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Abstract

Aims: Management of insulin therapy in elderly individuals with type 2 diabetes
(T2D) residing in nursing homes is often challenging due to comorbidities, cognitive
impairment and limited access to specialist care. Continuous glucose monitoring
(CGM) and telemedicine may help optimise glycaemic control in this vulnerable
population.

Materials and Methods: In order to assess the efficacy and safety of a CGM and
telemedicine-based management of insulin therapy in nursing home residents with
T2D, a 12-week, randomised, controlled and open-label trial has been designed.
Eighty-five patients on stable basal-bolus insulin therapy were assigned to either
telemedicine-assisted insulin titration based on CGM data (intervention group) or
standard care with capillary blood glucose monitoring (control group). The primary
endpoint was the change in time in range (TIR, 70-180 mg/dL), with secondary out-
comes including time below range (TBR), time above range (TAR), haemoglobin Alc
(HbA1c), insulin dose and safety endpoints.

Results: TIR increased significantly in the intervention, but not in the control group,
with a significant difference between study groups (p = 0.010). TBR showed a reduc-
tion in the intervention arm and an increase in the control arm with a significant dif-
ference between groups (p = 0.007). HbA1c and mean insulin daily units significantly
also decreased in the intervention group, with significant differences between groups
(p = 0.028 and p = 0.002, respectively). No safety issues potentially related to the
intervention were identified during the study.

Conclusion: In conclusion, remote insulin dose adjustment based on interstitial glu-
cose monitoring ameliorates glucose control in nursing home residents with T2D on

basal-bolus insulin therapy.
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1 | INTRODUCTION

Despite the availability of many alternative therapeutic options, a rele-
vant fraction of older people with type 2 diabetes (T2D) needs a
basal-bolus insulin treatment.! The management of multiple daily
injections of insulin is challenging and it includes relatively frequent
insulin dose titration.? Nursing home residents represent a population
at risk for mismanagement because of multiple comorbidities (includ-
ing cognitive dysfunction, functional disability and irregular nutritional
intake) and greater difficulty in accessing office visits and specialist
care.®

The availability of simple and inexpensive devices for continuous
monitoring of interstitial glucose (continuous glucose monitoring
[CGM]) is modifying the usual management of insulin-treated diabe-
tes. Such systems allow for greater accuracy in the adjustment of
insulin doses, leading to an improvement of glycaemic control and
reducing both hyper- and hypoglycaemia. These effects have been
widely demonstrated in people with type 1 diabetes*: however, a
growing body of evidence suggests possible clinical advantages for
CGM also in some categories of patients with T2D.> CGM systems
usually allow for the upload of glucose data on remote servers, which
can be used for transmission to health professionals, offering the
opportunity of developing telemedicine systems. Such communica-
tion, if associated with a remote adjustment of insulin doses based on
automatically transmitted sensor data, when applied to nursing home
residents, could overcome the obstacles to access specialist office
visits.

The present study is aimed at the assessment of the efficacy and
safety of telemedicine-based management of basal-bolus insulin ther-
apy in nursing home residents, using the possibilities offered by a
CGM system.

2 | MATERIALS AND METHODS
This trial used a randomised, controlled, open-label design, with a
12-week study period.

The trial is reported following CONSORT guideline? (Figure S1).

Adults with T2D were eligible if they were older than 65 years,
resident in nursing homes (National Health System-affiliated long-
term care facilities, listed in Figure S2), and treated with a basal-bolus
insulin regimen for at least 3 months. The protocol was approved by
the local Ethical Board Committee (19587-PF) and was never
amended. Informed consent was obtained from participants prior to
enrolment. Consents from participants with cognitive impairment
were collected from a surrogate decision-maker.

Investigators randomised participants 1:1 to intervention or con-

trol arms, using a computer-based randomisation sequence. Patients

in the intervention group performed CGM monitoring (Freestyle
Libre®©, Abbott) during the entire study period; adjustment of insulin
doses was performed remotely by a specialist (ID, CDP), using infor-
mation from CGM profiles on a weekly basis.

