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Abstract

Background: Effective diabetes management requires a multimodal approach involving lifestyle changes, pharmacological
treatment, and continuous patient education. Self-management demands can be overwhelming for patients, leading to lowered
motivation, poor adherence, and compromised therapeutic outcomes. In this context, digital health apps are emerging as vital
toolsto provide personalized support and enhance diabetes management and clinical outcomes.

Objective: This study evaluated the impact of the digital health application Vitadio on glycemic control in patients with type
2 diabetes mellitus (T2DM). Secondary objectives included evaluating its effects on cardiometabolic parameters (weight, BMI,
waist circumference, blood pressure, and heart rate) and self-reported measures of diabetes distress and self-management.

Methods: In this6-month, 2-arm, multicenter, unblinded randomized controlled trial, patients aged 18 years or older diagnosed
with T2DM were randomly assigned (1:1) to an intervention group (1G) receiving standard diabetes care reinforced by the digital
health app Vitadio or to a control group (CG) provided solely with standard diabetes care. Vitadio provided a mobile-based
self-management support tool featuring educational modul es, motivational messages, peer support, personalized goal setting, and
health monitoring. The personal consultant was available in the app to provide technical support for app-related issues. The
primary outcome, assessed in the intention-to-treat population, was a change in glycated hemoglobin (HbA ;) levels at 6 months.
Secondary outcomes included changes in cardiometabolic measures and self-reported outcomes. Data were collected in 2 study
centers: diabetologist practice in Dessau-Roflau and the University of Dresden.

Results: Between November 2022 and June 2023, atotal of 276 patients were screened for eligibility, with 149 randomized to
in intervention group (IG; n=73) and a control group (CG; n=76). The majority of participants were male (91/149, 61%). The
dropout rate at month 6 was 19% (121/149). While both groups achieved significant HbA . reduction at 6 months (1G: mean
—0.8, SD 0.9%, P<.001; CG: mean —0.3, SD 0.7%, P=.001), the primary confirmatory analysis revealed statistically significant
advantage of the IG (adjusted mean difference: —0.53%, SD 0.15, 95% Cl —0.24 to —0.82; P<.001,; effect size [Cohen d]=0.67,
95% CI 0.33-1). Significant between-group differences in favor of the |G were also observed for weight loss (P=.002), BMI
(P=.001) and systolic blood pressure (P<.03). In addition, Vitadio users experienced greater reduction in diabetes-rel ated distress
(P<.03) and obtained more pronounced improvements in self-care practices in the areas of general diet (P<.001), specific diet
(P<.03), and exercise (P<.03).

Conclusions: Thistria provides evidence for the superior efficacy of Vitadio in lowering the HbA . levelsin T2DM patients
compared to standard care. In addition, Vitadio contributed to improvementsin cardiometabolic health, reduced diabetes-related

https://www.jmir.org/2025/1/e68648 JMed Internet Res 2025 | vol. 27 | e68648 | p. 1
(page number not for citation purposes)


mailto:maxi.bretschneider@mailbox.tu-dresden.de
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Bretschneider et al

distress, and enhanced self-management, highlighting its potential as an accessible digital tool for comprehensive diabetes

management.
Trial Registration:

(J Med Internet Res 2025;27:e68648) doi: 10.2196/68648
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Introduction

Over 9.1 million adults in Germany have been diagnosed with
type 2 diabetesmellitus (T2DM), and around 500,000 new cases
of the disease occur in the German popul ation every year [1,2].
Thistrend highlights asignificant socioeconomic burden on the
German health care system and underscores the urgent need for
innovative solutionsto provide high-quality careto thisgrowing
patient population.

