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Abstract
Background: This study investigated the characteristics associated with an increased risk of hypoglycemia, in elderly patients
with type | diabetes mellitus (T D) using automated insulin delivery (AID) systems.

Methods: Cross-sectional observational study including patients >60 years, using sensor-augmented insulin pump therapy
with predictive low-glucose management (SAPT-PLGM), hybrid closed-loop (HCL), and advanced hybrid closed-loop (AHCL),
for more than three months. A geriatric assessment was performed, and body composition was determined to investigate
its association with achieving time below range (TBR) <70 mg/dL goals.

Results: The study included 59 patients (47.5% of men, mean age of 67.6 years, glycated hemoglobin [HbAlc] of 7.5 = 0.6%,
time in range (TIR) 77.8 £ 9.9%). Time below range <70 and <54 mg/dL were 2.2 * 2.3% and 0.4 £ 0.81%, respectively.
Patients with elevated TBR <70 mg/dL (>1%) had higher HbAlc levels, lower TIR, elevated time above range (TAR), and
high glycemic variability. Regarding body composition, greater muscle mass, grip strength, and visceral fat were associated
with a lower TBR <70 mg/dL. These factors were independent of the type of technology used, but TIR was higher when
using AHCL systems compared with SAPT-PLGM and HCL systems.

Conclusions: In elderly patients treated with AID systems with good functional status, lower lean mass, lower grip strength,
and lower visceral fat percentage were associated with TBR greater than 1%, regardless of the device used. A similar
finding along was found with CGM indicators such as higher HbAc levels, lower TIR, higher TAR, and higher CV. Geriatric
assessment is crucial for personalizing patient management.
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Introduction

With an aging population and improved metabolic control
due to technological advances, the number of older people
with type 1 diabetes (T1D) is expected to increase in the
coming years. Geriatric assessment of medical and func-
tional domains and screening for geriatric syndromes are part
of the comprehensive care of the elderly patient diagnosed
with T1D, using standardized tools, regardless of the use and
type of technology.! For those with good cognitive and func-
tional status, as well as sufficient life expectancy, tighter
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glycemic control is beneficial.! This group of patients can be
managed with similar therapeutic interventions and treat-
ment goals as the younger population with diabetes.!?
Despite this, the international consensus on time in range
(TIR) recommends different treatment goals for the elderly.
Specifically, it recommends a TIR (70-180 mg/dL) greater
than 50% and a time below range (TBR) (<70 mg/dL) less
than 1%, with treatment goals set to minimize hypoglycemia
regardless of frailty and functional status.?

The American Diabetes Association’s clinical practice
guidelines and European guidelines recognize the usefulness
and benefits of technologies such as automated insulin deliv-
ery (AID) in patients at high risk for hypoglycemia, which
could result in improved glycemic control and reduced hypo-
glycemic events.* An AID system comprises an insulin infu-
sion device, a transmitter, and an algorithm that adjusts
insulin infusion based on CGM data.> Currently, different
generations of AID systems are available such as sensor-aug-
mented insulin pump therapy with predictive low-glucose
management (SAPT-PLGM), hybrid closed-loop (HCL) sys-
tem, and advanced hybrid closed-loop (AHCL) system.
Sensor-augmented insulin pump therapy with predictive
low-glucose management systems incorporate an algorithm
that predicts impending hypoglycemia based on CGM read-
ings and suspends basal insulin before hypoglycemia occurs.
The MiniMed 670G is an HCL system that utilizes an insulin
pump programmed with an algorithm to deliver microboluses
of insulin to meet basal insulin requirements based on glu-
cose levels transmitted from a CGM system.® The MiniMed
780G is an AHCL system that adjusts basal insulin with auto-
correcting boluses every five minutes and offers the option
of setting different glucose targets (100, 110, or 120 mg/dL),
as well as a temporary target of 150 mg/dL.>

Recent studies have evaluated the impact of AID systems
on clinical outcomes in older people with T1D, showing
improvement in HbA 1¢ without an increase in hypoglycemic
events.®!! This benefit is comparable to that seen in younger
patients.®’ However, despite the increasing use of AID sys-
tems in elderly patients, information on the factors associ-
ated with hypoglycemia in AID users aged >60 years
remains limited. Therefore, this study aimed to characterize
the association between various components of a compre-
hensive geriatric assessment and hypoglycemia, defined as
TBR <70 mg/dL greater than 1%, in elderly T1D patients
using AID systems.

