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Abstract

Background: Enhancing self-management in health care through digital toolsis a promising strategy to empower patients with
type 2 diabetes (T2D) to improve self-care.

Objective: Thisstudy evaluateswhether the Greenhabit (mobile health [mHealth]) behavioral treatment enhances T2D outcomes
compared with standard care.

Methods: A 12-week, parallel, single-blind randomized controlled trial was conducted with 123 participants (62/123, 50%,
female; mean age 58.25 years, SD 9.46 years) recently diagnosed with T2D. Participants were recruited face-to-face from primary
care centers in Barcelona, Spain, between July 2021 and March 2022. They were randomly assigned to 1 of 2 groups: (1) an
intervention group (n=61) instructed to use the Greenhabit maobile app alongside standard care, or (2) acontrol group (h=62) who
received advice on maintaining a healthy diet and followed standard care. The Greenhabit app incorporates serious gaming
technology. Participants received daily messages and challenges focused on promoting a healthy lifestyle, including nutrition,
exercise, relaxation, apositive mindset, and a supportive social environment. The app encouraged participants to set weekly goals
and awarded points for completing challenges. Data on nutrition, anthropometrics, and blood and urine samples were collected
at baseline, 6 weeks, and 12 weeks. Questionnaires assessing quality of life, work-life balance, and social environment were
administered at baseline and during the final visit. The primary outcomes were HbA1c and fasting plasma glucose (FPG).
Repeated-measures analysis of variance was used to compare changes over time (baseline to 6 weeks and baseline to 12 weeks)
between the 2 intervention groups. Analysis of covariance was performed to evaluate changes at 6 and 12 weeks, adjusted for
baseline levels of each variable. Multiple contrasts were corrected using a Bonferroni post hoc test.

Results: Both groups showed significant reductions in HbA 1c after 6 and 12 weeks (mean change in the intervention group
[n=50] —0.4%, P<.001 vs—0.3% in the control group [n=53], P=.001) and in FPG after 6 weeks (mean changein the intervention
group 5.3 mg/dL, P=.01 vs control group —5.8 mg/dL, P=.01). At 12 weeks, the intervention group also showed significant
reductionsin systolic and diastolic blood pressures (mean change —4.5, P=.049 and —2.4 mmHg, P=.03, respectively), body weight
(mean change —0.8 kg, P=.03), BMI (mean change —0.3 kg/m2, P=.03), waist circumference (mean change —1.0 cm, P=.046),
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and triglyceride concentration (mean change —20.0 mg/dL, P=.03). There was also a significant increase in high-density
lipoprotein-cholesterol concentrations (mean change 2 mg/dL, P=.049). Finally, improvements were noted in 3 out of the 5
elements of balance: positivity, social environment, and work-life balance.

Conclusions: The 12-week intervention with the Greenhabit behavioral treatment mHealth app showed beneficial effects on
T2D outcomes and reduced the burden of cardiovascular risk factors. Although larger studies are warranted, these results suggest

that mHealth apps can be a promising tool for improving T2D self-management.

Trial Registration:

(J Med Internet Res 2025;27:€58319) doi: 10.2196/58319

ISRCTN Registry ISRCTN13456652; http://www.isrctn.com/I| SRCTN13456652
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Introduction

Diabetes is a chronic metabolic disease characterized by
hyperglycemia, which results from defectsin insulin secretion,
insulin action, or both [1,2]. Over time, this condition leads to
severe complications, contributing to significant morbidity and
mortality worldwide [3].

According to the World Health Organization, diabetes remains
acritical public health issue, with 422 million people affected
in2014. Theglobal prevalence of diabetesis steadily increasing,
with projections estimating 570 million cases by 2030 and 700
million by 2045, largely driven by rising rates of overweight
and obesity [4]. The growing prevalence of type 2 diabetes
(T2D) and the expanding population affected underscore an
urgent need to develop novel strategies for diabetes treatment,
treatment adherence, lifestyle modifications, and care. Therising
prevalence of T2D places a significant strain on health care
systems, highlighting theimportance of empowering individuals
to manage their conditions effectively [5]. Consequently,
numerous mobile health (mHealth) apps have been devel oped
as innovative tools to enhance self-management of T2D and
prevent macrovascular and microvascular complications[6-12].

Patients with T2D require effective diabetes control and
self-management skills to adopt a healthier lifestyle.
Self-management encompasses daily activities aimed at
controlling or reducing the disease’s impact on health and
well-being, including monitoring blood glucose level s, managing
food intake, engaging in physical activity, and managing stress
[13]. mHealth apps play a pivotal role in achieving glycemic
control, encouraging lifestyle modifications, and promoting
self-management among individuals with T2D [14]. Recent
research highlights the growing adoption of these apps for
managing treatment and care among this population [13]. They
empower self-management by supporting dietary adherence,
consistent blood sugar monitoring, regular physical activity,
reduced medication needs, and lower glycated hemoglobin
(HbA,.) levels [15,16]. Additionally, they help reduce

face-to-face counseling time and health care expenses[17].

Currently, awide range of mHealth appsisavailableto enhance
self-management for individuals with diabetes. These apps
facilitate close monitoring, provide feedback, and help overcome
geographic barriers[14]. Furthermore, a systematic review and
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meta-analysis have demonstrated the effectiveness of mHealth
apps in empowering self-management across various domains
of disease management and lifestyle changes[18]. Additionally,
the American Diabetes A ssociation guidelines advocate for the
use of mHealth apps as a valuable tool for achieving effective
lifestyle changesin diabetes prevention [19]. However, the lack
of consensus on the definition of self-management interventions
for chronic diseases [20,21], combined with diverse outcome
measures—such as self-efficacy, health-related quality of life,
activity participation, performance of daily living activities,
depression, and self-confidence [22]—poses challenges in
comparing interventions and interpreting results. Greenhabit is
aholistic education program that empowersindividualsto take
control of their health by fostering sustainable behavior change.
Its approach, which addresses the physical, mental, and social
aspects of well-being, promotes mental resilience and
self-awareness [23]. The Greenhabit method is grounded in 2
key theories: (1) the McClelland Iceberg model, which serves
as aframework for building content, challenges, and measures
for users [24]; and (2) the Behavioral Change Wheel, which
informs the devel opment of interventions and techniqueswithin
Greenhabit [25]. Social integration (through buddies and
community) provides motivation and social support to help
maintain healthy habits. It encourages individuals to take care
of their health by offering nudges related to nutrition, physical
activity, and social interactions, all aimed at promoting overall
well-being. The game/app incorporates serious gaming
technology. The vitality education program isa12-week journey
in which players focus on the 5 elements of Greenhabit:
nutrition, exercise, relaxation, positive mindset, and social
environment. It leverages the power of brain-based learning
through methods such as nudges, content, challenges, rewards,
working with a buddy, and engaging the senses with joy. The
brainisplastic, allowing usto learn new habits. It takes at least
68 days to establish new habits [26]. After 12 weeks, players
report increased awareness, resilience, and energy.

