the relative
glucose changes seen in type 1 patients adding CGM to
therapy with MDI or CSIL.>” The study suffered from a high
dropout rate over the 6 months and found little change in
AI1C. However, the findings were similar for the MDI- or
CSlIlI-treated patients.

31
32
33
37
40
36
35
38

Reference

Decreased

No difference
in any group
—41 to -59%

Time in
hypoglycemia
Decreased significantly

Time in
normoglycemia
10%

NR
NR
NR

adolescents;

increase in adults
Increased significantly Decreased significantly

children or

Increased significantly Decreased significantly
NR
No difference in

Increased significantly Decreased significantly
Increased significantly Decreased significantly
Increased significantly Decreased significantly

HbAlc
—48%
-0.10%

<0.1%
—-0.40%
No difference

No difference
in children

Change in
and adolescents,
—0.5% in adults

No difference
—0.27%
—0.10%
—0.60%
—0.43%

Dexcom STS
Dexcom Seven,
MiniMed Paradigm
Navigator
Navigator
Navigator, MiniLink

CGM studied
Dexcom Early Model
Real-Time Pump
and CGM, Navigator
Dexcom SevenPlus
Real-Time CGM,
Medtronic
Paradigm Veo, Enlite
Dexcom G4 Platinum
Dexcom G4 Platinum

9.2

adults
3711
45+13.7
114/110/98
38+
10-65 years
31.2+12.3
4-10 years
48.6+12.2
48.6
48+13
43.7

Ages: children,
adolescents,

enrolled,
% MDI
15, 47%
140, 41.4%
322, 20%
60/50%
120, 33%
197, 47.2%
146, 52%
96, 97%
52, 66%
158, 100%
161, 100%

TABLE 1. CLINICAL TRIALS OF CGM IN PATIENTS WITH TYPE 1 DIABETES USING MULTIPLE DAILY DOSES OF INSULIN
Number

Impact of CGM on hypoglycemia and hypoglycemia
unawareness

Randomized?
Y/N
N
N
Y
N
Y
Y
Y
Y
Y
Y
Y

The problem of hypoglycemia unawareness affects up to
20% of adults with long-standing type 1 diabetes, and inter-
feres with their ability to achieve excellent glucose control.
Two studies have addressed the utility of CGM specifically in
this group of patients. Little et al. reported the results of a
2 x?2 factorial randomized clinical trial adults with type 1
diabetes and IAH, testing whether CSII versus MDI and CGM

et al., JDRF

et al.
6. Riveline et al.
CGM, continuous glucose monitoring; MDI, multiple daily doses of insulin.

1. Garg et al.

2. Bailey et al.

3. Tamborlane

4. Garg et al.

5. Battelino T

7. Mauras et al.

8. Little et al.

9. van Beers et al.
10. Beck et al.
11. Lind et al.

Author
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versus SMBG would improve hypoglycemia awareness as
measured by the Gold criteria.®® At the end of the 24-week
treatment period, the frequency of hypoglycemia (<3 mmol/L)
and hypoglycemic awareness improved without a change in
HbAlc. No differences were detected in any of the outcomes
between CSII and MDI or between SMBG and CGM.*® A
similar group of patients with TAH and at high risk for severe
hypoglycemic events were enrolled in the study, ““Continuous
Glucose Monitoring for Patients with Type 1 Diabetes and
Impaired Awareness of Hypoglycemia (IN CONTROL).”%
Of the 52 subjects, 29 used MDI and 23 used CSII for insulin
administration. IN CONTROL employed a crossover trial
design, where subjects were randomized to 16 weeks of CGM
use followed by 12 weeks of washout and 16 weeks of SMBG
with blinded CGM or the reverse sequence.*® The results of IN
CONTROL showed that while using CGM, subjects spent
more time in normoglycemia: 65.0% (95% CI 62.8-67.3)
versus 55.4% (53.1-57.7; difference 9.6%, CI 8.0-11.2;
P <0.0001); and reductions in mild and moderate hypoglyce-
mia were noted. Additionally, the number of severe hypogly-
cemic events that occurred during the trial was reduced (14 vs.
34 events, P=0.033).* Results were not reported separately
for MDI versus CSII, except a notation that neither the se-
quence of the treatment allocation nor the type of insulin ad-
ministration altered the findings.