Methods

A cross-sectional observational study was conducted to
assess elderly T1D patients managed in the outpatient clinic
of the San Ignacio University Hospital (Bogota, Colombia)
with AID systems SAPT-PLGM (MiniMed 640G, Medtronic,
Northridge, California), HCL (MiniMed 670G, Medtronic,
Northridge), and AHCL (MiniMed 780G, Medtronic) from
February 2021 to February 2023. The study included patients

aged over 60 years who had used the AID system for at least
three months, regardless of their HbAlc levels. Patients with
poor sensor calibration, a history of hospitalizations in the
last three months, and pacemaker users were excluded, as
these devices can interfere with bioimpedance measure-
ments. Since the data collected was part of the patients’ rou-
tine glucose monitoring, informed consent was not required.
This study was approved by the institutional ethics commit-
tee (FM-CIE-1170-23).

Sociodemographic and clinical data, including comorbid-
ities, were collected during an appointment based on ques-
tions and data included in the electronic medical records.
Functionality, frailty, and sarcopenia were assessed, as well
as the presence of cognitive alterations and nutritional status,
using standardized instruments. Bioimpedance was then
measured to determine body composition (percentages of
muscle mass, fat mass, and visceral fat), and grip strength
was tested. Finally, the Medtronic CareLink system
(Medtronic, Minneapolis, Minneapolis, MN) was used to
collect CGM data for the 15 days preceding the appointment,
including TIR, TBR, time above range (TAR), coefficient of
variation (CV), sensor use, time spent in SmartGuard Auto
Mode for HCL/AHCL system users, and the glucose man-
agement indicator (GMI).

Functional status was assessed at the time of study entry
using the Barthel Index'? and the modified Lawton and
Brody scale.!3 Patients with a Barthel Index exceeding 80
and Lawton and Brody scores of eight were considered
autonomous for basic and instrumental activities of daily liv-
ing. Frailty was evaluated using the Fried frailty phenotype,'*
with one or two criteria indicating pre-frailty, and three or
more criteria indicating frailty.'* Sarcopenia was screened
using the questionnaire to diagnose sarcopenia (SARC-F)
scale’ and the six-meter walking speed.'® Cognitive altera-
tions were assessed using the Mini-Mental State
Examination,!” with scores above 30 considered normal.
Nutritional status was evaluated using the Mini-Nutritional
Assessment,'® with scores of 24 or higher indicating a nor-
mal nutritional status. Bioimpedance was measured using an
OMRON HBF-514C device, and the grip strength was
assessed using a CAMRY digital hand dynamometer after
calibration in each appointment. A single measurement was
performed according to the manufacturer’s instructions.

Continuous variables were analyzed using measures of
central tendency and dispersion. For normally distributed
variables, data were expressed as mean and standard devia-
tion. For non-normally distributed variables, data were
expressed as median and interquartile range. The Shapiro-
Wilk test was used to assess normality. Categorical variables
were expressed as absolute values and percentages. An
exploratory analysis was conducted to evaluate the associa-
tion between metabolic control, measured as TIR, and the
various scales of the comprehensive geriatric assessment.
The Student’s t-test, the chi-square test, or the Mann-
Whitney U test was used, depending on the type and
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Table 1. Clinical Characteristics and Metabolic Control According to the Device.

SAPT-PLGM
Total (n =59) AHCL(h=14) HCL (n = 23) P (n=22) P2

Age (y), mean (SD) 67.6 (6.5) 69.4 (8) 66.5 6.1 .23 67.7 (5.7) A79
Sex (male), n (%) 28 (47.5) 7 (50) 9 (39.1) .52 12 (54.5) .79
Duration of diabetes in years, mean (SD) 24.6 (11.6) 242 (1o.8) 239 (re.n .94 25.6 (12.9) 742
Baseline HbAlc, mean (SD) 7.5 0.6) 7.5 0.2) 7.5 0.7) .85 74 0.6) .544
Device use

Sensor use (%), mean (SD) 89 (9.6) 94.4 (3.6) 88.5 (11.7) .02 84.4 (15.1) .056

Time in automatic mode (%), mean (SD)  93.2 (5.8) 99.4 0.9) 89.2 (3.5) .001 NA NA

