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ABSTRACT

Introduction: Telemonitoring in type 2 dia-
betes (T2D) is mainly based on glucose moni-
toring. A new type of connected device which
routinely gathers data on weight, physical
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activity and food intake could improve patients’
diabetes control. The main aim of this study was
to assess the efficacy of an at-home interven-
tional programme incorporating such devices
and lifestyle education software on diabetes
control, i.e.,, change in HbAlc, compared to
standard care.
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Methods: This multicentre study randomly
assigned 282 people with T2D to either a tele-
monitoring group (TMG) or a control group
(CG) for a 1l-year intervention period. While
routine follow-up was maintained in the CG,
TMG subjects were provided with interactive
lifestyle educational software (with artificial
intelligence algorithms) and connected objects
(blood glucose meters, scales and actimeters) for
use in their own homes and were remotely
monitored by their diabetologists. Changes in
HbA;. were compared between groups using a
mixed linear model.

Results: The mean HbA,. dropped from

7.8 +£0.8% (62mmol/mol) to 7.4+ 1.0%
(57 mmol/mol) in the TMG and from
7.8 +£0.8% (62mmol/mol) to 7.6+ 1.0%

(60 mmol/mol) in the CG, resulting in an
intergroup difference of — 0.16 (p = 0.06) in
favour of TMG, after adjustment for confound-
ing factors. Within TMG, the decrease in HbA;
was greater in frequent wusers: — 0.23%
(p =0.03) in the case of connections to tele-
monitoring synthesis above the median and —
0.21% (p = 0.05) in the case of connections to
tele-education software above the median
compared to the CG. Significant weight loss was
observed in the TMG but only in women
(p =0.01).

Findings: The EDUC@DOM telemonitoring
and tele-education device did not highlight a
significant decrease in HbAlc levels compared
to routine management although a slight, albeit
significant improvement in glycaemic control
was observed in the frequent user subgroup as
well as significant weight loss but only in
women. A high level of satisfaction with the
connected device was recorded amongst all
participants.

Trial Registration: This trial was registered in
the Clinical Trials Database on September 27,
2013, under no. NCT01955031 and bears ID-
RCB number 2013-A00391-44.

Keywords: Type 2 diabetes; Lifestyle
management; Glucose control;
Telemonitoring; Tele-education; Health-related
objects

Key Summary Points

This work is one of the first to use a
telemonitoring device which routinely
gathers data on weight, physical activity
and diet in addition to glycaemia control
in order to improve the monitoring of
type 2 diabetes patients

The device used is connected to interactive
lifestyle educational software based on
artificial intelligence algorithms

The telemonitoring and tele-education
device failed to show a significant fall in
HbAlc levels in individuals with type 2
diabetes (p = 0.06) despite a slight, albeit
significant improvement in the frequent
user subgroup. A high level of satisfaction
was recorded among all participants

Significant weight loss was observed in the
telemonitoring group but only in women

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14732148.

INTRODUCTION

According to current guidelines, first-line
intervention in individuals living with type 2
diabetes (T2D) is based on lifestyle changes
aimed at a balanced diet and frequent physical
activity in order to achieve better glycaemic
control and, if necessary, weight reduction [1].
Such lifestyle modifications need to be sus-
tained with a long-term perspective, regardless
of the combined pharmacological treatment
regimens. Although many studies have
demonstrated the ability of lifestyle interven-
tions to improve glycaemic control in T2D, this
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beneficial metabolic effect is difficult to sustain
long term [2-4]. Technological innovations,
including the use of health-related objects,
currently make it possible to remotely monitor
individuals with diabetes in their own homes.
Close intervention in their daily lives is thus
feasible, both as a support towards improving
lifestyle and adapting treatment [5-20].

This randomised study was based on the
hypothesis that tele-education and telemoni-
toring improve lifestyle and quality of gly-
caemic control in patients with T2D while
rationalising the need for face-to-face consulta-
tions. The long-term goal is to reduce the inci-
dence of diabetic complications and costs. We
designed and developed Nutri-Educ, a new at-
home education software, in order to support
changes in lifestyle. Nutri-Educ is the only
software including artificial intelligence algo-
rithms, which allow it to deliver personalised
advice to correct errors in meal composition.
This software has been combined with the use
of connected objects to offer an integrated
telemonitoring programme [21]. Changes in
HbA;., weight and waist circumference have
been reviewed over a 1l-year period in T2D
subjects equipped with this innovative tele-
monitoring programme compared to standard
care. The main aim of this study was to assess
the efficacy of the telemonitoring programme
in improving glycaemic control, i.e., decreasing
HbA;. levels compared to standard care,

METHOD

Trial Design

This open-label, randomised, controlled trial
with two parallel arms, telemonitoring group
(TMG) and control group (CG), involved 16
investigation sites: 5 university teaching hospi-
tals, 1 non-teaching hospital centre, a diabetes
care network linking 8 public and private health
establishments and 2 private practice
physicians.

