Nutrition, Metabolism and Cardiovascular Diseases
Real-world outcomes with different technolofgt;y modalities in type 1 diabetes

Manuscript Number:
Article Type:
Keywords:

Corresponding Author:

First Author:
Order of Authors:

Abstract:

--Manuscript Draft--

NMCD-D-20-01216R1
Research Paper

Type 1 diabetes; continuous glucose monitoring; sensor-augmented pump, hybrid
closed-loop systems

Pilar | Beato-Vibora
Badajoz University Hospital
Badajoz, SPAIN

Pilar | Beato-Vibora, PhD
Pilar | Beato-Vibora, PhD
Fabiola Gallego-Gamero, MD
Ana Ambrojo-L6pez, MD

Background and Aims Several treatment modalities are available for type 1 diabetes
(T1D), including continuous glucose monitoring (CGM) and flash glucose monitoring
(FGM) with MDI, sensor-augmented pumps with predictive low-glucose suspend
function (SAP-PLGS) and hybrid closed-loop systems (HCL). The aim of the study was
to evaluate the real-world benefits obtained with these treatment modalities.

Methods and Results A cross-sectional study was performed, selecting 4 groups of
T1D subjects, regarding their treatment modalities, paired by age, sex and diabetes
duration. A comparison was performed, concerning time in different glucose ranges in
2-week sensor downloads. Estimated HbA1c, glycaemic variability measures and
sensor use were also compared.

302 T1D people were included (age: 39 £ 12 years, 47% male, diabetes duration: 21 +
10 years, estimated HbA1c: 7.28 + 0.84% (56 = 9 mmol/mol), baseline HbA1c: 7.4
1.0% (57 = 11 mmol/mol), length of use of the device 8 [3-21] months). Group 1
(CGM+MDI) and 2 (FGM+MDI) showed no differences in time in different glucose
ranges. Group 4 (HCL) showed a higher time 70-180 mg/dl and a lower time in
hypoglycaemia than group 3 (SAP-PLGS). Group 1 and 2 showed lower time 70-180
mg/dl, higher time in hyperglycaemia and higher glycaemic variability measures than
group 3. Group 4 was superior to groups 1 and 2 in all the outcomes.

Conclusion Real-life achievements in glycaemic control and glycaemic variability are
described. HCL offer the maximum benefit in terms of time in range and
hypoglycaemia protection, compared to CGM+MDI, FGM+MDI and SAP-PLGS.
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Abstract

Background and Aims. Several treatment modalities are available for type 1 diabetes
(T1D), including continuous glucose monitoring (CGM) and flash glucose monitoring (FGM)
with MDI, sensor-augmented pumps with predictive low-glucose suspend function
(SAP-PLGS) and hybrid closed-loop systems (HCL). The aim of the study was to evaluate

the real-world benefits obtained with these treatment modalities.


mailto:pilar.beato@salud-juntaex.es
https://www.editorialmanager.com/nmcd/viewRCResults.aspx?pdf=1&docID=15162&rev=1&fileID=265774&msid=779bbef7-2722-46d1-8665-ca112fe50b65
https://www.editorialmanager.com/nmcd/viewRCResults.aspx?pdf=1&docID=15162&rev=1&fileID=265774&msid=779bbef7-2722-46d1-8665-ca112fe50b65

Methods and Results. A cross-sectional study was performed, selecting 4 groups of T1D
subjects, regarding their treatment modalities, paired by age, sex and diabetes duration. A
comparison was performed, concerning time in different glucose ranges in 2-week sensor
downloads. Estimated HbAlc, glycaemic variability measures and sensor use were also

compared.

302 T1D people were included (age: 39 * 12 years, 47% male, diabetes duration: 21 +
10 years, estimated HbAlc: 7.28 + 0.84% (56 + 9 mmol/mol), baseline HbAlc: 7.4 + 1.0%
(57 £ 11 mmol/mol), length of use of the device 8 [3-21] months). Group 1 (CGM+MDI)
and 2 (FGM+MDI) showed no differences in time in different glucose ranges. Group 4
(HCL) showed a higher time 70-180 mg/dl and a lower time in hypoglycaemia than group 3
(SAP-PLGS). Group 1 and 2 showed lower time 70-180 mg/dl, higher time in
hyperglycaemia and higher glycaemic variability measures than group 3. Group 4 was

superior to groups 1 and 2 in all the outcomes.

Conclusion. Real-life achievements in glycaemic control and glycaemic variability are
described. HCL offer the maximum benefit in terms of time in range and hypoglycaemia

protection, compared to CGM+MDI, FGM+MDI and SAP-PLGS.

