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Abstract

Background: Adherence to therapies and metabolic control among patients with type 2 diabetes mellitus (T2DM) remain
challenging. The use of new technologies, such as telemedicine, digitalized systems, and social networks, could improve
self-management and disease control.

Objective:  We evaluated the efficacy of a digital educational intervention for patients with T2DM, expressed as changes in
glycated hemoglobin (HbA ) and body composition and eval uation of the response using validated questionnaires of satisfaction
with health care professionals (Instrument for Evaluation of the Experience of Chronic Patients), Diabetes Knowledge Scale
(ECODI), and adherence to treatment over 6 months of follow-up (Morisky, Green, L evine Medication Assessment Questionnaire).

Methods: This multicenter, randomized, prospective study included adults with T2DM with poor metabolic control who started
treatment with glucagon-like peptide-1 receptor agonists. Patients were randomized to digital intervention or usua care. The
intervention group received education through social networks and digital tools in a structured program of healthy lifestyle
changes. This was provided by a“Digital Coach” for weekly and on-demand advice and individualized support. Baseline and
follow-up demographic, clinical parameter, adherence, and quality of life data were collected.

Results:  We included 85 patients (control: n=41; intervention: n=44). Both groups were matched regarding demographics,
physical examination, insulin, and biochemical parameters. We observed areduction in body weight (intervention: —-8.7, SD 6.1
kg vs control: —4.9, SD 5.0 kg; tg3=—3.13; P=.002), BMI (intervention: -3.0, SD 2.1 kg/m? vs control: —1.8, SD 1.8 kg/m?;
tg3=2.82; P=.006), and fast mass in both groups but greater in the intervention group. There were greater reductions in fasting
plasmaglucose (intervention: 122.6, SD 81.5 mg/dL vscontrol: 70.5, SD 72.9 mg/dL ; tg3=3.10; P=.004) and HbA ;. (intervention:
3.7%, SD 1.9% vscontrol: 2.6%, SD 2.1%; tg;=2.54; P=.006) in the intervention group. Although there was no significant change
in the Spanish version of the Diabetes Quality of Life Questionnaire (EsDQOL) satisfaction score in the control group after 6
months of follow-up (0.7, SD 19.8), there was amarked reduction in ESDQOL satisfaction scorein the intervention group (—13.7,
SD 23.1; tg;=—3.08; P=.02). According to the ECODI scale, knowledge about diabetes increased more in the intervention group

(intervention: 0.3, SD 1.8 vscontrol: 1.5, SD 1.5; tg3=3.33; P=.001). Although the medication adherence score worsened in the

control group after 6 months, it significantly improved with the intervention (control: —-8% vs intervention: 13.8%; x21=0.35;
P=.01). Patients' health care experiences improved with the intervention but not with the control.
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Conclusions: Thedigital educational intervention was effective at improving glycemic control, body composition, adherence,
and patient satisfaction compared with usual care in patients with T2DM. The implementation of digital tools and social media
could highly improve the multidisciplinary approach to the management of this population.

Trial Registration:

(J Med Internet Res 2025;27:e60758) doi: 10.2196/60758
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Introduction

Diabetes mellitus (DM) is one of the fastest growing global
health emergencies of this century [1]. Type 2 DM (T2DM)
accounts for over 90% of diabetes worldwide and can be
prevented or delayed [2]. In Spain, the overall prevalence of
DM is 14%, of which about one-half are underdiagnosed [3].

Attaining glycated hemoglobin (HbA,.) targets is mandatory
to reduce the DM-related complicationsthat are associated with
considerable health care resource utilization and costs [4,5].
Although a number of new antidiabetic drugs have emerged
recently to improve metabolic control in patients with T2DM,
approximately only 50% to 60% of patients achieve
recommended goals, and this proportion has not improved in
the last decade [6,7]. Therefore, many of these patients require
injectable medications, including glucagon-like peptide-1
(GLP-1) receptor agonists and insulin to achieve HbA . goals

8.

Poor adherence to pharmacological and nonpharmacological
approaches, as well as therapeutic inertia, are important
determinants of low metabolic control [9]. In this context,
improving patient self-care and empowerment could have a
positive impact [10,11]. The use of new technologies, such as
telemedicine, digitized systems, and social networks, could
enhance the management and control of T2DM [12-20].
Unfortunately, there are still many barriers to the adoption of
digital health tools in clinical practice [19]. In addition, the
information currently available about the impact of the
application of eHealth solutions or social networks for patients
with T2DM remains insufficient in Spain [20,21].

The main objective of this study was to analyze the
effectiveness, expressed asachangein HbA ., of an educational
intervention delivered through digitized systems and the use of
social networks within 6 months in a representative sample of
patients with T2DM. In addition, variations in basal values of
body weight and glucose parameters obtained after the
educational intervention compared with no intervention were
also analyzed.

Methods

Study Design

Thiswasamulticenter, randomized, prospective, interventional
study that included adults with T2DM who started treatment
with GLP-1 receptor agonists, had poor metabolic control
(HbA . >7%), were able to use asmartphone-based home digital
tool, and had access to social networks and webinars focused
on diabetes education. In addition, the patients had to be on
stable doses of oral antidiabetics for at least the previous 90
days. In contrast, patientswith alack of motivation or who were
unable to use socia networks, were unable to read or write in
Spanish, had aprevious history of psychiatric disorder or serious
organic disease, were using systemic corticosteroids (>10 days
intreatment), or were pregnant were excluded. Outpatientswere
recruited during a 1-year period from the Endocrinology
Departments of the Virgen Macarena Hospital (Seville) and
Juan Ramén Jiménez Hospital (Huelva).

The design of the study is summarized in Figure 1.

Figure 1. Study design. ECODI: Diabetes Knowledge Scale; ESDQOL: Spanish version of the Diabetes Quality of Life Questionnaire; GLP-1:
glucagon-like peptide-1; HbA 1.: glycated hemoglobin; IEXPAC: Instrument for Evaluation of the Experience of Chronic Petients.
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All patients received specific information about DM, its
treatments, and potential complications. Patients were then
randomized to the digital intervention group or usua care. Those
patients randomized to the intervention group were educated
on the use of different social networks with access to
information related to healthy lifestyle habits, dietary support,
optimization of physical activity, insulin titration, therapeutic
targets, and self-care based on validated material from scientific
societies and endorsed in diabetes education. Patients also had
the valuable resource of a Digital Diabetes Coach: an online
expert specializing in therapeutic education. Thisvirtual guide
provided patients with the flexibility to interact in both
unidirectional and bidirectional ways, using methods such as
chat boxes, audio messages, videos, and more. Through this
digital medium, patients could seek guidance and have their
guestionsresolved. The Digital Diabetes Coach operated under
the supervision of a multidisciplinary team, endocrinologists,
nutritionists, and certified diabetes educators. Thisteam ensured
that patients received comprehensive support and guidance
tailored to their individual needs. Patient interactions were
facilitated through a variety of digital platforms, which were
selected based on the patient’s preferences and in consultation
with their Digital Diabetes Coach. These interactions aimed to
provide essential support and motivation for patients. The
communication channels included email, Skype, WhatsApp,
telephone calls, and video conferencing, allowing for flexibility
and convenience in connecting with patients. The main
communication channels used in this study included telephone
cals, WhatsApp, email, and Skype video calls. Among them,
WhatsApp was the preferred application by patients to ask
guestions and share information with professionals, regardless
of their educational and socioeconomic level. Patients with
higher educational levels also felt comfortable communicating
through videoconferencing, whilethis medium was not the most
desired by patientswith alower educational level or those from
rura areas. In addition, real-time or recorded webinars through
Instagram were also used. Furthermore, a comprehensive
diabetes education program was introduced on aweekly basis,
with 30-minute to 45-minute sessions. This program covered a
wide spectrum of critical topics, including proper injection
techniques, dosage adjustments for medications, strategies for
managing adverse events, personalized recommendations for
physical activity, guidance on blood glucose profiling and
interpretation, strategies for handling hypoglycemia and
hyperglycemia, portion-controlled dietary plans, and insights
into potential health conditions associated with poor
macrovascular and microvascular control. The educational
materials used for these sessions were sourced from scientific
societies, external companies endorsed by these societies, and
materials developed by our center. To ensure effective
communication and timely assistance, a 2-way communication
system was established. Patients were encouraged to seek
answers to their questions and access information on demand
through messenger apps and other digital platforms. This
approach allowed for aresponsive and patient-centered approach
to addressing individual needsand concerns. During the different
interventions, patients were encouraged to send data such as
weight, capillary blood glucose, and step count through
activation of pedometers on their mobile phones.
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Inthe control group, visitsto the specialists (ie, endocrinol ogist)
occurred every 3 months and included diabetes education
intervention by the nursing staff (ie, use of medication,
adherenceto treatment, and basi c guidelinesfor the management
of their diabetes); each consultation lasted for about 30 minutes.