Adequate management of diabetes is highly complex and
challenging, necessitating a multimodal therapeutic approach
to effectively control the condition and prevent associated
microvascular and cardiovascular complications[3-5]. It requires
a synergistic combination of lifestyle modifications,
pharmacological treatment, and continuous patient education.
Given that diabetes is directly influenced by various lifestyle
factors, lifestyle modifications, including dietary changes,
weight management, increased physical activity, smoking
cessation, and psychological support, are the cornerstones of
nonpharmacological management of the condition [4,6-10].
However, the demanding character of daily self-management
imposes asignificant burden on patientswith T2DM. Adopting
new healthier habits, along with the need for constant blood
glucose monitoring and medication adherence, often leads to
increased emotional distressand feelings of being overwhelmed
[6,11-13]. In addition, it requires substantial diabetes-related
knowledge and health literacy, enabling patients to make
well-informed decisions about their lifestyle choices [8,14].

Physicians play akey rolein providing patients with necessary,
reliable information about their condition. They are aso the
ones who can refer patients with T2DM to structured diabetes
self-management education (DSME) programs aiming at
empowering individuals with diabetes by educating them on
how to manage their condition effectively. While DSME has
consistently been demonstrated to improve patients' clinical
[15] and psychosocial [16] outcomes, many DSME participants
report that the program did not fully meet their information and
support needs [14].

Similarly, the disease management program for type 2 diabetes
patients, launched in Germany in 2002, despite its positive
impact on quality of care [17-19], does not guarantee patients
active involvement in the disease management in-between
medical check-ups. While disease management program
successfully improves the coordination of care among different
health care professionals (HCPs) and promotes careful
monitoring and evaluation of patient health outcomes through
regular follow-up visits, individuals with diabetes may still

https://www.jmir.org/2025/1/e68648

struggle to adhere to recommended behavioral changes on a
daily basis.

The lack of adherence to behavioral changes represents an
important challenge in diabetes management, identified as the
most significant modifiable factor compromising therapeutic
outcomes [20,21]. Therefore, medical advancements that
enhance patient adherence and sustain long-term motivation for
recommended behavioral changesarevital for effective diabetes
control. Digital solutions are being increasingly recognized for
their crucia role in this context. By providing personalized,
real-time support and educational resources, along with tailored
feedback and easily accessible reports on glycemic control,
mobile health solutions can support patients' adherence to
treatment, improve their self-management, and as a
consequence, contribute to better health outcomes [20,22].

In Germany, since the introduction of the Digital Healthcare
Act (Digitale-Versorgung-Gesetz) in December 2019, digital
health apps (DiGASs) with clinically demonstrated health benefits
can be prescribed to patients by their health care providers[23].
Vitadio is a DiGA dedicated to patients with type 2 diabetes
intended to foster positive lifestyle changes and to support
patients in effective self-management. This study aimed to
provide evidence of the positive health care effects of Vitadio
in individuals with T2DM. A 6-month, 2-arm, multicenter,
randomized-controlled trial was conducted to assess whether
using Vitadio is associated with a greater reduction of glycated
hemoglobin (HbA,,) in patients with T2DM as compared to
standard care. In addition, changesin patient-reported outcomes
(PROs) and cardiometabolic parameters have been examined
and compared between the 2 groups.

Methods

Study Design

A 6-month, 2-arm, multicenter, randomized controlled trial was
conducted to eval uate the effects of Vitadio on glycaemic control
in patients with T2DM. Participants meeting inclusion criteria
wererandomly allocated in al:1 ratio to either theintervention
group (IG) using Vitadio as an add-on to standard diabetes care
or a control group (CG) receiving standard diabetes care in an
ambulatory setting (refer to Figure 1; the CONSORT
(Consolidated Standards of Reporting Trials) checklist is
provided in Multimedia Appendix 1). The study was registered
in the German Clinical Trials Registry (DRK S00027405) and
was approved by the ethics committee at the Technical
University of Dresden (Medical Device Regulation [MDR
ff-EK-322072022]) on 07 September 2022. The clinical tria
was conducted in accordance with the published principles of
the International Organization for Standards 14155, MDR,
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German Medical Device Law Implementation Act, and
applicable legidation (especialy the rules for the Fast Track
procedure for DiGA following Paragraph139e Socia Code

Figure 1. Graphical representation of the study design.
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Book Five in Germany and the good clinical practice; refer to
Multimedia Appendix 2).
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Participants