Keywords: type 1 diabetes; continuous glucose monitoring; sensor-augmented pump,

hybrid closed-loop systems.

Introduction



In the past decades, the use of technology to improve glycaemic control in people with
type 1 diabetes (T1D) has become standard practice. Continuous glucose monitoring
(CGM) and Flash Glucose Monitoring (FGM) have been shown to improve glycaemic
control and reduce the frequency of hypoglycemia as stand-alone systems in patients on

multiple daily insulin injections (MDI) [1-5].

Sensor-augmented pumps have evolved from no automation to different levels of

"

automation, including suspension “on low
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and suspension “before low”.
Sensor-augmented pumps with predictive low glucose suspend function (SAP-PLGS) allow
the system to stop insulin infusion when a low sensor glucose level is predicted. These
systems have been shown to reduce HbAlc and the frequency of hypoglycaemia events in

randomised control trials and in real-world clinical practice [6-8].

In hybrid closed-loop systems (HCL), the insulin infusion is controlled by an algorithm,
which adjusts the insulin infusion every five minutes, according to the sensor glucose
values. A significant improvement in the time in range 70-180 mg/dl has been

demonstrated, in comparison with conventional treatment [9-11].

Clinicians have to consider several aspects when deciding which treatment modality is
more suitable for each individual. The benefit in relation to glycaemic control,
hypoglycaemia frequency and glycaemic variability has to been analysed in conjunction
with the technology burden imposed on the patient and the cost of the device for the

health care system.



Longitudinal studies comparing different treatment modalities, including combinations
of MDI and pumps with or without CGM have shown similar reductions in HbAlc and
hypoglycaemia with both CGM + MDI and sensor-augmented-pumps after 1 year and 3

years of follow-up [12, 13].

The study aimed to evaluate the outcomes in glycaemic control and glycaemic
variability that are achieved with each diabetes technology option in real-life clinical

practice.

Material and Methods

A cross-sectional design study was performed including all the T1D individuals using
CGM or FGM who were being followed at the Endocrinology Department in Badajoz
University Hospital (Badajoz, Spain). Four different treatment modalities were identified
and four groups, according to these treatment modalities, were defined: group 1 (CGM +
MDI), group 2 (FGM + MDI), group 3 (SAP-PLGS) and group 4 (HCL). From each treatment
strategy, paired groups were selected, according to age, gender and diabetes duration,

with a ratio from 1:1 to 1:1.2 for groups 1, 2 and 3 and a ratio of 1:2.2 for group 4.

The study period was defined between January 2019 and March 2020. The most recent
download for each patient, in this period, was selected. A 2 week-download period was

considered for the analysis of sensor data.



The variables analysed included estimated HbAlc, mean sensor glucose, time in range
70-180 mg/dl, time in hypoglycaemia < 54 mg/dl and < 70 mg/dl and time in
hyperglycaemia > 180 mg/dl and > 250 mg/dl. Glycaemic variability measures were
extracted from the download reports or calculated by the EasyGV® software [14],
including standard deviation (SD), coefficient of variation (CV) and Mean Amplitude of
Glycaemic Excursions (MAGE). Sensor use was recorded for each patient. The length of
use of the device and the HbAlc before the initiation of the device were recorded. The
number of visits per year was 4, on average, for all the groups. Data from women during
pregnancy were not included in the analysis. Hypoglycaemia awareness could not be
evaluated in all the patients, and it was not included in the analysis. All the subjects had
received the same structured diabetes education, including training in carbohydrate

counting.

All the subjects included in the study had given written consent for the use of their
glucose monitoring and pump data for research purposes. The protocol was approved by
the local Ethics Committee and was conducted according to the principles of the

Declaration of Helsinki.

Data analysis was performed using SPSS statistics software v22. Results are presented
as mean t standard deviation values or median [interquartile range]. A paired Student’s
t-test was used for the analysis of differences. For unpaired samples, the independent
samples t-test was used. For non-parametric variables, a Wilcoxon signed-rank test or a

Mann-Whitney test were applied. Comparisons between proportions were analysed by a



chi-squared test. For multiple group comparisons, a one-way ANOVA test was used.
Correlation analysis was performed using the Pearson method. A p-value < 0.05 was

considered statistically significant.

Results

An initial cohort of 457 patients was considered. Patients without any sensor download
in the study period were excluded (n = 22). A group of 302 subjects was selected from the
initial cohort, producing four groups according to technology modality, paired by age, sex

and diabetes duration.