Participants

The subjects enrolled in the study were aged
18 years or above, had a documented medical
history of T2D, with or without insulin treat-
ment, and with a recent HbA;. value > 6.5%
(48 mmol/mol) and < 10% (86 mmol/mol).
They had to have an active internet connection
at home. People with severe or active comor-
bidities, reduced mobility, serious eating disor-
ders or who had undergone bariatric surgery
were excluded [21].

Interventions

The home telemonitoring device combined
biomedical data  sensors (scale  with
impedancemetry, actimeter and blood glucose
meter) with educational software [22, 23]
available on tablets. Three tele-educational
software programmes were given to participants
in the TMG: Nutri-Kiosk—a set of self-learning
quizzes for formative assessment based on
nutritional knowledge; Acti-Kiosk—support in
starting physical activity (assessment, informa-
tion and videos); Nutri-Educ—a personalised
nutritional educational software application
that meets international clinical recommenda-
tions [24]. It was developed using artificial
intelligence algorithms and has already
demonstrated its beneficial impact in obesity
and T2D patients [25-27]. Nutri-Educ was
designed to help patients in the TMG group to
improve their nutritional balance. The patients
had to enter meal composition details into the
software, which subsequently analysed the
meals and proposed corrections taking into
account the patients’ individual profiles, dietary
habits and tastes. A more detailed description of
the device has already been published [21].
The monitoring interface linking TMG par-
ticipants with investigators was designed as a
secure web platform receiving all data from
connected objects. TMG subjects sent these data
to the platform on a weekly basis and had free
access to this information and to their moni-
toring summary. The frequency of data consul-
tation by investigators was left to their
discretion. However, according to the protocol,
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they were sent an email every month to
encourage them to carry out the telemonitor-
ing. A summary of all data recorded over the last
30 days was available for rapid interpretation of
results in order to facilitate follow-up and the
telemonitoring process. A break-down of the
monthly changes also provided an overview of
the progress in the monitored parameters.
Modifiable alerts notified investigating physi-
cians about certain events including hypogly-
caemia, hyperglycaemic tendencies and
significant weight gain or loss. Investigators had
access to patient records to personalise the fol-
low-up by modulating blood glucose, body
weight and physical activity targets to be
achieved over time as well as alert levels
according to each participant’s profile. A
secured messaging system allowed repeated and
interactive discussions with telemonitored
individuals to advise, encourage and coach
them. Investigating physicians were required to
provide a report on telemonitoring and the
actions implemented in order to validate the
telemonitoring process and ensure traceability
of the action taken. General practitioners were
given regular telemonitoring progress reports.
Telemonitoring follow-up for the TMG was
planned over a 12-month period, with no face-
to-face consultation scheduled in advance. Fol-
low-up in the CG included face-to-face consul-
tations in accordance with standard practices.

Outcomes

The primary endpoint was the intergroup
change in glycated haemoglobin levels (HbA;.)
over the 12-month intervention period. Chan-
ges in other clinical parameters (body weight,
BMI and waist circumference) were also con-
sidered and compared between groups in the
overall population and then taking gender into
account. Compliance with the device, including
frequency of use and its impact, was assessed.
Finally, the satisfaction of individuals with
diabetes and caregivers was also recorded using

an ad hoc questionnaire dedicated to the device
in question.

Randomisation

The individuals with T2D enrolled in the trial
were randomly assigned to two groups (tele-
monitoring group [TMG] or control group [CG])
balanced by random block sizes and stratified by
HbA,. level at inclusion [threshold: 7.5%
(58 mmol/mol)], which was a priori expected to
be the most relevant factor associated with
changes in HbAlc levels during intervention.