TDD/kg Ul/kg, mean (SD) 0.6 0.2) 0.6 0.2) 0.6 0.2) .80 0.7 0.2) .128
Compliance with glycemic targets

CV (%) 332 5.7 335 (4.5) 33.6 6.7) .94 327 (5.6) 661

GMI (%) 6.9 0.5 6.6 0.2) 6.9 0.6) .03 7.0 0.4) .002

TIR (70-180 mg/dL) >70%, n (%) 43 (72.9) 14 (100) 15 (65.2) 0l 14 (63.6) .01l

TIR (70-180 mg/dL) >50%, n (%) 58 (98.3) 14 (100) 22 95.7 43 22 (roo) .182

TBR (<70 mg/dL) <5%, n (%) 48 (81.4) 13 (92.9) 18 78.2 .06 20 (90.9) .837

TBR (<70 mg/dL) <%, n (%) 13 (22) 4 (28.6) 4 17.4 44 5 (22.7) 639

GMI <7%, n (%) 42 (71.2) 14 (100) I5 65.2 .0l 13 (59.1) .006

Abbreviations: AHCL, advanced hybrid closed-loop system (MiniMed 780G, Medtronic); HCL, hybrid closed-loop system (MiniMed 670G, Medtronic);
SAPT-PLGM, sensor-augmented insulin pump therapy with predictive low-glucose management (MiniMed 640G, Medtronic); SD, standard deviation;
HbA ¢, glycated hemoglobin; TDD/kg, total daily dose of insulin per kg of body weight; CV, coefficient of variation; GMI, glycated hemoglobin estimated

by continuous glucose monitoring; TIR, percentage of time in range; TBR, percentage of time below range; BMI, body mass index in kg/m? TAR,

percentage of time above range; NA, not available.
*Compared with AHCL.

distribution of each variable. Statistical analysis was per-
formed using Stata 15.

Results

A total of 59 elderly patients aged 60 to 86 years were
included in the analysis. The mean age was 67.6 = 6.5 years,
and 47.5% were men. The mean duration of diabetes was
24.6 = 11.6 years, and the mean HbAlc was 7.5 = 0.6%.
The mean time of AID system use was 6.5 * 2.2 years, with
37.3% using SAPT-PLGM and 62.7% using HCL/AHCL.
Approximately 30% of the population had two or more
microvascular complications. The most prevalent microvas-
cular complications were retinopathy (45.8%) and diabetic
chronic kidney disease (40.7%). Regarding body mass index
(BMI), 5.3% of the population was obese. There were no
recorded cases of severe hypoglycemia during the last year
of use of the technology or significant differences in the dis-
tribution of sociodemographic variables between the differ-
ent AID technologies.

In Table 1, the clinical characteristics and CGM metrics
are shown according to the device. All patients achieved TIR
goals for the elderly, but a higher proportion of patients using
AHCL systems achieved TIR goals for young adults (63.6%
with SAPT-PLGM vs 100% with AHCL, P = .011), along
with a GMI below 7% (59.1% vs 100%, P = .006). In addi-
tion, a greater proportion of AHCL system users achieved
TIR targets for young adults compared with HCL users

(65.2% for HCL systems vs 100% for AHCL systems, P =
.013), whereas there were no differences in TIR and TBR tar-
gets for the elderly. Advanced hybrid closed-loop system
users had a TBR <54 mg/dL of 0%. No differences were
observed in the proportion of patients achieving TBR goals
for young adults and the elderly when comparing the different
AID technologies. On average, the population met the glyce-
mic targets set for young adults without high glycemic vari-
ability; however, AHCL had a higher mean TIR but lower
mean TAR and TBR than other AID systems (Figure 1).

Table 2 summarizes the components of the geriatric
assessment and bioimpedance measurements for the study
population. None of the patients met the criteria for moderate
or severe functional dependence. Most were autonomous
elderly for basic and instrumental activities of daily living
(Barthel >80 in 95% of patients, and Lawton and Brody
score of eight in 84.8%). According to the Fried frailty phe-
notype scale, 50.1% of the patients were pre-frail, and only
three (5.8%) were frail. Analysis of the scores that most
affected this scale revealed that most patients had a low grip
strength for their BMI and low levels of physical activity. In
addition, 5% of patients met the criteria for sarcopenia
(SARC-F). No patient met the criteria for malnutrition or
moderate to severe cognitive impairment.