Reduction in hypoglycemia was the specified outcome of a
randomized, controlled clinical trial in children and adults
whose HbA 1c was <7.5% at screening.*® Of the 120 patients,
33% used MDI and 44% were children. After the 26-week
intervention period, a greater reduction in time spent in hy-
poglycemia was demonstrated for the CGM group versus the
SMBG group (0.48%0.57h/day vs. 0.97x1.55h/day re-
spectively).*’ HbAlc was also lower in the CGM group than
the control group (difference —0.27%, 95% CI —0.47 to
—0.07; P=0.008).*° Time spent in the normoglycemic range
was increased in the CGM group compared with controls.

Recent studies of CGM in MDI-treated patients
with type 1 diabetes

The adoption of CGM technology has been greater among
persons with type 1 diabetes using CSII than MDI, as re-
flected in an observational survey from the T1D Exchange
Clinic Registry.*' Of a total of 17,731 participants with du-
ration of type 1 diabetes >1 year, only 2% used CGM with
MDI, whereas 13% used CGM in addition to CSIL*' Among
CGM users, the mean HbA 1¢ was not different between CSII
and MDI users, and was lower than non-CGM users (7.6%
and 7.7% in CSII and MDI, respectively vs. 8.3% and 8.8% in
CSII and MDI cohorts, respectively, P<0.001 for both
comparisons). In adults =26 years, the mean HbAlc in the
CSII plus CGM and MDI plus CGM was identical at 7.3%,
suggesting that CGM obliterated the glucose control advan-
tage typically seen with CSIL*!

Two studies published in 2017 have addressed the ques-
tions of overall effectiveness of CGM in improving glycemic
control in type 1 diabetes patients using MDI, including
lowering of HbAlc, time in range, and time spent in hypo-
glycemia. The DIAMOND (Effect of Continuous Glucose
Monitoring on Glycemic Control in Adults with Type 1
Diabetes Using Insulin Injections) and GOLD (Continuous
Glucose Monitoring vs. Conventional Therapy for Glycemic
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Control in Adults with Type 1 Diabetes Treated with Mul-
tiple Daily Injections) randomized clinical trials specifically
targeted MDI-treated patients to evaluate the added benefit
of CGM in addition to SMBG versus SMBG alone.”**
Both studies used the DexCom G4 Platinum CGM system. In
DIAMOND, 152 participants, mean age 48, mean baseline
HbAIc 8.6%, were randomized to CGM plus SMBG or SMBG
alone for 24 weeks. The study had a high completion rate of
98%, and mean wear time of >6 days in 93% of participants at
the end of the 6-month trial period. The mean HbAlc dropped
in both groups to —1.0% in the CGM group and —0.4% in the
SMBG group for an adjusted treatment—%roup difference of
—0.6% (95% CI —0.8 to —0.3; P<0.001).4 The time spent in
hypoglycemia (<70 mg/dL) was 43 min/day versus 80 min/day
in the CGM versus SMBG groups, respectively, P=0.002.*
The GOLD trial used a crossover design with half of the 161
randomized participants using CGM for 6 months in addition to
SMBG, followed by a 4-month washout period, then 6 months
of usual care with SMBG alone, whereas the other half of the
participants performed SMBG for the initial 6 months, and
washout period followed by 6 months of CGM.** Follow-
up data were available for 142 participants, who wore the
CGM between 86.5% and 91.9% of the time assigned. From
a baseline HbAlc of 8.6%, the mean HbAlc during CGM
use was 7.92%, and during conventional treatment was
8.35%, mean difference —0.43% (95% CI —0.57% to —0.29%,
P<0.001).* Time spent in hypoglycemia was 2.79% durin%
the CGM period and 4.79% during conventional therapy.*

Notably, significant improvement was noted in subjective well-
being and treatment satisfaction, and hypoglycemia confidence
improved during the CGM treatment period in GOLD.* The
conclusions drawn from these studies were summarized by
Davidson, who stated, “...the clinical trials by Beck et al. and
by Lind et al. involving patients with type 1 diabetes who
receive insulin via multiple daily injections demonstrate that
compared with SMBG, CGM limits hyperglycemia and hy-
poglycemia, improves diabetes control, and reduces glucose
variability.”**

As the prevalence of type 1 diabetes increases, clinicians
and healthcare systems will be challenged to find better
management strategies that are patient centric, and that reduce
both the acute and chronic risks of the disease.*> CGM has
become an invaluable tool for patients with type 1 diabetes,
whether they are using CSII or MDI. HbA 1c improvements in
the long-term studies have ranged between 0.3% and 0.6%,
and hypoglycemia is generally, but not always reduced when
CGM is compared with SMBG (Table 1). An economic
analysis reported by Bronstone and Graham found that the
reduction in severe hypoglycemia requiring medical assistance
from use of CGM would save between $936 and $1346 per
person annually.*® Reductions in the costs of long-term com-
plications and lives saved are also likely, depending on
availability of the technology and implementation across the
population of patients with type 1 diabetes.