Sample Size

The sample size was initially determined to
detect a 0.5 mmol/mol difference in the pri-
mary efficacy endpoint over 12 months, with a
power of 80% and a 5% type I error (2-tailed
test). We applied the Frison and Pocock
approach [28], based on a comparison of the
mean of four repeated measurements between
the two intervention arms. A sample size of 234
(117 per arm) was necessary, plus 20% to avoid
loss of power due to loss of follow-up, resulting
in a total of 282 subjects to be recruited (141 per
arm).

Statistical Analysis

An intention-to-treat effectiveness analysis was
carried out. Since the analysis was performed on
complete data (no imputation for missing data),
the intention-to-treat population comprised all
randomised participants having at least one
HbA,. value collected during follow-up (pri-
mary endpoint) and having no missing data
regarding the confounding factors defined a
priori. The proportion of subjects randomised
but not analysed was < 10%.

Concerning the primary efficacy endpoint,
we compared the two groups using a linear
mixed-effects model for repeated measures
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(MMRM), modelling all HbA;. measurements
performed during the 1-year intervention per-
iod. To ensure the comparability of the two
groups (TMG versus CG) and to enhance sta-
tistical power, the model was adjusted for the
confounding factors defined a priori (baseline
HbA,. age, gender, diabetes complications,
obesity, duration of diabetes and insulin treat-
ment). The search for an interaction between
the time of measurement and the intervention
group was carried out as well as a centre effect.
Additional analyses taking patient compliance
(number of connections) into account were also
performed. For this purpose, we considered the
number of connections to data synthesis and to
Nutri-Educ software, respectively. These vari-
ables were categorised into two groups based on
the median value. We therefore classified the
most assiduous users into TMGs+ group (num-
ber of connections to the synthesis above the
median) and TMGn+ group (number of con-
nections to the Nutri-Educ software above the
median).

Changes in body weight, BMI and waist cir-
cumference during follow-up were compared
using the same procedure. The analyses were
also stratified by gender to assess a potential
change in terms of effect.

Since the primary and secondary analyses
suggested an effect dependent on compliance
with the device, the correlation between the
changes in HbA;. and BMI was tested according
to the frequency of connections to the device
(synthesis and Nutri-Educ) in the TMG.

Data analysis was performed using Stata
software (Statistical Software: Release 14.0. Stata
Corporation, College Station, TX).

Ethics Approval and Consent
to Participate

All T2D patients participating in this research
received verbal and written information about
the study and were given the opportunity to ask
any questions to help them understand the
study. They signed a voluntary informed con-
sent form before the research began. This study
was submitted to the South-West and French
Overseas Territories’ Research Ethics Committee

(REC) [Comité de Protection des Personnes
(CPP)] and received a favourable opinion from
the REC on 27/05/2013.

RESULTS

Patient Disposition and Baseline
Characteristics

Two hundred eighty-two T2D patients were
enrolled in the study according to baseline
HbA;. level stratification, i.e., HbA;. < 7.5%
(58 mmol/mol) (n=131) or HbA;.>7.5%
(n = 151). They were then randomly assigned to
two groups of 141 participants for either tele-
monitoring (TMG) or standard (CG) manage-
ment. Nineteen participants were lost to follow-
up (13 in the TMG and six in the CG) (Fig. 1).

The analysis set comprised 263 individuals
(128 in the TMG and 135 in the CG) who had at
least one HbA;. measurement during the fol-
low-up period. Multivariate analyses were based
on 256 participants (126 in the TMG and 130 in
the CG) with no missing data among the vari-
ables entered in the model (data and con-
founding factors defined a priori). Finally, 242
individuals presented with an HbA;. measure-
ment at 12 months, i.e., at the end of the
intervention period.

The baseline characteristics of the study
population show no difference between the two
groups (Table 1).

Frequency of Device Use in Telemonitored
Patients

In the TMG, the mean number of connections
to the device by patient was 104 £+ 78 (median
value: 86) over the 12-month follow-up period,
which corresponds to a frequency of about
twice a week. Users could access the different
device functions at each connection. Mean data
synthesis (TMGs) and Nutri-Educ software
(TMGn) access figures were 44 + 49 (median
value: 29) and 48 + 61 (median value: 31),
respectively, demonstrating almost weekly use.
On average, TMG patients sent 14 + 13 mes-
sages (median value: 11) to the investigators,
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i.e., about one message per month. The mean
messaging frequency from the investigators to
the participants was 5 £ 5 (median value: 3).