The study included participants aged =18 years diagnosed with
T2DM. Other inclusion criteria included: (1) HbA,. baseline
level between =7.5% and <11%; (2) ownership of asmartphone
compatible with Vitadio with internet access; (3) not having
used Vitadio in the past 12 months; (4) willingness and ability
to comply with all scheduled visits, laboratory tests, and lifestyle
considerations; and (5) ability to provide informed consent.
Exclusion criteriawere (1) concurrent usage of other apps for
diabetes management, (2) participation in aweight loss program,
(3) presence of comorbid psychiatric conditions or cognitive
impairment, (4) history of alcohol or drug abuse within the past
3 months, (5) usage of insulin pump, (6) steroid therapy within
the past 3 months with the exception of topic or inhaled use (if
no more than 5 times aweek), (7) blood pressure =200 mm Hg

at screening, (8) BMI >40 kg/m?, (9) usage of services of home
health aides for blood glucose testing and insulin adjustments,
(10) pardlel participation in another trial or study, and (11)
current or planned pregnancy during the study, breastfeeding
women.

Recruitment

The recruitment was carried out by participating physiciansin
trial sites and using advertising via various marketing channels
(socia networks, search engines, radio, advertorials on public
transport, and local newspapers). Participants recruited via
consumer marketing channels were subject to an online
eligibility questionnaire and an initia prescreening phone call
interview. Only after positive prescreening, the participants
were given an appointment at the study center at the University
of Dresden or the diabetologist's practice in Dessau-Rof3au.
Physiciansin the study center confirmed the patients’ dligibility.
All eligible participants provided written informed consent to
participate in the study.

https://www.jmir.org/2025/1/e68648
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Randomization and M asking

Eligible participants were randomly assigned to the |G or CG.
Randomization was carried out at each study center based on
predefined lists provided by acenter for clinical trialsin Dresden
(“Koordinierungszentrum fir klinische Studien Dresden”),
where each new participant is assigned to the next free number.
The “Koordinierungszentrum fir klinische Studien Dresden”
used a computer-based block randomization with a block size
of 4and al:1ratiointervention and control. The randomization
envel opes were prepared by a person not involved in the study
and handed out to the respective tria sites. All participant
numbers were assigned consecutively. The correct use of the
randomi zation procedure was reviewed by the study monitor.

Study Procedure

Following the randomization process, participants assigned to
the IG received a prescription for Vitadio from the site
personnel. To maintain the blinding of the sponsor, participants
followed the standard app activation process by requesting the
activation code from the insurance company. HCPs at the study
center provided assistance in installing the application, issued
a prescription or confirmation of diagnosis, and instructed
participants on how to activate the Vitadio app.

Primary and secondary outcomes were collected at the study
centersat 3time points: at baseline (Visit 1), after 90 days (Visit
2), and after 180 days (Visit 3; refer to Figure 1). Additional
visits for regular treatment were permitted and the treating
physician had the authority to make therapeutic changesrequired
by the patient’s clinical condition as long as they werein line
with the German diabetes care guidelines. Any changes in
treatment or health status of thetrial participantswere recorded
by the study physicians during the prespecified visits (Visits
1-3) at the study centers.
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Intervention

Vitadio is a certified Class | medical device (low risk), in the
form of a mobile app, that supports patients with diabetes in
making healthy lifestyle choices and improving their
self-management. Built on amultimodal therapeutic approach,
Vitadio complements physician-directed therapy and helps
patients in achieving their treatment goals [24,25]. The digital
care program is divided into a 3-month intensive phase and the
following sustain phase. It incorporates a combination of
educational, motivational, and monitoring features (Figure 2).
Educational materialsintroduce patientsto the fundamental s of
diabetes self-management, covering essential areas such as
weight management, balanced nutrition, glycemic control,
physical activity, sleep, and stress management. Daily tasks,
supported by automated messages, provide patients with a

Bretschneider et al

structured pathway through the program and encourage
consistent engagement. Personalized SMART (Specific,
Measurable, Achievable, Relevant, and Time-Bound) weekly
goals targeting dietary habits, activity levels, and self-care
practices help reinforce positive behaviors and support the
long-term sustainability of these changes. A peer support group
feature fosters a sense of community, enhancing motivation and
adherence to the program. Finally, the app encourages regular
monitoring of physiological and lifestyle parametersto facilitate
progresstracking. Participantsin the G, in addition to receiving
standard diabetes care, used Vitadio for at least 180 days as part
of their routine diabetes management. They had the possibility
of contacting a personal consultant through the app whose
primary role was to provide technical support for app-related
issues.

