Clinical Care/Education/Nutrition/Psychosocial Research

Diabetes
Care Publish Ahead of Print, published online January 28, 2011
A R T I C L E

O R I G I N A L

Use of Continuous Glucose Monitoring in
Subjects With Type 1 Diabetes on Multiple
Daily Injections Versus Continuous
Subcutaneous Insulin Infusion Therapy
A prospective 6-month study
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OBJECTIVE—To compare use of continuous glucose monitoring in subjects with type 1
diabetes on multiple daily injection (MDI) therapy versus continuous subcutaneous insulin
infusion (CSII) therapy for 6 months.
RESEARCH DESIGN AND METHODS—Sixty type 1 diabetic adults with similar baseline characteristics, using either MDI (n = 30) or CSII (n = 30) therapy, were enrolled in this
6-month prospective study. Subjects were instructed to wear the DexCom SEVENPLUS continuous glucose monitor at all times throughout the study. All subjects were initially blinded from
the continuous glucose monitoring (CGM) glucose data. After 4 weeks of blinded CGM use, the
CGM was unblinded, making glucose data available to the patient. The CGM remained in the
unblinded state for the remainder of the study (20 weeks). Clinic visits occurred every 4 weeks, at
which time A1C values were collected and CGM data were downloaded.
RESULTS—Mean baseline (6 SD) A1C was 7.61 (6 0.76) and 7.63 (6 0.68) for CSII and
MDI, respectively (P . 0.05). Without any signiﬁcant therapy change, A1C decrease at 12 weeks
was similar in both groups (P = 0.03). When compared with the blinded phase, unblinded use of
CGM was associated with similar but signiﬁcant reductions in glycemic control and variability
parameters. In addition, both therapy groups had similar changes in mean glucose and glucose
variability indexes at 3 and 6 months (ITT analysis, P . 0.05). Predeﬁned per protocol analysis
(sensor use at least 6 days/week) showed greater improvement in time spent in target range
glycemia, 3.9–10.0 mmol/L (70–180 mg/dL), in the CSII group.
CONCLUSIONS—We conclude that CGM provides similar beneﬁts in glucose control for
patients using MDI or CSII therapy.

F

or patients using intensive insulin
therapy (IIT) with type 1 diabetes,
there are two approaches for insulin
delivery: multiple daily injection (MDI)
therapy and continuous subcutaneous
insulin infusion (CSII) therapy (1,2).
With both therapies, insulin is dosed using basal/bolus regimens. With MDI, a
long-acting (basal) insulin analog is injected subcutaneously once or twice daily,