In group 1 (CGM + MDI), The CGM devices used were Dexcom G5® and Dexcom G6®
(91%, n = 86), and Eversense XL® (9%, n = 8). In group 2 (FGM + MDI), all the subjects used
FreeStyle Libre® version 1. All subjects in group 3 (SAP-PLGS) were using the MiniMed
640G® pump with Guardian Sensor 3® and all had the PLGS function activated. All subjects
in group 4 (HCL) were using the MiniMed 670G® system with Guardian Sensor 3®. Forty
percent (n = 121) of the individuals were pump users (group 3 and 4) and 60% (n = 181)

were on MDI (groups 1 and 2).

No differences in age, diabetes duration or sex were found between groups 1, 2, 3 and
4 (Table 1). Patient characteristics were as follows: age 39 + 12, 47% (n = 141) males,
diabetes duration: 21 + 10 years, HbAlc: 7.28 + 0.84% (56 + 9 mmol/ml), mean glucose:
162 + 24 mg/dl, SD: 58 + 14 mg/dl, CV: 36 + 6%, time in range 70-180: 63 * 14%, time < 70

mg/dl: 3.5 + 3.9%, time < 54 mg/dl: 0.8 + 1.5%, time > 180 mg/dl: 34 + 15% time > 250
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mg/dl: 10 + 10% %. Sensor use was 89 * 13%, and 84% (n = 255) of the subjects had a

sensor use > 80%. Time in auto-mode in group 4 was 84 + 23%.

The main indication for the initiation of the device was “poor glycaemic control (HbAlc
>7%)” in 60% (n = 182) in the whole cohort (63% in group 1, 60% in group 2, 49% in group

3,77% in group 4, p = 0.37 between groups).

HbA1lc before the start of the use of the device was 7.4 + 1.0% (57 + 11 mmol/mol) in
the whole cohort (group 1: 7.5 + 1.1% (58 * 12 mmol/mol), group 2: 7.6 + 1.2% (60 + 13
mmol/mol), group 3: 7.0 + 0.7% (53 * 8 mmol/mol), group 4: 7.6 + 0.8% (60 + 9
mmol/mol), p < 0.05 for group 3 compared to groups 1, 2 and 4; p > 0.005 for comparisons

between groups 1, 2 and 4).

The length of use of the device was 8 [3-21] months for the whole cohort (group 1: 10
[3-19] months, group 2: 3 [1-6] months, group 3: 32 [20-44] months, group 4: 6 [4-9]

months, p < 0.001 for all the groups).

The outcomes in glycaemic control and glycaemic variability in the four groups are
shown in Table 2. Group 1 (CGM + MDI) and group 2 (FGM + MDI) did not show any
significant difference between them regarding time in range 70-180 mg/dl, time in
hypoglycaemia range (< 74 mg/dl, < 54 mg/dl), time in hyperglycaemia range (> 180
mg/dl, > 250 mg/dl) or any glycaemic variability measure. Sensor use was also similar

between groups.



When comparing group 3 (SAP-PLGS) to group 4 (HCL), time in range 70-180 mg/dl was
higher and time in hypoglycaemia (< 74 mg/dl, < 54 mg/dl) was lower in group 4. Time in
hyperglycaemia range (> 180 mg/dl, > 250 mg/dl) and glycaemic variability measures were
not significantly different between groups. Sensor use was significantly higher in group 4

compared to group 3.

Group 1 (CGM + MDI) and group 2 (FGM + MDI) showed a lower time in range 70-180
mg/dl and higher time in hyperglycaemia (> 180 mg/dl, > 250 mg/dl) than group 3
(SAP-PLGS). Also, higher glycaemic variability measures were found in groups 1 and 2
compared to group 3. No differences in time in hypoglycaemia were seen and sensor use

was higher in the MDI groups.

When comparing group 1 (CGM + MDI) and group 2 (FGM + MDI) to group 4 (HCL), all
comparisons were favourable to group 4, including time in range 70-180 mg/dl, time in
hypo- and hyperglycaemia ranges and all the glycaemic variability measures (SD, CV and

MAGE). Nevertheless, sensor use was higher in the MDI groups compared to HCL.

The differences in time in range 70-180 mg/dl, time < 70 mg/dl and time > 180 mg/dI

are represented in Figure 1.

A significant but small correlation was found between the length of the use of the
device and the time in range 70-180 mg/dl in the whole cohort (Pearson coefficient r =

0.171, p = 0.003).

Discussion



Different treatment options for T1D people are available. CGM or FGM with MDI,
sensor-augmented pumps with predictive low glucose suspend function and hybrid

closed-loop systems are four widely used choices.

When deciding to use any of these options, many aspects have to be taken into
consideration, including expected improvement in glycaemic control, technology burden
on the patients, patient preferences and cost. Data obtained from real-world populations
offer additional information that could guide clinical decisions, as no data from

randomised control trials comparing all those technology choices are available.