CGM in Type 2 Diabetes Treated with MDI

Evidence for general benefit of CGM in type 2 diabetes

There is good reason to believe that CGM would be a
useful tool for those with type 2 diabetes. CGM is an excel-
lent teaching tool for patients as well as a guide for medical
professionals to direct changes in activity and dietary habits
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and highlight the benefits of medication adherence. Use of
short-term, intermittent retrospective CGM has demonstrated
benefit in type 2 diabetes in noninsulin-treated patients. For
example, in a small randomized study of noninsulin-treated
patients, Allen et al. reported significantly improved HbAlc
with a behavioral approach that resulted in weight loss and
increased physical activity.*” Yoo et al. studied 65 patients
with poorly controlled T2D on a variety of treatments.*® The
focus of the CGM was on education and promotion of life-
style changes and resulted in a 0.7% greater HbA 1c reduction
in the CGM intervention group than in the group randomized
to SMBG alone with associated changes in weight, exercise,
and postprandial glucose.*’

The accepted value of blinded CGM is supported by the
increasingly frequent use of blinded CGM to compare glu-
cose responses to a wide variety of pharmacological agents in
type 2 diabetes.**~> Such studies have been able to charac-
terize treatments, including direct comparison of agents with
regard to postprandial effects, glucose mean, hypoglycemic
exposure, and overall variability. However, the demonstra-
tion of the CGM clinical impact in type 2 diabetes is marred
by reports that fail to allow for clear conclusions. Most of the
studies are small, include mixed therapeutic approaches in
the intervention group, and are seldom prospective and ran-
domized.”® Many studies have used intermittent blinded
CGM, although there has been increasing emphasis on real-
time or personal CGM. No large studies have been performed
exclusively in noninsulin-treated type 2 diabetes and ran-
domized trials have been infrequently reported in this group.

Potential benefit of CGM in type 2 patients on insulin:
risk of hypoglycemia

More pertinent to this discussion, CGM would be expected
to show benefits in those patients with type 2 diabetes treated
with insulin and particularly in patients on MDI. Beyond the
behavioral benefits possible in those receiving no pharma-
cological therapy or receiving noninsulin agents, CGM has
more specific potential in those treated with MDI as shown in
the patients on MDI with type 1 diabetes, where HbAlc is
lowered and the hypoglycemic exposure is decreased. The
rate of hypo%lycemia in type 2 diabetes is higher than usually
appreciated.”’’” For example Lipska et al. reported that
10.8% of patients in the large database experienced severe
hypoglycemia.>® Gehlaut et al. found that 49% of patients
with type 2 diabetes in their study had at least one episode of
hypoglycemia during a 5-day analysis with CGM and many
of those hypoglycemic episodes were asymptomatic.’® They
also found that 21% of those patients found to have hypo-
glycemia had values <50 mg/dL and episodes were most
common in those on insulin. Cariou et al.”* evaluated a mixed
population of patients with type 1 and 2 diabetes in an ob-
servational study over 30 days and found that 45% of patients
reported at least one episode of hypoglycemia. Using two or
more injections of insulin per day was a predictor of in-
creased hypoglycemia.”’ Finally, Pazos-Couselo et al. eval-
uated 63 insulin-treated patients with type 2 diabetes and
showed that CGM over 1 week identified more hypoglycemia
than was found on 8 weeks of monitoring with SMBG.*
Fifty-nine percent of the patients had hypoglycemia by CGM
and 30% had nocturnal hypoglycemia. Likewise, the UKPDS
data confirmed the increased frequency of hypoglycemia
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among those with type 2 diabetes who were treated with MDI
relative to basal insulin or noninsulin therapy.®' Although the
frequency of hypoglycemia is lower in type 2 diabetes than in
type 1 diabetes, the consequences may be greater as this older
population with higher cardiovascular risk may be particularly
affected. For example, there has been reported >2.5-fold in-
crease in cardiovascular death and in major cardiovascular
events in those with type 2 diabetes in the ADVANCE Trial
who experienced severe hypoglycemia.®* Increased arrhyth-
mias have been shown with hypoglycemia and multiple
mechanisms have been proposed for hypoglycemia-induced
cardiovascular events, including prolonged QT.®*~%° Therefore,
for patients with type 2 diabetes treated with intensive insulin
therapy, tools to reduce hypoglycemia could be critically im-
portant.