At baseline, demographic data, educational level, employment
status, physical examination data, diabetes treatment (total
insulin dose), and analytical data within the 12 weeks before
inclusion were collected. Data were obtained from each
electronic clinical history, and glucose levels were collected
from the Libreview system. During the intermediate visit (3
months+ 15 daysfrom baseline), we recorded information from
a physica examination, the number of scans, medication
adherence, verification that the patient adequately understood
the material delivered and made use of socia networks, changes
in treatment, regular diabetes education, and adverse events
since the last visit. As this was a routine visit, the education
activities conducted by the staff (nursing and endocrine
specialist) were homogeneous in both groups. At study end (6
months+ 15 daysfrom baseline), we recorded information from
aphysical examination, number of scans, medication adherence,
verification that the patient adequately understood the material
delivered and made use of social networks, changesin treatment,
regular diabetes education, and adverse events since the last
visit. For changes in treatment, the total dose of insulin, rather
than maximum or minimum doses of insulin, was considered.
We also analyzed changesin body composition throughout the
study, including body fat mass, visceral fat area, fat-free mass,
and skeletal muscle mass using segmental analysis of
multifrequency bioelectrical impedance (Inbody 770, Inbody
Co Ltd) [22,23].

Additionally, at baseline and study end, different validated
guestionnaires were completed by the patients.

Quality of life was evaluated with the Spanish version of the
Diabetes Quality of Life Questionnaire (ESDQOL) [24,25]. This
guestionnaire has 4 sections: satisfaction (15 questions, each
with a score that ranges from 1 [very satisfied] to 5 [not at all
satisfied]; 15 points implies great satisfaction), impact (17
guestions, each with a score that ranges from 1 [never] to 5
[always]; 17 pointsindicates that DM haslittle impact on daily
life), social or vocational concerns (7 questions, each with a
scorethat rangesfrom 1 [never] to 5 [always]; 7 pointsindicates
that DM causes little worry on a daily basis), and DM-related
concerns (4 questions, each with a score that ranges from 1
[never] to 5 [aways]; 4 points indicates that diabetes causes
little worry on adaily basis).

The knowledge that patients with DM had about diabetes was
evaluated using the Diabetes Knowledge Scale (ECODI) [26].
This scale has 25 items with 4 possible answers.

The 8 items of the questionnaire by Clarke et al [27] were used
to evaluate the perception of hypoglycemia. This scale has a
total score ranging from O to 7. Higher scores indicate
diminished awareness.

The 4-item Morisky, Green, Levine Medication Assessment
Questionnaire [ 28] was used to eval uate medication adherence.
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Thisscale hasatotal score of 0to 4 points. A score of 4 denotes
high adherence.

Patients' health care experiences were assessed with the
Instrument for Eval uation of the Experience of Chronic Patients
(IEXPAC) questionnaire [29]. This is a self-administered,
12-item, multiple-choice questionnaire. Items 1 to 10 describe
the patient’s experience in the last 6 months in 3 domains
(productive interactions, new model of the patient’srelationship
or interaction with the health care system, and patient’s
self-care). Thelast 2 questions only apply to patients who have
been hospitalized and are not counted in the total. As aresult,
the overall score ranges from O (worst experience) to 10 (best
experience).

Statistical Analysis

For the descriptive analysis, qualitative variables were defined
using their absolute (n) and relative (%) frequencies, and
guantitative variables were defined using measures of
centralization (mean) and dispersion (SD). Categorical variables
were compared with the chi-square or the Fisher exact test,
when appropriate. To compare 2 means between groups (at
baseline and changes during the study), parametric (Student t
test) and nonparametric (Mann-Whitney U test) testswere used,
as required. Hypothesis tests were 2-tailed in all comparisons,

Figure 2. Study flowchart.
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with a significance level of <.05. Statistical analyses were
performed using SPSSv17.0 (IBM Corp).

Ethical Consider ations

This study was approved by the Clinical Research Ethics
Committee of the Virgen Macarena — Virgen del Rocio
University Hospital Center in Seville, Spain on May 18, 2020.
The study was carried out in accordance with the requirements
expressed in the Declaration of Helsinki and Good
Epidemiological Practices, aswell asthe current legisation of
Spain (Organic Law 3/2018, of December 5, on the Protection
of Personal Data and guarantee of digital rights). Only the
investigators and technical staff participating in the study had
access to the patients data in order to preserve their
confidentiality. Every patient who participated in the study
signed the corresponding informed consent form after receiving
afull explanation of the conditionsfor the study and procedures
to be performed. There was no financial compensation for
patients or researchers nor any source of funding that could lead
to aconflict of interest for the study.

Results

A total of 85 patients (41 in the control group and 44 in the
intervention group) were included in the study (Figure 2).

Assessed for
eligibility (n=85)

h 4

Allocated to
intervention (n=85)
,’/ H\""‘

Digital intervention
(n=44)

Usual care
(h=41)

6-month follow-up

v

Analyzed (n=44)

The baseline clinical characteristics of the study population are
presented in Table 1. In general, the 2 groups (control group vs
intervention group) were well matched regarding demographic
data, physical examination, insulin treatment, biochemical
parameters, and the questionnaire scores. However, there were
significant differences in some variables, such as body weight
(control: 98.3, SD 14.3 kg vs intervention: 105.4, SD 16.4 kg;
P=.04) and some parameters of body composition including

https://www.jmir.org/2025/1/e60758

Analyzed (n=41)

extracellular water (control: 15.1, SD 2.8 L vs intervention:
17.8, SD 2.9L; P<.001), body fat mass (control: 44.9, SD 11.4
kg vs intervention: 52.2, SD 18.8 kg; P=.03), fat-free mass
(control: 53.4, SD 10.1 kg vs intervention: 62.1, SD 9.1 kg;
P<.001), skeletal muscle mass (control: 29.6, SD 6.0 kg vs
intervention: 34.6, SD 5.3 kg; P<.001), and skeletal muscle
index (control: 8.1, SD 1.0 vsintervention: 8.9, SD 1.3; P<.001;
Table 1).
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Table 1. Baselineclinical characteristics based on study group.