providing a relatively constant insulin
level. In contrast, CSII administers basal
insulin by a continuous infusion of rapidacting insulin that can be adjusted
throughout the day based on an individual’s insulin requirements. In both approaches, basal insulin is adjusted to
avoid hypo- and hyperglycemia during
interprandial periods. Additionally, mealtime or “bolus” insulin is dosed based on
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several factors including anticipated meal
carbohydrate content, current blood glucose, and postprandial glucose trends.
Severe hypoglycemia is a concern for
all people with type 1 diabetes. Despite
performing frequent self-monitoring of
blood glucose (SMBG) four or more times
daily, severe hypoglycemic episodes increase by threefold in IIT patients regardless of the method of insulin delivery (2).
The recently available continuous glucose
monitoring (CGM) is a device that provides patients with the ability to view
real-time glucose values, review recent
glucose trends, and receive hypo- or hyperglycemic alarms. The CGM systems
provide a complete real-time glucose proﬁle by measuring glucose levels at 1- to
5-min intervals. This allows for an accurate, large-scale representation of overall
glucose trends, as compared with the isolated values offered by ﬁngerstick SMBG
(3–5). Furthermore, CGM use has been
reported in both controlled (6–8) and
nonrandomized trials (9–12) to improve
glucose control, reduce hypo- and hyperglycemic excursions (10,11), and improve
glucose variability (13,14). Despite limited
data, it is commonly believed that optimal
diabetes management can best be achieved
when a CGM is used by IIT patients, especially when combined with insulin pump
(CSII) therapy.
This prospective study was conducted comparing the usefulness of CGM in
adult patients with type 1 diabetes using
MDI or CSII.
RESEARCH DESIGN AND
METHODS
Study population
Sixty subjects with type 1 diabetes were
enrolled at the Barbara Davis Center for
Diabetes at the University of Colorado
Denver. The ﬁrst 60 adult patients (30
patients using MDI therapy and 30 on
CSII therapy) who qualiﬁed based on
the inclusion and exclusion criteria were
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included in this study. The baseline A1C
values were within 6.5–10.0%, and patients were willing to monitor their glucose
(SMBG) at least four times a day. In addition, all subjects were willing to wear
the CGM continuously throughout the
6-month study period. Subjects who had
used CGM for $6 weeks during the past
3 months were excluded from the study.
This was a nonrandomized prospective
real-life clinical trial. Baseline demographics were similar in both groups (Table 1).
Study procedures
The protocol was approved by the institutional review board, and all subjects
provided written informed consent before enrollment. Subjects were enrolled
prospectively and scheduled for a total of
seven clinic visits (at 0, 4, 8, 12, 16, 20,
and 24 weeks). Throughout this study,
subjects used the DexCom SEVENPLUS
CGM system comprised of a 7-day transcutaneous sensor, a transmitter, and a
receiver for 7-day wearing periods. Initially, subjects were blinded to glucose
data for the ﬁrst 4 weeks and thereafter
unblinded for the remainder of the study
(20 weeks). At each clinic visit, A1C
values were collected, patients were
screened for adverse events, and sensor
insertion sites were assessed. Digital data
from all CGM receivers and SMBG meters
were downloaded for analysis. The data
collected during the blinded phase served
as the control period.
All subjects were provided with an
SMBG meter (OneTouch Ultra, LifeScan,
Milpitas, CA) and test strips, which were
used for receiver calibration and diabetes
self-management purposes. Subjects were

instructed to use only the meter(s) provided to them for all SMBG measurements
taken throughout the study duration.
Subjects were instructed to wear the
study device during all normal daily activities and to capture events such as bolus
insulin dose, carbohydrate intake, and
exercise using the CGM event input function. At the beginning of the study, the
providers reviewed general principles of
continuous glucose monitoring with the
subjects. In addition, providers evaluated
trends and alarms on the CGM and counseled patients on diabetes management
including insulin dosing, treatment of hypoglycemia, and SMBG. All subjects were
provided guidance (according to subjects’
needs) for adjusting insulin dose and/or
food intake based on glucose trends, rate
of change of glucose, and absolute glucose
value in the case of hypoglycemia. Subjects
were also instructed in timing of insulin
bolus 15–30 min before the meals in an
attempt to achieve euglycemia in the postprandial phase. General guidelines for increasing or decreasing the insulin dose
were also provided, as have been previously described (15,16). Subjects were
also asked to wear the device and the sensor
continuously for the study period.
During the period of unblinded CGM
use, receivers provided real-time continuous glucose data to the patients. When
making treatment changes, subjects were
instructed to use CGM data as an adjunct
to, and not as a replacement for, SMBG
values as per U.S. Food and Drug Administration label.

Table 1—Baseline demographic* and A1C results for study population
Study population
mean (SD)*