Evidence of broad benefits of CGM in type 2
patients on insulin

Additionally, reports of CGM benefits in evaluating post-
prandial patterns, related meal insulin dosing, including dy-
namics of rapid-acting insulin, adequacy of basal insulin
when not eating, correction responses, patterns of hypogly-
cemia, and impact of exercise or other lifestyle variables ex-
pand the expectations of CGM in assisting with management
of type 2 diabetes patients on intensive insulin therapy.®®®’
Unfortunately, studies addressing CGM use in type 2 patients
treated with insulin have yielded very limited information.
Many studies have focused on patients with varied therapies
of type 2 diabetes mellitus rather than focusing on those
specifically using MDI, whereas other studies included
insulin-treated patients with type 1 and 2 diabetes. Ehrhardt
et al. studied 100 patients with type 2 diabetes using real-
time CGM for 2 of every 3 weeks over a 12-week period in a
randomized controlled trial.®® The authors reported a 0.5%
greater HbAlc reduction in the patients using CGM. How-
ever, the study does not pertain to our discussion of MDI
therapy because while 19 of the 50 patients in the CGM
group were on basal insulin, prandial insulin was a study
exclusion. At the 12-week study point, these investigators
reported significant heterogeneity of response with CGM.%
The same group extended this study to 52 weeks, where a
final 0.6% HbAlc difference was demonstrated.”®

Earlier studies of CGM in type 2 diabetes
treated with MDI

Finally, data on the results of CGM in type 2 patients
treated with MDI is not easily extracted. The report from
Garg et al. in 2006 included 91 insulin-treated patients.”’ In
this 9-day trial, the researchers demonstrated decreased time
in the hypoglycemic range and hyperglycemic range and
26% increased time in the target range with real-time CGM.
However, they did not separate out the results in the 16 pa-
tients who had type 2 diabetes. Bailey et al. completed a
12-week observational trial in 140 adults with type 1 or type 2
diabetes.>* Among the 57 total patients on MDI (23 with type
2 DM) the reduction in HbAlc was 0.5% over the 12 weeks,
but the results in type 2 patients on MDI were not reported
separately. Interestingly, the type 1 patients on CSII had less
HbAIlc reduction at 0.3%. Cosson et al. reported the first
randomized trial of CGM use in insulin-treated patients, but
used only 48 h of glucose data to alter therapy and the study
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only included three patients with type 2 diabetes on insulin.”*
Therefore, little can be gained from this study. Another
randomized trial of insulin-treated patients found significant
differences in time out of range and reduced hgypoglycemia in
those using CGM with or without alarms.”> However, the
study was a mixed population of patients with type 1 and 2
diabetes and there were only six patients with type 2 DM in
each group. The HbAIC levels were not significantly dif-
ferent after this 3-month study, although twice as many pa-
tients experienced an HbA1c reduction of at least 0.5% (NS).

Up until the recently reported data from the DIAMOND
trial, the best information relevant to the discussion of CGM in
MDI-treated type 2 patients comes from somewhat unique
populations. Murphy et al. showed several benefits of CGM in
patients with type 1 or 2 type diabetes during pregnancy.’* A
pilot study evaluated the benefit of CGM in type 2 patients with
ESRD receiving hemodialysis and being treated with MDI.”
In this study, there was a decreased HbAlc, mean CGM glu-
cose, and hyperglycemia (over 180 mg/dL) with the CGM
intervention. The study did not see a change in hypoglycemia.
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In a randomized trial using flash glucose sensing as a re-
placement for SMBG, Haak et al. found no difference in
HbAlc after 6 months, but did find nearly 30 min less time
daily in the hypoglycemic range in those on the sensor.”®
However, flash glucose sensing differs from CGM in fre-
quency of results, automated trending information, and the
use of alarms.