Characteristics Control group (n=41) Intervention group (n=44) P value

Biodemographic data

Age (years), mean (SD) 54.2 (12.9) 53.0 (10.9) .65
Sex (men), n (%) 20 (49) 28 (64) 17
Duration of diabetes (years), mean (SD) 9.1(3.5) 8.9(3.8) .80
Educational level, n (%) .04
No education 1(2) 0(0)
Primary 2(5) 4(9
Secondary 24 (59) 21 (48)
University 2(5) 14 (32)
Not available 12 (29) 5 (11)
Employment status, n (%) .06
Active 13 (32) 23 (52)
Retired 11(27) 6 (14)
Unemployed 6 (15) 10 (23)
Not available 11(27) 5(11)
Physical examination, mean (SD)
Weight (kg) 98.3 (14.3) 105.4 (16.4) .04
BMI (kg/m?) 36.8(5.2) 37.1(56) .80
SBF (mm Hg) 138.0 (18.4) 132.9(137) 15
DBF® (mm Hg) 785 (9.6) 78.8(9.6) 89
HRC (bpm) 93.9(9.6) 84.9 (13.6) .001
Body composition, mean (SD)
Extracellular water (L) 15.1 (2.8) 17.8(2.9) <.001
Extracellular water to total body water ratio 0.39 (0.06) 0.39 (0.009) .99
Body fat mass (kg) 44.9 (11.4) 52.2(18.8) .03
Visceral fat area (cm?) 217.2 (43.4) 225.0 (61.4) 50
Fat-free mass (kg) 53.4 (10.1) 62.1(9.1) <.001
Skeletal muscle mass (kg) 29.6 (6.0) 34.6 (5.3) <.001
Skeletal muscle index 8.1(1.0) 89 (1.3 .002
Phase angle 5.3(0.7) 5.2(0.7) 51
Insulin treatment, mean (SD)
Basal insulin (Ul) 25.3(18.8) 26.7 (19.8) 74
Rapid-acting insulin (Ul) 24.7 (13.8) 30.1(21.5) A7
Total insulin dose (UI) 32.5(23.1) 38.6 (36.8) 36
Biochemical parameters, mean (SD)
Fasting glucose (mg/dL) 199.4 (66.3) 231.0(80.5) .051
HbA 1.3 (%) 9.5(1.8) 9.9 (1.7) .30
TC® (my/dL) 201.4 (57.9) 186.1 (43.4) 18
LDL-¢' (mg/dL) 100.1 (58.8) 94.1(37.0) .58
HDL-c? (mg/dL) 47.2 (21.4) 43.0(19.2) 34
https://www.jmir.org/2025/1/660758 JMed Internet Res 2025 | vol. 27 | e60758 | p. 5
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Characteristics Control group (n=41) Intervention group (n=44) P value
TGh (mg/dL) 230.5 (140.6) 227.2 (161.7) .92
eGFR' (mL/min/1.72 m2) 95.4 (23.8) 91.8 (19.6) .45

Questionnaires, mean (SD)

EsDQOLj satisfaction 38.2(12.5) 44.2 (19.2) .09
EsDQOL impact 33.8 (10.4) 31.5(10.9) .32
EsSDQOL social/vocational concerns 11.5(6.7) 8.8(4.8) .04
EsDQOL diabetes-related concerns 12.3 (4.5) 10.6 (5.0 .10
ecopik 8.0(2.0) 8.2(1.7) 62
M orisky-Green' 0.5(0.5) 0.5(0.5) .99
|EXPAC1_11m 9.0 (1.5) 85(1.4) 12
IEXPAC;, 85(2.1) 6.9 (2.9) .004
Questionnaire by Clarke et a [27] 0.5(0.5) 0.4 (0.5) .36

33BP: systolic blood pressure.

bDBP: diastolic blood pressure.

°HR: heart rate.

a4 bA 1 glycated hemoglobin.

®TC: total cholesteral.

fLDL-c: LDL cholesterol.

9HDL-c: HDL cholesteral.

fra: triglycerides.

I6GFR: estimated glomerular filtration rate.

jEsDQOL: Spanish version of the Diabetes Quality of Life Questionnaire.

KECODI: Diabetes Knowledge Scale.

MGL MAQ: Morisky, Green, Levine Medication Assessment Questionnaire.

M EXPAC: Instrument for Evaluation of the Experience of Chronic Patients.

The evolution of physical examination parameters and body
composition after 6 months of follow-up are presented in Table
2 and Multimedia Appendix 1. Although there was areduction
in body weight and BMI in both groups, this decrease was
greater in the intervention group: control —4.9 (SD 5.0) kg vs
intervention —8.7 (SD 6.1) kg (P=.002) and control: —1.8 (SD

1.8) kg/m? vs intervention: —3.0 (SD 2.1) kg/m? (P=.006),

https://www.jmir.org/2025/1/e60758
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respectively. Compared with the control group, there was a
higher reduction with the intervention in extracellular water
(control; —0.06, SD 0.5 L vs intervention: 0.5, SD 0.9 L;
P=.03), body fat mass (control: —4.4, SD 3.7 kg vsintervention:
—8.7, SD 5.2 kg; P=.002), fat-free mass (control: —0.34, SD 2.0
kg vsintervention: —2.8, SD 4.6 kg; P=.02), and skeletal muscle
index (control: —0.009, SD 0.4 vs intervention: 0.3, SD 0.4;
P=.005).
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Table 2. Evolution of physical examination parameters and body composition after 6 months of follow-up based on study group.

Characteristics Control group (n=41) Intervention group (n=44)

Baseline Study end  Difference  pyge® Basdline Study end  Difference  pyque?

Physical examination, mean (SD)

Weight (kg) 98.3(14.3) 934(153) -49(50) .002 105.4 (16.4) 96.7(15.6) -8.7(6.1)  .002
BMI (kg/m?) 368(52) 349(56) -18(18  .006 371(56) 340(55 -30(21)  .006
SBP? (mm Hg) 138.0(18.4) 140.3(29.8) -2.3(0) 39 132.9(13.7) 126.6(184) -6.3(0) .32
DBF® (mm Hg) 785(9.6) 733(93) -52(0) 13 788(9.6) 80.7(106) -19(0) .03
HRY (bpm) 939(9.6) 90.0(7.2) -3.9(0) 95 849(136) 77.8(9.6) —7.1(0) 64
Body composition, mean (SD)

Extracellular water (L) 15.1(2.8) 15.0(3.0) -0.06 (0.5) .03 17.8(2.9) 17.2(2.7) -0.5(0.9) .03
Extracellular water to total body 0.39 (0.06)  0.39 (0.008) 0.0007 92 0.39(0.009) 0.39(0.008) 0.006 92
water ratio (0.005) (0.005)

Body fat mass (kg) 449(11.4) 405(122) -44(37)  .002 522(18.8) 435(19.2) -87(52)  .002
Visceral fat area (cm?) 217.2(43.4) 434(1979) -19.3(24.1) .06 225.0(61.4) 190.6(67.0) —34.5(30.0) .09
Fat-free mass (kg) 53.4(10.1) 531(11.2) -034(20) .02 621(9.1) 59.3(9.9) -—28(46) .02
Skeletal muscle mass (kg) 206(6.0) 29.4(6.8  -022(13) .051 346(53) 335(52) -11(17) .051
Skeletal muscle index 8.1(1.0) 8.1(11) -0.009 (0.4) .005 8.9(1.3) 86(1.2) -0.3(0.4) .005
Phase angle 5.3(0.7) 5.2 (0.8) -0.056 (0.3) .62 5.2(0.7) 5.1(0.7) -01(04) 47

@Difference from basdline.
bsBP: systolic blood pressure.
°DBP: diastolic blood pressure.
9HR: heart rate.

