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Abstract

Aims: Continuous glucose monitoring (CGM) has the potential to promote diabetes self-management at home with a
better glycemic control as outcome. Investigation of the effect of CGM has typically been carried out based on randomized
controlled trials with prespecified CGM devices on CGM-naive participants. The aim of this study was to investigate the
effect on glycemic control in people using their personal CGM before and during the trial.

Materials and Methods: Data from the Onset 5 trial of 472 people with type | diabetes using either their personal CGM
(n=117) or no CGM (n=355) and continuous subcutaneous insulin infusion in a 16-week treatment period were extracted.
Change from baseline in glycated hemoglobin Alc (HbA, ), number of hypoglycemic episodes, and CGM metrics at the end
of treatment were analyzed with analysis of variance repeated-measures models.

Results: Use of personal CGM compared with no CGM was associated with a reduction in risk of documented symptomatic
hypoglycemia (event rate ratio: 0.82; 95% CI: 0.69-0.97) and asymptomatic hypoglycemia (event rate ratio: 0.72; 95% Cl:
0.53-0.97), reduced time spent in hypoglycemia (P=.0070), and less glycemic variability (P=.0043) without a statistically
significant increase in HbA _ (P=.2028).

Conclusions: Results indicate that use of personal CGM compared with no CGM in a population of type | diabetes is
associated with a safer glycemic control without a statistically significantly deteriorated effect on HbA, , which adds to the
evidence about the real-world use of CGM, where device type is not prespecified, and users are not CGM naive.
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Introduction meta-analysis of six randomized controlled studies of real-
time CGM compared with self-monitoring of blood glucose
(SMBG) in people with type 1 diabetes, Pickup et al®

showed that use of CGM was associated with a significant

Glycemic management of people with type 1 diabetes is
a complex interplay between multiple factors, and the
patients need to deal with the majority of these at home
without close contact to clinical care."? Effective approaches

'Steno Diabetes Center North Denmark, Aalborg University Hospital,

to promote diabetes self-management at home are thus
wanted, and use of continuous glucose monitoring (CGM)
might be one of the solutions.> CGM devices provide an
interstitial glucose reading typically every five minutes and
are thus an obvious tool for reduction of glycemic excur-
sions. However, inaccuracy caused by physiological differ-
ences between the plasma and interstitial glucose hampers
these detection capabilities.** Still, CGM has a great poten-
tial for improving metabolic control through promotion of
self-management, education, and person empowerment. In a
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reduction in glycated hemoglobin Alc (HbA,) of 0.3%
points. Furthermore, the reduction was larger for people
with less controlled glycemia at baseline, and the perspec-
tive was to target CGM at people with continued poor gly-
cemic control during intensified insulin therapy. In another
meta-analysis by Szypowska et al’ of seven randomized
controlled studies of type 1 diabetes, a modest reduction in
HbA . of 0.25% points was reported for CGM versus
SMBG. With respect to hypoglycemia, the results of the
meta-analyses were unclear.Szypowska et al’ did not find
any significant reduction in time spent in hypoglycemia in
CGM users compared to SMBG. Pickup et al® reported that
baseline area under the curve of hypoglycemia was only
weakly related to the effect of CGM compared with SMBG
on hypoglycemia outcome. Both meta-analyses included
studies conducted more than a decade ago. In newer ran-
domized controlled studies of adults with type 1 diabetes,
CGM has been associated with a reduction in HbA,_  com-
pared with SMBG of around 0.5% point,®® with one trial
reporting a reduction of 0.9% points during a three-year fol-
low-up.!® Furthermore, the studies report reduced time in
hypoglycemia for users of CGM, and in a study of people
with type 1 diabetes and impaired hypoglycemia awareness
or history of severe hypoglycemia, a 72% reduction in inci-
dence of hypoglycemic episodes for users of CGM com-
pared with SMBG was reported.!' In most of these studies,
the CGM product type was prespecified, and previous use of
CGM was not an inclusion criterion, and in many cases pre-
vious use of CGM was even an exclusion criterion. A real-
world situation where people were allowed to use their
personal CGM without any restriction on type and previous
use could lead to different results.