Primary Outcome: Changes in HbAlc
over the Intervention Period

During the 12-month intervention period, the
mean HbAlc level dropped from 7.8 £+ 0.8%
(62 mmol/mol) to 7.4 £ 1.0% (57 mmol/mol)
in the TMG and from 7.8+ 0.8%
(62 mmol/mol) to 7.6 £ 1.0% (60 mmol/mol)
in the CG. Among individuals with measure-
ments available at 12 months, no significant
decrease in the mean HbAlc level was recorded
in the TMG compared to the CG: — 0.19% (95%
CI [- 0.43; 0.05], p=0.12). Moreover, the
remaining difference between HbAlc value
achieved at 12 months and the target initially
set with the investigator (available for 241 par-
ticipants) was not significantly lower in the
TMG compared to the CG (— 0.13%, [- 0.37;
0.10], p = 0.27).

After adjustment for confounding factors,
the intergroup difference was — 0.16% (95% CI
[- 0.32; 0.01], p =0.06), in favour of TMG
(Fig. 2). The change predicted by the adjusted
model showed an improvement in HbAlc level
from TO to T12: 7.75% (95% CI [7.65; 7.85])
(61 mmol/mol) to 7.49% (95% CI [7.31; 7.66])
(58 mmol/mol) in the TMG and to 7.64% (95%
CI [7.47; 7.82]) (60 mmol/mol) in the CG.

Taking into account stratification on base-
line HbA1lc, the intergroup difference in terms
of change was — 0.13 (95% CI [ — 0.32; 0.05],
p =0.16) in the lower stratum (HbAlc < 7.5%,
n =120), and — 0.19 (95% CI [- 0.45; 0.07],
p =0.16) in the upper stratum (HbAlc > 7.5%,
n=136). We found no interaction between
baseline HbAlc stratum and telemonitoring
intervention regarding changes in HbAlc levels
(p = 0.55).

Individuals characterised as TMGs+ (con-
nections to telemonitoring synthesis above the
median) exhibited a greater decrease in HbAlc

compared to the CG: - 0.23% (5% CI
[- 0.43; — 0.03], p=0.03), with a 12-month
predicted change of —0.31% (95% CI

[- 0.53; — 0.10]) in TMGs+ versus — 0.08%

[- 0.26; 0.09] in CG, moving from 7.75%
(61 mmol/mol) to 7.42% (58 mmol/mol) for
TMGs+ versus 7.64% (60 mmol/mol) for CG.
Similarly, a fall in HbAlc levels was more
important in TMGn+ (connections to Nutri-
Educ above the median) than in CG partici-
pants: — 0.21% (95% CI [- 0.41; — 0.00]),
p =0.05), with a 12-month predicted decrease
of —0.29% O5% CI [- 0.51; —0.07]) in
TMGn+ versus — 0.09% [— 0.26; 0.09] in CG,
moving from 7.75% (61 mmol/mol) to 7.44%
(68 mmol/mol) for TMGn+ versus 7.64%
(60 mmol/mol) for GC (Table 2).

Secondary Outcomes: Changes in BMI
and Waist Circumference During
the Intervention Period

Among individuals with data available over
12 months (n=240), BMI decreased by
0.30 £+ 1.9 kg/m? + in the TMG and increased
by 0.06 + 1.3 kg/m? in the CG resulting in a
non-significant intergroup difference
of — 0.36 kg/m* (95% CI [-0.76; 0.05],
p =0.08) in favour of the TMG. After adjust-
ment for confounding factors (n = 236), the
average predicted difference between the two
groups was — 0.30 kg/m?, (95% CI [- 0.70;
0.09], p=0.14) with an expected 12-month
change of — 0.24 kg/m? in the TMG versus
0.06 kg/m? in the CG. The expected BMI chan-
ges between baseline and the end of interven-
tion were — 0.40 kg/m? ([— 0.80; 0.00]) in
TMGs+ patients (versus 0.06 kg/m? [ — 0.24;
0.35] in CG patients), and — 0.53 kg/m?
[— 0.93; — 0.14] in TMGn+ patients, reflecting
an anticipated respective difference
of — 0.46kg/m? ([-0.94; 0.02], p=0.06)
and — 0.57 kg/m? ([- 1.05; — 0.09], p =0.02)
relative to CG patients.