Table 3 summarizes the characteristics associated with
not achieving TBR targets in the elderly (<1% of the time
with <70 mg/dL). Patients who did not achieve this goal had
lower TIR, higher Hb1Ac levels, and higher TAR >250 mg/
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Figure |. Glycemic targets in elderly TID patients according to the device. The period covered by the glycemic targets report was
generated for 15 days. Time above TAR: percentage of time of the analyzed period when glycemia is >180 mg/dL (>10 mmol/L) and
>250 mg/dL (>13.9 mmol/L); TIR: percentage of the time of the analyzed period when glycemia is within the range 70 to 180 mg/dL
(3.9-10 mmol/L); TBR: percentage of time during the analyzed period when glycemia is <70 mg/dL (<3.9 mmol/L) and <54 mg/dL

(<3 mmollL).

Abbreviations: TAR, target glucose range; TIR, time in range; TBR, time below target glucose range; AHCL, advanced hybrid closed-loop system; HCL,
hybrid closed-loop; SAPT-PLGM, sensor-augmented insulin pump therapy with predictive low-glucose management.

2Compared with AHCL.

Table 2. Baseline Characteristics of the Population in the
Geriatric Assessment and Bioimpedance Analysis.

N =59

Muscle (%), mean (SD) 284 (4.9)
Visceral fat (%), mean (SD) 10.9 (4.4)
Total body fat (%), mean (SD) 31.8(8.3)
Grip strength kg/m? (%), mean (SD) 21.6 (7.6)
Muscle mass (kg), mean (SD) 19.6 (6.8)
Gait speed m/s?, mean (SD) 0.9 (0.2)
SARC-F

No sarcopenia (0-3) 56 (95)

Sarcopenia (4-10) 3 (5
Lawton and Brody n (%)

Mild dependence (6-7) 9 (15.2)

Autonomous (8) 50 (84.8)
Barthel

>80 56 (95)

<80 3 (5)
FRIED

Robust elderly (0) 26 (44.1)

Pre-frail elderly (1-2) 30 (50.1)

Frail elderly (3 or more) 3(5.8)
MNA-SF

Normal (12-14) 49 (83.1)

Risk of malnutrition (8-11) 10 (16.9)

Malnutrition (0-7) 0

(continued)

Table 2. (continued)

N =59
MMSE
Normal (30) 57 (96.6)
Mild deficit (26-24) 2 (3.4)
Cognitive impairment (<24) 0

Abbreviations: SD, standard deviation; SARC-F, questionnaire to diagnose
sarcopenia; FRIED, frailty scale; MNA-SF, Mini-Nutritional Assessment;
MMSE, Mini-Mental State Examination.

dL and CV. Finally, greater grip strength (kg/m?), visceral fat
(%), and muscle mass (kg) were associated with TBR less
than 1%.

Discussion

The use of AID systems increases TIR with a decrease in
time in hypo and hyperglycemia. However, certain clinical
factors in older patients using this technology, including
body composition and CGM measurements such as TIR,
TAR, and CV, were independently associated with changes
in the likelihood of not meeting TBR goals, regardless of the
device used.

The reduction of the risk of hypoglycemia is an important
treatment goal for elderly patients with diabetes. Recurrent
hypoglycemic events in the elderly are associated with
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Table 3. Characteristics Associated With Hypoglycemia Defined by TBR <70 mg/dL.