This aim of this study was to investigate the effect of
CGM on glycemic management in a trial of people with type
1 diabetes using their personal CGM.

Methods
Study Data

Study data were obtained from the Onset 5 clinical trial'?
investigating the efficacy and safety of fast-acting insulin
aspart compared with insulin aspart in a 16-week parallel-
arm study of people with type 1 diabetes using continuous
subcutaneous insulin infusion. Up to half of the participants
were allowed to use their personal CGM throughout the trial.
During the 16-week treatment period, all participants were
further monitored thrice with a blinded Dexcom G4 Platinum
(Dexcom, San Diego, CA, USA) CGM device (1) at random-
ization, (2) at week 8, and (3) at the end of trial. Key inclu-
sion criteria were adults with an HbA  of 53-75 mmol/mol
(7%-9%) diagnosed with type 1 diabetes more than one year
before informed consent and being pump users (for at least
six months before screening). Hypoglycemic episodes were
recorded by the participants and investigator during trial
conduct according to guidelines by the American Diabetes

Association.!? The definition of the hypoglycemic episodes
was'3 (1) severe hypoglycemia: an episode requiring assis-
tance of another person to actively administer carbohydrate,
glucagon, or take other corrective actions. Blood glucose
concentrations may not be available during an episode, but
neurological recovery following the return of blood glucose
to normal is considered sufficient evidence that the episode
was induced by a low blood glucose concentration. (2)
Asymptomatic hypoglycemia: an episode not accompanied
by typical symptoms of hypoglycemia, but with a measured
blood glucose concentration =70mg/dL (3.9 mmol/L). (3)
Documented symptomatic hypoglycemia: an episode during
which typical symptoms of hypoglycemia are accompanied
by a measured blood glucose concentration =70mg/dL
(3.9mmol/L). (4) Pseudo-hypoglycemia: an episode during
which the person with diabetes reports any of the typical
symptoms of hypoglycemia with a measured blood glucose
concentration >70 mg/dL (3.9 mmol/L) but approaching that
level. (5) Probable symptomatic hypoglycemia: an episode
during which symptoms of hypoglycemia are not accompa-
nied by a blood glucose determination but that was presum-
ably caused by a blood glucose concentration =70 mg/dL
(3.9mmol/L).

Endpoints

This post hoc analysis compared the following endpoints
between CGM users and people without CGM: (1) laboratory:
change from baseline in HbA, ; (2) self-report: number and
rate of severe hypoglycemia, documented symptomatic hypo-
glycemia, asymptomatic hypoglycemia, probable symptom-
atic hypoglycemia, and pseudo-hypoglycemia; and (3) CGM:
time spent in hyperglycemia (>180mg/dL [10.0mmol/L]),
time spent in target (70 mg/dL [3.9 mmol/L] <CGM =180 mg/
dL [10.0mmol/L]), time spent in hypoglycemia (=70mg/dL
[3.9mmol/L]), time spent in hypoglycemia (=53mg/dL
[3.0mmol/L]), coefficient of variation (CV), and mean inter-
stitial glucose. Only periods without gaps in CGM data con-
tributed to the calculations. Finally, the endpoint of change
from baseline in total daily insulin dose was calculated and
compared between people using personal CGM and people
without CGM.

Statistical Analyses

Baseline patient characteristics are presented with mean and
SDs, percentage, or numbers. Test for difference in each
characteristic was performed with #-tests, chi-square tests,
or Mann—Whitney U-tests where applicable. The effect of
using personal CGM versus no CGM on the endpoints of
change from baseline in HbA,_ and total daily insulin dose
was analyzed with an analysis of variance repeated-mea-
sures model adjusted for age, sex, region, smoking status,
body mass index (BMI), diabetes duration, and HbA,_ at
baseline. The effect of using personal CGM versus no CGM
on self-reported hypoglycemic episodes was summarized



108

Journal of Diabetes Science and Technology 16(1)

descriptively and is presented according to the American
Diabetes Association’s categories!! as number of people
with episodes, percentage of people with episodes, number
of episodes, and number of episodes per 100 person years of
exposure. Furthermore, adjusted event rate ratios are pre-
sented, and they were estimated with negative binomial
regression models with the logarithm of the person exposure
as offset. The models were adjusted for age, sex, diabetes
duration, region, smoking status, and BMI. Finally, the
effect of using personal CGM versus no CGM on metrics
from the blinded CGM session at the end of treatment was
analyzed with analysis of variance repeated-measures mod-
els adjusted for age, sex, region, smoking status, BMI, dia-
betes duration, and the metric at baseline. Missing data were
not imputed.

