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Abstract

Background: The diabetes epidemic continues to surge worldwide, demanding urgent and innovative solutions. Digital health
interventions, particularly those targeting behavior change, hold promise due to their affordability and scalability. However,
research in thisfield remainsin its early stages.

Objective: This study aimed to evaluate the effectiveness of PREDIABETEXT (Prediabetes Text Message Digital Intervention
for the Prevention of Type 2 Diabetes Mellitus), a digital health intervention, in reducing glycated hemoglobin (HbA,.) and in
improving secondary clinical, physiological, and behavioral outcomes.

Methods: We conducted a 6-month, 3-arm, pragmatic cluster randomized clinical trial. We recruited patients with prediabetes
(HbA ;. level s between 6% and 6.4% in the previous 3 months or 2 consecutive fasting plasma glucose measurements of 110-125
mg/dL) registered at primary care centers in the Balearic I1slands, Spain. The PREDIABETEXT intervention consisted of 3
personalized SM S text messages per week aimed at supporting lifestyle behavior changes and online training for their primary
health care professionals. A total of 58 professionals (clusters) from 16 centers participated in the study and were randomized
(1:1:1) to intervention group A (patient SMS text messaging), intervention group B (patient SM S text messaging+health care
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professional web-based training), or the control group (usual care). Following the 6-month intervention period, we conducted
individual qualitative interviewswith 8 patients and 7 health care professionalsto eval uate their experiences with the intervention
interms of utility, satisfaction, and implementation barriers.

Results: In total, 58 health care professionals (clusters) were included, allocated to the control group (n=20, 34%; 119/365,
32.6% patients), intervention group A (SM S text messaging only; n=18, 31%; 106/365, 29% patients), and intervention group B
(SM S text messaging+training; n=20, 34%; 140/365, 38.4% patients). The mean age of the patients was 59.79 (SD 9.75) years,
and 54.5% (199/365) were female. Theresults of theintention-to-treat analysisat the 6-month time point showed that intervention
A ledto asmall, nonsignificant reduction in HbA . levels compared to the control group (=-0.05, 95% CI —-0.21 to 0.10; P=.50),
whereas intervention B showed a similar nonsignificant reduction (3=-0.04, 95% CI -0.12 to 0.10; P=.56). No substantial
differences were observed in the remaining secondary outcomes. Interviews revealed positive feedback from patients, who
appreciated the intervention’s dietary messages and their frequency and practicality. Participants suggested enhancements such
as increased personalization, links to recipes, and nursing follow-ups. Health care professionals valued the online training but
highlighted time constraints, suggesting shorter or blended formats to improve accessibility.

Conclusions: While PREDIABETEXT did not significantly improve HbA ;. levels, it demonstrated potential benefitsfor patient
engagement. Further studies involving more intensive interventions are warranted to confirm the clinical impact on diabetes

prevention.
Trial Registration:
International Registered Report Identifier (IRRID):

(J Med Internet Res 2025;27:€70981) doi: 10.2196/70981
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Introduction

Background

Prediabetes is a significant global health concern, with a
worldwide prevalence of 9.1% (464 million people) based on
impaired glucose tolerance in 2021 projected to rise to 10%
(638 million people) by 2045 [1]. Similarly, impaired fasting
glucose affected 5.8% of the global population (298 million
people) in 2021, with an anticipated increase to 6.5% (414
million people) by 2045 [2]. In Spain, the age-adjusted
prevalence of impaired glucose tolerance was 6.2% in 2021,
affecting 2,600,800 adults, whereas impaired fasting glucose
preval ence was 2.8%, impacting 1,231,400 individuals [3].

Lifestyle modifications have proven effective in preventing
diabetes [4], particularly among individuals with risk factors
such as overweight, afamily history of the disease, or physical
inactivity [5]. One of the most successful programs, the
year-long Diabetes Prevention Program, reduced the incidence
of type 2 diabetes mellitus (T2DM) by 58% over 3 yearsin its
randomized controlled trial (RCT) [6]. However, barriers such
as time constraints and low commitment often hinder patients
with prediabetes from engaging in intensive interventions [7].
Digitally delivered, lower-intensity interventions offer a
promising alternative by addressing these barriers[8]. Advances
in digital health technologies such as wearables, mobile health
(mHealth) apps, and data analytics enable personalized health
education and real-time monitoring [9]. Theseinnovations have
the potential to enhance chronic disease management, including
diabetes and cardiovascular conditions.

While some studies indicate that mHealth interventions may
reduce the incidence of T2DM, improve glucose tolerance,

https://www.jmir.org/2025/1/€70981

promote weight loss, and lower glycated hemoglobin (HbA )
levels[10-12], recent systematic reviewshighlight that thefield
isstill initsearly stages and the evidence remainsinconclusive
[13,14]. Moreover, the potential to enhance the effectiveness
of mHealth interventions by combining them with educational
cointerventions for health care professionals has not yet been
explored.

Objectives

To address this gap, we developed PREDIABETEXT
(Prediabetes Text Message Digital Intervention for the
Prevention of Type 2 DiabetesMéllitus), anovel, theory-driven,
multifaceted digital intervention that contributes to existing
research by integrating health care professional training with
patient-centered interventions. By combining personalized SMS
text messaging for patients with an online training program for
health care professionals, our approach aimed to enhance
diabetes prevention by supporting patient lifestyle changeswhile
equipping health care professional swith the skillsto effectively
manage prediabetes in primary care.

Therefore, this study aimed to evaluate the effects of
PREDIABETEXT on HbA,; levels (primary outcome) and

additional clinical, behavioral, and psychological outcomes
through a 3-arm, 6-month cluster RCT.

Methods

Overview

The tria protocol is available elsewhere [15]. This trial was
prospectively registered at Clinical Trials.gov (NCT05110625)
on November 8, 2021, before participant recruitment. The
reporting of this study isbased on the CONSORT (Consolidated
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Standards of Reporting Trials) 2010 statement extension to
cluster RCTs[16] (Multimedia Appendix 1).

Trial Design

This study consisted of a pragmatic, 6-month, 3-arm cluster
RCT conducted in primary care centers in Mallorca (Balearic
Islands, Spain). Clusterswere defined at the level of health care
professional sworking in these centersto account for variability
in individual practice styles and patient interactions. Among
the 58 hedth care professionals included, 16 centers were
represented, with a median of 3 (IQR 1-6) hedth care
professional's per center. To minimize contamination, accessto
the onlinetraining (intervention group B) wasrestricted through
password protection. Randomization at the hedth care
professional level ensured that practice-level contamination was
unlikely as control health care professionals did not receive the
training. This design helped maintain intervention fidelity at
the health care professionals level while limiting the spread of
intervention content to control health care professionals even
within the same practice.

Participants

Eligibility Criteria for the Clusters

Physicians and nurses from primary health care centers in
Mallorca were invited to participate in the study via email,
which included detailed information about the study.
Participation was confirmed through follow-up phone calls,
during which participant information were collected and
informed consent was audio recorded. Health care professionals
with ahigher number of patients meeting the prediabetes criteria
were prioritized for inclusion. Professional swho were planning
to transfer to another primary health care unit during the study
period were excluded.