Prospective RCT of real-time CGM in type 2 diabetes
treated with MDI

In summary, data on CGM use in patients with type 2 DM
treated with MDI are fragmented. The better studies suggest
an A1C reduction of about 0.5%-0.6% when CGM is applied
in this population, but there have been no studies that were
randomized controlled trials addressing the specific question
until the recent presentation in abstract form of the type 2
component of the DIAMOND trial.”” In this study, 158 pa-
tients with type 2 diabetes treated with a basal-bolus insulin
regimen were randomized to use of the Dexcom G4 CGM

a Primary Outcome: Mean Reduction in A1C with CGM vs Usual Care
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with 505 software or SMBG for treatment guidance. As with
the type 1 component of the study discussed above,** the
emphasis was on a practical approach minimizing patient
contact between relatively conservatively spaced clinic vis-
its, including no visits or contact between the 12- and
24-week visits. The reported results included a reduction in
HbAlc of 1.0% in the CGM-treated group at 12 weeks and
0.8% reduction at 24 weeks. However, the control group
(SMBG group) improved more than is typical with an HbAlc
reduction of 0.6% at 12 weeks and 0.5% at 24 weeks.
Therefore, at the end of the study, the treatment difference
was 0.3% in favor of the CGM group (Fig. 1a). Similar to the
type 1 study, the HbAlc benefit was seen regardless of age,
education, or diabetes numeracy. A larger HbAlc reduction
was seen in patients with higher baseline HbAlc values,
confirming that poor control was not a restricting factor re-
presenting inability to adhere to effective CGM utilization.
After 24 weeks, ninety-three percent of subjects used the
CGM 26 days per week. Seventy-three percent of the patients
in the CGM group experienced an HbA1c reduction of 20.5%,
compared with 49% in the SMBG group (Fig. 1b). In this
study, the time spent in the target range was higher with CGM
and the time spent in hyperglycemia was lower in the CGM
group, but the frequency of hypoglycemia was very low at
baseline in the CGM group (11 min/day). Although it de-
creased to 4 min per day by the end of the study, the frequency
was so low that the decrease relative to no change in the
SMBG group was not statistically significant (Fig. 2). This
very low frequency of hypoglycemia combined with the de-
creased HbA Ic benefit in this study, compared with the type 1
study, would suggest the clinical researchers were very
conservative in treating these type 2 patients with insulin.
Alternatively, the patients themselves may be more con-
servative in their approach than the type 1 patients. The
reason for a conservative approach by clinicians is uncer-
tain, but could relate to a tendency to avoid an aggressive
approach in these patients who were much older than the
type 1 cohort (60 year mean age vs. 48 year mean). For the
patients the limited dose increases and associated lower
glucose responses could relate to fear of hypoglycemia or

concerns of weight gain. Nevertheless, it appears that CGM
was beneficial in most patients with type 2 diabetes treated
with CGM and further experience in this population, in-
cluding customized patient education is likely to increase
the benefit seen. Subjects with type 2 diabetes have dem-
onstrated a willingness and ability to use CGM appropri-
ately even when they have been in poor control.

Conclusion

Over the last decade CGM has become an increasingly
refined and valuable tool for real-time monitoring of blood
glucose in a variety of diabetes treatment settings and ap-
plications. As the accuracy, convenience, and software
support have continued to improve, the clinical evidence
base has continued to evolve as well. The obvious early
application was in patients with type 1 diabetes on intensive
insulin therapy to reduce hypoglycemia and improve glu-
cose control. However, the early studies of efficacy in type
1 diabetes were largely proof of concept with mixed dia-
betes types, exploratory study designs, and mixed insulin
delivery methods. Even as studies became more specific for
type 1 diabetes, they often represented a disproportionate
number of patients on insulin pump therapy and it was
difficult to ascertain the specific value in type 1 patients on
MDI, the most common insulin delivery method. Recently,
the GOLD Trial and the DIAMOND Trial, two randomized
controlled trials, have confirmed the independent value of
CGM in guiding intensive insulin therapy for type 1 pa-
tients treated with MDI. The evidence is clear and allows
for practical translation to everyday practice. Yet, the op-
portunity for further improvement in results will come from
added research and experience as it relates to optimal,
customized education, and follow-up.

Not surprisingly, the CGM clinical research in type 2 dia-
betes lagged behind that for type 1 diabetes, particularly with
regard to patients treated with MDI. In this increasing patient
population, the DIAMOND Trial is the first randomized
control trial to address the benefit. The trial confirms benefit
in type 2 diabetes treated with MDI as three quarters of the
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patients had an HbAlc improvement of at least 0.5%. How-
ever, the study also raises questions as the type 2 cohort ex-
perienced less aggressive treatment than seen in the type 1
cohort despite very low levels of hypoglycemia. It seems highly
likely that even greater benefit can be seen with more effective
patient selection and patient education as well as increased
provider familiarity in the years ahead. Yet, the benefit is now
clear and expanded use and insurance coverage is warranted.
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