Thus, the primary aim of this study was to assess the efficacy
of the Greenhabit app on T2D outcomes, specifically plasma
glucose concentrations and HbA . levels, in patients with a
recent diabetes diagnosis. As a secondary aim, we evaluated
whether participation in the app led to improvements in blood
pressure (BP), plasma lipids, adiposity parameters, and the
maintenance of a healthy lifestyle after 12 weeks of use.
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Methods

Study Design

This study is a 12-week, parallel-group, single-blind,
single-center, randomized controlled trial (RCT) designed to
assess the efficacy of the Greenhabit method on diabetes
treatment and management. The intervention, a low-intensity
self-management program, focuses on behavior change and
incorporates  evidence-based approaches to diabetes
self-management education and support [27]. The diabetes
specialist dietitian and nurse applied principles of motivational
interviewing, including a person-to-person, client-centered
approach aimed at eliciting behavior change by hel ping patients
explore and resolve ambivalence. Additionally, a successful
telephonic intervention, proven to improve diabetes control in
urban adults, was incorporated.

Consecutive candidates were randomly assigned to either the
intervention or control group after sex stratification, with an
allocation ratio of 1:1.

Outcomes

The primary outcome of the trial was the management of T2D,
measured by HbA,. and fasting plasma glucose (FPG)

Ruiz-Leon et d

concentrations at 12 weeks. The secondary outcomes included
the effect of theintervention on cardiovascular risk factors, such
as BP, lipid profile, body weight (BW), and adiposity, as well
asitsimpact on dietary habits, stress relief, and psychological
factors, assessed using validated questionnaires.

Setting and Participants

As shown in Figure 1, from July 2021 to March 2022, we
screened 1045 potential candidates from the databases of
primary care centers affiliated with Hospital Clinic of Barcelona,
Spain. Of the screened participants, 684 were excluded for not
meeting the inclusion criteria of arecent T2D diagnosis, while
238 were excluded for various other reasons: 179 had limited
ability to use a smartphone, 48 had a severe chronic disease, 5
faced language barriers, 4 lacked a smartphone, and 2 had
difficulty following an appropriate diet. Finally, 123 participants
wererecruited through aface-to-face interview and randomized,
with 61 assigned to the Greenhabit group and 62 to the control
group. Randomization was carried out by consecutively
assigning participants using sealed envelopes, which were
prepared based on a computer-generated random number table.
Of these participants, 20 were withdrawn from thetrial because
they could not attend follow-up visits during the COVID-19
pandemic. Asaresult, 50 participantsin theintervention group
and 53 in the control group completed the study.

Figurel. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of the Greenhabit 12-week randomized controlled trial.

Enrollment

Assessed for eligibility (n=1045)

Excluded (n=922)
Not meeting inclusion criteria (n=684)
- Other reasons (n=238)

‘ Randomized (n=123) ‘

]L Allocation |

Allocated to intervention:
Greenhabit group (n=61)

v Follow-Up
p .

Allocated to intervention:
Control group (n=62)

Lost to follow-up (COVID-18 pandemic)
(n=11)

Analysis

Lost to follow-up (COVID-19 pandemic)
(n=9)

Analyzed (n=50)

Inclusion criteriawere as follows: men and women aged 18-75
years, with a recent diagnosis of T2D (<2 years of treatment
with insulin, antidiabetic medications, a combination of both,
or anonpharmacol ogical trestment), and either an HbA ;. greater
than 6.5%, FPG greater than 126 mg/dL on 2 occasions, or a
2-hour plasma glucose greater than 200 mg/dL after a75-g oral
glucose load.

https://www.jmir.org/2025/1/e58319

RenderX

Analyzed (n=53)

Exclusion criteria included participants who underwent or
planned bariatric surgery during the trial period; individuals
with type 1 diabetes; those with a diagnosis of gestational
diabetes; and individuals with severe chronic illnesses,
alcoholism, or other drug addictions. Also excluded were
participants with gastrointestinal diseases that would hinder
adherence to a specific diet, those who had taken vitamins or
nutritional supplements in the month before recruitment,
pregnant women, individuals without their own smartphone,
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those unable to attend additional visits, and those already
participating in another trial.

Ethics Approval and Consent to Participate

Before starting the study, all participants provided informed
consent during aface-to-faceinterview with the researcher. The
study protocol and procedures were approved by the Committee
for Ethical Research at Hospital Clinic (Barcelona, Spain) on
April 19, 2021, and adhere to the ethica standards of the
Declaration of Helsinki. The study was registered with the
following code: HCB/2021/0061. Thetrial was also registered
with the International Standard Randomized Controlled Trial
Number registry (ISRCTN13456652).