Eligibility Criteria for the Patients

Patients were eligible for inclusion if they were aged between
18 and 75 years; registered with the Balearic Islands Health
Service; and at risk of T2DM based on at least one of the
following criteria: HbA . level between 6% and 6.4% in the
previous 3 months, 2 consecutive fasting plasmaglucose (FPG)
values between 110 and 125 mg/dL, or both. In addition,
participants were reguired to have access to a mobile device
capable of receiving SM Stext messages. Petients were excluded
if they were unable to read messages in Spanish, had a severe
mental health condition, were currently using antidiabetic
medication, had given birth in the previous 12 months or were
pregnant, or were planning to change health care centersduring
the intervention period.

Interventions

Overview

The PREDIABETEXT intervention was designed at the cluster
level targeting both health care professionals and their patients.
It was developed in accordance with the Medical Research
Council guidelines for complex interventions [17] and was
informed by the extended normalization process theory [18]
based on the findings of aformative qualitative study involving
both patients and primary care providers [19]. This approach
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ensured that the intervention was aligned with the needs of the
target population and feasible to implement within the health
care system. A detailed description of the PREDIABETEXT
intervention is available elsawhere [15], whereas its
development is outlined in this section.

A multidisciplinary team comprising primary care physicians
and nurses, endocrinologists, nutritionists, sports scientists,
psychologists, and pharmacists devel oped the PREDIABETEXT
cointervention for patients. Thisintervention included up to 500
SM Stext messages based on various behavior changetechniques
to promote engagement and facilitate sustainable lifestyle
changes among participants [20]. It targeted individuals at risk
of T2DM and was refined through a series of iterative
workshops. To ensure that the content was clear and relevant,
3 patients actively participated in the development process. In
addition, 2 diabetes expertsreviewed the prefinal draft to ensure
accuracy and alignment with current clinical guidelines. The
intervention was delivered via SMS text messages using the
Balearic Islands Health Service messaging system.

To assess the intervention’s acceptability, relevance, and
perceived impact, it was piloted for 1 month with 21 individuals
with prediabetes. A total of 12 patients from diverse
socioeconomic  backgrounds participated in individual
semistructured interviews after the pilot trial to explore their
experiences and challenges using the intervention. The
intervention was subseguently refined based on these findings.

The cointervention for health care professionalswas devel oped
by a multidisciplinary team of endocrinologists, nutritionists,
physicians, nurses, and primary care education managersin the
Balearic Islands. The online training was designed to address
health care professionals educational needs, preferences, and
perceived barriers to implementation as identified through
interviews with 15 physicians and nurses from diverse settings
and with varying levels of knowledge about prediabetes. To
refine the intervention, a pilot study was conducted with 10
primary care physicians and nurses, who reviewed the materials
and compl eted a questionnaire on their usefulness and suggested
improvements. Feedback from the pilot was incorporated to
enhance the training content. This approach ensured that the
intervention was both relevant to health care professionas
needs and feasible for implementation in the primary care
Ssetting.

I ntervention Group A: Patients Receiving Text Messages

The PREDIABETEXT intervention included SMS text
messages, each 160 characters long, addressing key topics to
promote behavior change toward a healthier lifestyle. These
messages were sent 3 times per week over a 6-month period.
The messages focused primarily on nutrition and physical
activity. Regarding nutrition, recommendations were made
regarding thetypes of carbohydratesthat help prevent glycemic
spikes; appropriate portion sizes; the frequency of food group
consumption; and guidance on limiting ultraprocessed food,
alcohol, and energy drink consumption. The messages also
included recipe examples. Regarding physical activity,
participants received advice on the frequency, intensity, and
duration of exercise, aswell as techniques to reduce sedentary
behavior and strategiesto replace sedentary activitieswith more
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physically active ones. In addition, participants received
motivational messages and personalized content targeting weight
loss or smoking cessation, if applicable. All messages fit one
of the behavior change techniques according to the taxonomy
proposed by Michieet a [20]. The patients PREDIABETEXT
cointervention is reported according to the Template for
Intervention Description and Replication checklist [21] in
Multimedia Appendix 2. Multimedia Appendix 3 contains
representative examples of the SMS text messages used in the
intervention for the patients.

I ntervention Group B: Patients Receiving Text Messages
and Health Care Professional Training

In this group, patients received the same SM S text messaging
intervention asthosein intervention group A. In addition, health
care professionals participated in a 16-hour accredited online
training program titled Clinical Management of Prediabetes,
which was awarded 2.4 European Credit Transfer and
Accumulation System creditsas part of the continuing education
program for health professionals of the Balearic |slands Health
Service. To prevent contamination bias, access to the course
was restricted through password protection, ensuring that only
professionalsin intervention group B could participate.

The training was structured into 6 teaching units and delivered
through a combination of theoretical content, narrated dlide
presentations, and supplementary materials. Topics included
anintroduction to prediabetes; epidemiology; diagnostic criteria;
behavior modification strategies; treatment approaches
(nutrition, physical activity, and pharmacological treatment);
and monitoring and follow-up, including management in
children and adolescents and the prevention of complications.
The coursea soincorporated specific content on communication
techniques to facilitate behavior change and included video
demonstrations of clinical consultations.

Professionals were instructed to complete the training within a
1-month period. They were given flexibility to complete the
course in a single session or divide it into multiple sessions
based on their availability. Progress was tracked via the
platform’s learning management system. An initial and final
knowledge test was administered to assess |earning outcomes,
and a satisfaction questionnaire was completed at the end of the
program.

Control Group: Usual Care

Patients in the control group received usual care, consisting of
standard primary care services in accordance with routine
clinical practice within the Balearic Islands’ public health care
system. This did not include any structured educational
materials, targeted counseling, or specific diabetes prevention
programs beyond what is typically offered during general
consultations. Their health care professionals did not receive
the onlinetraining intervention. Thisensured that any structured
behavioral intervention was delivered exclusively to the
intervention groups, thereby minimizing the risk of
contamination or confounding effects.

https://www.jmir.org/2025/1/€70981
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Sample Size

The sample size was estimated based on the primary outcome
variable (HbA .. levels). We planned to recruit 42 primary health
care professionals and 420 patients (approximately 10 patients
per health care professionals). On the basis of an expected SD
of 0.8%, an intraclass correlation coefficient of 0.04 [22], a
design effect of 1.36, and an anticipated dropout rate of 10%,
a total of 420 participants (140 per study arm) was deemed
sufficient to achieve 80% power to detect a between-group
difference of at least 0.3% in HbA ;. levels. Thiseffect sizewas
selected based on previous evidence suggesting that even modest
reductions in HbA,. levels are associated with clinically
meaningful improvements in diabetes risk and related
complications[23]. A meta-analysisof 47 RCTsincluding 7677
patients demonstrated that self-management interventions
resulted in a mean HbA . level reduction of 0.36% (95% ClI
0.21-0.51) [24]. We designed our clinical tria to detect a0.3%
decrease in HbA ;. levels, which isalower threshold than 0.5%
as the minimum for clinical importance [25], to make sure that
it was sensitive enough to identify even these slight changes.