Figure 2. Screenshots of the Vitadio app: (a) photo-based nutrition diary with automatic feedback; (b) weekly diabetes education content; (c) peer

support group for users.
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The CG was instructed not to use Vitadio or any other digital
health application for diabetes management during the 6-month
study period. Their diabetes treatment was provided by their
treating physician according to national guidelines for type 2
diabetes therapy [24] to ensure participant safety and
demonstrate the additional benefits of Vitadio compared to
standard care. Standard care was defined as routine care in an
ambulatory setting, which includes medication adjustments but
excludes the initiation of new interventions (eg, starting a
lifestyleintervention) during the study. Upon completion of the
trial, CG participants were invited to use Vitadio and received
training from HCPs on its usage. This posttrial accessto Vitadio
compensated for the lack of its use during the study and
addressed ethical considerations.
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Outcome M easurement

The primary objective of this study wasto evaluate the efficacy
of Vitadio in addition to standard care in improving glycemic
control in patientswith T2DM compared to standard care aone.
Given that al international guidelines classify HbA,. as a
standard goal in diabetes management [26], the changein HbA ;.
levels from baseline to the end of the 6-month intervention
period was chosen asthe primary outcome measure. To support
the primary outcome analysis, the proportions of patients
reaching treatment targets of HbA ;. <7.0% and <6.5%, as well
as those who achieved the minima clinically important
difference of 0.3%, were calculated. The treatment goals were
selected based on theinternational consensus guidelinesfor the
management of diabetes mellitus[4,27]. To ensure that positive
outcomesin the primary endpoint were attributable to the study
intervention and not to other therapeutic changes occurring
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during the trial, changes to the diabetes-specific concomitant
medication were recorded.

To provide a comprehensive overview of the effects of Vitadio
on health status and outcomes in patients with T2DM, several
relevant cardiometabolic and patient-reported secondary
outcomes were identified. According to the German Diabetes
Association Clinical Practice Guidelines, therapy goals in
patients with type 2 diabetes should go beyond HbA . control
and address other cardiovascular risk factors [28]. Orientation
parameters for therapeutic goals have been established for

weight loss (for BMI from 27-35 kg/m? >5% weight reduction;

for BMI >35 kg/m* >10% weight reduction), systolic blood
pressure (120-140 mm Hg), and diastolic blood pressure (<80
mm Hg; not <70 mm Hg) [28,29]. Therefore, changesin body
weight and blood pressure have been evaluated. Moreover,
considering the cardiovascul ar risks associated with high resting
heart rate (>75-80 bpm) [30,31] and abdominal obesity [32],
proxy measures of fat mass, for example, BMI and waist
circumference, along with heart rate were collected.

In order to reduce the complex pharmacotherapy and the
development and progression of diabetic complications, patient
self-management and adherence to ahealthy lifestyleare crucial
[28]. The impact of the intervention on diabetes
self-management was assessed using the Summary of Diabetes
Self-Care Activities (SDSCA) questionnaire. The questionnaire
measures|evels of self-management across different components
of the diabetes regimen, such as general diet, specific diet,
exercise, blood-glucose testing, foot care, and smoking.
Respondents report the frequency of performing relevant
activities over the past 7 days[33]. To obtain a set of scoresfor
an individual patient, the average number of days for each
subscale except smoking was computed.