After 6 months of follow-up, there was a significant decrease in both groups, but these decreases were greater in the
in insulin use in both groups, with a trend toward a greater intervention group (control: —70.5, SD 729 mg/dL vs
decreasein total insulin dose in the intervention group, but this  intervention: —122.6, SD 81.5 mg/dL; P=.004 and control:
difference was not statistically significant (control: —2.7, SD  —2.6%, SD 2.1% vs intervention: —3.7%, SD 1.9%; P=.006,
18.1 Ul vsintervention: —11.5, SD 20.6 Ul; P=.09). Regarding respectively). Similar improvements in lipid profile were
the biochemical parameters, there were significant reductions  observed in both groups (Table 3 and Multimedia Appendix 2).
from baseline valuesin fasting plasmaglucose and HbA ;. levels
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Table 3. Evolution of insulin treatment and biochemical parameters after 6 months of follow-up by study group.

Characteristics Control group (n=41)

Intervention group (n=44)

Baseline Study end Difference  pqe® Baseline Study end Difference  pygue?
Insulin treatment, mean (SD)
Basal insulin (UI) 253(18.8) 237(166) -10(143) .21 26.7(19.8) 20.4(24.3) -59(131) .04
Rapid-acting insulin (U1) 247(138) 75(17.2) -10.3(287) .56 30.1(21.5) 6.8(16.8) -155(11.7) .71
Total insulin dose (UI) 325(231) 29.8(269) -27(181) .09 386(368 27.2(347) -115(206) .09
Biochemical parameters, mean (SD)
Fasting plasmaglucose (mg/dL) 199.4 (66.3) 130.8(38.8) —70.5(72.9) .003 231.0(80.5) 108.4(23.1) -122.6 004
(81.5)
HbA 1P (%) 95(18  69(12)  -26(1) .01 99(L7)  62(10)  -37(19)  .006
TCC (mg/dL) 201.4(57.9) 172.9(39.9) —26.4(42.1) .86 186.1(43.4) 1645 (3150 -24.7(41.7) .86
LDL-c% (mg/dL) 1001 (58.8) 91.3(32.1) -12.6(60.9) .62 94.1(37.0) 921(27.5) -6.0(353) .62
HDL-c® (mg/dL) 472(214) 483(1L7) -16(158) .89 430(19.1) 444(98 -09(175 57
16 (my/dL) 2305 185.1 -51.7 51 2272 157.9(73.1) -735 051
(140.6) (114.5) (124.9) (161.7) (145.7)
GFRY (mL/min/1.72 m?) 95.4(238) 95.3(3L7) 45(17.3) .59 91.8(19.6) 889(180) -25(136) .15

Djfference from baseline.

bH bA 1. glycated hemoglobin.

®TC: total cholesterol.

dLDL-c: LDL cholesterol.

®HDL-c: HDL cholesterol.

rG: triglycerides.

9%GFR: estimated glomerular filtration rate.

Although there was no significant change in the ESDQOL
satisfaction score in the control group after 6 months of
follow-up, there was a marked reduction in the ESDQOL
satisfaction score in the intervention group (control: 0.7, SD
19.8 vsintervention: —13.7, SD 23.1; P=.02), indicating ahigher
satisfaction in this group after the intervention. In contrast, no
relevant changes between groups were observed in the other 3
components of the ESDQOL questionnaire. However, therewas
areduction of 3.8 points (from 10.6, SD 5.0t0 7.1, SD 2.7) in
theintervention group inthe ESDQOL diabetes-related concerns,
suggesting a reduction of diabetes worries in this group.
According to the ECODI scale, knowledge about diabetes

https://www.jmir.org/2025/1/e60758
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increased to a higher extent in the intervention group (control:
0.3, SD 1.8 vs intervention: 1.5, SD 1.5; P=.001). Whereas
medication adherence worsened in the control group after 6
months of follow-up, it significantly improved with the
intervention (control: —8% vs intervention: 13.8%; P=.01). In
addition, patients health care experiences improved in the
intervention group, but not in the control group (control: 0.7,
SD 1.9 vs intervention: 0.5, SD 1.4; P=.02; Table 4 and
Multimedia Appendix 3).

Finally, no differences in the incidence of adverse events were
found between groups during thefollow-up (control: 5/41, 12%
vs. intervention: 8/44, 18%; P=.44).
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Table 4. Evolution of questionnaire scores after 6 months of follow-up by study group.

Questionnaires Control group (n=41)

Intervention group (n=44)

Baseline Study end Difference  pygue® Basdine Study end Difference  pygue?
EsDQOLP satisfaction, mean (SD) ~ 38:2(125)  35.6(19.4) -07(198) .03 442(192) 327(189) -137(231) .02
EsDQOL impact, mean (SD) 33.8(104) 335(11.8) 2.2(11.6) 34 315(109) 295(139) -09(10.3) .65
EsDQOL social or vocational con-  11.5(6.7)  11.8(44)  1.8(6.9) 44 8.8(4.8) 9.9 (4.7) 0.2 (7.0) 11
cerns, mean (SD)
EsDQOL diabetes-related concerns, 12.3(4.5)  109(4.8) -09(44) .08 106(50) 7.1(27) -38(62 .22
mean (SD)
ECODIC, mean (SD) 8.0 (2.0) 8.4 (1.4) 0.3(1.8) .001 8.2(17) 9.6 (1.0) 15(L5) 001
MGL MAQ® (%), mean 60 52 -8 01 58.6 72.4 138 .01
IEXPACy.11°, mean (SD) 9.0 (1.5) 8.3(1.6) 0719 .01 8.5(1.4) 9.3(1.0) 0.5 (1.4) 02
IEXPAC;5, mean (SD) 8.5(2.1) 8.0 (2.4) 0929 .67 6.9 (2.9) 7.6(22) 0(3.5) 84
Questionnaire by Clarke et al [27],  0.5(0.5) _f — — 0.4 (0.5) — — —

mean (SD)

@Difference from baseline.

bEsDQOL: Spanish version of the Diabetes Quality of Life Questionnaire.

CECODI: Diabetes Knowledge Scale.

IMGL MAQ: Morisky, Green, Levine Medication Assessment Questionnaire.

€I|EXPAC: Instrument for Evaluation of the Experience of Chronic Patients.

fOnly baseline data were available for this variable.

Discussion

Principal Findings

This multicenter, randomized, prospective study showed that,
among patients with T2DM and poor metabolic control, an
educational intervention through digitized systems and the use
of socia networks trandated into greater improvements in
glycemic parameters (fasting plasma glucose and HbA ;) and
body composition and greater reductions in body weight and
BMI compared with usua care (control group). In addition,
satisfaction, level of knowledge about diabetes, medication
adherence, and patients health care experiences markedly
improved with thisintervention.

Our study included patients treated with injectable medications,
including GLP-1 receptor agonists, for T2DM. Thisisimportant,
asit has been reported that more than 20% of patients with DM
are taking these drugs [30]. Remarkably, in our study, both
groups were well matched and comparable. Therefore, the
information provided in this study is of relevance and can be
easily applied to real-life patients. In fact, many studies have
shown that an important proportion of patients with DM do not
achieve recommended targets, indicating that new approaches
are necessary to improvethis situation [6,7]. Thisis even more
necessary during periods in which medical assistance is more
difficult, such as the COVID-19 pandemic. In fact, during this
period, there was a worsening of the follow-up, management,
and metabolic control in patients with DM [31,32].