Recruitment

Recruitment of Health Care Professionals

Eligible health care professionalswereinvited to participate via
email, which included an attached participant information sheet
detailing the study.

Recruitment of Patients

Patients were recruited from the rosters of health care
professionals who had already agreed to participate. Using the
information service platform (see the Acknowledgments
section), a list of eligible patients was compiled from the
Balearic Idands primary care database. Each health care
professional received alist of approximately 10 eligible patients
generated through standardized queriesto the electronic health
record system. To ensure up-to-date baseline data, patientswith
the most recent laboratory test results—particularly HbA,.
values from the previous 3 months—were prioritized. Patients
were then sorted based on the date of their recorded HbA
values and contacted sequentially following the study’s
eligibility criteria until the target number of participants per
health care professional (n=10) was reached.

Potential participants received an SM S text message invitation
through the Balearic Islands Health Service's SMS text
messaging system. After 48 hours, aresearch assistant followed
up with a phone call to formally invite patients to the study,
provide additional information, and obtain informed consent
viaphone. Further details regarding the recruitment procedure
are provided in Multimedia Appendix 4.

Data Collection

Health Care Professional Data

An online ad hoc questionnaire assessing knowledge about the
management of prediabetes was administered at baseline and
at the end of the course for professionalsin intervention group
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B and to al participating professionals 6 months after
completing the intervention.

Patient Data

After enrollment, baseline data on participants lifestyle
behaviors were collected through semistructured phone
interviews. Subsequently, participants attended an in-person
visit with aresearch nurse either at their primary care center or
at the reference hospital depending on their preference. During
thisvisit, anthropometric measurements were taken, and blood
samples were collected. Recruitment and follow-up of
participants were conducted sequentially.

Randomization and Blinding

Recruited physicians and nurses were assigned to 1 of 3 study
armsusing computer-generated random numbers. Their patients
were invited to participate in the study and received the
intervention according to the allocation of their health care
professionals. Allocation concealment was performed at the
level of health care professionals (clusters). Once baseline data
collection for both health care professionals and patients was
completed, the project manager (SM-M) assigned health care
professionals (clusters) to intervention groups based on the
pregenerated randomization sequence. To maintain allocation
concealment, a centralized randomization process was
implemented. Health care professionals were blinded to the
allocation sequence before patient recruitment, ensuring
unbiased assignment of participants. These measures ensured
appropriate cluster formation and rigorous randomization,
thereby maintaining the integrity of the study design. Notably,
the randomization process was not stratified by any specific
factors. Details regarding the randomization procedures are
provided in Multimedia Appendix 4.

Due to the nature of the intervention, health care professionals
and patients could not be blinded to group all ocation. However,
outcome assessors (ie, questionnaire administrators and
laboratory staff) and statisticians were blinded to group
assignment.

Outcomes

Primary Outcome

The primary outcome was HbA ;. levels at the 6-month time
point. HbA . level was selected asthe primary outcome because
it is a well-established, objective biomarker that reflects
long-term glycemic control and is widely used in diabetes
research and clinical practice [26,27]. This choice aligns with
the study’s research objective, which was to assess the
effectiveness of the PREDIABETEXT digital intervention in
preventing T2DM among individuals with prediabetes.

Secondary Outcomes

Regarding clinica and physiological outcomes, FPG,
triglycerides, total cholesterol, low-density lipoprotein (LDL)
cholesterol, high-density lipoprotein (HDL) cholesteral,
lipoprotein(a), aspartate  aminotransferase, alanine
aminotransferase, gamma-glutamyl transpeptidase, complete
blood count, serum creatinine, serum albumin, insulin, urinary
sediment, and urinary abumin were assessed. To reduce
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variability, all blood samples were analyzed at a centra
laboratory using standardized assay methods, ensuring
consistency across study sites. Cardiovascular disease risk was
evaluated using the  Girona  Heart Registry
(REGICOR)—Framingham risk equation, which classifies
individuals aged 35 to 74 years in Spain as moderate or high
risk (=5%) or low risk (<5%) [28]. Insulin resistance was
assessed using the homeostatic model assessment [29]. In
addition, diabetes incidence was calculated as the proportion
of patients newly diagnosed with T2DM. We assessed risk of
progression to type 2 diabetes by classifying participants into
3 categories based on baseline glycemic measures: low risk
(altered FPG levelsonly; 100-125 mg/dL), medium risk (altered
HDbA ;. levels only; 6%-6.4%), and high risk (both altered FPG,
100-125 mg/dL and atered HbA ., 6%-6.4% levels). Changes
intheserisk categoriesfrom baselineto 6 monthswere analyzed.

Motivational outcomes were assessed using a brief motivation
questionnaire. Adherence to the Mediterranean diet was
measured using the Mediterranean Diet Adherence Screener,
with scores of <9 indicating low adherence and scores of =9
indicating strong adherence[30]. Physical activity was eval uated
using the REGICOR Short Physical Activity Questionnaireand
classified into 3 categories: not very active (<300 metabolic
equivalent of task [MET] minutes per week), active (600-1200
MET minutes per week), and highly active (>1200 MET minutes
per week) [31]. Sedentary behavior was measured using the
Spanish version of the Nurses' Health Study Physical Activity
Questionnaire [32]. Smoking habits were assessed through an
adapted version of the Global Adult Tobacco Survey and were
classified as current smoker or former or never smoker [33],
and alcohol consumption was quantified using a validated
alcohol intake calculator [34].

Knowledge of prediabetes management among professionals
in intervention group B was assessed using a 15-item ad hoc
guestionnaire. The questionnaire was developed based on current
clinical practice guidelines, mainly from the American Diabetes
Association and the World Health Organization, covering critical
aspects of prediabetes care, including epidemiology, diagnosis,
behavioral interventions, pharmacological treatments,
cardiovascular  risk  management, physical  activity
recommendations, and motivational interviewing techniques.
A group of endocrinologists and primary care physicians
reviewed the questionnaire to make sure it was clear, clinically
relevant, and in line with the most recent guidelines for
managing prediabetes. The questionnaire is available in
Multimedia Appendix 5. Each correct answer was scored as 1
point (incorrect=0), with total scores ranging from 0 to 15.