To evaluate the level of diabetes-related distress, the Problem
Areas in Diabetes questionnaire (PAID) was administered to
the participants. PAID is a self-report containing 20 items
describing negative emotions (eg, fear, anger, and frustration)
commonly experienced by patientswith diabetes. Each question
has 5 possible answers with a value from 0 to 4, with 0
representing “no problem” and 4 “a serious problem.” The
scores are added up and multiplied by 1.25, generating a total
score between 0-100. Patients scoring 40 or higher may be at
the level of “emotional burnout” and warrant special attention
[33,34].

Bearing in mind that good user experience is central to the
success of interactive products, patients’ perceptions of Vitadio
were assessed using the User Experience Questionnaire (UEQ).
The UEQ contains 26 itemsrated on a 7-point Likert scale. The
items are classified into 6 different dimensions: attractiveness,
perspicuity, efficiency, dependability, stimulation, and novelty.
Results are reported on a scale from -3 (horribly bad) to +3
(extremely good), with values between —0.8 and 0.8 representing
a neutral evaluation of the corresponding scale, values >0.8
representing a positive evaluation, and val ues <—0.8 representing
anegative evaluation [35].

Finally, the app-generated data for all participants in the IG
were analyzed to better understand the patterns of usage of
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Vitadio and the features of the application that were most widely
used.

Statistical Analysis

The sample size calculation was performed with the program
G* Power [36] and assumed a difference in HbA ;. reduction of
0.5% and an HbA ;. SD of 0.8% for the CG and 1.0% for the
IG. This assumption is based on the previous results of the
Czech randomized controlled trial in patients with obesity [24]
and a German observational study in patientswith T2DM [25].
Assuming an effect size of 0.55, a significance level of 2.5%
(1-sided test), and a power of 0.8, a sample size of 69
participants per group, that is, at least 138 participantsin total,
was required to demonstrate a significant effect. Thisincluded
an expected attrition rate of 23% [37].

Outcomes were evaluated on 2 datasets, the intention to treat
(ITT) and per protocol set (PPS). PPS included all participants
reaching the final study endpoint and adhering to the trial
protocol without any major violations. The primary confirmatory
analysis was performed based on the ITT principle. The ITT
dataset encompassed all randomized patients having the baseline
datafor the reported variable. Missing datawere imputed using
the “Randomized Arm missing at randommar” [38] approach
using the RefBasedMI R library. With this method, the dataare
considered to be missing at random, assuming the distributions
of missing and observed vaues, conditional on observed
variables, are identical. Under the missing at randommar
assumption, participants were expected to keep benefiting from
thetreatment after dropout, with HbA ;. levelsreflecting lifestyle
changes over time, typically with a 3-month delay as a result
of the Vitadio intervention.

For the primary outcome analysis, alinear mixed-effects model
capturing HbA ;. observations over al 3 study endpoints was
used. The explanatory variablesincluded the visit number, visit
site, treatment dummy, and the interaction between the visit
number and treatment, which captures the treatment effect of
interest, that is, the change in HbA . at the follow-up visits.
Additional covariates controlled for in the model were age, sex,
presence of insulin treatment, and number of years since diabetes
diagnosis. Inthe case of ITT analysis, pooled effect sizes of 50
imputation iterations were presented. Robust SE was used and
P values <.05 were considered statistically significant. For the
responder analysis, the clinical relevance of treatment effects
was assessed by examining the proportion of patients meeting
predefined HbA,. levels or changes. The significance of
differences between groups was assessed via the Fisher exact
test and P value of .05. For secondary outcomes, mean
differences between the groups were compared using one-sided
t tests at a 2.5% significance level, applicable to continuous
variables. For al outcomes, the effect sizes were computed
using the Cohen d measure.

User experience with the Vitadio app was measured using UEQ,
with results being aggregated into 6D and compared against
guideline threshol ds of —0.8 and 0.8, respectively. Usage of the
app and its features has been evaluated using internal database
data over the entire study length and presented as mean (SD).
The analyses of user experience and app-generated usage data
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were performed on the PPS dataset, focusing exclusively onthe
experiences of actual application users. All analyses were
performed by using R version 4.3.2 or higher (R Core Team).

