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Abstract

Background: ALERTTI showed that switching from intermittently scanned continuous glucose monitoring (isCGM)
without alerts to real-time CGM (rtCGM) with alert functionality improved time in range (TIR; 70-180 mg/dL), glycated
hemoglobin (HbAIc), time <54 mg/dL, and Hypoglycemia Fear Survey version |l worry subscale (HFS-worry) score after
six months in adults with type | diabetes (T1D). Moderator analyses aimed to identify certain subgroups that would benefit
more from switching to rtCGM than others.

Methods: Post hoc analyses of ALERTT| evaluated the impact of 14 baseline characteristics on the difference (delta) in
mean TIR, HbAlc, time <54 mg/dL, and HFS-worry score at six months between rtCGM and isCGM. Therefore, the delta
was allowed to depend on each of these variables by including interactions in the moderator analysis model. Analyses were
performed separately for each variable; variables with P < .10 in the univariable analysis were combined into a single model.

Results: Univariable analyses showed no dependency of delta TIR, HbAlc, or time <54 mg/dL on variables other than CGM
type. Only delta HFS-worry score depended on baseline HbAlc (P = .0059), indicating less worries with rtCGM in people
with baseline HbAlc <6.5% or =8%. Given P < .10 for dependency of delta TIR on insulin therapy type (favoring multiple
daily injections), baseline HbAlc, and baseline TIR, these variables were combined into a multivariable analysis; interactions
were not statistically significant.

Conclusions: Except for HFS-worry score, no interactions between 14 baseline characteristics and the six-month
intervention effect of rtCGM on TIR, HbAlc, or time <54 mg/dL were observed, supporting the conclusion of ALERTT |
that switching from isCGM without alerts to rtCGM with alert functionality is beneficial for a wide range of people with TID.
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Introduction

The use of on-demand continuous glucose monitoring (inter-
mittently scanned continuous glucose monitoring [isCGM])
and in real time (real-time continuous glucose monitoring
[tCGM]) is increasingly accepted in the treatment of people
with type 1 diabetes (T1D), given the individual benefit of
isCGM and rtCGM on glycemic control and quality of life.!
In addition, our previously published ALERTT1 trial showed
that switching from isCGM without alerts to rtCGM with
alert functionality resulted in an improvement in time in
range (TIR; sensor-glucose 70-180 mg/dL) at six months in
254 adults with T1D.” This improvement was accompanied
by a decrease in glycated hemoglobin (HbAlc) and time
<54 mg/dL, and people experienced less hypoglycemia
worry with the use of tCGM.

However, in clinical practice, it is observed that the suc-
cess of CGM varies from person to person. On the one hand,
this may be explained by inter-individual differences in user
skills and knowledge of CGM.® In addition, there are studies
suggesting that there are additional user characteristics asso-
ciated with the effectiveness of CGM on glycemic control,
such as baseline HbA1c*!! or frequency of CGM use.!*!4
Because it is not known whether certain subgroups of people
with T1D benefit more from switching to rtCGM with alert
functionality than others, we performed a post hoc analysis
of ALERTT]1 to identify variables associated with the suc-
cess of switching to rtCGM with alerts, which may be essen-
tial from a personalized medicine perspective, as well as
from a health economics and scientific perspective.

Methods

Study Design and Participants

This post hoc analysis was based on data of the ALERTT1
trial (ClinicalTrials.gov number NCT03772600).” ALERTT1
was a six-month prospective, double arm, parallel-group,
nonmasked randomized controlled trial comparing rtCGM
with alert functionality (Dexcom G6®, Dexcom, San Diego,
California; intervention group, n = 127) with isCGM with-
out alerts (FreeStyle Libre 1®, Abbott Diabetes Care,
Alameda, CA, USA; control group, n = 127) (Figure S1).
From January 2019 to March 2020, ALERTTI was

conducted in the diabetes clinics of three regional and three
university medical centers in Belgium, and included people
aged 18 years or older with a diagnosis of T1D for six months
or more. Additional inclusion criteria were treatment with
multiple daily injections or insulin pump, HbAlc =10% (86
mmol/mol), and exclusive isSCGM use (FreeStyle Libre 1®)
for at least six months. Key exclusion criteria were (planned)
pregnancy, severe cognitive impairment limiting CGM
usage, use of systemic corticosteroids, or concomitant
pathology that could cause edema at anticipated CGM inser-
tion sites.