Statistical M ethods

Descriptive statistics were used to examine the baseline
characteristics of the participants. The effect of theintervention
was evaluated by analyzing differences in primary and
secondary outcomes between groups at the 6-month time point.
All participants received the intervention as randomized, with
no protocol deviations. To ensure robustness and avoid attrition
bias, we used the intention-to-treat (ITT) approach, which
includes all participants as originally allocated regardless of
adherence or intervention completion. The missing values,
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outliers, and invalid data were handled using multiple
imputations by chained equations. This process was repeated
for 10 iterations, generating multiple imputed datasets. Final
imputed values were obtained by averaging those from each
iteration. Trace plots were used to assess stability and
convergence across iterations. Standardized effect coefficients
and their corresponding 95% Cls were computed.
Between-group differencesin HbA ;. levelsand other outcomes
were analyzed using generalized estimating equations (GEE),
which accounted for the correl ation between repeated measures
withinindividuals. GEE assumes between-subject independence
and within-subject dependence, modeling the within-subject
correlation matrix accordingly. This method allowed for the
evaluation of time and group effects on intervention outcomes
while preserving the ITT framework. The clustering effect was
addressed using an appropriate working correlation structure.
All statistical analyseswere conducted using SPSS (version 25;
IBM Corp) and Stata (version 16; StataCorp), with statistical
significance set at 5%.

Within-Trial Process Evaluation Qualitative Study

After completing the intervention, we conducted individual
interviews with the participants to explore their experiences
with the PREDIABETEXT intervention. We contacted them
via phone cal, with up to 3 cal attempts if they were
unanswered. Patient interviews took place after the 6-month
intervention period and no later than 1 month from the
completion of the intervention.

Health care professional swho received the cointervention were
interviewed within a month of completing their training. They
were purposefully sampled for diversity in gender, age, and
professional category (nurse or physician).

Two dynamic topic guides for patients and professionals
(Multimedia Appendix 6) were used, encompassing a global
evaluation of theintervention’s utility and satisfaction alongside
key themes relevant to the development of digital solutions for
chronic disease management. The guide wasiteratively refined
as data collection progressed. Supportive prompts were used
only when necessary to elicit responses aligned with the study
objectives. All interviews were conducted via telephone by 2
trained members of the research team (RZ-C and SM-M), both
of whom were independent from the participants' clinical care
and had no previous relationship with them. The interviews,
lasting approximately 15 to 40 minutes, were audio recorded,
transcribed verbatim, and anonymized. Data were collected
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until thematic saturation was reached, meaning that no new
pertinent themes emerged from participants who gave their
consent. Data analysis was managed and conducted using the
NVivo software (version 12; QSR International), which
facilitated coding and theme development in line with the
approach by Clarke and Braun [35]. Throughout this study, 2
researchers (SM-M and RZ-C) worked together to analyze the
interviews. The researchers critically assessed their own role
and the study’s objective to avoid influencing participants
responses.

Ethical Consider ations

All procedureswere approved in June 2021 by the Primary Care
Research Committee and the Balearic |slands Research Ethics
Committee (reference 1B4495/21P1). This study complied with
the ethical principles outlined in the Declaration of Helsinki.

To ensure data confidentiality and integrity, al participant
information was anonymized before analysis, securely stored
on encrypted servers at the Health Research Institute of the
Balearic Islands, and accessed only by authorized members of
the research team under strict confidentiality agreements. Data
protection measures adhered to national and European
regulations, including the General Data Protection Regulation.

Consent from the participants was obtained, and they were
informed of their right to withdraw at any time. No financial
compensation was provided; participation was entirely
voluntary. All information collected was treated confidentially
and anonymized, and ethica oversight was maintained
throughout the study.

Results

Participant Flow

The participants’ flow through the study is illustrated in the
CONSORT flowchart in Figure 1. Recruitment of health care
professionals began on October 20, 2021, and concluded on
June 1, 2022. Of the 172 professiona sinvited, 58 (33.7%; n=30,
52% physicians and n=28, 48% nurses) from 16 centers
consented to participate and completed the baseline telephone
interview, yielding a recruitment rate of 43.6% (58/133). Of
these 58 professionals, 18 (31%) were all ocated to intervention
group A, 20 (34%) were allocated to intervention group B, and
20 (34%) were allocated to the control group. Notably, there
were no dropouts among health care professionals during the
6-month intervention period.
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Figure 1. CONSORT flow diagram of the study participants. ITT: intention to treat.
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Analyzed Analyzed
“Healih care professionals, n=20
Palients (per protocol: n=82, ITT: n=119)
“Phane interview completed n=97
*Scheduled visits n=88

*Anihmpometry n=92

*Blood pressure n=92

*Blood lest n=93

“Urne testn=a0

*Blood testn=82
-Urine testn=76

5
*Health care professionals, n=18
+Falients {per protocal: n=82 ITT: n=106)
=Phone interview completed n=68
*Scheduled visits
-Anthmpametry n =
~Blood pressure n=78 *Blood pressure n=112

Analyzed

*Health care professionals, n=20

*Pafients (per potocol; n=112; ITT; n=140)
*Phone interview completed n=117

n=87 *Scheduled visits n=119

=78 n=11

pres:
“Blood testn=112
*Urine test n=105

Patient recruitment took place between November 17, 2021,
and August 2, 2022. A total of 365 patients were enrolled.
Randomization occurred at the health care professional level,
with each health care professional (cluster) assigned to 1 of 3
groups:. intervention group A (n=106, 29% of the patients),
intervention group B (n=140, 38.4% of the patients), or the
control group (n=119, 32.6% of the patients) according to the
health care professional’s allocation. Postintervention datawere
collected at the 6-month time point from 78.4% (286/365) of
the participants, resulting in an attrition rate of 21.6% (79/365).
The distribution of participants who completed the 6-month
period was as follows: 28.7% (82/286) from intervention group
A, 39.2% (112/286) from intervention group B, and 32.2%
(92/286) from the control group. The primary reasons for
attrition included inability to reach participants via phone or
failure to attend in-person appointments. Missing values for
various outcomeswere primarily dueto these reasons or because
some participants completed the questionnaires but did not
attend para-clinical assessments.

Baseline Characteristics

The health care professionals had a mean age of 49.69 (SD
10.15) years, with most being femal e (48/58, 83%). On average,
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participants reported 23.59 (SD 9.22) years of professional
experience in health care.

Table 1 presents baseline patient demographics and clinical
characteristics summarized at the level of 58 hedth care
professionals (clusters) allocated to the control group (n=20,
34% professionals; 119/365, 32.6% patients), intervention group
A (SM Stext messaging only; n=18, 31% professional's; 106/365,
29% patients), and intervention group B (SMS text
messaging+training; n=20, 34% professional's; 140/365, 38.4%
patients). The average percentage of femae patients per
professional was 42.02% (SD 22.89%) in the control group,
49.06% (SD 23.72%) inintervention group A, and 45.71% (SD
18.05%) in intervention group B. The mean patient age per
professional was 60.75 (SD 3.40) years in the control group,
58.66 (SD 2.78) yearsin intervention group A, and 59.84 (SD
3.83) years in intervention group B, with an overall mean of
59.79 (SD 3.50) years. These results indicate a broadly
comparable demographic profile across clusters at baseline,
supporting the validity of between-group comparisons in
subsequent outcome analyses.
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Table 1. Baseline demographic and clinical characteristics of clusters by trial arm (N=365).