Ethical Consideration

This study was approved by the ethics committee at the
Technical University of Dresden (MDR ff-EK-322072022) on
September 7, 2022. All eligible participants provided their
personal written informed consent to participate in the study.
Participants personal datawere kept confidential and processed
anonymously by assigning each participant a unique study
identification number for data entry, management, and analysis.
For their participation in this clinical trial, the participants
received a compensation of €80 (US $90.33) at the end of the
trial.

Figure 3. Participant flow. ITT: intention to treat; PPS: per protocol set.

Bretschneider et al

Results

Participants Characteristics

Participants were enrolled between November 2022 and June
2023. The first participant was included in the study on
November 14, 2022. The last participant completed the study
on January 2, 2024.

A total of 276 potential participants were screened for eligibility
and of those, 149 (54%) participants met the eligibility criteria
and were randomized into thetrial (1G: n=73, CG: n=76). The
allocation was made to two study centers. Dessau-Rof3au and
Dresden. Intotal, 124 (IG: n=69, CG: n=55) and 121 (1G: n=70,
CG: n=51) participants attended the 3- and 6-month follow-ups,
respectively. All inal, the PPS analysisincluded 97 participants.
The differencein the number of patients attending the 6-month
follow-up and those analyzed within the PPS is due to protocol
deviations. The patient flow, including reasons for exclusions,
isillustrated in Figure 3.

Assessed for eligibility (N=276)

Enrollment

Excluded (N=127)

Randomly assigned (N=149)

v

Allocated to the control group (N=78)
(diabetes care-as-usual in an ambulatory setting)

l

Follow-up at 3 months

Allocation

Attended the visit (N=69)

Did not attend the visit (N<7):
Patient request (N=2)
Refusal of further follow-up (N=3)
Lost to follow-up (N=1)
Serious adverse event (N=1)

Follow-up

Follow-up at & months
Attended the visit (N=70)

Did not attend the visit (N=0)

|

Analysis
Analyzed PPS (N=54)

Excluded from analysis (N=16):
Not eligible (N=4)
Severe protocol violation (N=10)
Investigator request (N=1)
Serious adverse event (N=1}

Analysis

Analyzed ITT {N=76)

v

Allocated to the intervention group (N=73)
(Vitadio app as an add-on to care-as-usual)

l

Follow-up at 3 months

Attended the visit (N=55)

Did not attend the visit (N=18):
Not eligible (N=2)
Technical challenges (N=4)
Patient request (N=6)
Refusal of further follow-up (N=1)
Lost to follow-up (N=4)
Serious adverse event (N=1)

Excluded after 2nd visit (N=2):
Technical challenges (N=1)
Serious adverse event (N=1)

Follow-up at 6 months
Attended the visit (N=51)
Did not attend the visit (N=2):

Patient request (N=1)
Refusal of further follow-up (N=1)

l

Analysis
Analyzed PPS (N=43)

Excluded from analysis (N=8):
Not eligible (N=2)
Technical challenges (N=1)
Severe protocol violation (N=3}
Investigator request (N=1}
Serious adverse event (N=1)

Analyzed ITT (N=73)

One participant in the CG did not attend the 3-month visit due  visit. This participant was withdrawn from the study due to the
to a serious adverse event but they did attend the final 6-month  af orementioned adverse event.
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Baseline sociodemographic and clinical characteristics are
shown in Table 1. Each group comprised slightly more men
(IG: 67%, CG: 57%) than women. The average age of the
sample was 61 (SD 11 years) and the mean diabetes duration

Bretschneider et al

was 11 (SD 8 years). At baseline, there were no significant
differences between the 2 groups in any of the assessed
cardiometabolic parameters.

Table 1. Baseline sociodemographic and clinical characteristics of the sample.