Intervention

Participantsin the intervention group were instructed to follow
standard care recommendations, similar to the control group,
and were provided with personalized, free access to the
Greenhabit app viaemail. Additionally, they received a second
free access for a partner (eg, sibling, friend, spouse) to offer
extramotivation and mutual support. Participants could choose
whether or not to use this second access. Each week, 3-4 days
before starting the Greenhabit intervention, participants, grouped
into teams of 10-12 individuals, wereinvited to attend an online
group meeting. The purpose of these meetings was to teach
participants how to use the app and address any potential
technological barriers. Participants could invite friends or
colleaguestojointheir journey for free; theseinvited individuals
could only view the photos selected by the participants.
Additionally, participants were encouraged to set weekly goals
and log their measurements (eg, steps walked, weight, glucose
levels, HbA ;). Each day, participantsreceived a*treasure chest”
from Greenhabit, containing messages and challenges related
to healthy lifestyle habits (nutrition, exercise, relaxation, positive
thinking, and social environment). Participants earned points
for each challenge they completed. Various rewards, such as a
water bottle for tracking intake, ajump rope, a notebook, and
card games, were given throughout the 12-week program upon
completing each level.

Participants in the control group received guidance on
maintaining a healthy diet and were given written materials
prepared by a dietitian. These materials included information
on seasonal Mediterranean foods, shopping lists, weekly meal
plans, and recipesfor atypical week. Additionally, participants
in this group received standard care through their primary care
center. Usual care included routine health care appointments
with providers, as well as access to diabetes management and
weight loss education, electronic learning materials, and
guidance on how to use the health system’s patient portal [28].
The main goal was to equip participants with the skills needed
to maintain or improve their health.

Greenhabit Behavioral Treatment Program

The Greenhabit program is a 12-week mHealth
cognitive-behavioral education initiative designed specifically
to support individuals in managing T2D. Greenhabit is a
behavioral change program in which patients receive
personalized content (interventions) based on their clinical
profile through a recommender system. This system leverages
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an artificial intelligence—based infrastructure to promote
personalized lifestyle changes. Additional information about
the questionnaires used can be found in Supplementary Methods
S1in Multimedia Appendix 1 (see also [23-25,29-34]).

Diet and Clinical M easurements

All participants underwent a face-to-face interview with the
dietitian at baseline and after 12 weeks of intervention, along
with regular phone calls. During theseindividual sessions, each
participant received information on seasona foods, shopping
lists, weekly meal plans, and cooking recipes. Additionally, the
individual interviews included a 151-item validated Food
Frequency  Questionnaire  [35] and  personalized
recommendations for dietary changes aimed at achieving the
participant’s goals. Participants also completed a 47-item
guestionnaire on education, lifestyle, medical history, and
medication use. To assess adherence to the Mediterranean diet,
avalidated 14-point Mediterranean diet screener was used [ 36].
In the intervention group, participants were encouraged to
increasetheir intake of vegetables (=2 servings/day), fresh fruit
(=3 servings/day), legumes, nuts, and fish or seafood (=3
servings/week), and to use olive oil for cooking and dressings.
The app aso promoted physical activity. Energy restriction was
not specifically advised for either group.

At baseline (visit 1), 6 weeks (visit 2), and 12 weeks (visit 3),
trained personnel (consistently the same dietitian and nurse)
collected anthropometric measurements, determined BP, and
took biological samples. Height was measured to the nearest
0.1 cm using a wall-mounted stadiometer with participants
standing, wearing socks, and with their headsin the horizontal
plane. BW was measured to the nearest 0.1 kg, with participants
in light clothing and without shoes or accessories, using a
high-quality calibrated scale. BMI was calculated by dividing

weight (kg) by the square of height (m?). Waist circumference
(WC) was measured midway between the lowest rib and the
iliac crest using an anthropometric tape. Hip circumference
(HC) was measured at the maximum point below the waist,
without compressing the skin[37]. BPwas measured intriplicate
after at least 5 minutes of rest using a validated semiautomatic
oscillometer (Omron HEM-705CP). The mean value of the 3
BP measurements was used in this study. A medical record was
also collected. Fasting blood and spot urine samples were
obtained for basic hematologic and biochemical analyses for
all participants, including HbA,., glucose, and lipid profile
parameters. Additionaly, the nurse provided diabetes
self-management support to patients as needed.

Technicians and nurses were blinded to the group assignment
of each participant.

Quality-of-Life Questionnaires

At baseline and after 12 weeks, participants completed several
guestionnaires to assess perceived physical and mental health
over time, focusing on various aspects of health-related quality
of life, including energy, happiness, positivity, social
environment, and work-life balance. Additional details about

the tests used can be found in Supplementary Methods S1 in
Multimedia Appendix 1.
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Validity and Reliability

Blood samples were collected at baseline and at the end of the
intervention to determine biochemica and nutritiona
parameters. Hemoglobin was measured by high-performance
liquid chromatography, blood glucose by the glucose oxidase
method, and total cholesterol and triglycerides by enzymatic
procedures. High-density lipoprotein (HDL) cholesterol was
assessed after precipitation with phosphotungstic acid and
magnesium chloride. All analyses were performed using the
Advia 2400 clinical chemistry analyzer (Siemens Healthcare),
with reagents provided by the instrument manufacturer. The
main outcomes of the trial (HbA,. and FPG levels) were
determined at the CORE Laboratory at Hospital Clinic de
Barcelona, which meetsall required quality standards and holds
SO 9001:2015 certification and 1SO 15189 accreditation for
certain tests.

Theinstruments used for dietary assessment are both validated
and have been utilized in large randomized clinical trials and
cohort studies (see [35,36]).

Regarding quality of life, al the questionnaires are detailed in
Supplementary Methods S1 in Multimedia Appendix 1. These
questionnairesaredivided into 5 components: energy, happiness,
positivity, social life, and work-life balance. To assess these
components, we used validated questionnaires tailored to the
Spanish population, and further details of these questionnaires
are extensively presented in Multimedia Appendix 1. In brief,
theInternational Physical Activity Questionnaire, inits Spanish
version, was used to assess physical activity [38,39]. The
36-item Short Form Health Survey was used to measure quality
of life. This generic scale is applicable to both patients and the
general population, providing acomprehensive profile of health
status. The questionnaire includes 8 scales: Physical Function,
Physical Role, Body Pain, Genera Health, Vitality, Socia
Function, Emotional Role, and Mental Health. The Spanish
version is a validated instrument, suitable for both medical
research and clinical practice [40]. The Hospital Anxiety and
Depression Scaleisavalidated, rapid self-assessment screening
tool. Although not intended for diagnostic purposes, it ishighly
convenient for evaluating anxiety and depression in patients
with somatic or mental health issues [41]. This test has been
widely used in patients with T2D [42]. Additionally, the Life
Orientation Test assesses the psychometric properties of an
optimism scal e and has been adapted for the Spanish population
using the multidimensional graded response moddl. This 10-item
scale evaluates an individual's life expectations, including 3
positive and 3 negative items. The test has also been widely
used in individuals with T2D [43]. Finally, the Duke-UNK
Functional Social Support Questionnaire is an objective tool
that measures “perceived functional socia support” It is a
self-administered, validated instrument for the Spanish
population [44].