For CGM data transmission, the LibreView®© Digital Software
application was installed at each nursing home. No pre-defined algo-
rithm was used for insulin dose titration, leaving clinical decisions to
the responsibility and judgment of each investigator.

Patients assigned to the control arm (Standard of Care [SoC]) per-
formed their usual capillary blood glucose monitoring; insulin doses
were adjusted, if needed, by their healthcare providers (i.e., general
practitioners in charge), as for SoC. The physicians responsible for dia-
betes care in these patients were their general practitioners, who had
free access to remote consultancies with diabetes specialists and the
possibility to prescribe specialist diabetes visits free of charge for their
patients whenever deemed necessary. Patients in the control arm
wore a blinded CGM device (Freestyle Libre Pro©, Abbott) for
14 days at the beginning of the study and at Week 10; data from
those sensors, which were not available to patients or to their health-
care providers, were downloaded by the investigators only at the end
of the study.

Patients, nurses and investigators were all aware of treatment
arm assignment, since blinding was not possible.

The research team performed a 2-h educational meeting for the
nursing staff at the long-term care facilities involved. The nursing staff
was instructed to report hypo- or hyperglycaemic events requiring the
intervention of the medical staff.

This trial was not registered in any public domain because of a
material error of one of the investigators. The protocol has been sub-
mitted and deposited in the database of the Florence Ethical Board
since 27th October 2021, and it is available as Supporting
Information S1.

The primary endpoint of this trial was the change from baseline
to end of study in the percent time in range (TIR) between 70 and
180 mg/dL in 2 weeks, measured with CGM. Such outcome was cho-
sen as it is a common CGM parameter used for the definition of good
glycaemic control.” Change from baseline in 2-week TIR was com-
pared between study arms. Data from CGM were considered valid if a
minimum of 80% of glucose readings was available. FreeStyle Libre
(and LibrePro, which is the same device in a blinded fashion) has a
mean absolute relative difference [MARD] relative to self-monitoring
of blood glucose of 12.3% and 12.7%, respectively.®?

Secondary outcomes included the differences in the time spent
above range (TAR) and below range (TBR), mean glucose levels (from
CGM readings), glucose coefficient of variation (CV) and haemoglobin
Alc (HbAlc). HbAlc was measured (with the Menarini high-
performance Liquid Chromatography Analyser) at the beginning and
at the end of the study. In addition, the number of hypoglycaemic
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events was assessed (as reported by nurses of the nursing homes).
The investigators decided to avoid the usual distinction of severe and
non-severe hypoglycaemia since the definition of severe hypoglycae-
mia (i.e., need of help from third parties) applies to a large majority of
hypoglycaemic episodes in elderly people with multiple comorbidities
and/or cognitive dysfunction, as many of the nursing home residents.

Baseline and clinical characteristics of enrolled individuals are pre-
sented as mean (standard deviation [SD]) or median (interquartile
range) for continuous variables and count (percentage) for discrete
variables and compared using Student unpaired t and Mann-Whitney
tests, whenever appropriate, for continuous variables, and chi square
tests for discrete variables. Non-parametric Wilcoxon and Mann-
Whitney tests were applied to compare glycaemic and CGM-related
endpoints in each study group and between the two study groups,
respectively. A p value of less than 0.05 was considered significant for
primary endpoint; applying Bonferroni correction for multiple compar-
isons for the reduction of type | errors, a p value <0.008 was consid-
ered statistically significant for secondary endpoints. All statistical
analyses were performed using SPSS 29.0.

Sample size was calculated to be 84, to provide a power of at
least 80% to detect a difference in mean TIR level between treatment
groups, assuming a SD of 16.1,° a two-sided a level of 0.05, a 6%
dropout rate and a change of 5% in TIR as clinically significant. Partici-
pant data were analysed according to their randomisation assignment
(i.e., by intention to treat).