Characteristics Overall sample, (N-149) Intervention group (N=73) Control group (N=76) P value
Male, n (%) 91 (61) 49 (67) 42 (55) 18
Age, mean (SD) 60.6 (10.8) 61 (10.7) 60.2 (10.9) 68
Years from diagnosis, mean (SD) 11.7(7.5) 10.8(7.4) 12.6 (7.6) A4
HbA 1.2 (%), mean (SD) 8.3(0.8) 8.3(0.7) 8.4(0.8) .50
Weight (kg), mean (SD) 98.3(18.7) 98.2(17.9) 98.3(19.5) .99
BMI (kg/m?), mean (SD) 32.2(4.8) 32(4.9) 325(4.9) 54
Waist (cm), mean (SD) 112.2 (12.3) 111.6 (12.5) 112.7 (12.2) 61
Blood pressure (systolic, mmHg), mean (SD) 151.9 (18.1) 149.8 (19.8) 154 (16.2) .16
Blood pressure (diastolic, mm Hg), mean 89.6 (9.6) 88.9 (10.8) 90.3(8.2) .36
(SD)
Heart rate (bpm), mean (SD) 82.8 (12.3) 81.6(12.9) 83.9 (11.6) 25
PAIDP, mean (SD) 27.3(17.6) 28.4(18.2) 26.3(16.9) 48
Summary of diabetes self-care activities questionnaire
General diet, mean (SD) 4.2(15) 4(1.6) 4.3(15) .28
Specific diet, mean (SD) 4 (150 3.7(14) 43(15) 01
Exercise, mean (SD) 3.6 (1.8) 3.7(1.8) 35(1.7) .56
Blood glucose, mean (SD) 363 3.8(29) 35(3) .57
Foot care, mean (SD) 2(1.9 2.3(2 1.7(1.9 .06
Smoking, n (%) 21 (14) 10 (14) 11 (14) 1

3HbA 1 hemoglobin A ;.

bpaID: problem areas in diabetes questionnaire.

In terms of the PROs, both groups showed a similar level of
diabetes-related distressduring theinitial testing (P=.48). There
were also no significant differencesin any but one of the aspects
of diabetes self-care. The |G was characterized by lower baseline
scores in the specific diet dimension of the SDSCA
guestionnaire (mean 3.7, SD 1.4 vsmean 4.3, SD 1.5), and the
difference between the study arms was statistically significant
(P=.01).

Primary Outcomes

The primary objective of this study was to evaluate whether
Vitadio leads to more pronounced changes in HbA . levelsin
patients with T2DM who followed the program for 6 months
compared to a CG receiving usual diabetes care. The primary
confirmatory analysis relied on a linear mixed effects model
and revealed the statistically significant and clinically relevant

https://www.jmir.org/2025/1/e68648

advantage of the |G over the CG in termsof reducing the HbA ;.
levelsindicated by a model-based adjusted difference of —0.53
(SD 0.15%, 95% CI —0.24 to —0.82; P<.001). The effect size,
as measured by Cohen d, was d=0.67 [0.33 to 1]). Treatment
effects for the primary endpoint, HbA ;. changes at 6 months,
were supported by the conducted per-protocol analysis with a
difference of —0.49 (SD 0.16%, 95% CI —0.17 to—0.82; P=.003,
d=0.63, 95% CI 0.22-1.05).

The mean HbA ;. reduction after 6 months was—0.8 (SD 0.9%;
P<.001) inthe |G and —0.3 (SD 0.7%; P=.001) in the CG (refer
to Table S1 in Multimedia Appendix 2). The advantage of the
IG could also be demonstrated by the responder analysis
identifying the share of participants who achieved predefined
treatment targets of HbA ;. <7.0% and < 6.5%, as well as the
minimal clinically important difference of —0.3% (refer to Table
2).
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Table 2. Treatment responders—ITT population.
Responder analysis Percentage within intervention  Percentage within control group P value (Fisher test) Odds ratio (95% CI)
group (n=73), % (n=76), %
HbA1c < 7% 26 8 004 4,05 (1.51-10.83)
HbA 1. < 6.5% 11 0 .003 19.6 (1.11-346.06)
A HbA 1 < -0.3% 7 52 .002 3.04 (1.5-6.17)

InIG, asignificantly higher proportion of participants achieved
aclinically significant reduction in HbA ;. of 0.3% (77%, 56/73
compared to 52%, 41/76 in CG; P<.05). After 6 months, 26%
(19/73) of the participantsin |G had reduced their HbA . level
below 7%, compared to 8% (6/76) in CG (P=.004). The
reduction below 6.5% after 6 months was achieved by 11%

(8/73) of the participantsin |G and none of the CG participants,
representing a statistically significant difference between the
groups (P=.003).