ITT
MDI

Population
CSII

MDI

CSII

n
30
30
17
17
Age
39.0 (11.35) 36.8 (8.84)
40.1 (7.49) 37.9 (12.05)
Sex*
15 (52%)
18 (60%)
13 (77%)
12 (71%)
Ethnicity*
30 (100%)
29 (96.7%)
17 (100%)
17 (100%)
Height (cm)
173.6 (10.50) 171.5 (10.77) 172.5 (12.09) 174.3 (8.65)
Weight (kg)
81.3 (16.35) 81.5 (17.09) 83.7 (18.24) 82.3 (13.8)
BMI (kg/m2)
26.9 (4.53) 27.6 (4.65)
28.1 (5.27) 27.0 (3.77)
Type 1 diabetes duration
22.2 (10.14) 21.9 (11.02) 26.1 (10.02) 23.0 (13.73)
Screening A1C (%)†
7.62 (0.68) 7.61 (0.76)
7.56 (0.56) 7.41 (0.49)
A1C at week 4, end
of blinded CGM (%) baseline
7.74 (0.74) 7.97 (0.96)
7.77 (0.66) 7.72 (0.53)
A1C at 3 months‡
7.40 (0.71) 7.35 (0.68)
7.36 (0.68) 7.18 (0.45)
A1C at 6 months, end of study (%) 7.78 (1.03) 7.59 (0.91)
7.56 (0.72) 7.39 (0.64)
*Numbers in parentheses indicate SD or %. †Baseline demographics including A1C values were similar in the
two groups (P . 0.05). ‡Signiﬁcant but similar reduction in A1C values in MDI and CSII groups (P , 0.01).
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Outcome measures
The primary outcome for both IIT therapy groups was deﬁned as change in A1C,
comparing screening values to 3- and
6-month follow-up P values. The secondary outcome was deﬁned by measuring glycemic variability, including the amount of
time spent within the target range (WTR
3.9–10.0 mmol/L [70–180 mg/dL]), hypoglycemic excursions (below target range
[BTR] ,3.9 mmol/L [70 mg/dL]), hyperglycemia excursions (above target range
[ATR] $10.0 mmol/L [180 mg/dL]),
mean and SD of CGM glucose, and other
glycemic variability indexes (17). Compliance comparisons of CGM use between
both groups were made by analyzing the
number of sensors used, and adverse effects of the device such as insertion site
reactions and adhesive-related inﬂammation or bleeding were recorded.
Statistical analysis
Descriptive statistics for continuous variables were summarized using mean, SD,
median, minimum, and maximum. Categorical variables such as patient diabetes
history and baseline characteristics are
summarized using counts and percentages. The repeated-measure ANCOVA
model was used to evaluate the A1C
change over time and therapy groups,
adjusted for random subjects. Change in
A1C between the 6-month follow-up and
baseline within an individual was calculated and compared between therapy
groups using an independent t test. The
two-sided 95% CI was then constructed
based on the model, and the noninferiority of therapy group was then concluded if
the upper limit was ,0.4% A1C, a prespeciﬁed margin of indifference. The
analysis was performed on the full intent-to-treat population (subjects enrolled
for whom at least one A1C was collected
during the study). Similar analyses were
conducted using data from only subjects
who were categorized as compliant, and a
similar approach was used for other continuous end points (i.e., time spent WTR,
hypo- and hyperglycemia excursions, glycemic variability measurements). The
blinded CGM period was considered to
be the baseline for these measurements.
A P value #0.05 was considered as statistically signiﬁcant. All analyses were performed using SAS software (version 9.1.3;
SAS Institute, Cary, NC).
RESULTS—Of the 60 subjects enrolled,
58 completed all study visits. One subject
withdrew from the study after baseline
care.diabetesjournals.org
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and one subject did not complete the last
two visits because of scheduling conﬂicts.
At the 6-month mark, 34 subjects met the
per-protocol requirements of using the
CGM at least 6 days a week. An equal
number of per-protocol subjects were on
MDI and CSII therapy (n = 17, Table 1).
All patients were provided with unlimited
sensors; however, because of schedule
conﬂicts, losing the sensor or being bothered by the alarms were the main reasons
for noncompliance in 26 subjects.
A1C-ITT and per-protocol analysis
Over the 6-month study period, there
was a tendency of similar A1C values
between MDI and CSII groups (P =
0.584). Signiﬁcant changes in A1C during
follow-up were observed (P , 0.001),
with lowest A1C values of 7.4% for MDI
and 7.3% for CSII at week 12. The mean
(6 SD) change in A1C within subjects