https://www.jmir.org/2025/1/e58319
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Statistical Analysis

The total number of participants included was 123. Power
calculations, based on an estimated intervention-induced
intergroup difference of 0.8% in HbA . with an SD of 2.75,
indicated that 104 individuals were needed to detect a
statistically significant difference of .05 units (a risk=.05 and
B risk=.2 in abilateral test). A follow-up loss rate of 10% was
anticipated. A reduction in HbA,. greater than 0.5% is
considered clinically significant, as diabetes-related
complications are directly proportional to blood HbA . levels

[45].

We used descriptive statistics, presenting the mean (SD) for the
baseline characteristics of the participants. Categorical variables
are expressed as percentages. For baseline characteristics, the
Pearson chi-square test was used for categorical variables, and
1l-way anaysis of variance (ANOVA) was applied for
continuous variables to compare between groups. Differences
in biochemical parameters, anthropometric measures, food, and
nutrient intake at baseline, 6 weeks, and 12 weeks of
intervention were assessed using ANOVA. Changes in
biochemical parameters and anthropometric variables after 6
and 12 weeks of intervention were assessed using analysis of
covariance (ANCOVA), adjusting for baseline levels of each
variable, age, sex, use of hypoglycemic treatment (yes/no), and
BMI. BMI was categorized according to World Health
Organization classifications: normal weight (<25 kg/m?),
overweight (25 to <30 kg/m?), obesity class 1 (30 to <35 kg/m?),
obesity class 2 (35 to <40 kg/m?), and obesity class 3 (240
kg/m?. Significant interactions were anayzed using
simple-effect analysis, and multiple contrasts were adjusted
using a Bonferroni post hoc test. Within- and between-group
differences were expressed as estimated means with 95% Cls.
The significance level was set at P<.05. All analyses were
conducted using SPSS version 20.0 (IBM Corp.).

Results

Study Population

Of the 123 participants assessed (Figure 1; Multimedia
Appendix 2), 31 in the Greenhabit group (n=61, 51%) and 31
in the control group (=62, 50%) were female. The mean BMI
was 31.8 (SD 6.14) kg/m? for the Greenhabit group and 32.4
(SD 6.49) kg/m? for the control group. Participants in the
Greenhabit group were dightly younger, with a mean age of
56.0 (SD 10.8) years, compared with 60.5 (SD 8.11) yearsin
the control group. No significant between-group differences
were observed (Table 1).
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Table 1. Baseline characteristics of the participantsin the 2 study groups of the Greenhabit 12-week randomized controlled trial.

Variables Greenhabit (n=61) Control (n=62) P value®
Age (years), mean (SD) 56.0 (10.8) 60.5 (8.11) .01
Women, n (%) 31(51) 31 (50) .93

Smoking status, n (%)

Current smokers 18 (30) 11 (18) A5
Educational level, n (%) .16
Primary 14 (23) 23 (37)
Secondary 18 (30) 17 (27)
Higher 29 (48) 19(31)
Marital status, n (%) .55
Married 35 (57) 42 (68)
Single 11 (18) 9(15)
Divorced, separated, or widowed 15 (25) 11 (18)

Alcohol drinker’s status, n (%)

Current alcohol drinkers 45 (74) 39 (63) .36
MedDiet P14-score” (points), mean (SD) 8.25(2.17) 8.26 (1.92) 80
Adherence MedDiet?, n (%) 55

Low adherence (<6 points) 6 (10) 35

Medium adherence (6-9 points) 36 (59) 40 (65)

High adherence (=10 points) 19 (31) 19 (31)

Body weight (kg), mean (SD) 87.6 (20.5) 88.1 (21.6) .34
BMI (kg/m?), mean (SD) 31.8(6.14) 32.4(6.49) .60
BMI, n (%) .09

18.5-24.9 4(7) 10 (16)

25-29.9 22 (36) 16 (26)

30-34.9 14 (23) 21 (34)

35-39.9 16 (26) 8(13)

240 5(8) 7(11)

Waist circumference (cm), mean (SD) 106.7 (13.6) 108.2 (15.2) .55
Hip circumference (cm), mean (SD) 110.8 (13.3) 113.0(15.8) 42
Waist-to-height ratio, mean (SD) 0.67 (0.08) 0.68 (0.09) 47
Systolic blood pressure (mmHg), mean (SD) 141.2 (18.5) 144.1 (19.2) 42
Diastolic blood pressure (mmHg), mean (SD) 84.8 (9.82) 81.8 (9.95) A1
Glucose (mg/dL), mean (SD) 130.1(33.3) 134.9(38.2) 49
Glycated hemoglobin (%), mean (SD) 6.91 (1.19) 6.96 (0.78) .82
Medications, n (%)

Oral hypoglycemic drugs 45 (74) 44 (71) .84

No antidiabetic medication 13(22) 18 (29) .85

Antihypertensive agents 23(38) 20(32) .53

Lipid-lowering agents 20 (33) 28 (45) A4

3From the Pearson chi-square test for categorical variables and 1-factor analysis of variance for continuous variables.
bMedDiet P14-score: Mediterranean diet adherence evaluated usi ng a 14-point score.
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No changes in medication (glucose-lowering agents) were
reported after the 12-week intervention, and no comorbidities
associated with T2D were observed.