Mira-Martinez et al

Total Control (n=119) Interventiongroup A (SMStext  Intervention group B (SMS text
messaging; n=106) messaging+training; n=140)
Demographic char acteristics
Women, n (%) 45.48 (21.54) 42.02 (22.89) 49.06 (23.72) 45.71 (18.05)
Age (y), mean (SD) 59.79 (3.50) 60.75 (3.40) 58.66 (2.78) 59.84 (3.83)
Clinical characteristics, mean (SD)
Height (cm) 162.82 (4.23) 162.29 (4.85) 163.28 (3.99) 162.93 (3.81)
Weight (kg) 84.38 (8.85) 84.71 (12.52) 84.57 (6.49) 83.96 (6.31)
BMI (kg/mz) 31.73 (2.68) 31.98 (3.63) 31.68 (2.13) 31.54 (2.03)
WC2 (cm) 103.77 (5.97) 103.49 (8.11) 103.92 (4.92) 103.89 (4.37)
HCP (cm) 110.06 (5.14) 110.93 (6.69) 109.35 (4.21) 109.87 (4.09)
WHRS 0.94 (0.03) 0.93(0.03) 0.95 (0.03) 0.94 (0.03)
s (mm Hg) 133.32 (6.08) 130.77 (6.10) 135.22 (5.45) 134.05 (5.82)
DBP® (mm Hg) 76.33 (4.62) 74.56 (4.93) 78.75 (3.27) 76.00 (4.45)
FPG' (mg/dL) 104.28 (5.53) 102.90 (5.03) 105.18 (5.79) 104.78 (5.55)
TGY (mg/dL) 141.18 (41.68) 123.48 (18.11) 156.85 (40.66) 144,37 (50.56)
Cholesterol (mg/dL) 194.69 (12.27) 195.98 (12.51) 195.33 (12.54) 193.10 (11.76)
LDL (mg/dL) 117.39 (11.05) 121.49 (9.66) 116.43 (12.54) 114.63 (9.95)
HDL! (mg/dL) 49.67 (4.48) 50.16 (3.18) 48,58 (5.26) 50.07 (4.66)
TG/HDL 3.17(1.79) 2.65 (0.49) 3.65 (1.26) 3.24 (2.56)
Cholesterol/HDL 3.97 (0.51) 3.98 (0.28) 4.16 (0.41) 3.81(0.67)
HbA 1cj (%) 6.13 (0.06) 6.13 (0.05) 6.11 (0.07) 6.15 (0.05)
Insulin level (U/mL) 16.94 (8.87) 14.78 (4.63) 19.68 (7.31) 16.52 (11.28)
HOMAK 4.87 (3.67) 3.76 (1.38) 5.11 (2.16) 5.46 (5.13)
REGICOR-Framinghar! 5.77 (1.23) 5.80 (1.33) 5.63 (1.22) 5.86 (1.15)
score (%)
Categories of the REGICOR-Framingham score, n (%)
Low risk 40.27 (20.81) 37.82(20.72) 50.00 (18.86) 35.00 (19.90)
Moderate or high risk 57.26 (21.32) 59.66 (22.28) 49.06 (18.58) 61.43 (20.84)
Adherenceto the Mediterranean diet
MEDAS™ score, mean (SD)  7-52 (0.77) 7.41(0.93) 7.56 (0.76) 7.58 (0.59)
Low adherence, n (%) 67.40 (18.30) 69.75 (18.41) 61.32 (16.85) 70.00 (18.29)
Good adherence, n (%) 32.60 (18.30) 30.25 (18.41) 38.68 (16.85) 30.00 (18.29)
Physical activity level
Not very active, n (%) 52.33 (20.45) 57.98 (18.30) 51.89 (23.16) 47.86 (18.90)
Active, n (%) 22.74 (16.30) 18.49 (10.53) 21.70 (21.07) 27.14 (15.20)
Very active, n (%) 24.93 (17.79) 23.53 (18.06) 26.42 (18.61) 25.00 (16.93)
MET" min per wk, mean (SD) 198378 (1020.61)  1987.94 (1074.71)  1914.54(1130.97) 2032.66 (880.32)
Sedentary lifestyle, mean (SD)
Daily h per dwatchingtelevi-  3.52 (0.75) 3.64 (0.67) 3.48 (1.05) 3.44 (0.49)

sion
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Total Control (n=119) Intervention group A (SMStext  Intervention group B (SM S text
messaging; n=106) messaging+training; n=140)
Daily hsittinginfrontofa  0.98 (0.58) 1.18(0.72) 0.92 (0.46) 0.85 (0.49)
computer, mobile, or tablet
screen
Daily hperdsittinginany ~ 0.33(0.22) 0.27 (0.16) 0.29 (0.23) 0.41 (0.23)
means of transportation
Daily h per d sitting 4.57 (0.74) 4.84 (0.60) 4.45 (1.03) 4.42 (0.46)
Smoking habit, n (%)
Former or never smoker 80.27 (15.39) 79.83 (11.72) 87.74 (13.09) 75.00 (17.42)
Current smoker 19.73 (15.39) 20.17 (11.72) 12.26 (13.09) 25.00 (17.42)
Alcohol use, mean (SD)
Alcohal units per wk 3.02 (2.55) 3.55(3.18) 2.99 (2.12) 2.60 (2.16)
AUDIT®, n (%)
Low-risk consumption 94.79 (7.19) 94.11 (8.69) 94.33 (5.50) 95.71 (6.86)
Hazardous or risky consump-  4.93 (7.10) 5.88 (8.69) 4.71 (5.14) 4.28 (6.86)

tion

AWC: waist circumference.

bHc: hip circumference.

SWHR: waist-to-hip ratio.

dspp: systolic blood pressure.

€DBP: diastolic blood pressure.

FPG: fasting plasma glucose.

9TG: triglyceride.

hLDL: low-density lipoprotein.

iHDL: high-density lipoprotein.

ijAlc: glycated hemoglobin.

KHOMA: homeostatic model assessment.
IREGICOR-Frar’ningham: Framingham-Registre Gironi del Cor
"MEDAS: Mediterranean Diet Adherence Screener.
"MET: metabolic equivalent of task.

OAUDIT: Alcohol Use Disorders Identification Test.

Patient-level baseline characteristics are summarized in
MultimediaAppendix 7. The mean age of the patientswas 59.79
(SD 9.75) years, and 54.5% (199/365) werefemale. Full details
of the baseline characteristics have been reported elsewhere
[36].

Adherenceto and Reach of the PREDIABETEXT
Intervention

Theintervention, consisting of SMStext message delivery, was
implemented between February 21, 2022, and January 13, 2023.
Over the 6-month intervention period, 246 individuals with
prediabetes (n=106, 43.1% in intervention group A and n=140,
56.9% in intervention group B) received 72 intervention
messages (3 per week) across 7 staggered cohorts initiated as
participants were recruited. In addition, 2 reminder
messages—one for the baseline visit and one for the fina
visit—were sent to each participant, bringing the total to 74
SM S text messages per participant.

https://www.jmir.org/2025/1/€70981

A total of 18,204 SM S text messages were sent during thetrial,
of which 186 (1.02%) failed to be sent correctly. A total of
13.8% (34/246) of the participants missed at least one
intervention message; however, no participant received <50%
of the intended messages (<37 SMS text messages). Overall,
94.3% (232/246) of participants received at least 95% of the
planned messages (=70 SM S text messages). The messaging
platform’s performance was monitored throughout the study to
ensure consistent and reliable delivery.