from screening to 6 months was 0.16 6
0.84% for MDI and 0.02 6 0.59% for
CSII. The 95% CI for difference in change
of A1C between MDI and CSII groups was
0.26% (less than the 0.4% predetermined
noninferiority margin). The difference in
A1C from screening to 6 months was not
statistically signiﬁcant in both MDI and
CSII therapy groups (P = 0.3273).
Similar results were obtained for perprotocol population analysis (Table 1).
For the MDI group, A1C reduction from
screening to 6 months among protocolcompliant subjects was 20.16 6 0.59%
(mean 6 SD) compared with an increasing A1C of 0.36 6 0.85% for noncompliant subjects. For the CSII group, the
protocol compliant subjects showed
changes in A1C similar to noncompliant
subjects (20.02 vs. 0.07%, respectively).

Glycemic excursions
At the 6-month follow-up visit, the overall study population’s (ITT) time spent
WTR (3.9–10.0 mmol/L [70–180 mg/dL])
increased by an average of 0.7 h/day for
the CSII group and 1.4 h/day for the MDI
group when compared with the CGMblinded baseline period (Table 2, P =
0.009). Similarly, the time spent in the
hypoglycemic range (,3.9 mmol/L
[70 mg/dL]) was reduced by 21% in the
CSII group and 30% in the MDI group
(Table 2, P . 0.05).
For both therapy groups, the number
of glycemic excursions (hyper- and hypoglycemic) were decreased (P , 0.001;
Figs. 1 and 2) similarly. When compared
with the CGM-blinded phase, subjects
spent less time in hypo- and hyperglycemia during the unblinded CGM phase.
This analysis was repeated for unblinded CGM data on the per-protocol

Table 2—Glucose control and variability indexes in the two groups
Blinded ﬁrst
month

ITT population*
Glucose average
Glucose SD
Hours/day in hypoglycemia
(,3.9 mmol/L [70 mg/dL])
Hours/day in hyperglycemia
(.10.0 mmol/L [180 mg/dL])
Hours/day within target range
(70–180 mg/dL)
MAGE
GRADE
Per-protocol population†
Glucose average
Glucose SD
Hours/day in hypoglycemia
(,70 mg/dL)
Hours/day in hyperglycemia
(.180 mg/dL)
Hours/day within target range
(70–180 mg/dL)
MAGE
GRADE

Unblinded
sixth month

MDI

CSII

MDI

CSII

9.8 mmol/L
(176.4 mg/dL)
4.3 mmol/L
(77.0 mg/dL)

9.9 mmol/L
(178.3 mg/dL)
4.2 mmol/L
(75.1 mg/dL)

9.69 mmol/L
(174.0 mg/dL)
3.7 mmol/L
(67.4 mg/dl

9.3 mmol/L
(166.7 mg/dL)
3.8 mmol/L
(68.0 mg/dL)

1.3

1.3

1.0

8.2

8.9

9.7
10.6 mmol/L
(190.2 mg/dL)
11.5

*P value
for CSII
vs. MDI

‡P value for
month 6 unblinded
vs. blinded

0.304

0.001

0.089

,0.001

1.0

0.728

,0.001

8.0

6.9

0.421

,0.001

9.8
10.1 mmol/L
(182.8 mg/dL)
11.7

10.4
9.3 mmol/L
(166.8 mg/dL)
10.8

11.2
9.4 mmol/L
(168.5 mg/dL)
9.9

0.297
0.133

0.009
,0.001

0.890

,0.001

9.8 mmol/L
(177.3 mg/dL)
4.3 mmol/L
(78.0 mg/dL)

9.5 mmol/L
(171.2 mg/dL)
4.1 mmol/L
(73.5 mg/dL)

9.5 mmol/L
(170.7 mg/dL)
3.8 mmol/L
(67.7 mg/dL)

8.8 mmol/L
(158.2 mg/dL)
3.6 mmol/L
(64.2 mg/dL)