Blood Pressure, Cardiovascular Risk Factors, and
Adiposity

Table 2 (adjusted variables) and Table S1 in Multimedia
Appendix 1 (unadjusted variables) present baseline values and
changes in anthropometric measures and cardiovascular risk
factorsat 6 and 12 weeks by the intervention group. Participants

https://www.jmir.org/2025/1/e58319
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in both groups showed reductions in systolic BP at 12 weeks
(P=.049 and P=.02 in the intervention and control groups,
respectively), FPG at 6 weeks, and HbA . at both 6 and 12
weeks (P<.001 for both). At 6 weeks, participants in the
intervention group demonstrated a significant improvement in
diastolic BP (P=.007). By 12 weeks, they also showed
significant reductions in triglyceride concentrations (P=.03),
BW (P=.03), BMI (P=.03), WC (P=.046), and HC (P=.049),
along with a significant increase in HDL-cholesterol levels
(P=.049).
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Table 2. Changesin blood pressure, cardiovascular risk factors, and adiposity, at baseline and after 6 and 12 weeks of follow-up in the 2 study groups

of the Greenhabit randomized controlled trial®.

Variables

Greenhabit (n=50)

Control (n=53)

Differences between groups (Greenhabit vs control)

Systolic blood pressure (mmHg)

Baseline 141.3(19.5) 142.5(18.5) N/AP
Changes after 6 weeks -3.7(-8.0t00.5) -1.8(-5.9t02.3) 4.0 (-7.6t0 15.6)
Changes after 12 weeks -4.5(-9.0t0 0.0)° —5.0(-9.4t0-0.7)° 1.3(-10.2t012.8)

Diastolic blood pressure (mmHg)

Basdline 84.9 (10.6) 81.2 (10.1) N/A

Changes after 6 weeks —2.9(-5.0t0-0.8)° 0.5(-1.5t025) -6.3(-11.3t0-1.3)¢

Changes after 12 weeks 2.4 (-4.410-0.3)° -0.4(-25t01.6) -35(-891t01.8)
Fasting plasma glucose (mg/dL)

Baseline 1257 (29.1) 132.4 (38.0) N/A

Changes after 6 weeks -5.3(-9.6t0-1.0)° -5.8(~10.1t0-1.5)° -0.09 (-9.0t0 8.8)

Changes after 12 weeks -4.0(-9.3t01.2) -1.4(-6.5t03.6) -2.7(-14.3t0 8.9)
Glycated hemoglobin (%)

Basdline 6.88 (1.12) 6.90 (0.76) N/A

Changes after 6 weeks -0.4(-0.6t0-0.3)° -03(-04t0-0.1)° -01(-0510-02)

Changes after 12 weeks -0.4(-05t0-0.2)° -0.3(-0.4t0-0.1)° -0.1(-0.6t0-0.3)
Triglycerides (mg/dL)

Baseline 157.3 (65) 1431 (55.2) N/A

Changes after 6 weeks -12.1(-25.4t0 1.1) —2.4(-15.3t0 10.6) 12.3(-28.0t0 52.6)

Changes after 12 weeks —20.0 (-35.3t0-2.7)° —7.8(-23.9108.3) —14.1 (-73.8 10 45.6)

Total cholesterol (mg/dL)

Basdline 177.0 (40.7) 181.3 (36.3) N/A
Changes after 6 weeks 0.4 (-5.8106.6) 1.3(4.8t07.4) 4.1(-8.81017.0)
Changes after 12 weeks -0.4(-6.3t05.5) —22(-8.1103.8) 0.09 (-18.0t0 17.8)
High-density lipoprotein-cholesterol
(mg/dL)
Baseline 42.4(10.2) 463 (12.1) N/A
Changes after 6 weeks -0.9(-2.7t00.9) -1.0(-2.7t00.8) -09(-39t021)
Changes after 12 weeks 2.0(0.1t04.0)° -1.5(-3.4100.5) 11(-261t04.9)
L ow-density lipoprotein-cholesterol
(mg/dL)
Baseline 112.5(38.3) 112.5(38.3) N/A
Changes after 6 weeks 1.3(-5.41t08.1) 29(-3.8t09.6) 0.2 (-13.7t0 14.0)
Changes after 12 weeks 1.0(-5.3t07.3) -1.7(-4.7t08.2) -5.6 (-25.8 t0 14.5)
Body weight (kg)
Baseline 89.1(21.8) 90.4 (21.8) N/A
Changes after 6 weeks -0.2(-0.8t00.5) 0.1(-0.5t00.7) -09(-35t01.8)
Changes after 12 weeks -0.8(-1.6t0-0.0)° -0.1(-0.8t00.6) -0.5(4.1103.0)
BMI (kg/m?)
Baseline 32.2(6.3) 32.5(6.4) N/A
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Variables Greenhabit (n=50) Control (n=53) Differences between groups (Greenhabit vs control)
Changes after 6 weeks -0.1(-0.3t00.1) -0.0(-0.2t00.2) 0.3(-1.3t00.6)
Changes after 12 weeks -0.3(-0.5t0-0.0)° 0.0(-0.3t100.2) 0.4 (-1.5t00.6)
Waist circumference (cm)

Baseline 107.7 (14.5) 108.3 (14.5) N/A

Changes after 6 weeks -0.5(-1.4t00.3) 04(-04t01.3) -09(-25t00.7)

Changes after 12 weeks ~1.0(~2.1100.0)° 0.6 (-0.4t0 1.6) -1.1(-3.1t0-0.8)°
Hip circumference (cm)

Basdline 111.2 (14.1) 113 (15.3) N/A

Changes after 6 weeks -0.7(-1.6t00.3) 0.1(-0.8t01.0) 0.0(-2.0t0 2.0)

Changes after 12 weeks -1.0 (-2.0t0-0.0)° 0.0(-0.9t0 1.0) —2.0(-4.11t00.3)
Waist-to-hip ratio

Baseline 1.0(0.1) 1.0(0.2) N/A

Changes after 6 weeks 0.00 (-0.01 t0 0.01) 0.00 (-0.01 t0 0.01) -0.04 (-0.01t0 0.1)

Changes after 12 weeks -0.0 (-0.01 to 0.01) 0.00 (-0.01 t0 0.02) ~0.01 (-0.08 to 0.06)

8/alues are expressed as mean (SDs) or mean differences (95% Cl). Comparisons between groups with 1-way analysis of variance and comparisons
between groups after 6 and 12 weeks of intervention with analysis of covariance adjusted for baselinelevels of each variable, age, sex, use of hypoglycemic

treatment (yes/no), and BMI are presented.