In patients with available waist circumfer-
ence values, unadjusted (n = 206) and adjusted
(n = 202) intergroup differences were — 1.67 cm
([-3.27; — 0.06], p=0.04) and - 1.29cm
([- 2.87; 0.30], p = 0.11), respectively, both in
favour of the TMG. Intergroup differences were
more pronounced in frequent users: — 2.00 cm
([ 3.90; — 0.10], p=0.04) between TMGs+
and CG patients and — 2.64 cm
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282 patients included

[

v v
131 patients 151 patients
with HbA1c <7,5% with HbA1c 27,5%
Randomization
65 patients 66 patients 76 patients 75 patients
Usual care Telemonitoring Usual care Telemonitoring
2 not followed up (3% 6 not followed up (9%) 4 not followed up (5% 7 not followed up (9%)
- 2 protocol violations - Jrefusal to continue - 1 refusal to continue - 5 refusal to continue
—»{ - 2 withdrawalof consent - 1 withdrawal of consent = 1lost to follow-up
- 1lost to follow-up - 1 emergenceof an > - 1 unknownreason
exclusion criteria
- 1 unknownreason
63 patients 60 patients 72 patients 68 patients
analysed analysed analysed analysed
Fig. 1 Flow chart
([ 4.60; — 0.68], p =0.008) between Correlation Between Device Use

TMGn+ and CG patients.

Stratified Analyses According to Gender
(Table 3)

Predicted differences in HbAlc (primary end-
point) were — 0.21% ([— 0.48; 0.05], p = 0.12)
in women and - 0.15% ([— 0.35; 0.05],
p =0.15) in men, in favour of TMG patients.
Intergroup differences in BMI (TMG versus CG)
were — 1.01 kg/m? ([— 1.79; — 0.23], p = 0.01) in
women and 0.16 kg/m? ([ — 0.27; 0.60], p = 0.46)
in men. According to the frequency of use, BMI
differences of — 1.23 kg/m?* ([— 2.16; — 0.31],
p =0.009) were documented in TMGs+ women
and — 1.40 kg/m? ([— 2.31; — 0.48], p = 0.003) in
TMGn+ women. In terms of body weight, women
in the TMG lost 2.7 kg ([— 4.79; — 0.57], p = 0.01)
more than those in the CG group and up to
3.7kg ([- 6.30; — 1.11], p=0.005) in TMGs+
and — 3.78 kg ([- 6.25; — 1.31], p=0.003) in
TMGn+ women. No significant changes in waist
circumference were observed (data not shown).

and Changes in HbAlc and BMI (Fig. 3)

HbAlc significantly decreased over the
12-month intervention period as the number of
connections to telemonitoring syntheses
increased (— 0.16 [— 0.32; — 0.003], p = 0.04).
No significant correlation was found between
this frequency of use indicator and change in
BMI (p = 0.28).

The number of connections to Nutri-Educ
tended to be correlated with changes in HbAlc
(— 0.15 [~ 0.31; 0.02], p =0.08) and was sig-
nificantly correlated with changes in BMI
(— 0.30 [- 0.58; — 0.02], p = 0.03).

Device User Satisfaction (Fig. 4)

At the end of the 12-month intervention per-
iod, 91.0% of telemonitored individuals com-
pleted the satisfaction questionnaire; 97.4%
were completely satisfied or rather satisfied with
device use and telemonitoring data synthesis.
Very high levels of satisfaction (very satisfied or
rather satisfied) were also recorded regarding
the assistance provided by the device in terms of
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Table 1 Main baseline characteristics

Total (n = 263) CG (n = 135) TMG (n = 128)

Gender

Male 166 63.1% 84 62.2% 82 64.1%

Female 97 36.9% 51 37.8% 46 35.9%
Age (years)

Median (IIQ) 60.6 13.0 60.3 14.0 61.3 12.4

Mean (SD) 59.5 9.6 59.3 10.0 59.8 9.2
Randomisation stratum

Initial HbA,. < 7.5% 123 46.8% 63 46.7% 60 46.9%

Initial HbA ;. > 7.5% 140 53.2% 72 53.3% 68 53.1%
Initial HbA

Median and IIQ 7.6 1.1 7.7 1.1 7.6 1.2

Mean and standard deviation 7.8 0.8 7.8 0.8 7.8 0.8
Body weight (kg)

Median and IIQ 91.0 21.0 89.0 24.0 91.5 185

Mean and standard deviation 91.7 16.7 90.0 16.0 93.5 17.3
BMI (kg/m?)