In our study, group interventions with open training sessions
through digital platforms were developed and disseminated on
socia networks and by patient associations. The devel opment

https://www.jmir.org/2025/1/e60758

of new technologies is necessary in the holistic health care of
patients with DM [33,34]. Digita medicine may facilitate
continuous and no-burden remote monitoring of patientsthrough
the use of wearables, sensors, and smartphone technologies
[35]. On the other hand, it is important to offer different
communication channel sthat may adapt to each patient’s needs,
facilitating age- and culture-specific implementation strategies,
as well as content adaptations to improve efficacy and
engagement among all users [36]. Thus although the main
communication channels used in this study included telephone
calls, WhatsApp, email, and Skype video calls, WhatsApp was
the preferred application by patientsto ask questions and share
information with professionals, regardless of their educational
and socioeconomic level, but communication through
videoconferencing was particularly preferred by patients with
higher educational levels compared with patients with alower
educational level or those from rural areas (data not shown).
Despite the great potential of social network interventions for
improving the management and prevention of complicationsin
patientswith DM, thisareaisjust starting to develop, and more
information is warranted [37]. Remarkably, in our study,
although there were some differences in the educational level
between groups, patients had to adequately manage social
networks and apps, such as WhatsA pp, I nstagram, or Facebook,
to beincluded in the study, regardless of the sociocultural level
of theindividuals.

Promoting healthy lifestyle changes should be considered a
target for patientswith DM [38]. We found that, compared with
the standard of care, which includes recommendations about
enhancing physical activity and healthy diet and reducing body
weight in patients with obesity or overweight, the specific
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intervention through digitized systems and social networks
reduced BMI and body weight to a higher extent. In addition,
the intervention achieved greater improvements in body
composition, particularly body fat mass and fat-free mass.
Furthermore, the phase angle, which indicates catabolism in
DM [23], was also improved by the intervention. It has been
reported that defining obesity with anthropometric criteria, such
as weight, BMI, or waist circumference, has little sensitivity
for monitoring response to treatment, in contrast to body
composition parameters [22]. Our study showed that the
intervention improved both the anthropometric criteriaand body
composition parameters, suggesting the early benefits of this
approach, even after only 6 months of follow-up.

We observed that a 6-month intervention with digitized systems
and socia networks was associated with a significant
improvement in glycemic parameters, remarkably, with atrend
toward alower total insulin dose with lessrisk of hypoglycemia
and greater satisfaction since rapid insulin at meals can be
eliminated in many times, leading to improvements in quality
of lifeand adherence. Thisindicatesthat better metabolic control
did not depend only on optimization of antidiabetic drugs but
also on a comprehensive approach. In this context, team
collaboration networks, social support networks, and
multidisciplinary DM care are associated with good metabolic
control and should be considered in the management of these
patients [39,40].

Onthe other hand, to actually improve the prognosis of patients
with DM, it isnot only necessary to attain glycemic control but
also to achieve blood pressure and lipid control [41]. In our
study, there were significant improvements in systolic blood
pressure and lipid profile in both groups, suggesting that this
intervention may provide a positive impact on the holistic
approach of patients with diabetes.

It is important to ascertain not only the impact of this
intervention on metabolic parameters but also the acceptance
of theintervention by the patient. To fully understand this point,
patients were asked to complete different questionnaires.
Compared with usual care, the educational intervention through
digitized systems and the use of social networkswas associated
with a higher satisfaction and better health care experience.
Additionally, this intervention was associated with an increase
in knowledge about DM, leading to areductionin DM worries
in this group. Although the mean age was around 55 yearsin
our study and only young patients may be considered to benefit
from new technologies, previous studies have aso shown that
they provide added value in the management even of older
patients, with higher levels of satisfaction and better metabolic
control [4Q].

Assuring good adherence to treatment is crucia for patients
with chronic conditions to attain therapeutic goals. Our study
showed that, whereas medication adherence worsened in the
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control group, it significantly improved in the intervention
group. Thisisrelevant, asthistype of intervention may facilitate
up-titration of medication, with fewer side effects and greater
satisfaction. In fact, previous studies have shown that social
networks through online communities may increase the
adherence of chronic patients to the treatment prescribed by
physicians [42]. In fact, it has been observed that these
interventions are safe, but amultistakeholder approach is needed
to reduce the digital divide [43,44]. Of note, telemonitoring of
patients with T2DM has shown areduction in health care costs
asaresult of better self-management of the disease by patients
and greater adherenceto treatment [45]. However, there are till
important gapsto be resolved to ensure adequate integrated care
with the help of new technologies [46]. Moreover, in the future,
it would be interesting to measure the costs that interventions
through telemedicine would entail for patients with T2DM in
the Spanish population.

Limitations

This study has some limitations. First, the sample size could
limit the generalizability of the results. However, asthiswas a
randomized study and the groups were well matched overall,
this potential bias could be minimized. In addition, patients
were recruited from the Endocrinology Departments of the
Virgen Macarena Hospital (Seville) and Juan Ramén Jiménez
Hospital (Huelva). Both hospitalsare public university hospitals
dependent on the Andalusian health service, used the same
clinical protocols, and had similar medical equipment and
devices. The clinical profile, socioeconomic status, or
educational status of patients and health care did not differ based
upon hospital site. However, in this study, patients included in
the intervention group knew they were receiving an additional
approach, and this could have an impact on their behavior and
their answersto the questionnaires. On the other hand, to avoid
bias by the physicians, data were blindly analyzed by an
investigator, who was unable to know whether the data came
from the control or intervention group. In addition, a longer
follow-up could provide relevant information about the
long-term impact of this intervention. Finally, it would be
relevant to perform an economic valuation in order to quantify
its efficiency in clinical practice.

Conclusion

In conclusion, digital support and patient training in the
management of diabetes|ead to improved health outcomes and
a better experience with the disease, trandating into better
quality of life and greater treatment adherence. Based on these
observations, the implementation of telemedicine could highly
contribute to the multidisciplinary approach to T2DM treatment.
However, in the light of the limitations of this study, further
studies are warranted to substantiate the effectiveness and
efficiency of digita interventions in diabetes care.

Writing and editorial assistance was provided by Content Ed Net (Madrid, Spain) with funding from Fisevi.

https://www.jmir.org/2025/1/e60758

JMed Internet Res 2025 | vol. 27 | e60758 | p. 10
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Caballero Mateos et a

Data Availability
The data that support the findings of this study are available from the corresponding autor upon reasonabl e request.

Conflictsof I nterest
None declared.

Editorial Notice

This randomized study was only retrospectively registered. The editor granted an exception from ICMJE rules mandating
prospective registration of randomized trials because the risk of bias appears|ow. However, readers are advised to carefully assess
the validity of any potential explicit or implicit claims related to primary outcomes or effectiveness, as retrospective registration
does not prevent authors from changing their outcome measures retrospectively.