ALERTT1 was divided in a baseline phase of four to
seven weeks and a study phase of six months. At different
time points, HbAlc samples, CGM data, and (diabetes-
related) quality-of-life questionnaires were collected and
used for further analysis (Figure S1). Primary outcome was
the mean between-group difference at six months in TIR.
Key secondary outcomes were mean between-group differ-
ences at six months in HbAlc, time <54 mg/dL, and hypo-
glycemia worry evaluated with the Hypoglycemia Fear
Survey version II worry subscale (HFS-worry). For more
details on randomization and trial-related procedures, we
refer to the original manuscript.’

Outcomes

To identify subgroup characteristics associated with the ben-
efits of switching from isCGM without alerts to tCGM with
alert functionality, we evaluated the impact of 14 different
baseline user characteristics (so-called moderators) on the
difference (delta) in mean TIR, HbAlc, time <54 mg/dL,
and HFS-worry score at six months between rtCGM and
isSCGM (Figure 1). For this evaluation, the delta was allowed
to depend on each of these 14 variables by including interac-
tions in a model (moderator analysis).

The following variables were considered potential binary
moderators: sex (male/female); education level (high [higher
education]/low [primary/secondary education]); insulin ther-
apy (multiple daily injections/insulin pump); hypoglycemia
awareness reported by the Clarke Hypoglycemia Awareness
Survey (aware/unaware). Variables (measured at baseline of
ALERTT1) considered as potential continuous moderators
were as follows: age (years); diabetes duration (years);
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Figure 1. Schematic overview of moderator analyses of the ALERTT] trial. This post hoc analysis of ALERTT evaluated the impact of
different baseline user characteristics (so-called moderators, as indicated in the box) on the difference (delta [A]) in mean time in range,
HbA ¢, time <54 mg/dL, and hypoglycemia worry at six months between rtCGM and isCGM. For this evaluation, the delta was allowed
to depend on each of these variables by including interactions in a model, the moderator analysis. Variables were binary or continuous
and selected on the basis of previously published literature. Abbreviations: rtCGM, real-time continuous glucose monitoring; isCGM,
intermittently scanned continuous glucose monitoring; HbA ¢, glycated hemoglobin.

HbAle (%); isCGM scan frequency (scans/day); TIR (%);  delta time <54 mg/dL. Only dependency of delta HFS-worry
time <54 mg/dL (%); time <70 mg/dL (%); time >180 mg/  score on HbAlc was observed (P = .0059; Figure S4), indi-
dL (%); time >250 mg/dL (%); HFS-worry score (points).  cating less worries with the use of tCGM compared with

Table 1 shows the distribution of the 14 variables as mea-  isCGM in people with low (<6.5% [48 mmol/mol]) or high
sured at baseline of ALERTTI; baseline characteristics of (=89, [64 mmol/mol]) baseline HbA ¢ (Figure 3).

both groups were similar. All variables were selected based Given P < .10 for the dependency of delta TIR on insulin
on previous literature.”'? therapy (P = .0851; favoring multiple daily injections [data

Moderator analyses were performed for each of these ¢ shown]), baseline HbAlc (P = .0537; Figure 2e), and
variables separately (univariable moderator analysis). baseline TIR (P = .0615; Figure 2f), these variables were
Variables with P < .10 in the univariable analysis were com-  ¢ombined into a multivariable model. None of the interac-
bined into a single model (multivariable moderator analysis).  tjons were statistically significant.

For continuous variables, restricted cubic splines were used
to allow a nonlinear relation between the continuous variable . ]
and the delta. For time <54 mg/dL, the distribution of the Discussion

model residuals was right-skewed. Therefore, as a sensitivity T our knowledge, this is the first study evaluating subgroup
analysis, results were additionally reported from a model  characteristics associated with the effect of switching from
after applying an inverse hyperbolic sine transformation (2 jsCGM without alerts to rtCGM with alert functionality. We
log-transformation which can handle the presence of zero only observed a greater improvement in HFS-worry score in
values). Variables that strongly correlated (ie, Spearman’s p people with low or high baseline HbAlc. In contrast, we
>0.90) in the univariable model were not combined in the  found no statistically significant interaction between 14 dif-
multivariable model. All analyses were performed using  ferent variables and the six-month intervention effect of
SAS software for Windows (version 9.4, SAS Institute, Cary, rtCGM on TIR, HbA ¢, or time <54 mg/dL, supporting the

NC, USA). conclusion of our original manuscript that the benefit of
switching from isCGM without alerts to rtCGM with alert
Results functionality applies to a wide range of people with T1D.