ON/A: not applicable.

P<.05 between before and after the intervention.
dp<.05 between-group changes.

€p<.001 between before and after the intervention.

BM1 was classified accordi ng to the World Health Organization categories: normal weight: <25 kg/mz; overweight: 25 to <30 kg/mz; obesity class 1:
30to <35 kg/mz; obesity class 2: 35 to <40 kg/m2; and obesity class 3: 240 kg/mz.

Dietary Intake of Key Foods and Nutrients

Asshownin Table S2in Multimedia Appendix 1, after 12 weeks
of intervention, the Greenhabit group exhibited significant
increases in the consumption of virgin olive oil (P<.001), nuts
(P=.008), and legumes (P=.04). By contrast, the control group
experienced asignificant reduction in vegetableintake (P=.02),
along with a significant increase in the consumption of refined
ceredls (P=.049), red wine (P=.001), and pastries, cakes, or
sweets (P=.02). The 14-item Mediterranean Diet adherence
score improved by 0.4 pointsin the intervention group after 12
weeks, however, this increase did not reach dtatistical
significance (P=.16).

Regarding nutrient intake (Table S3 in Multimedia Appendix
1), the intervention group showed a significant increase in the
consumption of total fat (P=.049) and monounsaturated fatty
acids (P=.009). Between-group comparisons confirmed that

https://www.jmir.org/2025/1/e58319

the intervention group had higher consumption of total fat and
monounsaturated fatty acids compared with the control group
(P=.02 and P=.01, respectively).

Adherenceto the Greenhabit | ntervention

The data from the app revealed that users spent an average of
8 minutes per day online, with participants achieving an average
of 372 challenges over the 12-week period. Based on the app
data for each Greenhabit participant, dietitians offered
personalized nutritional and lifestyle advice to address areas
where participants scored lower.

As shown in Table 3 and Table $4 in Multimedia Appendix 1,
the control group experienced a significant reduction in
perceived social support (P<.001), along with a significant
increasein anxiety (P=.03) and body pain perception (P=.049).
By contrast, the intervention group demonstrated an
improvement in social functioning.
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Table 3. Changes in health-related quality of life at baseline and after 12 weeks of follow-up in the 2 study groups of the Greenhabit randomized

controlled trial®

Variables

Greenhabit (n=50)

Control (n=53)

Differences between groups
(Greenhabit vs control)

DUK E—perceived social support (points)

Baseline

Changes after 12 weeks

TheHospital Anxiety and Depression Scale—anxiety (points)

535 (22.6)

-5.3(-11.8t0 1.3)

59.9 (24.3)

-15.2 (-22.2 to -8.1)°

N/AP
7.56 (~3.94 0 19.06)

Basdline 17.2(1.8) 17.3(2) N/A

Changes after 12 weeks 0.2(-0.2t0 0.6) 0.5 (0to 1)° -0.36 (-0.9810 0.27)
36-1tem Short Form—vitality

Baseline 53(16.8) 59.9 (16.2) N/A

Changes after 12 weeks 0.5 (-2 t0 2.9)° 03(-21t02.8) 0.12 (-3.36 t0 3.59)

36-1tem Short Form—social functioning

Baseline 74.4(28.2) 86.0 (18.1) N/A

Changes after 12 weeks 5.2 (1510 9)° —2.9(-6.7t00.8) 8.14 (2.84 10 13.44)
36-1tem Short Form—body pain

Baseline 55.7 (34.8) 66.3 (24.8) N/A

Changes after 12 weeks 0.8(-3.7t05.3) 45(0109.1)° -3.72 (-10.12 to0 2.68)
Physical activity ( metabolic equivalent of task minutes/week)

Baseline 2020 (2390) 2370 (3995) N/A

Changes after 12 weeks 540.7 (99.6 t0 981.9)°  479.7 (0 to 959.3)° 61.08 (-590.6 to 712.75)
Walking ( metabolic equivalent of task minutes/week)

Basdline 1415 (1285) 1512 (1916) N/A

Changes after 12 weeks 4413 (54.210828.3)° 370.6(-44.810785.9)  70.71(-497.01 to 638.44)

3/alues are expressed as mean (SDs) or mean differences (95% Cl). Comparisons between groups with 1-way analysis of variance and comparisons

between groups after 6 and 12 weeks of intervention with analysis of covariance adjusted for baseline levels of each variable are presented.

ON/A: not applicable.
®P<.05 between before and after the intervention.

Finally, physical activity significantly increased in both groups,
but only the International Physical Activity Questionnaire test
revealed significant changes in MET-walked minutes per day
for participants in the intervention group (P=.048).

Data from the app are presented in Figure S1 in Multimedia
Appendix 1. After 12 weeks, all participantsin the Greenhabit
group showed improvementsin their quality of life: increasein
energy (10/76, 13%), happiness (11/85, 13%), positivity (14/78,
18%), social engagement (7/81, 9%), and work-life balance
(6/62, 10%).

Participant Retention

Notably, of the 61 participants, 46 (75%) used the app, with 38
using it daily and participating in the challenges offered. Among
the 46 active participants, 15 exhibited intermittent use of the
app. The data provided by the app revealed that the average
daily time spent online was 8 minutes, and the average number
of challenges completed during the 12 weeks was 372.

https://www.jmir.org/2025/1/e58319
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Discussion

Principal Findings

The primary goa of our RCT was to eval uate the effectiveness
of the Greenhabit method in promoting self-management and
self-care among patients aged 18-75 years recently diagnosed
with T2D. Significant improvements in HbA,. and FPG
concentrations were observed in both the intervention and
control groups a 6 and 12 weeks. However, notable
between-group differenceswere evident in secondary outcomes,
particularly in WC after 12 weeks. Additionally, the Greenhabit
group showed significant improvements in BP, triglycerides,
HDL -cholesterol, BW, HC, and overall quality of lifefollowing
the 12-week intervention period.