Multimedia Appendix 1

Evolution of body weight and body mass index during the study according to the study groups.
[PNG File, 66 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Evolution of fasting glucose and HbA ;. during the study according to the study groups.
[PNG File, 65 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Evolution of Morisky-Green, IEXPAC and ECODI questionnaires score during the study according to the study groups.
[PNG File, 71 KB-Multimedia Appendix 3]

Multimedia Appendix 4

CONSORT Checklist.
[PDF File (Adobe PDF File), 163 KB-Multimedia Appendix 4]

References

1. IDF Diabetes Atlas 2021, 10th edition. International Diabetes Federation. 2021. URL : https://diabetesatlas.org/atlas/
tenth-edition/ [accessed 2025-03-26]

2. ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D, et al. on behalf of the American Diabetes
Association. 2. Classification and diagnosis of diabetes: standards of care in diabetes-2023. Diabetes Care. Jan 01,
2023;46(Suppl 1):S19-S40. [FREE Full text] [doi: 10.2337/dc23-S002] [Medline: 36507649]

3. Soriguer F, Goday A, Bosch-Comas A, Bordil E, Calle-Pascual A, CarmenaR, et al. Prevalence of diabetes mellitus and
impaired glucose regulation in Spain: the Di @bet.es Study. Diabetologia. Jan 11, 2012;55(1):88-93. [FREE Full text] [doi:
10.1007/s00125-011-2336-9] [Medline: 21987347]

4. ElSayed N, Aleppo G, ArodaV, Bannuru R, Brown F, Bruemmer D, et a. 6. Glycemic targets: standards of carein
diabetes-2023. Diabetes Care. Jan 01, 2023;46(Suppl 1):S97-S110. [FREE Full text] [doi: 10.2337/dc23-S006] [Medline:
36507646]

5. Simeone JC, Shah S, Ganz ML, Sullivan S, Koralova A, LeGrand J, et a. Healthcare resource utilization and cost among
patients with type 1 diabetes in the United States. JManag Care Spec Pharm. Nov 2020;26(11):1399-1410. [FREE Full
text] [doi: 10.18553/jmcp.2020.26.11.1399] [Medline: 33119443]

6. MataCases M, Franch-Nadal J, Real J, CedenillaM, Mauricio D. Prevalence and coprevalence of chronic comorbid
conditions in patients with type 2 diabetesin Catalonia: a population-based cross-sectional study. BMJ Open. Oct 28,
2019;9(10):e031281. [FREE Full text] [doi: 10.1136/bmjopen-2019-031281] [Medline: 31662386]

7.  Franch-Nadal J, Roura-Olmeda P, Benito-Badorrey B, Rodriguez-Poncelas A, Coll-de-Tuero G, Mata-Cases M, et al.
GEDAPS (Primary care Group for the study of Diabetes). Metabolic control and cardiovascular risk factorsin type 2
diabetes mellitus patients according to diabetes duration. Fam Pract. Feb 2015;32(1):27-34. [FREE Full text] [doi:
10.1093/fampra/cmu048] [Medline: 25194144

8.  ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D, et al. on behalf of the American Diabetes
Association. 9. Pharmacol ogic approaches to glycemic treatment: standards of care in diabetes-2023. Diabetes Care. Jan
01, 2023;46(Suppl 1):S140-S157. [FREE Full text] [doi: 10.2337/dc23-S009] [Medline: 36507650]

9.  Cheng LJ, Wang W, Lim ST, Wu V X. Factors associated with glycaemic control in patients with diabetes mellitus: A
systematic literaturereview. JClin Nurs. May 12, 2019;28(9-10):1433-1450. [doi: 10.1111/jocn.14795] [Medline: 30667583]

https://www.jmir.org/2025/1/e60758 JMed Internet Res 2025 | vol. 27 | e60758 | p. 11
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=jmir_v27i1e60758_app1.png&filename=6896746cc5ec1980f7e4e6b19b793cb3.png
https://jmir.org/api/download?alt_name=jmir_v27i1e60758_app1.png&filename=6896746cc5ec1980f7e4e6b19b793cb3.png
https://jmir.org/api/download?alt_name=jmir_v27i1e60758_app2.png&filename=f0de7c134c86bab146efae73b0a4b133.png
https://jmir.org/api/download?alt_name=jmir_v27i1e60758_app2.png&filename=f0de7c134c86bab146efae73b0a4b133.png
https://jmir.org/api/download?alt_name=jmir_v27i1e60758_app3.png&filename=bcbd90587cd21952f828d5bb432b20ac.png
https://jmir.org/api/download?alt_name=jmir_v27i1e60758_app3.png&filename=bcbd90587cd21952f828d5bb432b20ac.png
https://jmir.org/api/download?alt_name=jmir_v27i1e60758_app4.pdf&filename=54a77a78c21d83f30e800001e3d9b425.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e60758_app4.pdf&filename=54a77a78c21d83f30e800001e3d9b425.pdf
https://diabetesatlas.org/atlas/tenth-edition/
https://diabetesatlas.org/atlas/tenth-edition/
https://europepmc.org/abstract/MED/36507649
http://dx.doi.org/10.2337/dc23-S002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36507649&dopt=Abstract
https://europepmc.org/abstract/MED/21987347
http://dx.doi.org/10.1007/s00125-011-2336-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21987347&dopt=Abstract
https://europepmc.org/abstract/MED/36507646
http://dx.doi.org/10.2337/dc23-S006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36507646&dopt=Abstract
https://europepmc.org/abstract/MED/33119443
https://europepmc.org/abstract/MED/33119443
http://dx.doi.org/10.18553/jmcp.2020.26.11.1399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33119443&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=31662386
http://dx.doi.org/10.1136/bmjopen-2019-031281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31662386&dopt=Abstract
https://pubmed.ncbi.nlm.nih.gov/25194144/
http://dx.doi.org/10.1093/fampra/cmu048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25194144&dopt=Abstract
https://europepmc.org/abstract/MED/36507650
http://dx.doi.org/10.2337/dc23-S009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36507650&dopt=Abstract
http://dx.doi.org/10.1111/jocn.14795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30667583&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Caballero Mateos et a

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Lambrinou E, Hansen TB, Beulens JW. Lifestyle factors, self-management and patient empowerment in diabetes care. Eur
JPrev Cardiol. Dec 2019;26(2_suppl):55-63. [doi: 10.1177/2047487319885455] [Medline: 31766913]

Miyamoto S, Henderson S, Fazio S, Saconi B, Thiede E, Greenwood DA, et al. Empowering diabetes self-management
through technology and nurse health coaching. Diabetes Educ. Dec 14, 2019;45(6):586-595. [doi:
10.1177/0145721719879421] [Medline: 31608793]

Timm L, Karlsson |, Sidney Annerstedt K, Absetz P, Forsberg BC, Daivadanam M, et al. Intervention fidelity focusing on
interaction between participants and facilitators in a telephone-delivered health coaching intervention for the prevention
and management of type 2 diabetes. Nutrients. Oct 28, 2021;13(11):3862. [FREE Full text] [doi: 10.3390/nu13113862]
[Medline: 34836116]

Young HM, Miyamoto S, Dharmar M, Tang-Feldman Y. Nurse coaching and mobile health compared with usual care to
improve diabetes self-efficacy for persons with type 2 diabetes: randomized controlled trial. IMIR Mhealth Uhealth. Mar
02, 2020;8(3):e16665. [FREE Full text] [doi: 10.2196/16665] [Medline: 32130184]

von Storch K, Graaf E, Wunderlich M, Rietz C, Polidori MC, Woopen C. Telemedicine-assi sted self-management program
for type 2 diabetes patients. Diabetes Technol Ther. Sep 2019;21(9):514-521. [doi: 10.1089/dia.2019.0056] [Medline:
31287736]

Azelton KR, Crowley AP, Vence N, Underwood K, Morris G, Kelly J, et a. Digital health coaching for type 2 diabetes:
randomized controlled trial of Healthy at Home. Front Digit Health. Nov 25, 2021;3:764735. [FREE Full text] [doi:
10.3389/fdgth.2021.764735] [Medline: 34901926]

Egede LE, Dawson AZ, Walker RJ, Garraci E, Knapp RG. Randomized controlled trial of technology-assisted case
management in low-income adults with type 2 diabetes: effect on quality of life and blood pressure. J Telemed Telecare.
Jul 12, 2021;30(1):107-115. [doi: 10.1177/1357633x211028491]

Nyenwe EA, Ashby S, Tidwell J. Diabetes consultation versus diabetes education in patients with poor glycaemic control:
atelemedicine intervention study. J Telemed Telecare. Oct 2022;28(9):687-693. [doi: 10.1177/1357633X20959213]
[Medline: 32990153]

ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D, et a. on behalf of the American Diabetes
Association. 7. Diabetestechnology: standards of carein diabetes-2023. Diabetes Care. Jan 01, 2023;46(Suppl 1):S111-S127.
[FREE Full text] [doi: 10.2337/dc23-S007] [Medline: 36507635]

Klonoff DC, Kerr D. Overcoming barriers to adoption of digital health tools for diabetes. J Diabetes Sci Technol. Jan 03,
2018;12(1):3-6. [FREE Full text] [doi: 10.1177/1932296817732459] [Medline: 28969460]

Rodriguez-Fortiinez P, Franch-Nadal J, Fornos-Pérez JA, Martinez-Martinez F, de Paz HD, Orera-PefiaML. Cross-sectional
study about the use of telemedicine for type 2 diabetes mellitus management in Spain: patient's perspective. The EnNREDa2
Study. BMJ Open. Jun 22, 2019;9(6):€028467. [ FREE Full text] [doi: 10.1136/bmjopen-2018-028467] [Medline: 31230025]
Fico G, Martinez-Millana A, Leuteritz J, Fioravanti A, Beltran-Jaunsards ME, Traver V, et al. User centered design to
improve information exchange in diabetes care through eHealth: results from a small scale exploratory study. JMed Syst.
Nov 18, 2019;44(1):2. [FREE Full text] [doi: 10.1007/s10916-019-1472-5] [Medline: 31741069]

Gonzalez Jiménez E. Body composition: assessment and clinical value. Endocrinologiay Nutricion (English Edition). Feb
2013;60(2):69-75. [doi: 10.1016/j.endoen.2012.04.015]

Dittmar M, Reber H, Kahaly GJ. Bioimpedance phase angle indicates catabolism in type 2 diabetes. Diabet Med. Sep 18,
2015;32(9):1177-1185. [doi: 10.1111/dme.12710] [Medline: 25661454]

Millan M. [Quality-of-life questionnaire designed for diabetes mellitus (ESDQOL)]. Aten Primaria. May 15,
2002;29(8):517-521. [FREE Full text] [doi: 10.1016/s0212-6567(02) 70623-9] [Medline: 12031227]

Millan M, Reviriego J, Del Campo J. Revaluacion delaversion espafioladd cuestionario Diabetes Quality of Life (EsSDQOL).
Endocrinologiay Nutricidn. Jan 2002;49(10):322-324. [doi: 10.1016/s1575-0922(02)74482-3]

Bueno JM, Marco MD, Leal A, Orozco D, Mira JJ. [An evaluation study of a scale of diabetological education in primary
care]. Aten Primaria. Apr 30, 1993;11(7):344-348. [Medline: 8499549]

Clarke W, Cox D, Gonder-Frederick L, Julian D, Schlundt D, Polonsky W. Reduced awareness of hypoglycemiain adults
with IDDM. A prospective study of hypoglycemic frequency and associated symptoms. Diabetes Care. Apr
1995;18(4):517-522. [FREE Full text] [doi: 10.2337/diacare.18.4.517] [Medline: 7497862]

Morisky DE, Green LW, Levine DM. Concurrent and predictive validity of aself-reported measure of medication adherence.
Med Care. Jan 1986;24(1):67-74. [doi: 10.1097/00005650-198601000-00007] [Medline: 3945130]

Gomez-Garcia A, Ferreira de Campos K, Orozco-Beltran D, Artola-Menéndez S, Grahit-Vidosa V, Fierro-Alario MJ, et
al. Impact of advanced diabetes centers on the healthcare experience of patients with type 2 diabetes using the IEXPAC
tool. Endocrinol Diabetes Nutr (Engl Ed). Jun 2021;68(6):416-427. [doi: 10.1016/].endien.2021.10.003] [Medline: 34742475]
Barrios V, Escobar C, Llisterri J, Rodriguez Roca G, Badimén JJ, Vergara J, et a. representacion de los investigadores del
estudio IBERICAN. [Basdlineclinical characteristics and management of patientsincluded in IBERICAN study]. Semergen.
Jan 2015;41(1):3-12. [doi: 10.1016/j.semerg.2014.09.010] [Medline: 25459384]

0Ojo O, Wang X, Ojo OO, Orjih E, Pavithran N, Adegboye ARA, et al. The effects of COVID-19 lockdown on glycaemic
control and lipid profile in patients with type 2 diabetes: a systematic review and meta-analysis. Int J Environ Res Public
Health. Jan 19, 2022;19(3):1095. [FREE Full text] [doi: 10.3390/ijerph19031095] [Medline: 35162117]

https://www.jmir.org/2025/1/e60758 JMed Internet Res 2025 | vol. 27 | e60758 | p. 12

(page number not for citation purposes)


http://dx.doi.org/10.1177/2047487319885455
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31766913&dopt=Abstract
http://dx.doi.org/10.1177/0145721719879421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31608793&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu13113862
http://dx.doi.org/10.3390/nu13113862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34836116&dopt=Abstract
https://mhealth.jmir.org/2020/3/e16665/
http://dx.doi.org/10.2196/16665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32130184&dopt=Abstract
http://dx.doi.org/10.1089/dia.2019.0056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31287736&dopt=Abstract
https://europepmc.org/abstract/MED/34901926
http://dx.doi.org/10.3389/fdgth.2021.764735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34901926&dopt=Abstract
http://dx.doi.org/10.1177/1357633x211028491
http://dx.doi.org/10.1177/1357633X20959213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32990153&dopt=Abstract
https://europepmc.org/abstract/MED/36507635
http://dx.doi.org/10.2337/dc23-S007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36507635&dopt=Abstract
https://europepmc.org/abstract/MED/28969460
http://dx.doi.org/10.1177/1932296817732459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28969460&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=31230025
http://dx.doi.org/10.1136/bmjopen-2018-028467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31230025&dopt=Abstract
https://riunet.upv.es/handle/10251/170288
http://dx.doi.org/10.1007/s10916-019-1472-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31741069&dopt=Abstract
http://dx.doi.org/10.1016/j.endoen.2012.04.015
http://dx.doi.org/10.1111/dme.12710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25661454&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/13031464
http://dx.doi.org/10.1016/s0212-6567(02)70623-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12031227&dopt=Abstract
http://dx.doi.org/10.1016/s1575-0922(02)74482-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8499549&dopt=Abstract
https://pubmed.ncbi.nlm.nih.gov/7497862/
http://dx.doi.org/10.2337/diacare.18.4.517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7497862&dopt=Abstract
http://dx.doi.org/10.1097/00005650-198601000-00007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3945130&dopt=Abstract
http://dx.doi.org/10.1016/j.endien.2021.10.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34742475&dopt=Abstract
http://dx.doi.org/10.1016/j.semerg.2014.09.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25459384&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph19031095
http://dx.doi.org/10.3390/ijerph19031095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35162117&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Caballero Mateos et a

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

Eberle C, Stichling S. Impact of COVID-19 lockdown on glycemic control in patients with type 1 and type 2 diabetes
mellitus: a systematic review. Diabetol Metab Syndr. Sep 07, 2021;13(1):95. [EREE Full text] [doi:
10.1186/s13098-021-00705-9] [Medline: 34493317]

Boucher J. Connectedness: how technology and social networks are advancing diabetes nutrition care. Diabetes Spectr.
Feb 2019;32(1):69-75. [FREE Full text] [doi: 10.2337/ds18-0079] [Medline: 30853767]