3 | RESULTS

Eighty-five patients from 16 nursing homes in Italy (Table S1 and
Figure S2) were enrolled and randomised between January 2022
and September 2024. One of the subjects who had been randomised

Control Group (n =42)

27.4% 26.8% 29.0%
[18.0-30.0] [16.8-32.0] [6.0-48.2]
69.6% 68.8% 66.9%
[64.0—78.0] [61.5—77.8] [50.0—82.0]

_2.0% e 4.2% --4.2%
[0.7—4.0) [0.0-9.0) [0.0-7.0] ~

Baseline At week 12 Baseline

B TBR (<70 mg/dLl) MTIR  TAR (>180 mg/dL)

to the intervention group died 54 days after enrolment, because of
sudden cardiac arrest (unrelated to study treatment); this patient was
excluded from the efficacy analysis, which was therefore performed
on 84 patients, 42 in the intervention and 42 in the control arm. No
other patient was lost at follow-up, and CGM data were complete for
all enrolled participants. The trial was concluded when the pre-defined
sample size was reached. The study flow diagram is reported in
Figure S3. No significant differences between groups were observed
in the baseline characteristics, including age, sex, HbA1lc, number of

drugs prescribed for other concomitant diseases.

3.1 | Principal endpoint

Available sensor data were above the pre-defined 80% threshold in
both observation periods (beginning and end of study) in all patients
enrolled, who could therefore be included in the analysis. TIR (% TIR)
increased significantly in the intervention, but not in the control group
(Figure 1). The difference between pre-trial and the last 2 weeks of
study was +10.3 [0; +16] and —0.8 [-8; +12] % in the intervention
and control group, respectively (p = 0.010) (Table 1).

These results are summarised in Figure 1.

3.2 | Secondary efficacy endpoints

A significant reduction of TAR was observed in the intervention
group, without significant differences between treatment arms. Con-
versely, TBR showed a reduction in the intervention arm (=3.1 [-6; O]
%) and an increase in the control arm (+1.5 [—1; +6%]), with a signifi-
cant (p = 0.007) difference between groups (Figure 1). No significant
effect of treatment was detected on mean glucose and glucose

Intervention Group (n = 42)

21.8%
[9.7-42.0]

77.2%
[69.0-89.2]

1.0%

[0.0-2.2] FIGURE 1 Continuous glucose

monitoring data by study group. TAR,
time above range; TBR, time below
range; TIR, time in range.

At week 12
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Continuous glucose monitoring data, glucose control and mean daily insulin doses by study group.

TABLE 1

Intervention (n = 42)

Control (n = 42)

p between groups

0.010*
0.513

Post

Pre

Post

Pre

<0.001*

0-16.0]

<0.012*

—10--1.1]
—6.0-0.0]

0.007*
0.694

<0.001*

0.883

0.858

0.108
<0.001*

—17-7.0]
—21--5.0]
—9.2-2.0]

0.028*
0.002*

0.002*

10.3
-7.3
-3.1

69.0-89.2]
9.7-42.0]
0.0-2.2]

-9.0
-3.0

44.2-55.5]
23.7-50.0]

77.2

50.0-82.0]
6.0-48.2]
0.0-7.0]

218

1.0

50.7

49.7-56.0]
23.7-50.0]

35.2

0.845 66.9

—8.0-12.0]

29.0

0.357

42

0.033*
0.763

1.0-6.1]
—3.6-3.9]

29.8

59.6

0.148
0.881

—13.0-0.0]
0.0-0.0]

39.2

-0.8

61.5-77.8]

+1.5

0.0-9.0]

-0.3

27.3-34.6]

47-56]
18.0-34]

-0.0

68.8

64.0-78.0]

4.2
31.7

0.7-4.0]

27.8-36.0]

53.0

52.0-61.0]
18.0-32.5]

27.1

69.6

TIR (%)
TAR (%)

27.4

2.7
321

TBR (%)
CV (%)

158
55.7

Mean glucose (mg/dL)
HbA1c (mmol/mol)

271

Mean daily insulin units (IU/day)

Note: Data are expressed as median [quartile].