To date, only a few trials have been published on the asso-
Univariable analyses showed no statistically significant  cjation between user characteristics and the effectiveness of
dependency of delta TIR (Figure 2), HbAlc (Figure S2), o CGM on glycemic control. A previous prospective observa-
time <54 mg/dL (Figure S3) on variables other than CGM  {jona] study showed that an HbAlc reduction of =0.5% (5
type, with sensitivity analyses confirming the finding for  1ymol/mol) after start of isCGM was associated with a higher
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Table I. Distribution of user characteristics (moderators) as measured at baseline of ALERTTI.’
rtCGM isCGM

Characteristic (n=127) (n=127)
Sex

Male 81 (64%) 76 (60%)

Female 46 (36%) 51 (40%)
Age (years) 42.8 (19-76) 43.0 (18-75)
Level of education®

Low 40 (31%) 43 (34%)

High 87 (69%) 84 (66%)
Duration of diabetes (years) 20.2 (1-55) 19.2 (1-55)
HbAlc (%) 7.4 (5.5-9.8) 7.4 (5.3-9.9)
HbAIc (mmol/mol) 57.9 (37-84) 57.6 (35-85)
Insulin therapy

Multiple daily injections 103 (81%) 102 (80%)

Insulin pump 24 (19%) 25 (20%)
isCGM scan frequency (number/day) 1.9 (2-37) 12.4 (2-42)
Participants with hypoglycemia unawareness® 24 (19%) 20 (16%)
Time in ranges (%)°

Time >250 mg/dL 16.5 (0.1-60.4) 18.3 (0.9-64.7)

Time >180 mg/dL 44.2 (4.7-85.7) 45.5 (9.2-93.2)

Time 70-180 mg/dL 52.5 (13.1-87.5) 51.3 (6.7-86.2)

Time <70 mg/dL 3.3 (0.0-23.5) 3.4 (0.0-19.9)

Time <54 mg/dL 0.9 (0.0-11.2) 1.0 (0.0-16.3)
HFS-worry score (points) 18.8 (0-62) 18.7 (0-71)

Data are n (%) or mean (range). To convert glucose ranges from mg/dL to mmol/L, divide by 8.

Abbreviations: rtCGM, real-time continuous glucose monitoring; isCGM, intermittently scanned continuous glucose monitoring; HFS-worry,
Hypoglycemia Fear Survey version Il worry subscale; HbA ¢, glycated hemoglobin.

2Low was defined as primary or secondary education; high was defined as higher education.

®As reported by the Clarke Hypoglycemia Awareness Survey.
°As measured by blinded rtCGM in both groups at baseline.

baseline HbAlc, male gender, and early commencement of
isCGM after introduction of reimbursement.’ In contrast,
higher socioeconomic deprivation and the collection of less
than two sensors per month were associated with no response
in HbA1c.’ The finding of a greater isCGM benefit on glyce-
mic control in people with higher HbAlc at baseline was
also demonstrated in another trial.'” Also, isSCGM scan fre-
quency is found to be inversely related to glycemic con-
trol.'%1214 With regard to rtCGM, frequency of sensor use
and higher baseline HbAlc are associated with a greater
reduction in HbAlc.!! A systematic review and meta-analy-
sis evaluating the effects of CGM (both isCGM and rtCGM)
on glycemic control concluded from a subgroup analysis that
TIR improvement was independent of diabetes type, method
of insulin administration, and reason for CGM use.'
However, as these trials evaluated the impact of user charac-
teristics on isSCGM or rtCGM individually, it is difficult to
compare these findings with our outcomes. In addition, there
are a few caveats to be made about the current sub-analysis.
Although statistically significant interactions were generally
absent, we did observe some trends in the univariable analy-
ses, pointing to a possible dependency of delta TIR on insu-
lin administration method, baseline HbAlc, and baseline

TIR. However, as the performed post hoc analysis was
exploratory and not prespecified in the original study design,
the original sample size calculation did not account for these
moderator analyses, thus lacking statistical power. In addi-
tion, P values were not corrected for multiple testing, so all
outcomes and possible trends need to be interpreted with
caution. Therefore, further studies in a larger T1D population
would be needed to confirm the findings of our current sub-
analysis. But until then, we would advise clinicians to con-
sider tCGM with alert functionality instead of isSCGM
without alerts to improve the health and quality of life to a
broad population of adults with T1D.