Primary Outcome

Raw data for the primary and secondary outcomes in
intervention groups A and B and the control group at baseline
and the 6-month time point are available in Multimedia
Appendix 8. At 6 months, the mean HbA . level was 6.07%
(SD 0.29%) in intervention group A, 6.12% (SD 0.25%) in
intervention group B, and 6.18% (SD 0.79%) in the control
group (Figure 2).
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Figure 2. Glycated hemoglobin (HbA1c) levels across the 3 groups before the intervention and over the 6-month intervention period.
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ThelTT analysis showed no statistically or clinically significant  a small, nonsignificant reduction in HbA . levels (B=-0.05,

differences in HbA . levels between the 2 intervention groups  95% CI -0.21 to 0.10; P=.50), whereas intervention group B

and the control group. Intervention group A was associated with  also showed anonsignificant reduction (f=-0.04, 95% CI -0.12
to 0.10; P=.56; Table 2).
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Table 2. Effects of the digital intervention targeted at patients (intervention group A) and the combined digital intervention targeted at patients and
health care professionas (intervention group B) on clinical, physiological, and behavioral outcomes (intention-to-treat analysis).

Variable Intervention group A vs control Intervention group B vs control
Imputed 3 (95% CI) P value Imputed 3 (95% ClI) P value

Glycemic control

HbA 2P -0.05 (-0.21t0 0.10) 50 -0.04 (-0.12 t0 0.10) 56

FpGod -2.51 (-8.43 to 3.40) 40 -2.25 (~7.77 t0 3.25) 41

Insulin® 1.24 (-3.37 0 5.86) 59 -0.69 (-4.53 t0 3.15) 72

HOMA9 0.29 (-1.05t0 1.63) 67 -0.41 (-1.66 t0 0.82) 50
Lipid profile

Tgoh 2.77 (-16.66 t0 22.21) 77 -5.99 (-20.72 t0 8.73) 42

Total cholesterol® 6.27 (-3.08t0 15.63) 18 2.04 (-6.7210 10.81) 64

LDL® 10.33 (1.75t0 18.91) 01 2.60 (~5.44 to 10.65) 52

HDLY -0.93 (-3.72t0 1.85) 51 -0.44 (-2.96 to 2.07) 72
Anthropometric outcomes

Weight? -0.48 (~1.86 t0 0.90) 49 -0.48 (-1.61 t0 0.64) 39

Waist circumferenced -0.64 (-2.30t0 1.01) 44 ~0.67 (-2.46 10 1.10) 45

Hip circumference® 1.36 (0.87 t0 -0.39) 12 0.22 (0.82 to —1.45) 78

BM|9 -0.09 (-0.67 to 0.49) 75 -0.14 (0.22 to -0.58) 52
Cardiovascular outcomes

REGICOR-Framingham® score? 0.05 (-0.74 t0 0.85) 89 0.14 (-0.69 t0 0.98) 72

<gpd -2.56 (~6.62 to 1.50) 21 -0.47 (-4.43 t0 3.47) 81

DRPSM 0.41 (-1.95t0 2.77) 73 0.79 (-1.61t0 3.19) 51
Lifestyle outcomes

Adherence to Mediterranean diet (scoreof 0-  0.49 (-0.06 to 1.04) .08 0.25 (-0.27 t0 0.79) .34

14)°

Total energy expenditure in physical activity 210.78 (-377.32 to 798.89) 48 2.43 (-475.12 to 479.98) .99

(MET" min per wk)?

Sedentary lifestyle—NHSATotal®° 0.25 (-0.29 t0 0.79) 37 0.36 (-0.12 t0 0.86) 14

Total alcohol units per wk9 0.95 (-0.53 to 2.45) 20 0.86 (-0.50 to 2.23) 21

3HbA ¢ glycated hemoglobin.

bAdjusted for baseline glycated hemoglobin.

°FPG: fasting plasma glucose.

dAdj usted for baseline fasting plasma glucose.
CAdjusted for baseline insulin.

"HOMA.: homeostatic model assessment.

9Adjusted for baseline homeostatic model assessment.
fra: triglyceride.

ILDL: low-density lipoprotein.

IHDL: high-density lipoprotein.
I(REGICOR-Framingham: Framingham-Registre Gironi del Cor
'sBp; systolic blood pressure.

MDBP: diastolic blood pressure.

"MET: metabolic equivalent of task.
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ONHSATotal: Nurses' Health Study.

Secondary Outcomes

Glycemic Control

The ITT analysis showed no significant differences in FPG
between intervention group A (=-2.51, 95% CI —-8.43 to 3.40;
P=.40) or intervention group B (=-2.25, 95% Cl -7.77t0 3.25;
P=.41) and the control group. No significant differences were
observed in insulin levels or homeostatic model assessment
scores (Table 2).

Lipid Profile

A significant increase in LDL cholesterol was observed in
intervention group A compared to the control group (3=10.33,
95% Cl 1.75-18.91; P=.01). No significant differences were
found in other lipid parameters, including triglycerides or HDL
cholesterol, across the groups.

Anthropometric Outcomes

No significant differences were found in weight, waist
circumference, or hip circumference between the groupsin the
ITT analysis. Although aminor differencein hip circumference
was noted in the per-protocol analysis (Multimedia Appendix
9), it was not statistically significant under ITT analysis.

Cardiovascular Outcomes

No significant changes were observed in the
REGICOR-Framingham cardiovascular risk scoreor in systolic
and diastolic blood pressure across the groups in the ITT
analysis.

Lifestyle Outcomes

The ITT analysis revealed no significant differences between
groups in adherence to the Mediterranean diet, total energy
expenditurein physical activity (measured in MET minutes per
week), sedentary behavior, or alcohol consumption.

Risk of Progression to Diabetes

The risk of progression to diabetes is shown in Multimedia
Appendix 10. The GEE modd for the risk of progression to
diabetes showed alower risk of progression to diabetesfor both
intervention groups A (adjusted odds ratio 0.51, 95% ClI
0.12-2.21) and B (adjusted odds ratio 0.49, 95% Cl 0.12-1.94)
versus the control group, but this effect was not statistically
significant.