Median and IIQ 322 5.7 30.8 5.8 31.6 6.0

Mean and standard deviation 31.8 5.3 31.2 5.2 325 5.4
Obesity (BMI > 30 kg/m?)

No 99 37.8% S8 43.6% 41 32.0%

Yes 162 62.2% 75 56.4% 87 68.0%
Waist circumference

Mean (SD) 110.1 125 107.9 124 1124 123
Duration of diabetes

Less than 5 years 31 11.9% 16 12.0% 15 11.8%

Between 5 and 15 years 127 48.9% 65 48.9% 62 48.8%

More than 15 years 102 39.2% 52 39.1% 50 39.4%
Diabetes complications

No 121 46.5% 60 45.1% 61 48.0%

Yes 139 53.5% 73 54.9% 66 52.0%
Details of complications

Retinopathy 41 15.9% 25 19.2% 16 12.5%

Nephropathy 66 25.9% 32 24.8% 34 27.0%
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Table 1 continued

Total (» = 263) CG (n = 135) TMG (n» = 128)
Peripheral neuropathy 43 16.7% 29 22.1% 14 11.0%
Vegetative neuropathy 10 4.0% 6 4.7% 4 3.2%
Coronary insufficiency 47 18.4% 19 14.7% 28 22.2%
Cerebrovascular insufficiency 12 4.7% 8 6.1% 4 3.2%
Lower limb artery disease 25 9.8% 9 6.9% 16 12.9%
Chronic wound 8 3.1% 4 3.0 4 3.2%
Receiving insulin
No 79 30.0% 42 31.1% 37 28.9%
Yes 184 70.0% 93 68.9% 91 71.1%

Number and percentage, unless otherwise stated

improving their knowledge on diabetes (87.6%)
and nutrition (84.3%). Device-generated assis-
tance was deemed positive by 88.2% of subjects
for the daily management of diabetes, by 81%
for ensuring a balanced diet and by 85.5% for
the practice of physical activity.

Fifty-five percentage of the investigators
completed the satisfaction questionnaire; 85%
of them reported having completely integrated
the web application functions and over 80%
found it easy to very easy to use, in terms of
both patient records and telemonitoring syn-
thesis reports. Finally, 82.3% were keen to
continue using the device.

DISCUSSION

This randomised study shows that, compared to
standard management including face-to-face
outpatient visits, use of the EDUC@DOM tele-
monitoring and tele-education device for a
period of 1year did not significantly improve
glycaemic control in people with type 2 dia-
betes (non-significant decrease in HbAlc levels,
p = 0.06). However, the metabolic benefit was
logically correlated with the frequency of use of
the device, which also resulted in weight loss

and a reduction in waist circumference in
women. It should be noted that individuals
with T2D who participated in this study had all
previously benefited from conventional educa-
tion programmes and were all followed up by a
diabetologist prior to inclusion, which could
have minimised the overall impact of this
intervention. The effectiveness of such con-
nected programmes could thus certainly be
increased in patients less experienced in the
management of their disease.

The growing prevalence of T2D along with
the limited number of physicians in most
countries makes it difficult to set up regular
medical follow-up, sometimes requiring face-to-
face visits, especially when glycaemic control is
insufficient. The recent development of tele-
monitoring devices and connected objects
should change the way in which diabetes is
managed and allow greater flexibility in terms
of follow-up.

Nutritional intervention is effective in
improving glycaemic control in T2D patients
but it requires significant educational and
therapeutic support from caregivers. In this
specific field, advances in remote communica-
tion technologies and the development of
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Fig. 2 Mean HbA,. observed (at baseline) or predicted
according to time of follow-up

applications for the automated assessment of
nutritional intake have also opened up new
avenues. However, the hypothesis that nutri-
tional intervention based on telemedicine and
artificial intelligence (AI) solutions could be as
effective as or even more effective than tradi-
tional face-to-face consultations has yet to be
demonstrated.

To date, studies evaluating telemonitoring
devices dedicated to diabetes have generated
mixed results in terms of both lifestyle and
metabolic balance [18, 29-33]. By incorporating
connected objects and tele-education tools
including Al algorithms, the originality of our
device is that it offers personalised support for
lifestyle  changes, particularly regarding
nutrition.