Abbreviations: CV, coefficient of variation; HbA1c, haemoglobin Alc; TAR, time above range (>180 mg/dL); TBR, time below range (<70 mg/dL); TIR, time in range (70-180 mg/dL).

*Statistically significant (for thresholds of signficance, see Methods).

CV. HbA1c showed a significant reduction in the intervention group
(=9 [-21; —5] mmol/mol), but not in the control group (-2.7 [-13; 0]
mmol/mol), with a non-significant (p = 0.028) between-group differ-
ence. The intervention was also associated with a reduction of insulin
doses (—3 [-9.2; —2] IU/day vs. control; p = 0.002) (Table 1). These

results are summarised in Figure 1.

3.3 | Safety endpoints

Only one serious adverse event was reported. This was a fatal event
of myocardial infarction, in one 86-years old participant with a history
of prior myocardial infarction and coronary angioplasty, in the inter-
vention group, that was considered unrelated to treatment allocation
by the investigators; in the 2 h prior to the onset of symptoms,
recorded glucose levels were in the 112-147 mg/dL range, excluding
that the event could be related to glucose excursions. Two mild
adverse events (both mild local inflammatory reactions at the site of
sensor, one in the intervention and one in the control arm, which did
not require the interruption of glucose monitoring) were also
reported. In both cases, the sensor was removed and a new sensor
was applied in a different site; no specific treatment was applied for
the inflammatory reaction, which resolved spontaneously within
5 days. The intervention was associated with a reduction in the num-
ber of hypoglycaemic episodes, which was not observed in the control
group; the difference between the pre-trial and the last 2 weeks of
the study was —1 [—4; O] and O [0; +3] episodes in the intervention
and control group, respectively (p =0.082 for between-group

comparison).

4 | DISCUSSION

This randomised clinical trial showed for the first time the efficacy
and safety of a telemedicine-based management of basal-bolus insulin
therapy in nursing home residents affected by T2D. Remote manage-
ment of insulin treatment was associated with a clinically relevant
improvement of glycaemic control as compared to SoC.

Most current guidelines recommend higher targets for glucose
and HbA1l1c in older, fragile patients, particularly when insulin-
treated.’®"12 In fact, the advantages of accurate glycaemic control in
the prevention of complications are relatively smaller in subjects with
a shorter life expectancy, whereas risks related to hypoglycaemia can
be more relevant. Although non-insulin drugs which are not associ-
ated with hypoglycaemia could be much easier to manage in elderly

1314 insulin treatment is often required to achieve sufficient

patients,
glucose control in older patients with a long duration of diabetes,’
because of a progressive, age-related decline in insulin secretion
and/or because of concomitant contraindications to non-insulin
medications.*®

Most patients enrolled in this trial showed acceptable levels of
HbA1c and TIR. Despite this fact, the intervention determined a fur-

ther improvement of those parameters. In addition, a relevant
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reduction of TBR and of the number of hypoglycaemic episodes was
observed. In fact, prior to the intervention, many patients experienced
repeated episodes of glucose below range, not always clinically
detected as hypoglycaemia. Symptoms of hypoglycaemia can be
blunted in patients with advanced age and/or long duration of
diabetes,'® and cognitively impaired individuals can be incapable
of communicating symptoms of hypoglycaemia. It can also be specu-
lated that in some of the patients enrolled, daily insulin needs were
reduced after admission to nursing homes because of changes in
nutritional habits or comorbidities (e.g., because of weight loss related
to cognitive decline), and that insulin doses had not been adjusted
accordingly, leading to an increased risk of hypoglycaemia. The inter-
vention appeared to be effective in correcting overtreatment with
insulin, as suggested by the observed reduction of daily insulin doses;
however, this result needs cautious interpretation, as the control
group showed, by chance, a lower mean baseline insulin dose, gener-
ating the possibility that the reduction in the intervention group is an
effect of regression to the mean. The reduction of time in hypoglycae-
mia is potentially very relevant, considering that low glucose is associ-
ated with falls}” and fractures.'® However, the present study was not
appropriately sized for the assessment of such endpoints.