Impact on Health Car e Professional K nowledge About
Prediabetes and Communication Skills

Among the 18 health care professionals in intervention group
B who completed the online training cointervention, the
knowledge score immediately after completing the course was
significantly higher (mean 12.17, SD 2.20) compared to baseline
(mean 6.83, SD 1.33). However, after the 6 months of the
intervention, the knowledge scorein intervention group B (mean
8.89, SD 3.92) did not significantly differ from that in
intervention group A (mean 6.33, SD 2.06) or the control group
(mean 7.09, SD 1.37), neither of which received the educational
intervention (full details are available in Multimedia Appendix
11).
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Embedded Postintervention Qualitative I nterviews

Overview

A total of 23 patients were invited to participate in the
interviews, selected for diversity in age, gender, and nationality,
of whom 8 (35%) agreed to participate. Similarly, 20 health
care professionals were invited, and 7 (35%) agreed to
participate. The main reasons for nonparticipation included a
lack of response to phone calls and being unavailable at the
proposed time. The qualitative analysis identified key themes
regarding the perceived benefits, challenges, and areas for
improvement of the PREDIABETEXT intervention among both
patients and health care professionals.

Patient Perspectives

Per ceived Benefits

Patients reported high satisfaction with the intervention,
particularly the dietary messages, which were especialy well
received by younger participants. The message frequency was
considered appropriate, and many participants expressed interest
in continuing to receive them:

[The diet SVIStext messages] were quite interesting
because at the end, | knew a little bit about the
quantities or the topic of vegetables or how to
organize a dish, and they were quite good. [Woman;
aged 25 years)

Well, for me it had been very, very interesting. And
it has helped me a lot to control day by day what |
consumed and everything | had to do. In other words,
| followed thema lot. In fact, | managed to lose a lot
of weight [...] The messages are very positive; they
have helped me a lot. [Man; aged 51 years]

I’'m fine with the frequency, because if we start
bombarding [ messages] , you get bored. But thetiming
of when they're sent is working very well for me...
[Man; aged 37 years]

Suggested | mprovements

Patients recommended greater personalization, links to recipe
websites, and periodic in-person meetings or nursing follow-ups
at 3 months:

| don’'t know, maybe meet once a month, but in person
or something like that... [Woman; aged 72 years]

Maybeit'san idea...to quote them so that people can
evaluate it again..every three months or four
months... [Man; aged 37 years|

Behavioral Impact

Some participants reported dietary improvements and increased
physical activity, although sustained weight loss was only
mentioned by 12% (1/8) of the patients:

Good, because that way, 0ok, you get used to leading
a healthy life...In the mornings, | do 1 hour of yoga
and another of Pilates, and then | walk...And thenin
the afternoon, | also do about 2 hours of
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walking...Sometimes 18,000, sometimes 17,000, but
sometimes, yes, 20,000, yes. [Man; aged 37 years]

Also automatically, as | have taken more care of
myself with food, | have cooked healthier for the
whole family. [Woman; aged 50 years]

Actionable Recommendations

Future iterations of the intervention could incorporate
personalized content, integrate external resources (eg, recipe
links), and explore hybrid models that combine digital support
with periodic face-to-face interactions.

Health Care Professional Perspectives

Per ceived Benefits

The online training was deemed valuable in increasing
awareness of prediabetes management:

In my opinion, it has helped me a little to keep it in
mind, | mean, to think that they do exist, that they
have always existed, but it's like we are so focused
on treating diabetes, treating hypertension that we
don't think about prevention. [Physician; woman;
aged 35-50 years)

...it has inspired us to take this topic to the street, to
the patients, to the people who we have not yet done
so. The user patients. [Nurse; woman; aged 50-65
years]

Challenges

Time constraints were a key barrier to participation, and
preferences varied regarding the training format (in person,
online, or blended):

When it is face-to-face, you can interact with the
speaker. Here, if a question comes up, you can put it
inthechat. It isnot the same asa reply, counter-reply,
or clarification of doubts, because when you are
writing, maybe you do not express yourself well or
the other party does not under stand what you wanted
to say. You can manage all this better in person.
[Physician; man; aged 50-65 years|

Suggested | mprovements

Participants recommended a shorter course duration and
highlighted the importance of ensuring that nursing staff also
receive the training:

In an overcrowded office, unless you have the
cooperation of your nurse, you can’'t do a proper
intervention. That is clear. [Physician; woman; aged
35-50 years]

| think it's well designed for two or four [weeks]|,
because things can always come up that prevent you
from doing it in the time you initially planned. So, at
first glance, it seems good to me. [Physician; man;
aged 50-65 years)

https://www.jmir.org/2025/1/€70981
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Actionable Recommendations

To improve uptake, the training could be streamlined, offered
in a blended format, and specificaly targeted to
multidisciplinary primary care teams.

Discussion

Principal Findings

This 6-month pragmatic RCT conducted within primary health
care settings as part of routine practice evaluated a multifaceted
digital lifestyle intervention grounded in multiple behavior
change theories. The intervention did not significantly reduce
HbA . levels, the primary outcome, when compared to the
control group receiving usual care.

The PREDIABETEXT intervention, carefully co-designed with
end users, offers severa strengths. Clinicaly, its scalability at
a low cost makes it a sustainable option for health care
institutions. To addressthe low participation and retention rates
often observed in high-intensity, in-person programs such as
the Diabetes Prevention Program, we opted for alow-intensity
intervention. In addition, delivering PREDIABETEXT within
a real-world setting leveraging the resources of the Balearic
Islands health service (eg, secure access to electronic health
records, SMS text message communication, and the Moodle
platform for online training) provided 2 key benefits. a more
accurate assessment of the intervention’s impact in routine
clinical practice and the potentia for itsimmediate integration
into the health system if proven effective. This approach isin
linewith that of similar studiesreporting that the use of remotely
administered interventions was convenient for participantswith
prediabetes [37].

The intervention did not demonstrate a statistically significant
improvement in glycemic control. Although there was a
reduction in HbA . levels and FPG values for intervention
groups A and B compared to the control group, this effect was
not statistically significant. Previous literature in this area
presents heterogeneous results. A recent systematic review
evaluating the efficacy of remotely administered lifestyle
interventions for preventing T2DM found that 6 out of 8
interventions resulted in significant reductions in weight or
glycemic biomarkers such as HbA . and fasting glucose [37].
A long-term study of an internet-based diabetes prevention
program demonstrated a reduction in HbA . levels by a mean
of 0.38% (SD 0.07%) after 1 year and 0.43% (SD 0.08%) after
2 years [38], supporting the notion that both multimodal and
long-term interventions can yield meaningful results.
Furthermore, a systematic review and meta-analysis showed
that digital health interventionsresulted in a12% risk reduction
in T2DM incidence (risk ratio=0.88, 95% Cl 0.77-1.01; 1°=0.6%;
P=.06) compared to the control group [39]. Consistent with our
findings, a systematic review reported a controversial effect of
digital health interventions on HbA ;. and FPG values [14]. In
addition, a study in Spain evaluating the effects of a
low-intensity nurse-led lifestyleintervention on glycemic control
in individuals with prediabetes did not find statistically
significant differencesin FPG at 9 months[40]. Several factors
may explain the results of our intervention. First, it was low
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intensity and relatively short in duration (6 months), whereas
previous studies suggest that more comprehensive, long-term
interventions may yield greater reductions in diabetes risk.
Second, participants had relatively mild metabolic alterations
at baseline, and adherence to behavior change recommendations
may have varied, potentially affecting outcomes. Finally, while
the study was sufficiently powered to detect changesin HbA ;.
levels, it may have been underpowered to detect small but
meaningful reductionsin diabetes incidence.