Conclusions

ALERTT1 showed that switching from isCGM without
alerts to rtCGM with alert functionality improved TIR,
HbAlc, time <54 mg/dL, and hypoglycemia worry after six
months in adults with T1D. Post hoc analyses of ALERTT]1
aimed to identify subgroups of people with T1D who would
benefit more from switching to rtCGM than others. The
impact of 14 baseline user characteristics on the difference in
mean TIR, HbAlc, time <54 mg/dL, and hypoglycemia
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Figure 2. Univariable moderator analyses with continuous moderators—time in range. Results from univariable moderator analyses,
evaluating whether the difference in means of rtCGM versus isCGM at six months (delta) for time in range (sensor-glucose 70-180 mg/
dL; plotted on the y-axis), depend on the level of different baseline variables (plotted on the x-axis): age (panel a); diabetes duration
(panel c); HbAlc (panel e); isCGM scan frequency (panel g); HFS-worry score (panel i); and different time in ranges (panels b, d, f, h, j).
Dark blue lines represent the predicted mean delta, blue shaded areas represent the 95% confidence interval. A flatter line indicates less
interaction, while a more curved line indicates more interaction. For each considered moderator, the P value for interaction is reported
in the graph. Note that only continuous moderators are reported here. To convert glucose ranges from mg/dL to mmol/L, divide by 18.
To convert HbAlc from % to mmol/mol: (10.93 X [HbAlc %]) — 23.5 mmol/mol. Abbreviations: rtCGM, real-time continuous glucose
monitoring; isCGM, intermittently scanned continuous glucose monitoring; HFS-worry, Hypoglycemia Fear Survey version Il worry
subscale; HbA ¢, glycated hemoglobin.
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Figure 3. Univariable moderator analysis—HFS-worry score and
baseline HbA I c. Result from a univariable moderator analysis,
evaluating whether the difference in means of rtCGM versus
isCGM at six months (delta) for HFS-worry score (plotted on the
y-axis), depends on the level of baseline HbAlc (plotted on the
x-axis). Dark blue lines represent the predicted mean delta, blue
shaded areas represent the 95% confidence interval. A flatter line
indicates less interaction, while a more curved line indicates more
interaction. The P value for interaction is reported in the graph.
Results show that there was dependency of delta HFS-worry
score on HbA ¢, indicating less worries with the use of rtCGM
compared with isCGM in people with low (<6.5% [48 mmol/
mol]) or high (=8% [64 mmol/mol]) baseline HbAlc. To convert
HbAlc from % to mmol/mol: (10.93 X [HbAlc %]) — 23.5 mmol/
mol. Abbreviations: HFS-worry, Hypoglycemia Fear Survey
version |l worry subscale; rtCGM, real-time continuous glucose
monitoring; isCGM, intermittently scanned continuous glucose
monitoring; HbAlc, glycated hemoglobin.

worry at six months between rtCGM and isCGM was evalu-
ated by univariable and multivariable moderator analyses.
Except for hypoglycemia worry, the difference in mean TIR,
HbAlc, and time <54 mg/dL at six months did not depend
on variables other than CGM type, supporting the conclusion
of ALERTT]1 that the benefit of switching from isCGM with-
out alerts to tCGM with alerts applies to a wide range of
people with T1D.

Abbreviations

HbAlc, glycated hemoglobin; HFS-worry, Hypoglycemia Fear
Survey version II worry subscale; isCGM, intermittently scanned
continuous glucose monitoring; rtCGM, real-time continuous glu-
cose monitoring; TIR, time in range (sensor-glucose 70-180 mg/
dL); T1D, type 1 diabetes.
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