0.001

,0.001

0.055

,0.001

1.4

1.5

1.1

1.1

0.599

0.008

8.8

8.6

8.4

6.8

0.038

0.004

9.8
10.8 mmol/L
(194.4 mg/dL)
11.7

10.7
9.9 mmol/L
(178.1 mg/dL)
10.9

11.3
9.4 mmol/L
(169.8 mg/dL)
10.5

13.5
8.7 mmol/L
(155.9 mg/dL)
8.9

0.017
0.007

,0.001
,0.001

0.013

,0.001

*ITT analysis showed no difference in mean glucose value or glucose variability indexes in the two groups. †There was a signiﬁcant reduction in mean glucose, MAGE,
GRADE, and time spent in hyperglycemia in the CSII group when compared with MDI group. ‡However, there were similar but signiﬁcant reductions in all parameters in the unblinded phase.
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data dropped to 68% for the noncompliance population.
Glycemic variability indexes
Independent of baseline A1C, the glycemic variability indexes including mean
amplitude of glycemic excursions (MAGE)
(12) and glycemic risk assessment diabetes
equation score (GRADE) (13) were reduced in the 6-month unblinded period
when compared with the blinded period.
No statistical difference in these measures
was observed for ITT analysis. The reductions of these indexes were more
prominent in the CSII group for the
per-protocol population (P = 0.02).

Figure 1—Changes in hypoglycemic excursions during the study period were similar in ITT (n =
60) (A) and per-protocol analysis (n = 34) (B). (A high-quality digital representation of this
ﬁgure is available in the online issue.)

population (17 in each group; Figs. 1B and
2B). Reduction in time spent in both hyperand hypoglycemic ranges was observed (23
and 12% for MDI and CSII groups, respectively). The average time spent in hypoglycemic (,3.9 mmol/L [70 mg/dL])
and hyperglycemic (.10.0 mmol/L
[180 mg/dL]) ranges was further evaluated at each clinic visit (;1 month).
The reductions of these glycemic excursions were apparent at 1 month after
unblinded CGM use. The reduction in
hypoglycemia between MDI and CSII
therapy groups were similar for all study
populations (Fig. 1). A greater reduction
in time spent in hyperglycemic ranges
was observed for subjects who used
CSII, particularly for the per-protocol
population (Fig. 2B, P , 0.05).
Mean glucose and SD
From baseline measurements to the 6month follow-up visit, the mean glucose
concentration decreased in both therapy
groups (P , 0.001; Table 2). Subjects
showed a tendency of mean glucose
values from 9.8 mmol/L (176 mg/dL) to
9.7 mmol/L (174 mg/dL) for MDI and from
9.9 mmol/L (178 mg/dL) to 9.2 mmol/L
(166 mg/dL) for CSII (P = 0.468). The
SD of glucose within subjects also reduced
from 4.3 mmol/L (77 mg/dL) to 3.8 mmol/L
4
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(67 mg/dL) for MDI and from 4.1 mmol/L
(75 mg/dL) to 3.6 mmol/L (68 mg/dL) for
CSII (P = 0.364).
Similar trends were observed in the
per-protocol population, where the reduction in glucose and glycemic variability
was greater. In the MDI group, the mean
CGM glucose changed from 9.8 mmol/L
(177 mg/dL) to 9.5 mmol/L (171 mg/dL)
and 9.5 mmol/L (171 mg/dL) to 8.8 mmol/L
(158 mg/dL) from baseline to the 6-month
follow-up (Table 2). The CSII group
showed greater reduction in CGM glucose
and glucose variation compared with the
MDI group (P = 0.03 and 0.04, respectively; Table 2).
Usability
CGM compliance was similar between the
therapy groups. In both therapy groups,
similar numbers of sensors were provided
to study subjects and similar numbers
of CGM devices were used (29 and 28
for MDI and CSII, respectively). In the
noncompliant subjects (as deﬁned perprotocol), fewer sensors were used by
subjects who used CSII (24 devices) than
subjects who used MDI (28 devices).
Retrospectively, 93% of CGM data were
available for the protocol-compliant population, whereas the availability of CGM