Thefindingsof our study showed no significant beneficial effect
on triglyceride, cholesterol, HDL, or LDL levels. Theseresults
align with those of a systematic review and meta-analysis that
reported minimal effects onlipid parametersin participantswith
prediabetes using digital health interventions [14].

Regarding the anthropometric measures of study participants,
similar to our study, a long-term study of an internet-based
diabetes prevention program showed no significant effect on
body weight after 1 or 2 years of follow-up [38]. In contrast,
the findings of a systematic review by Jeem et a [14] showed
a positive effect of mHealth interventions on anthropometric
measures such as body weight, waist circumference, and BMI
among middle-aged and older patients with prediabetes. A
meta-anaysis estimated the overall effect of stand-alone eHealth
interventions on T2DM prevention to be a mean weight |oss of
-3.34% (95% Cl -4% to —2.68%) from baseline to up to 15
months of follow-up across al interventions [41]. Another
meta-analysis that evaluated the effect of technol ogy-mediated
diabetes prevention interventions on weight showed a pooled
weight loss effect of 3.76 kg (95% Cl 2.8-4.7; P<.001), aswell
asimprovementsin glycemiain patients with prediabetes [42].

Regarding cardiovascular outcomes, the ITT analysis did not
reveal any significant differences between the groupsin systolic
and diastolic blood pressure or the REGICOR-Framingham
score. Previous systematic reviews and meta-analyses have
focused primarily on measuring blood pressure and have not
assessed cardiovascular risk scores. In this regard, our trial
provides new data. The REGICOR-Framingham score is a
highly relevant outcome measure for evaluating the success of
interventions aimed at preventing T2DM due to its strong
association with cardiovascular disease, a major complication
of T2DM. Patientswith T2DM are at significantly elevated risk
of cardiovascular disease, with relative risks approximately 1.8
to 3.3 times higher than those for individuals without diabetes
[43]. According to a study a reduction of 1% to 2% in the
10-year cardiovascular risk is generaly considered clinically
significant [44]. Thus, accurately assessing and reducing
cardiovascular risk, which can be achieved through the
REGICOR-Framingham score [45], not only supports T2DM
prevention efforts but also addresses the leading cause of
morbidity and mortality in this population. Future research
should explore higher-intensity, personalized digital health
interventions; extend theintervention period; and test strategies
to enhance patient engagement and adherence.

Strengths and Limitations

One of the strengths of our study is the use of validated
questionnaires, which enhanced both the internal and external
validity of our findings. The use of blinded outcome evaluators
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strengthened internal validity, whereas the representativeness
of the recruited patients, reflecting the general population with
prediabetes of the Balearic | slands, improved external validity.

However, this trial has several limitations. Information and
recall biases may have been introduced by measuring physical
activity and eating habitsthrough self-reported data. To mitigate
these biases, objective measures such as pedometers, 24-hour
dietary recalls, or food frequency questionnaires could have
been used to provide a more accurate assessment.

Another potential limitation isthe choice of assessment tool for
cardiovascular risk. While measures such as the American
College of Cardiology/American Heart Association pooled
cohort equation may provide broader insights, especialy in
diverse populations, we selected the REGICOR-Framingham
score due to its strong association with cardiovascular disease.
This equation has been specifically adapted and validated for
the Spanish population, making it particularly suitable for
evaluating intervention effectiveness in our setting. Future
research should consider incorporating more contemporary and
widely applicable risk assessment tools to enhance
generalizability across different populations.

Although multiple secondary outcome comparisons were
conducted without formal statistical adjustment, most did not
show significant changes. Nevertheless, the findings should be
interpreted with caution dueto theincreased risk of typel error.

The Hawthorne effect may have influenced the results,
potentially leading to an underestimation of the intervention’s
effect. Participantsin the control group may have altered their
behavior ssimply because they were aware of being part of a
study, thereby narrowing the differences between the
intervention and control groups.

Moreover, the generalizability of the study may be limited by
the exclusion of horn—Spani sh-speaking individualsand minority
groups. In addition, hard-to-reach populations were likely
underrepresented as one key eligibility criterion required
participants to have a recent test result. Socially vulnerable
individuals, who are more likely to develop T2DM but less
likely to visit their primary care physician, may not have been
adequately represented in this study. Future research should
explore and implement recruitment strategies that more
effectively engage these underserved groups. This study was
conducted in Mallorca, Spain, which might limit the
generalizability of the results to other populations or settings.
Furthermore, the duration of the study was 6 months, which
might be too short to capture the long-term effects of the
intervention. Evaluating HbA ;. levels at 6 months offers useful
short-term insights; however, extending theintervention period
in future research could provide a more comprehensive
understanding and help mitigate the effects of regression to the
mean, ensuring more reliable long-term conclusions.

Another limitation at the health care professional level wasthat
our 16-hour training program might be too lengthy, potentially
leading to time constraints in applying the training. Moreover,
to enhance knowledge retention, future studies should consider
incorporating reinforcement sessions at 1- to 3-month intervals
as strategic reminders. In addition, we prioritized health care
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professionals with a higher number of patients meeting the
prediabetes criteriafor inclusion. Although this strategy might
introduce selection bias, it is unlikely to have affected our
findings.

Finaly, the cost-effectiveness of the PREDIABETEXT
intervention was not assessed in this study. Future research
should include a comprehensive cost-effectiveness analysis to
evaluate the scalability and sustainability of the intervention.

Conclusions

In conclusion, this multifaceted digital intervention for the
prevention of T2DM in the primary care setting did not
significantly improve glycemic control in individuals with
prediabetes who received SM S text messages or those whose
health care professional s al so received training compared to the
usual care control group. On the basis of these findings, future
research should prioritize the development and evaluation of
higher-intensity digital health interventions that include more
frequent interactions and personalized assignments to enhance
participant engagement. Wearable devices offer rea-time
monitoring and personalized feedback, which can improve

Mira-Martinez et al

interventions may be more effective when combined with
intensive, multimodal approaches delivered simultaneously to
at-risk populations. In addition, expanding research across
multiple countries and focusing on the recruitment of
underserved groups will improve the generalizability of the
findings. Conducting real-world evidence studies to evaluate
the effectiveness of digital health interventions in diverse
populations and settings using electronic health records and
other real-world data sources to assess outcomes is aso
recommended.

Furthermore, applying implementation science frameworks to
study the integration of digital health interventionsinto routine
clinical practice is recommended. This approach will help
identify facilitators of and barriers to implementation and
develop strategies to enhance the adoption and scalability of
these interventions.

By addressing these priority research questions and using the
recommended methodologies, future studies can advance the
field of digital health interventions for diabetes prevention,
ultimately improving health outcomes and informing health

patient self-management and intervention outcomes. These Carepolicy and practice.
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