Compliance with the use of the various
connected objects and educational software is
undoubtedly vital in ensuring the efficacy of
this care method. Indeed, the benefit observed
in terms of HbA;. changes as well as changes in
BMI in women depends on the frequency of
connection to the educational software and
patient access to telemonitoring data synthesis.
In this context, it is important to emphasise the
fact that, with a mean age of 60 years and rather
persistent diabetes (of more than 5 years’ dura-
tion in 88% of cases), our study participants
were definitely not in the highly tech-savvy
population.

In our study, we chose to include T2D
patients regardless of their initial level of gly-
caemic control. Stratified analysis according to
the baseline HbA;. value did not highlight a
significant difference between the two strata in

terms of changes in HbA;. over the 12-month
follow-up period, although a greater drop could
have been expected in less well-controlled
individuals, as usually reported [34, 35]. How-
ever, from a public health perspective and to
avoid long-term complications [36], we initially
considered that, in addition to improving gly-
caemic control in individuals with high HbA;.
levels, maintaining subjects with slightly
unbalanced diabetes at satisfactory HbA, levels
is also valuable.

Weight and BMI monitoring also shows
benefits directly related to the frequency of
device use although this beneficial impact
appears to be more significant in women than
in men. A reduction in waist circumference is
also correlated with device use but no gender
effect is apparent. Such positive effects on body
weight and fat distribution may have been
associated with improved insulin sensitivity
and a reduction in cardiovascular risk factors,
but these parameters were not documented in
our study [37].

In T2D, blood glucose monitoring must be
linked to lifestyle interventions in order to
improve metabolic control [32]. Therefore, in
our telemonitoring and coaching approach, we
included not only a glucose meter but also other
connected objects and tele-education modules
targeting diet and physical activity. It is
important to note that the Nutri-Educ software
included in our device has already demon-
strated its effectiveness in improving dietary
balance, weight and glycaemic control in indi-
viduals with diabetes or obesity [23, 24].

Long-term lifestyle changes remain a key
challenge in the management of T2D to eradi-
cate often deeply ingrained habits. To this end,
telemonitoring and tele-education approaches
offer innovative solutions through the provi-
sion of personalised and on-going advice to
modify diet and physical activity practices while
respecting patients’ tastes and preferences. Such
devices provide physicians and their patients
with regular updates on assessments of the
patients’ lifestyle in relation to the jointly set
targets. In addition, Al modules are now able to
drive the solutions most suited to each patient’s
clinical profile. In addition to the data collected,
the connected objects per se also play a
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Table 2 HbA,, changes according to randomisation group (N = 256) and frequency of device use

Models Over 1 year
p 95% CI p A 95% CI
Randomisation group
Control group (CG)
Telemonitoring group (TMG) — 0.16 — 0.32; 0.01 0.06 * — 024 — 0.42; — 0.07
Number of connections (synthesis)
Control group (CG) ref — 0.08 — 0.26; 0.09
TMGs— number < median — 0.08 — 0.28; 0.13 0.45 — 0.16 — 0.38; 0.05
TMGs+ number > median — 023 — 0.43; — 0.03 0.03 > — 031 — 0.53; — 0.10
Number of connections (Nutri-Educ)
Control group ref — 0.09 — 0.26; 0.09
TMGn— number < median — 0.11 — 0.31; 0.10 0.30 — 0.19 — 0.40; 0.01
TMGn+ number > median — 021 — 0.41; 0.00 0.05 > — 029 — 0.51; — 0.07

Models adjusted for potential confounding factors defined a priori, taking into account time effect, centre effect and
randomisation per stratum. HbAlc value at baseline was 7.75% (95% CI [7.65; 7.85])
With f linear regression coefficients, 95% CI 95% confidence intervals, p p value, 7 average HbAlc observed at TO (%) and

A predicted variation over 1 year

**Significant difference between groups (< 0.05); *difference at the limit of significance (< 0.10)

pedagogical role by boosting motivation, but
their impact is enhanced by the coaching effect
in particular [31]. Finally, remote monitoring
over several months prompts closer support and
helps maintain the desired behavioural changes
to control the disease. In line with this last
point, most users were satisfied or very satisfied
with the EDUC@DOM tool for assistance in
diabetes management and especially in lifestyle
changes, whether in terms of nutrition or
physical activity.