Safety
Over the 6-month duration of this study,
158 insertion areas were inspected. Of
these inspections, the incidence of adverse effects associated with sensor insertion sites were as follows: 37 (23%)
mild erythema, 5 (3%) moderate erythema, 7 (4%) mild edema, 2 (1%) moderate edema, 10 (6%) mild bruising, and 1
(0.6%). Adverse effects associated with
sensor adhesive included the following:
40 (25%) mild erythema, 7 (4%) moderate erythema, 2 (1%) severe erythema, 2
(1.3%) mild edema, 3 (1.9%) moderate
edema, 1 (0.6%) severe edema, 5 (3%)
mild bruising, and 3 (1.9%). All adverse
events were resolved or stable upon completion of the study. No sensor insertion
site infections or hypoglycemic events requiring assistance were reported. Similar
adverse events were observed in both
therapy groups.
CONCLUSIONS—To the best of our
knowledge, this is the ﬁrst (pilot) prospective real-life study showing similar
glycemic beneﬁts of using CGM for IIT
patients on MDI or CSII. Recent studies
demonstrated that the use of real-time
CGM systems with or without pump
therapy resulted in reduction in A1C,
improved glycemic excursions, and reduced incidences of hypoglycemia
(6,7,18). The Juvenile Diabetes Research
Foundation studies included both patients on MDI and CSII therapy. The Juvenile Diabetes Research Foundation
study, however, did not report the subgroup analyses comparing patients on
MDI therapy to those on CSII therapy.
The STAR3 study provided only comparison between integrated CGM with the
pump system and injection therapy
(MDI) where CGM was not used (18).
Thus, it is possible that STAR3 results
care.diabetesjournals.org
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usability, persistence, and glycemic control in CSII- and MDI-treated adult patients with type 1 diabetes, especially
when patients are unblinded.

Figure 2—Changes in hyperglycemic excursions during the study period were also similar in the
ITT analysis (n = 60) (A). However, hyperglycemic excursions were signiﬁcantly lower in the
CSII group in the subgroup analysis (per-protocol analysis, n = 34, B). (A high-quality digital
representation of this ﬁgure is available in the online issue.)

may entirely be due to use of CGM in the
integrated pump and CGM group.
Although a statistically signiﬁcant but
similar decrease in A1C was observed at
3 months after the initial screening, the
A1C measurements at 6 months were
similar to the screening values in both
MDI and CSII groups (both IIT and
protocol-compliant populations). The
study population was relatively well
controlled with a mean baseline A1C of
7.6% in both groups. All subjects who
were included in this study did qualify
based on the inclusion and exclusion
criteria as described above. Despite patients being informed of continuous use
of the sensor throughout the study period, only 34 patients followed the protocol. This has been noted in many other
clinical trials (6).
Patients were initially educated on
trends and pattern management while
using the CGM. The protocol allowed
for real-life use of CGM without speciﬁc
instruction by a physician or diabetes
educator for insulin adjustments during
the duration of the protocol. As discussed
above in the study procedures, all subjects
were provided guidance for adjusting
care.diabetesjournals.org

insulin dose and/or food intake based on
glucose trends rate of change of glucose.
No follow-up education on CGM use was
planned during this study. Continued
diabetes education may be a key component of successful long-term CGM outcomes after 3 months.
Despite the insigniﬁcant A1C reduction at the conclusion of this study, there
was an improvement of glycemic variability (MAGE, GRADE) with real-time CGM
use. There was reduction in time spent in
both hypoglycemic and hyperglycemic
ranges and improvement in time WTR
for both groups during the unblinded
phase. There was a greater reduction in
time spent in hyperglycemia in subjects
using CSII, which is not surprising, since
administrating correction boluses is easier
with CSII. The difference in reduction of
time spent in hypoglycemia between both
therapy groups was not statistically signiﬁcant. Different glucose variability indexes have also been previously shown to
improve similarly with MDI and CSII
treatment groups in many retrospective
analyses (17,19–22).
We conclude that 6-month use of
real-time CGM showed similar beneﬁts in
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