TBR >1% (n = 46) TBR <1% (n = 13) P
Age (y), mean (SD) 67.4 (6.8) 68.5 (5.2) .60
Sex (male), n (%) 15 (32.6) 7 (49) .06
Duration of diabetes in years, mean (SD) 25.2 (12.1) 22.5 (9.4) A7
Baseline HbAIc, mean (SD) 7.6 (0.5) 7.2 (0.8) .04
Type of pump, n (%)
SAPT-PLGM 17 (77.3) 5(22.7) .06
HCL 19 (82.6) 4(17.4)
AHCL 10 (71.4) 4 (28.6)
History of myocardial infarction, n (%) 8(17.4) 2 (15.8) .29
Microvascular complications, n (%)
Retinopathy 20 (43.5) 7 (53.8) 51
Neuropathy 19 (41.3) 2(15.4) .09
Gastroparesis 2 (4.3) 0 44
BMI, mean (SD) 26.1 (3.2) 28.3 (4.3) .06
Creatinine, median (SD) 1.0 (0.4) 1.1 (0.5) .39
Device use
Sensor use (%), mean (SD) 89.0 (11.9) 86.8 (11.2) .57
Time in automatic mode (%), mean (SD) 92.8 (6) 94.7 (4.4) 44
Metabolic control, mean (SD)
TIR 70-180 mg/dL (%) 75.7 (8.7) 85.4 (10.4) .001
TAR >180 mg/dL (%) 16.2 (6.1) 13.7 (9.4) .25
TAR >250 mg/dL (%) 49 (4.3) 0.9 (1.1) .002
CV (%) 34.7 (4.5) 28.0 (6.7) .001
GMI (%) 6.9 (0.4) 6.7 (0.5) 12
Bioimpedance and functional tests, mean (SD)
Muscle (%) 28.3 (5) 28.6 (4.3) .85
Visceral fat (%) 10.2 (3.8) 13.4 (5.7) .02
Grip strength (kg/m?) 19.9 (6.5) 27.6 (8.4) .001
Muscle mass (kg) 19.2 (4.7) 211 (11.7) .04
Gait speed m/s? 0.9 (0.2) 0.8 (0.2) .92
SARC-F 1.2 (1.2) 1.2 (1) .96
Lawton and Brody, n (%) 32 (69.6) 10 (76.9) .55
Barthel 95.5(7.9) 95.8 (6.4) 93
FRIED 1.3 (1.3) 1.3 (0.8) .95
MNA-SF 28.8 (1.2) 29.2 (0.2) 93
MMSE 28.8 (1.2) 29.2 (0.9) 24

Abbreviations: TBR, percentage of time below range; SD, standard deviation; HbA I c: glycated hemoglobin; SAPT-PLGM, sensor-augmented insulin
pump therapy with predictive low-glucose management; HCL, hybrid closed-loop; AHCL, advanced hybrid closed-loop; BMI, body mass index in kg/m?
TIR, percentage of time in range; TAR, percentage of time above range; CV, coefficient of variation; GMI, glycated hemoglobin estimated by continuous
glucose monitoring; SARC-F, questionnaire to diagnose sarcopenia; FRIED, frailty scale; MNA-SF, Mini-Nutritional Assessment; MMSE, Mini-Mental State

Examination.

significant morbidity, physical and cognitive dysfunction,
increased hospitalizations, accelerated health decline, and
increased risk of frailty, disability, and adverse clinical out-
comes."!® In this study, an increase of more than 1% in the
percentage of TBR <70 mg/dL was associated with low grip
strength, low muscle mass, and low visceral fat percentage.
This evidence supports a bidirectional relationship between
hypoglycemia and frailty, suggesting that less restrictive gly-
cemic targets may be appropriate for frail elderly patients."
Consensus guidelines have prioritized hypoglycemia reduc-
tion in this population, advocating less stringent TIR goals in

the elderly to minimize time spent in hypoglycemia.?’?!

However, these recommendations do not take into account
the patient’s functional status or the presence of frailty.

In this study, the population with TBR>1% was associ-
ated with lower TIR with greater exposure to hyperglycemia
and higher %CV compared with the group with TBR <1%.
McAuley et al'® reported in a controlled clinical trial of
patients with T1D over the age of 60 years that the SAPT-
treated group had a similar pattern of CGM metrics associ-
ated with higher TBR compared with the HCL-treated group.
These findings may be related to the fact that the longer the
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time in hypoglycemia, the greater the need for corrective
action, which favors an increase in exposure to hyperglyce-
mia and an increase in %CV. Therefore, the use of newer
technologies such as closed-loop systems could be consid-
ered to prevent hypoglycemia and promote glycemic control
in functional older adult patients with T1D.

Several reviews and descriptive studies suggest that
stricter glycemic targets can be achieved in elderly T1D
patients with good functional status without significantly
increasing hypoglycemia rates or related adverse events.” %22
In this study, 22% of patients achieved TBR <70 mg/dL
goals for the elderly (<1%), whereas 81.4% of patients
attained TBR <5%. In addition, 98% of patients met treat-
ment goals for the elderly defined by TIR >50%, and 73%
achieved goals defined by TIR >70%, without an increase in
TBR. All patients within the cohort met the hyperglycemia
goals for the elderly (TAR <60%) and young adults (TAR
<<30%). These observations suggest that the international
consensus TIR goals for the younger population may also
apply to elderly patients with good performance in the func-
tionality scales, with no frailty, malnutrition, or sarcopenia.