Notably, the Greenhabit app proved more effective in
significantly reducing anxiety, fostering positive emotions,
improving coping with body pain, and enhancing participants
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perception of health. By contrast, the control group showed
either no improvement or worsening trends in these areas.

Changesin T2D Parameters

Results indicate that telemedicine, particularly through the
Greenhabit app, effectively reduced FPG and HbA . levels
within 6 weeks of intervention, with these effects sustained at
12 weeks. However, no significant differences were found
between the intervention and control groups. The app’s visual
representation of blood glucose values may have contributed
to participant motivation.

Comparison with other studies showed similar HbA ;. reductions
intheintervention group, but no significant differences between
groups [46,47], suggesting that the app alone may not drive
sufficient lifestyle changes, at least in the short term. The
effectiveness may be enhanced through health care provider
support and a personalized follow-up plan, which many patients
may require to achieve their goals [48]. Several factors may
explain the lack of differencesin HbA ;. levels between groups
asthe primary outcome. The Hawthorne effect, where awareness
of being observed influences behavior, may have led to
improved self-management in both groups [49]. Additionally,
baseline HbA ;. level sbel ow 8% and the potential for increased
attention from general practitionersduring the RCT could have
influenced the outcomes [50,51].

In patients with T2D, diet and exercise play a vital role in
glycemic control and the prevention of cardiovascular risk
[26,52-55]. However, conventional education may be
insufficient to improve self-care, as patients with T2D often
resist changing unhealthy behaviors [56]. This point will be
explored further later.

It is important to highlight that the high costs associated with
T2D are often due to the condition being accompanied by
additional health-related complications. Moreover, health-related
quality of life has been found to be significantly lower in
individuals with T2D-related complications compared with
those without such complications[57]. A 1% reductionin HbA ;.
has been reported to significantly decrease microvascular and
macrovascular complications in patients with T2D [58]. In our
study, the intervention group showed a reduction in HbA
below 7%, which is associated with maximum cardiovascul ar
benefits [59]. After 12 weeks, we hope participants will feel
more aware, resilient, and energized, enabling them to maintain
these habits long-term, though this would require further
evauation.

Changesin Cardiovascular Risk Factors

Remarkably, the mHealth intervention with Greenhabit led to
improvementsin cardiometabolic parameters, including systolic
and diastolic BP, triglycerides, and HDL cholesterol, as well
as adiposity indicators such as BMI, WC, and HC &fter the
12-week intervention. These findings are consistent with those
of Hamaya et al [60], who reported significant reductions in
BW and HbA ;. and anincreasein HDL-C among 12,602 heal thy
participants (mean age 44.1 years, SD 10.2 years) using the
Kencom mHealth app. A Chinese meta-analysis [61] and a
recent systematic review [62] indicated that mHeath app
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interventions were associated with significant improvementsin
metabolic measures (HbA ,;, BW, BP, lipid profile, and physical
activity) in patientswith T2D. This suggeststhat mHealth apps,
even when used by older individuals, can provide valuable
support to enhance diabetes self-care and thereby improve
clinical outcomes.

Cognitive and Behavioral |mprovements

Participants in the intervention group reported a more positive
outlook, improved coping with body pain, and favorable changes
in their perception of health. These positive outcomes are
attributed to the social support provided by the app environment,
including the role of supportive peers and the broader social
network. While no changes in social aspects were observed in
the intervention group, the control group showed a significant
decrease. Notably, there were differences between the groups
in terms of anxiety, with a tendency to decrease in the
intervention group and an increase in the control group. This
aligns with previous findings suggesting that implementing
support mechanisms can reduce anxiety [63,64].

The primary objective of this mHesalth app targeting anxiety or
depression is centered around cognitive-behavioral education.
The Greenhabit method is based on educating individuals to
cultivate enduring habits. By adopting a holistic approach that
encompasses physical, mental, and social dimensions, it fosters
resilience and self-awareness, thereby promoting the adoption
of healthy habits. Moreover, fostering socia engagement
empowers individuals to take control of their health. Human
interactions, particularly with medical physiciansor health care
professional s, along with the provision of social support and an
appealing mHealth app interface, play pivotal rolesin enhancing
compliance, adherence, dropout rates, and treatment efficacy
[12]. First, the combination of automatic information through
the Greenhabit app, face-to-face visits with a dietitian, and
regular phone calls during the 12-week intervention likely
contributed to maintaining healthy behaviors such as diet.
Furthermore, the critical support provided by nurses proved
invaluable when participants encountered personal difficulties.
The nurse served as asupporter, hel ping to motivate the patients.
Interactions also created accountability, focus, and awareness
of how behaviors impacted the participants’ health. Thus, the
combination of nursing assistance and the mHealth app
demonstrated short-term effectiveness in enhancing diabetes
self-efficacy and significantly increasing physical activity within
theintervention group. These support mechanismsmay explain
the observed reductions in FPG and HbA . levels, as well as
improvements in anxiety and general health status. The
interaction with health care providers and the use of devices
seem to enhance feelings of support for some individuals [65].
Second, while the influence of social support and its resultant
outcomes may resemble those observed in conventional
standards of care, a distinguishing characteristic of the digital
social support offered by this mHealth app is the provision of
anonymity and accessibility. The capability to exchange
comparable lived experiences of anxiety or depression among
peers, coupled with being accountabl e to an authoritative figure
(eg, health care professional) for symptom monitoring or
assessment, holds the potential to bolster engagement and
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adherence to the mHealth app. Finally, the Greenhabit app
demonstrates attributes of easy navigation, relatability,
engagement, and aesthetic appeal, ensuring greater user
engagement.

Adherenceto thelntervention

The observation that not all participants consistently used the
app (46/61) concurs with findings from Torbjarnsen et al [66],
indicating varying acceptability of T2D self-management apps
based on factors such as sex, age, education, expectations, and
ease of use. Some participants viewed the app as more of a
time-waster than ahelpful tool, citing forgetfulness or excessive
time requirements. Despite this, most participants expressed
sati sfaction (43/49, 88%) and considered the app useful (42/49,
86%), noting that it established new routines resulting in an
improved lifestyle.