In our study, we evaluated the outcomes in a relatively well-controlled T1D population,
with stable diabetes and good adherence to the sensors and paired by some of the main
demographic characteristics, and the outcomes when using the four different options

were compared.

HCL showed the greatest benefit in time in range 70-180 mg/dl. No differences were
seen between CGM or FGM when used as stand-alone devices in any of the glucose
ranges. Interestingly, HCL were superior to SAP-PLGS in time in hypoglycaemia but not in
time in hyperglycaemia. Inversely, SAP-PLGS were superior to MDI combinations in time in

range 70-180 mg/dl and time in hyperglycaemia, but not in time in hypoglycaemia ranges.

Glycaemic variability measures showed a greater benefit in pump users (group 3 and 4,

HCL and SAP-PLGS) than in MDI users (groups 1 and 2).



According to the international consensus guidelines [15], the HCL group was the only
one reaching the target of > 70% in time in range 70-180 mg/dl. Similarly, the SAP-PLGS
and the HCL groups were the ones that reached the 36% target in CV that is considered

stable diabetes [16].

Sensor use was 88% in patients on HCL and 84% in patients on SAP-PLGS. We could
hypothesise that the advantage of the insulin automation is perceived by the patient and
he/she tends to use the sensor as continuously as possible. Nevertheless, in both cases
the use was > 80%, as generally recommended, and therefore a major independent

impact on glycaemic control should not be expected.

In our patients, we did not find any significant difference in the time spent in
hypoglycaemia ranges between patients using CGM, with low alarms, and patients using
FGM, without low alarms. We could hypothesise that in our general population of T1D
subjects, with no specific issues regarding hypoglycaemia awareness, the information
provided by FGM, including glucose levels and trends, could have been sufficient to
control hypoglycaemia. CGM has shown superiority over FGM without alarms specifically
in subjects with impaired awareness of hypoglycaemia or high hypoglycaemia risk, as
reported by Reddy et al. [17]. Additionally, in a randomised control trial, real-time alerts
have shown superiority over FGM without alerts, regarding hypoglycaemia frequency, in

physically active subjects [18].

The Gold, Diamond and HypoDE studies first showed the benefit provided by CGM +
MDI in a general population of T1D subjects and specifically in subjects with impaired

10



awareness of hypoglycaemia [1-3]. The Impact study also showed the improvement in
glycaemic control provided by FGM in T1D subjects on MDI, data that have been
confirmed in real-world analyses [4,5]. Abraham et al. found higher hypoglycaemia
protection in patients using SAP-PLGS compared to sensor-augmented pump therapy
alone [4]. More recently, the 670G® pivotal study showed a 72.2% of time 70-180 mg/dl in

adolescents and adults [9-10].

Soupal et al. reported longitudinal real-world data comparing the use of CGM + MDI
with CGM as a part of a sensor-augmented pump, concluding that MDI regimens are an
equivalent but a lower-cost alternative to sensor-augmented pumps [12, 13]. However, no

FGM or HCL were included in these analyses.

Recently, a systematic review and network meta-analysis has found a low certainty of
evidence coming from randomised clinical trials regarding time in range achieved with
multiple technologies in T1D [19], and also showed that the efficacy of closed-loop
systems appeared better than all other approaches, including CGM+MDI, FGM+MDI and
low glucose suspend systems. Additionally, Dovc et al. have summarised the current
evidence from randomised controlled trials regarding the outcomes of each diabetes
technology choice. They have showed a 60% average time in range with MDI + CGM, a
slightly superior time in range with SAP-PLGS and a > 70% time in range with closed-loop

systems [20].
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In the future, it will become necessary to evaluate the differences in glycaemic
outcomes when FreeStyle Libre® version 2 is widely available and when more advanced

hybrid closed-loop systems reach the market [21, 22].

The clinical implication of our study is that, in clinical practice, the most complex
diabetes technology options offer the highest time in range 70-180 mg/dl and the highest
hypoglycaemia protection. T1D subjects on MDI, using glucose monitoring, CGM or FGM,
achieve a nearly 60% of time in range 70-180 mg/dl. SAP-PLGS allow a nearly 70% time in
range 70-180 mg/dl, with similar hypoglycaemia frequency. To reach a > 70% of time
70-180 mg/dl and a greater reduction in hypoglycaemia, automation of insulin infusion is
required. When choosing a diabetes technology option, T1D patients and healthcare
professionals have to balance the benefits, in terms of glycaemic control, on one side, and
the burden on the people with T1D and the economic cost imposed on the healthcare

system, on the other side.