Results

In Table 1, the baseline patient characteristics are shown.
People using personal CGM were older, had higher BMI, lon-
ger diabetes duration, and more hypoglycemia unawareness
compared to people without CGM. Furthermore, they were
typically from North America and not current smokers.

Figure 1 shows the observed mean values and standard
errors of change from baseline in HbA | in the weeks after
randomization. Estimated adjusted mean values and 95%
confidence limits are shown as stars and associated error
bars. People without CGM experienced a larger drop in
HbA,  compared to people using personal CGM, but the dif-
ference was not statistically significant. Table 2 shows the
number of hypoglycemic episodes after 16 weeks of treat-
ment and estimated event rate ratio. Use of personal CGM is
associated with a 18% reduction in risk of documented hypo-
glycemia and a 28% reduction in risk of asymptomatic hypo-
glycemia compared with no CGM. Furthermore, use of
personal CGM is associated with a reduction in risk of severe
hypoglycemia and an increase in risk of probably symptom-
atic hypoglycemia and pseudo-hypoglycemia, but all three
estimates were not statistically significant. Figure 2 shows
estimated CGM metrics after 16 weeks of treatment. Results
from analyses of all endpoints except self-reported hypogly-
cemia can be seen in Table 3. No statistically significant dif-
ference in time spent in hyperglycemia, time spent in target,
and mean interstitial glucose was observed in use of personal
CGM compared to no CGM. On the other hand, time in
hypoglycemia was statistically significantly reduced with 15
and 8minutes for interstitial glucose =70 and =53 mg/dL,
respectively, for use of personal CGM compared with no
CGM. Furthermore, variation in interstitial glucose (CV)
was statistically significantly reduced with 1.5%.

Discussion

In this post hoc analysis of the Onset 5 trial, use of personal
CGM compared with no CGM for people with type 1 diabetes
was associated with a reduction in risk of documented

Table 1. Baseline Characteristics of People in This Study.

Parameter Personal CGM  No CGM P value
N 17 355
Age, mean (SD) 49 (13) 42 (15) <.0001
Sex (%)
Female 53 58 3136
Male 47 42
Region (%)
Europe 44 6l .0016
North America 56 39
Smoking status (%)
Current 4 12 .0342
Previous 26 21
Never 70 67
Body mass index 27.2 (4.1) 26.0 (3.9) .0070
(kg/m?), mean (SD)
Duration of diabetes 28 (12) 23 (12) .0004
(yr), mean (SD)
Total daily insulin dose 0.60 (0.23) 0.63 (0.24) 2221
(U/kg), mean (SD)
HbA,_ at baseline, mean (SD)
mmol/mol 58.2 (5.7) 58.4 (5.9) 7174
% 7.48 (0.52) 7.50 (0.54)
Hypoglycemia 20 (17) 34 (10) .0267
unawareness?, n (%)
Number of days CGMP 42 (7) 41 (8) 8173
worn (days), mean
(SD)
Percentage of time 95 (6) 94 (6) .3270

CGM® is active (%),
mean (SD)

CGM, continuous glucose monitoring; HbA , glycated hemoglobin Alc.
*According to the Clarke questionnaire, question 8.'*
®Use of blinded CGM during 3 X 2 weeks.
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Figure |. Observed mean values and standard error of the
mean of the change from baseline in HbA, by treatment week.
Values marked with stars and associated error bars are estimated
mean values and 95% confidence limits at week 16 from an
analysis of variance repeated-measures model adjusted for age,
sex, region, smoking status, body mass index, diabetes duration,
and HbA, _at baseline. The conversion factor from HbA, _in % to
mmol/mol is 10.93.

CGM, continuous glucose monitoring; HbA  , glycated hemoglobin Alc.
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Table 2. Number of Hypoglycemic Episodes After |6 weeks of Treatment.