The role of specialists in the management of T2D is variable
across countries and healthcare systems. In Italy, general practitioners
are in charge of the management of T2D, but they periodically refer
patients on basal-bolus insulin therapy to specialist consultants for
supervision and educational reinforcement. Patients with comorbid-
ities that hamper access to outpatient clinics have a lower probability
of being visited by specialists; this is the case of many nursing home
residents. Telemedicine offers an option for reaching those individuals
with specialist care. In fact, although telemedicine can be a useful sup-
port for the management of wider populations of subjects with T2D?
its relevance could be even greater in sub-populations with greater
obstacles to access specialist care.

The use of glucose sensors relieves personnel of the nursing
home from the need of frequent measurements of capillary blood glu-
cose, providing physicians with a relevant amount of data for an accu-
rate adjustment of insulin doses. The greater availability of monitoring
data could have been a key factor for the improvement of insulin dose
adjustment and therefore of glucose control in the treatment arm. A
recent trial failed to detect improvements of glucose control with
CGM in hospitalised elderly patients,?® in apparent contrast with pre-
sent data; however, in that study patients in the control arm received
an accurate monitoring of blood glucose, as established by the proto-
col, and insulin doses were adjusted by the same physicians, using the
same algorithms, in both treatment arms.

The use of CGM can improve glucose control, allowing for a
timely recognition of hypoglycaemia and a prompt correction of
hyperglycaemia.® The design of the present trial does not allow a dis-
crimination between the benefits of CGM per se and those of tele-
medicine. However, prior trials performed on patients with T2D in
long-term care facilities showed that remote adjustment of medica-
tion by specialists improves glucose control,2* whereas the use of

CGM per se, when compared with traditional capillary blood glucose

monitoring, does not modify glycaemic outcomes when insulin is
adjusted by the same physicians.2® The role of telemedicine, facilitat-
ing access to specialists, seems therefore to prevail over the potential
benefits on glucose control of CGM per se. In fact, although patients
in the control group also had access to specialist care, free of charge,
if deemed necessary by their physicians, it is likely that most of them
did not exploit this possibility. Another point possibly affecting the
interpretation of results is that the sensor used in the study, that is, a
flash glucose monitoring device without alarms for hypo- or hypergly-
caemia, is different from most of the presently available devices,
which include alarms. It is possible that benefits would have been
even greater with alarmed devices, but this hypothesis needs to be
specifically investigated. Another limitation of the present study was
that insulin dose adjustments in the treatment arm were remotely per-
formed by specialists; it is conceivable that in other contexts, non-
specialists (i.e., general practitioners) would be in charge of such tasks.
In addition, participating nursing homes were not representative of
the whole area. However, the inclusion of several nursing homes in
different parts of the region increases the potential applicability of
results.

The main limitation of the study is the lack of a timely registration
in a public repository, which allows for selective publication, introduc-
ing a bias. This limit, which was unintentional and determined by a
material error of one of the investigators, represents a major issue,
since the lack of publicity of ongoing trials allows for selective publica-
tion. In addition, despite randomisation, baseline insulin doses in the
intervention arm were quantitatively higher than in the control arm,
allowing more room for treatment optimisation.

Apart from costs for the acquisition of sensors, the resources
needed for the investigational approach are limited. The workload for
personnel of the nursing homes is not greater, and it may actually be
smaller than that required for traditional capillary blood glucose mea-
surements; the time required for physicians for adjustment of insulin
doses is minimal. This approach seems therefore feasible and poten-
tially cost-effective. However, specific economic evaluations should be
performed in different healthcare systems. In fact, the cost of devices is
heterogeneous across different countries and healthcare providers, and
personnel costs are also variable. A cost-effectiveness assessment,
which goes beyond the aims of the present study, should also include
potential savings determined by the improvement of glucose control.

In conclusion, remote insulin dose adjustment based on interstitial
glucose monitoring ameliorates glucose control in nursing home resi-
dents with T2D on basal-bolus insulin therapy. Further, larger scale
trials are needed to assess the potential benefits of this approach on

other outcomes, such as falls.
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