Some study limitations must be acknowl-
edged. First, blinding patients was not possible
in this study, which might have resulted in an
overestimation of the efficacy of the telemoni-
toring programme, as observed in other non-
blind studies [38]. Moreover, the impact of
being monitored according to the anticipated
study design is an unavoidable part of the pro-
cess and we cannot rule out the fact that patient
behaviour may have been different in real-life
settings. In addition, as in other randomised
trials, the results might not be generalised to

patients who would not have agreed to partici-
pate given their clinical or socio-economic
profile (more serious medical history, poorer
health, limited internet access, etc.). Finally,
measuring satisfaction with a non-validated
questionnaire might have led to less reliable
measurements, making it more difficult to
compare the results to other studies.

To date, the long-term impact of telemoni-
toring has not been assessed to any considerable
extent in diabetes and, more generally, in
chronic diseases. It would therefore be inter-
esting to determine whether the positive trends
reported in our 1-year study are maintained in
the months following the cessation of tele-
monitoring. Further randomised studies should
be carried out to establish optimal modalities
for using telemonitoring devices in diabetes
(focusing on subject profiles, ideal time for
intervention, duration, combination or separa-
tion of telemonitoring and tele-education
devices, involvement of specialist doctors and
general practitioners, delegation of tasks to
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Table 3 Changes in body weight and BMI by group and device use, stratified on gender

Weight (in kg)

BMI (in kg/mz)

B 95% CI P B 95% CI P
In women (N = 86)

Randomisation group

CG ref ref

™G — 268 — 479 —057 0013 * — 1.01 — 179, — 023 0.011 **
Connection (synthesis)

CG ref ref

TMGs— number < median — 1.84 — 4.46; 0.79 0.170 - — 0.75 — 1.72; 0.22 0.131 -
TMGs+ number > median  — 339 —5.87;—091 0.007 * —123 — 2.16; — 031  0.009 **
Connections (Nutri-Educ)

CG ref ref

TMGn— number < median — 1.34 — 3.98; 1.30 0319 - — 0.54 — 1.52; 0.44 0282 -
TMGn+ number > median — 3.78 — 6.25; — 1.31  0.003 ** — 1.40 — 231; — 048 0.003 **

In men (N = 150)

Randomisation group

CG ref ref

T™MG 0.46 — 0.87; 1.80 0498 - 0.16 — 0.27; 0.60 0463 -
Connection (synthesis)

CG ref ref

TMGs— number < median 0.99 — 0.64; 2.62 0.233 - 0.34 — 0.19; 0.88 0.208 -
TMGs+ number > median — 006 — 1.68; 1.56 0.945 - — 0.01 — 0.54; 0.52 0.966 -
Connections (Nutri-Educ)

CG ref ref

TMGn— number < median  0.91 — 0.70; 2.52 0.268 - 0.32 — 0.21; 0.85 0234 -
TMGn+ number > median — 0.01 — 1.65; 1.63 0987 - — 0.001 — 0.54; 0.54 0.996 -

Models adjusted for potential confounding factors defined a priori, taking into account

randomisation per stratum

With B linear regression coefficients, 95% CI 95% confidence intervals, p p value
**Significant difference between groups (< 0.05), * difference at the limit of significance (< 0.10)

other healthcare professionals, etc.). Further
improvement of the user profile definition
should facilitate the targeting of individuals
best suited to this type of tool and should allow
personalisation of the intervention modalities.

CONCLUSION

time effect, centre effect and

This study shows that at-home telemonitoring

and

tele-education did not

significantly

improve glycaemic control in T2D subjects
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Fig. 3 Correlations between frequency of use and changes
in HbA,. and BMI. With: solid lines for non-parametric
(Lowess) models and dashed lines for linear models. Since
the correlations are graphically linear, the following are
presented: p, Pearson correlation coefficient, with
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Fig. 4 Evaluation of device use by telemonitored patients

despite a slight, albeit significant decrease in
HbA1lc levels in frequent device users as well as
significant weight loss in women only. This
strategy could contribute to new organisational
modalities for diabetes management, making it
possible to respond to current public health
issues while maintaining the relevance and
quality of follow-up. By offering an alternative
to the conventional healthcare system,

400 0 100 200 300 400
confidence intervals estimated by bootstrapping (1000

replications) and p value by the Pearson correlation
coefficient test.

telemonitoring should allow the frequency of
face-to-face medical consultations to be modu-
lated according to individual requirements and
availability, thus reducing healthcare costs. An
economic analysis of the EDUC@DOM study
after 2 years of follow-up will address the cost-
saving impact of this strategy.
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