Personal CGM No CGM Estimated event
n % E R N % E R Rate ratio (95% ClI)
Severe hypoglycemia 5 4 7 19 Il 3 21 19 0.79 (0.18-3.44)
Documented symptomatic 113 97 3462 9614 346 97 13814 12 739 *0.82 (0.69-0.97)
Asymptomatic 99 85 1094 3038 295 83 3709 3420 *0.72 (0.53-0.97)
Probable symptomatic Il 9 67 186 24 7 53 49 3.59 (0.93-13.82)
Pseudo-hypoglycemia 9 8 92 255 26 7 123 113 2.90 (0.81-10.40)

Classification follows American Diabetes Association’s 2013 guidelines.'?

n is the number of people, % percentage of people, E is the number of hypoglycemic episodes, R is the actual event rate calculated as number of

hypoglycemic episodes per 100 person-years of exposure within each group.

The estimated event rate ratios (personal CGM/no CGM) are derived from a negative binomial regression model with the logarithm of the person
exposure as offset. The models were adjusted for age, sex, diabetes duration, region, smoking status, and body mass index.

CGM, continuous glucose monitoring.
*Statistically significant.

symptomatic and asymptomatic hypoglycemia, reduced time
spent in hypoglycemia, and less glycemic variability without a
statistically significant increase in HbA, .. Furthermore, a reduc-
tion in severe hypoglycemia was observed for people using per-
sonal CGM, though it was not statistically significant.

Three meta-analyses by Pickup et al, Benkhadra et al,'?
and Szypowska et al” examining randomized controlled tri-
als of CGM use in people with type 1 diabetes have reported
HbA,_  improvements of 0.2%-0.3% points for CGM com-
pared to standard of care, which in most cases included
SMBG. Although the effect is modest, current evidence is
that CGM results in a larger reduction in HbA,  compared
with SMBG. This is especially evident for newer trials, such
as the COMISAIR,'"” GOLD,? and DIAMOND? trial. In our
study, CGM did not result in a larger reduction in HbA, ; on
the contrary, people without CGM dropped more in HbA, ,
but the observation was not statistically significant. The pop-
ulations of other studies were people with type 1 diabetes
treated with either multiple daily injections or continuous
subcutaneous insulin infusion. That is, they are comparable
to the population of this study. The baseline HbA, was in
most studies much higher (>65mmol/mol)*'° compared to
this study (58 mmol/mol), which may result in larger HbA,
reductions. Furthermore, people in the randomized con-
trolled studies included were in most cases CGM naive. We
anticipate that the most prominent effect of a technology
solution that promotes self-management at home like CGM
is in the initial phase. This is confirmed in a meta-analysis by
Su et al,'® where they investigated the effect of telemedicine
on treatment outcomes in diabetes and found that the effect
on HbA, was most prominent during the first six months.
The same phenomena could be seen for CGM with the result
that people in our study exhibited an effect on HbA from
the CGM use before enrollment in the clinical trial.

From the CGM metrics it can be observed that the reduc-
tions in time spent in hypoglycemia do not come at a cost of
increased time spent in hyperglycemia, and mean interstitial
glucose is only slightly increased for people using personal

CGM. The changes in time spent in hypoglycemia are small,
but they still reduce the risk of severe (not statistically sig-
nificant), documented symptomatic and asymptomatic hypo-
glycemia with 18%-28%.

In this study, 17% of the people using personal CGM had
a history with hypoglycemia unawareness compared to 10%
of the people without CGM. Especially, people suffering
from hypoglycemia unawareness might benefit from using
CGM,!7 which might explain the higher prevalence in the
CGM group in this study. A recommendation to insulin-
treated patients with hypoglycemia unawareness is to raise
glycemic targets for several weeks,!” and the most obvious
way would be to reduce daily insulin use. From the analysis
of total daily insulin dose during the treatment period, no
statistically significant difference was found between people
using personal CGM and people without. Therefore, a more
protective behavior to insulin administration cannot explain
the numerically higher HbA | level for people using personal
CGM in this study.