When SAPT-PLGM was compared with the AHCL sys-
tem in this study, statistically superior TIR, TAR, and TBR
values were observed in users of the AHCL system. In addi-
tion, 100% of AHCL system users achieved a TIR >70%
with a TBR (<54 mg/dL) of 0%. A real-world study of Latin
American AHCL system users reported favorable glycemic
control among patients aged over 56 years, with mean TIR
(70-180 mg/dL), TAR (180-250 mg/dL), TAR (>250 mg/
dL), TBR (54-70 mg/dL), and TBR (<54 mg/dL) of 79.1%,
19.1%, 3.2%, 1.9%, and 0.3%, respectively.”®> Real-world
data from another study involving 649 HCL system users
aged over 60 years demonstrated improvements in CGM
comparable to those of the younger cohort following the ini-
tiation of the automatic mode.?* Data from a cohort of
patients over 60 years in Colombia revealed CGM measure-
ments comparable to those of young adults.? Similar results
have been reported in controlled clinical trials,'” which have
demonstrated the effectiveness of AID systems in improving
glycemic control, particularly by preventing hypoglycemic
events, especially at night.?®

Despite the assumption that the use of technology by
elderly patients may be hindered by cognitive function or
manual dexterity, findings suggest that metabolic control can
improve in this population with AID systems, as observed in
younger people. This implies that these devices offer an
alternative management option for elderly T1D patients.®1%?
Furthermore, the study population demonstrated adherence
to the technology, with a mean sensor use exceeding 80%.

Most studies on the elderly have not included the use of
technologies based on AID systems in their analyses, nor a
comprehensive geriatric assessment that evaluates medical,
functional, economic, psychosocial, cognitive, and environ-
mental conditions. This comprehensive evaluation facilitates
the personalized selection of glycemic control goals and

constitutes an important tool to define the benefit of using
available technology for diabetes control.?® Therefore, it is
crucial to assess knowledge and self-management skills in
the elderly using different scales to define glycemic control
goals and the most appropriate treatment.

In this study, the analysis of elderly AID users included
both comprehensive geriatric assessments and metabolic
control. It suggests that AID systems can help elderly T1D
patients achieve stricter metabolic control goals, defined by
TIR, without increasing clinically significant hypoglycemia.
However, the study has limitations: the lack of a matched
control group of younger adults reduces the power of the
study conclusions. Future research is needed to compare the
impact of geriatric and CGM variables in the hypoglycemia
frequency in both groups of age. Also, the population
included was not fully representative of the general elderly
population as less than 5% of participants had malnutrition,
sarcopenia, cognitive impairment, frailty, or functional
dependency, which can be different to data observed in other
elderly populations. However, one of the main indications
for the use of the AID system is to be functional, which is
part of real-life practice. In addition, we had a small number
of patients with TBR <1% to compare with patients with
TBR >1%. Such an unbalanced distribution may reduce the
chance to discriminate which variables influence the %TBR
level. Therefore, we used a descriptive approach. Future
multicentric studies with larger sample sizes are needed to
analyze factors causally associated with hypoglycemia in
this population. In addition, a prospective study in older
adult patients with T1D is currently being conducted at our
institution.

Conclusions

In elderly patients with T1D, reducing hypoglycemia risk is
a crucial treatment goal. In elderly patients treated with AID
systems, who demonstrate good functional status, body com-
position factors such as lower lean mass, lower grip strength,
and lower visceral fat percentage, along with CGM indica-
tors such as higher HbAlc levels, lower TIR, higher TAR,
and higher CV, were associated with TBR greater than 1%,
regardless of the device used. A comprehensive geriatric
assessment is key to personalizing patient management goals
and identifying the population that can benefit from this
technology.

Abbreviations

ADA, American Diabetes Association; AHCL, advanced hybrid
closed-loop; AID, automated insulin delivery; BMI, body mass
index; CGM, continuous glucose monitoring; CV, coefficient of
variation; DM, diabetes mellitus; HbAlc, glycated hemoglobin;
HCL, hybrid closed-loop; SAPT-PLGM, sensor-augmented insulin
pump therapy with predictive low-glucose management; T1D, type
1 diabetes mellitus; TAR, time above range; TBR, time below
range; TIR, time in range.
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