Okemah J, Neunie S, Noble A, Wysham C. Impact on knowledge, competence, and performance of afaculty-led web-based
educational activity for type 2 diabetes and obesity: questionnaire study among health care professionals and analysis of
anonymized patient records. IMIR Form Res. Sep 13, 2023;7:e49115. [FREE Full text] [doi: 10.2196/49115] [Medline:
37703084]

Fagherazzi G, Ravaud P. Digital diabetes: Perspectivesfor diabetes prevention, management and research. Diabetes Metab.
Sep 2019;45(4):322-329. [doi: 10.1016/j.diabet.2018.08.012] [Medline: 30243616]

Barker MM, Chauhan R, Davies MJ, Brough C, Northern A, Stribling B, et al. User retention and engagement in the
digital-based diabetes education and self-management for ongoing and newly diagnosed (myDESMOND) program:
descriptive longitudinal study. IMIR Diabetes. Jul 21, 2023;8:e44943. [FREE Full text] [doi: 10.2196/44943] [Medline:
37477963]

Schram MT, Assendelft WJJ, van Tilburg TG, Dukers-Muijrers NHTM. Socia networks and type 2 diabetes: a narrative
review. Diabetologia. Sep 29, 2021;64(9):1905-1916. [FREE Full text] [doi: 10.1007/s00125-021-05496-2] [Medline:
34189591]

ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D, et a. on behalf of the American Diabetes
Association. 8. Obesity and weight management for the prevention and treatment of type 2 diabetes: standards of carein
diabetes-2023. Diabetes Care. Jan 01, 2023;46(Suppl 1):S128-S139. [FREE Full text] [doi: 10.2337/dc23-S008] [Medline:
36507637]

Saint-Pierre C, Prieto F, Herskovic V, Sepulveda M. Team collaboration networks and multidisciplinarity in diabetes care:
implicationsfor patient outcomes. |EEE J. Biomed. Health Inform. Jan 2020;24(1):319-329. [doi: 10.1109/jbhi.2019.2901427]
Mendoza-Nifiez VM, Flores-Bello C, Correa-Mufioz E, Retana-U Galde R, Ruiz-Ramos M. Relationship between social
support networks and diabetes control and its impact on the quality of lifein older community-dwelling Mexicans. Nutr
Hosp. Nov 29, 2016;33(6):1312-1316. [doi: 10.20960/nh.776] [Medline: 28000458]

Gadde P, Veddl P, Larsen N, Jensen GV, Parving H, Pedersen O. Multifactorial intervention and cardiovascular diseasein
patients with type 2 diabetes. N Engl JMed. Jan 30, 2003;348(5):383-393. [doi: 10.1056/nejmoa021778]

Fernandes LDS, Calado C, Araujo CAS. Socia networks and health practices: influence of a diabetes online community
on adherence to treatment. Cien Saude Colet. Oct 2018;23(10):3357-3368. [FREE Full text] [doi:
10.1590/1413-812320182310.14122018] [Medline: 30365855]

Snoswell CL, Stringer H, Taylor ML, Caffery LJ, Smith AC. An overview of the effect of telehealth on mortality: a
systematic review of meta-analyses. J Telemed Telecare. Oct 2023;29(9):659-668. [doi: 10.1177/1357633X211023700]
[Medline: 34184578]

Gallegos-Rejas VM, Thomas EE, Kelly JT, Smith AC. A multi-stakeholder approach is needed to reduce the digital divide
and encourage equitable access to telehealth. J Telemed Telecare. Jun 22, 2022;29(1):73-78. [doi:
10.1177/1357633x221107995]

Warren R, Carlisle K, MihalaG, Scuffham PA. Effects of telemonitoring on glycaemic control and healthcare costsin type
2 diabetes: arandomised controlled trial. J Telemed Telecare. Oct 2018;24(9):586-595. [doi: 10.1177/1357633X17723943]
[Medline: 28814128]

Racey M, Whitmore C, Alliston P, Cafazzo JA, Crawford A, Castle D, et al. Technol ogy-supported integrated careinnovations
to support diabetes and mental health care: scoping review. JMIR Diabetes. May 09, 2023;8:e44652. [FREE Full text] [doi:
10.2196/44652] [Medline: 37159256]

Abbreviations

DM: diabetes mellitus

ECODI: Diabetes Knowledge Scale

eGFR: estimated glomerular filtration rate

ESDQOL: Spanish version of the Diabetes Quality of Life Questionnaire
GLP-1: glucagon-like peptide-1

HbA,.: glycated hemoglobin

I[EXPAC: Instrument for Evaluation of the Experience of Chronic Patients
T2DM: type 2 diabetes mellitus

https://www.jmir.org/2025/1/e60758 JMed Internet Res 2025 | vol. 27 | e60758 | p. 13

(page number not for citation purposes)


https://dmsjournal.biomedcentral.com/articles/10.1186/s13098-021-00705-9
http://dx.doi.org/10.1186/s13098-021-00705-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34493317&dopt=Abstract
https://europepmc.org/abstract/MED/30853767
http://dx.doi.org/10.2337/ds18-0079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30853767&dopt=Abstract
https://formative.jmir.org/2023//e49115/
http://dx.doi.org/10.2196/49115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37703084&dopt=Abstract
http://dx.doi.org/10.1016/j.diabet.2018.08.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30243616&dopt=Abstract
https://diabetes.jmir.org/2023//e44943/
http://dx.doi.org/10.2196/44943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37477963&dopt=Abstract
https://europepmc.org/abstract/MED/34189591
http://dx.doi.org/10.1007/s00125-021-05496-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34189591&dopt=Abstract
https://europepmc.org/abstract/MED/36507637
http://dx.doi.org/10.2337/dc23-S008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36507637&dopt=Abstract
http://dx.doi.org/10.1109/jbhi.2019.2901427
http://dx.doi.org/10.20960/nh.776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28000458&dopt=Abstract
http://dx.doi.org/10.1056/nejmoa021778
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-81232018001003357&lng=en&nrm=iso&tlng=en
http://dx.doi.org/10.1590/1413-812320182310.14122018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30365855&dopt=Abstract
http://dx.doi.org/10.1177/1357633X211023700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34184578&dopt=Abstract
http://dx.doi.org/10.1177/1357633x221107995
http://dx.doi.org/10.1177/1357633X17723943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28814128&dopt=Abstract
https://diabetes.jmir.org/2023//e44652/
http://dx.doi.org/10.2196/44652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37159256&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Caballero Mateos et a

Edited by A Coristine; submitted 23.05.24; peer-reviewed by AN Ali, G Koh, MC Berkovic; comments to author 19.08.24; revised
version received 16.10.24; accepted 11.03.25; published 10.04.25

Please cite as.

Caballero Mateos |, Morales Portillo C, Lainez Lépez M, Milches-Arenas A

Efficacy of a Digital Educational Intervention for Patients With Type 2 Diabetes Mellitus: Multicenter, Randomized, Prospective,
6-Month Follow-Up Sudy

J Med Internet Res 2025;27:€60758

URL: https.//wwww.jmir.org/2025/1/e60758

doi: 10.2196/60758

PMID:

©lrene Caballero Mateos, Cristobal Morales Portillo, Maria Lainez L6pez, Angel Vilches-Arenas. Originally published in the
Journal of Medica Internet Research (https.//www.jmir.org), 10.04.2025. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet
Research (ISSN 1438-8871), is properly cited. The complete bibliographic information, a link to the original publication on
https://mwww.jmir.org/, as well as this copyright and license information must be included.

https://www.jmir.org/2025/1/e60758 JMed Internet Res 2025 | vol. 27 | e60758 | p. 14
(page number not for citation purposes)

RenderX


https://www.jmir.org/2025/1/e60758
http://dx.doi.org/10.2196/60758
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