A limitation in this study is that the choice to use CGM
was not random. People using personal CGM in our study
might be a self-selected population who are more proac-
tive in their glycemic management and/or have a greater
fear of hypoglycemia. One way to reduce this skewness
could be to control for related confounders, but these
behavioral and socioeconomic factors were not available
in data. Furthermore, we have no knowledge about which
personal CGM device was used by the patients, which
makes the results less specific, and the devices are older
versions (the trial was conducted in 2016-2017), and the
results might thus not be generalizable to today’s devices.
Another limitation is the low number of patients, which
makes results less generalizable, and the imbalanced groups
in baseline variables, which may have biased the statisti-
cal tests. Finally, a limitation is that the study is under-
powered to show a statistically significant effect on rate of
severe hypoglycemia, and a conclusion on severe hypo-
glycemia, therefore, cannot be drawn.
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Figure 2. CGM metrics at the end of treatment period shown as estimated mean and 95% confidence intervals as error bars and
P-values from analysis of variance repeated-measures models analyzing the effect of CGM use on each of the metrics. Time spent in
hyperglycemia, time spent in range, time spent in hypoglycemia, and measures of variation are shown for CGM users versus non-CGM
users. The models were adjusted for age, sex, region, smoking status, body mass index, diabetes duration, and the metric at baseline.

CGM, continuous glucose monitoring; IG, interstitial glucose.

Conclusion

The results of this study indicate that use of personal
CGM compared with no CGM in a population of type 1
diabetes on continuous subcutaneous insulin infusion is
associated with a decreased risk of both symptomatic and
asymptomatic hypoglycemia and decreased glycemic
variation without a statistically significant increase in HbA,

and mean interstitial glucose. As people in this study were
not randomized to use of personal CGM or no CGM, lack
of data on possible confounders, such as behavioral and
socioeconomic factors, is a limitation. The study provides
evidence about the real-world use of CGM where device
type is not prespecified, and users are not CGM naive,
which is important in the assessment of the real-world
long-term effect of CGM.
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Table 3. Estimated Change From Baseline in HbA
Treatment.

I

Change From Baseline in Total Daily Dose, and CGM Metrics at the End of

Endpoint Personal CGM No CGM Difference (95% CI) P value
Change from baseline in HbA -0.01% -0.07% 0.06% (—0.03%; 0.16%) 2028
—0.06 mmol/mol —0.74mmol/mol 0.68 (-0.37; 1.72) mmol/mol

Change from baseline in total daily insulin —-0.0033 U/kg -0.0082 U/kg 0.0049 (-0.0239; 0.0336) U/kg ~ .7394
dose

Time spent in hyperglycemia (> 180 mg/dL 41.1% 41.2% =0.17% (—-2.56%; 2.22%) 8915
[10.0mmol/L]) 591.3min 593.7 min -2.4 (-36.8; 32.0) min

Time spent in target (70 mg/dL [3.9 mmol/L] 31.6% 31.9% -0.22% (—-2.01%; 1.57%) .8055
<CGM =180mg/dL [10.0 mmol/L]) 455.5min 458.7 min -3.2 (-29.0; 22.6) min

Time spent in hypoglycemia (=70 mg/dL 4.5% 5.7% —-1.05% (=1.79%; —0.32%)* .0051
[3.9mmol/L]) 67.2min 82.4min —-15.2 (-28.8; —4.6) min*

Time spent in hypoglycemia (=53 mg/dL 1.7% 2.3% -0.56% (-0.97%; —0.16%)* .0070
[3.0mmol/L]) 24.9 min 33.1 min -8.1 (-14.0; —2.2) min*

Coefficient of variation 39.5% 41.1% —1.54% (—2.60%; —0.49%)* .0043

Mean interstitial glucose 173.9 mg/dL 172.8 mg/dL 1.07 (-3.17; 5.30) mg/dL 6213

Estimated means, differences, 95% confidence limits, and P value are from analysis of variance repeated-measures models adjusted for age, sex, region,

smoking status, body mass index, diabetes duration, and value at baseline (HbA

CGM, continuous glucose monitoring; HbA
*Statistically significant.

|0 glycated hemoglobin Alc.
Abbreviations

HbA, , glycated hemoglobin Alc; CGM, continuous glucose moni-
toring; SMBG, self-measured blood glucose; CV, coefficient of
variation.
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