Our study has limitations. The main limitation is that, although the subjects were paired
by some relevant demographic characteristics, i.e. age, diabetes duration and sex, several
other variables could affect the outcomes. The groups were not paired according to
baseline glycaemic control, and the group using SAP-PLGS had a lower baseline HbAlc
than the rest of the groups. Also, the length of the use of the device was different
between groups. This difference in the length of use of the device is mainly explained by
the different chronology of the introduction of each diabetes technology option in the

market and its inclusion in the local reimbursement.
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The strengths of our study are a large number of subjects included in each group of
treatment and the representation of the most common treatment strategies in current
clinical practice. To the best of our knowledge, no previous comparisons including patients

using HCL have been reported.

In conclusion, our study shows the different glycaemic control and glycaemic variability
outcomes achieved with four diabetes technology combinations in real-world practice in
T1D people. The most complex diabetes technology options, with the highest automation

of insulin infusion, allow the highest time in range and hypoglycaemia protection.
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Table 1. Comparison between treatment groups.

Group 1 Group 2 Group 3 Group 4
All p value
CGM + MDI FGM + MDI SAP-PLGS HCL
n 302 94 87 78 43
Age (years) 39+12 40+ 12 40+ 13 39+11 38+ 11 0.738
Diabetes duration (years) 21+10 22+10 19+12 22+10 21+9 0.220
Sex (male) n (%) 47 (141) 48 (51) 45 (52) 31 (40) 17 (40) 0.261

CGM: continuous glucose monitoring, FGM: flash glucose monitoring, SAP-PLGS: sensor-augmented pump with
predictive low glucose suspend function. HCL: hybrid closed-loop system, MDI: multiple daily insulin injections.
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Table 2. Glycaemic control and glycaemic variability outcomes in the four different treatment modalities.

pvalue pvalue

Group 1 Group 2 p value Group 3 Group 4 p value
Group Group
cGM+MDI  FGM+MDI  §%UP sap-pLGs HCL Sroup | 1and2 1and2
vs 3 vs4
n 94 87 78 43
Estimated HbA1lc 7.48 £0.97 7.42 £0.91 7.04+0.67 7.0x0.42
(%) (mmol/mol) 0.654 0.700 | <£0.003  <0.001
58 +11 58+ 10 53+8 53+4
Mean glucose (mg/dl) 168 + 28 166 + 26 0.664 155+ 19 154+ 12 0.676 | <0.002 <0.001
Time 70-180 mg/dl (%) 59+15 58+ 14 0.798 67+11 71+10 0.030 <0.001 <0.001
Time < 70 mg/dl (%) 3.6+4.6 44+4.1 0.070 3.3+£3.6 19+1.6 0.013 NS <0.016
Time < 54 mg/dl (%) 09+2.2 0.7+£1.0 0.792 09+1.4 0.5+0.6 0.012 NS <0.048
Time > 180 mg/dl (%) 38+ 16 37+16 0.914 30+13 27 %9 0.161 <0.001 <0.001
Time > 250 mg/dl (%) 13+12 12+10 0.932 76 65 0.450 <0.001 <0.001
SD (mg/dl) 62114 6315 0.720 53+10 51+12 0.299 <0.001 <0.001
CV (%) 376 38+6 0.414 345 336 0.171 <0.003 <0.001
MAGE (mg/dl) 139+ 32 150 + 37 0.061 126 £ 24 123 £ 27 0.217 <0.015 <0.004
Sensor use (%) 957 89+16 0.637 84 +11 88+14 <0.001 | <0.001 <0.003

CGM: continuous glucose monitoring, FGM: flash glucose monitoring, SAP-PLGS: sensor-augmented pump with predictive low glucose
suspend function. HCL: hybrid closed-loop system, MDI: multiple daily insulin injections, SD: standard deviation, CV: coefficient of
variation, MAGE: mean amplitude of glycaemic excursions.
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Figure 1. Time in range 70-180 mg/dl (left), time < 70 mg/dl (middle), time > 180 mg/dl (right) in the four different
therapy modalities. Time in range 70-180 mg/dl: all p < 0.05. Time < 70 mg/dl: all p < 0.05, except CGM + MDI vs
SAP-PLGG (p = 0.909) and FGM + MDI vs SAP-PLGS (p = 0.052). Time > 180 mg/dl: all p < 0.01 except SAP-PLGS vs HCL
(p = 0.161). CGM: continuous glucose monitoring, FGM: flash glucose monitoring, SAP-PLGS: sensor-augmented pump
with predictive low glucose suspend function. HCL: hybrid closed-loop system.
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