Influence of the mHealth App on Diabetes
Self-Management and Treatment

The level of self-management may vary between individuals
with T2D and those with type 1 diabetes, potentialy influenced
by treatment intensity and the necessity for regular blood glucose
monitoring, particularly among insulin-dependent individuals
[67]. To underline, most of our participants indicated that they
were already self-monitoring their blood glucose levels at the
outset of the study, implying a preexisting engagement in
self-management practices regardless of insulin use.

To achieve a meaningful improvement in HbA,. levels and
cardiovascular risk factors in participants with T2D through
self-management interventions, it is essential to first enhance
healthy eating habits, promote engagement in physical activity,
and ensure consistent adherenceto medication. It iswell-known
that patients with T2D usually show higher resistance to
changing their unhealthy behaviors, particularly when it comes
to increasing physical activity and improving dietary habits
[13,26]. It has been demonstrated that physical activity may
contribute to a 30%-50% reduction in the development of T2D
[68]. While both groups showed similar changes in T2D
management strategies, including diet and physical activity,
only the intervention group demonstrated a significant
improvement in exercise. The control group did not show
significant improvement in overall diet and displayed reduced
adherence to the Mediterranean Diet. These findings are
consistent with those of other studies[53-55].

Neither significant differences in dietary habits were noted
between theintervention and control groups nor were significant
changes observed in dietary habits after 12 weeks. Thismay be
attributed to limited app usage, consistent with findings by
Agarwal et a [11], and theinherent challengesin altering dietary
habits influenced by externa (food industry) and internal
(long-term preferences) factors [69]. Additionally, participants
using the Greenhabit app had to manually input data, which
posed a barrier for some, leading to dropouts, including those
aged 60 years and above and younger individuals who never
used the app. A Norwegian RCT reported preferential app usage
by older compared with younger participants [12].

However, the acquisition and maintenance of ahealthy lifestyle,
based on a hedthy dietary pattern and physical activity
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programs, could be insufficient. As the intrinsic motivation of
participants playsakey role, it may be recommended to include
amotivational approach to bring about behavioral change [56].
Participants allocated to the Greenhabit group are more aware
of what they eat and the daily exercisethey perform, which may
explain better control of the disease.

Chronic diseases carry severe consequences, including reduced
quality of life, health emergencies, complications, and death
[70]. Managing them poses significant challenges and costsfor
health care systems globally, with chronic diseases accounting
for 71% of all deaths annually [71]. These diseases exacerbate
inequality, disproportionately affecting socially disadvantaged
individuals and hindering poverty reduction efforts [30].
Improving patients' health not only enhances their quality of
life but also alleviates societal economic burdens. Effective
management relies on understanding the impact of chronic
diseases on patients daily lives and empowering them to
self-manage and make informed decisions [14]. This approach
aligns with national health care strategies emphasizing
personalized medicine and self-management [72]. Patient
empowerment involves actively engaging in health
responsibilities and promoting meaningful involvement in
treatment decisions [70]. In this regard, mHealth emerges as a
cost-efficient tool to support self-management and foster
empowerment.

Limitations and Strengths

Thestudy’sprimary strengthliesinitsdesign asan RCT, which
allows for causal inference. Other strengths include a sizable
and diverse sample (ages 18-75 years, gender-balanced),
standardized data collection conditions for anthropometric and
blood measurements, and the option for participants to involve
a mate in app usage for mutual support. The app’s holistic
approach—addressing diet, physical activity, positive thinking,
relaxation, and social aspects—distinguishes it from other
mHealth strategies. This comprehensive strategy potentially
explainsits successin reducing cardiovascular risk factors. Our
study stands as one of the few RCTs that specificaly
investigated the impact of using amobile phone app asadigital
diabetes diary to enhance quality of life.

Our study also has limitations. It was short-term (12 weeks)
and conducted in a single center, which means findings may
not be generalizable to non-T2D populations and could be
subject to selection bias among patientswith T2D. Additionally,
technological challenges, particularly for older individuals,
could hinder the app's use as a public hedth strategy.
Furthermore, individual sfrom low-resource areas may struggle
to access smartphone technology due to associated costs, in
both acquiring the device and downloading paid apps.
Additionally, selection bias occurred because participants were
required to possess a smartphone. These financia barriers can
limit accessto mHealth interventions, exacerbating inequalities
in health care access. The findings might not be applicable to
cohortswith lower level s of motivation or limited technological
knowledge. The observed increase in skill and technique
acquisition may imply a heightened capability among
participantsto alleviate symptomsrelated to T2D and effectively
managetheir overall health. Thisenhancement may encompass
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improved utilization of technical aids. Although our study did
not incorporate a specific health education impact questionnaire,
the integration of validated health-related quality-of-life
assessments could provide valuable insights into the observed
improvements in self-management abilities. Finally, while
HbA . iscrucia for long-term glycemic control, the exclusion
of glycemic variability assessment limits a comprehensive
understanding of glycemic status. Combining HbA,. and
glycemic variability could enhance diabetes management
strategies [3]. More RCTs with longer follow-up times should

Ruiz-Leon et d

coping strategies for management. Self-management, which
empowers patientsto take control of their own health, iscrucial.
Studies on self-management highlight the importance of patient
empowerment, enhancing their autonomy in health-related
decisions. mHealth offers an economical means to enhance
self-management and empower individuals. The integration of
the Greenhabit app into clinical practice has the potential to
positively impact glycemic control, reduce anxiety, and improve
overall health status in individuals with T2D. Therefore, the
Greenhabit app could be an additional supportive tool in the

comprehensive management of patientswith T2D within clinical

be conducted to evaluate the long-term effect of diabetes-related i
settings.

mobile apps on glucose control and quality of lifeand to confirm
that the outcomes seen in initial studies are sustainable over

: The use of tailor-made interventions supported by an artificial
time.

intelligence—based infrastructure to enhance health and achieve
sustainable behavior change represents a significant and
promising approach for T2D self-management. However, larger
studies are required to validate the effectiveness of these
interventions.

Conclusions

Chronic illnesses can have significant consequences, often
necessitating patientsto depend on lifestyle choices and effective
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