Relevant changes to diabetes-specific concomitant medication
that occurred during the study are presented in Table 3.

Table 3. Changesin diabetes-specific concomitant medication during the study—PPS population?.

Not present at any time  Started during the study  Increased Decreased Stable Substance replaced

OADP treatment, n (%)

IG 3(7) 0(0) 4(9.3) 2(4.7) 29(674) 5(116)

cG 3(5.6) 0(0) 12(22.2) 3(5.6) 32(59.3) 4(7.4)

Total 6(6.2) 0(0) 16 (16.5) 5(5.2) 61(62.3) 9(9.3)
Insulin treatment, n (%)

IG 27 (62.8) 0(0) 5 (11.6) 2(4.7) 9(209) 0(0)

cG 28 (51.9) 3(5.6) 2(3.7) 3(5.6) 17(315) 1(L9)

Total 55 (56.7) 3(3.1) 7(7.2) 5(5.2) 26(268) 1(1)

#The percentages in parentheses express the ratio of patients in the respective group in the per protocol set (PPS).

POAD: oral antidiabetic drug.

Overdl, 93.8% (91/97) of the sample was treated with oral
antidiabetic drugs (OAD) and 43.3% (42/97) with insulin at
some point in the study. Most participantsin the |G maintained
a stable OAD dosage (29/43, 67.4%), whereas 22.2% (12/54)
of patients in the CG required an increase in their medication
dosage. Notably, although 11.6% (5/43) of patientsin the IG
needed to increase their insulin dosage, there were no patients
who would initiate insulin therapy during the study. In
comparison, only 3.7% (2/54) of participants in the CG
experienced an increase in insulin dosage, but 5.6% (3/54) of
the patients in this group-initiated insulin treatment during the
study.

https://www.jmir.org/2025/1/e68648

Secondary Outcomes

The results of the analysis of the secondary outcomes are
presented in Table 4. In terms of assessed cardiometabolic
parameters, significant between-group differences in favor of
the IG were observed for weight loss mean difference
(MD=-1.33,95% Cl —2.25t0-0.42, P=.002), BM| (MD=-0.47,
95% CI [-0.77 to —0.16], P=.001) and systolic blood pressure
(MD=-7.8, 95% Cl —13.45 to —2.16, P=.004). While the IG
achieved asignificant reductioninwaist circumference (111.65
cm to 109.86 cm, P<.001) and diastolic blood pressure (88.9
mm Hg to 84.28 mm Hg, P<.001; refer to Table S2 in
Multimedia Appendix 2), no significant between-group
differences were found.
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Table 4. Between-group comparison of secondary and exploratory endpoints—intention to treat population.

Variable Intervention group, mean (SD) Control group (SD) Differenceinmeans Pvaue  Cohend (95%
(95% ClI) cl
Baseline 6 months Baseline 6 months
Weight (kg) 98.25(17.88)  96.05(17.59) 98.36(19.62)  97.49(19.13) -1.33(-2.25t0-0.42) .002 0.47 (0.14 to
0.8)
Wiaist (cm) 111.65(125) 109.86 (12.0) 112.65(12.1) 112.03(11.22) -1.16(-244100.12) .04 0.29
(-0.03t0 0.62)
BMI (kg/m?) 31.98 (4.77) 31.26 (4.59) 325(4.9) 32.25 (4.94) -0.47(-0.77t0-0.16) .001 0.5(0.17to
0.83)
Heart rate (bpm) 81.6 (12.92) 81 (12.29) 84.01(11.63) 83.39(1159) 0.02(-359t03.62) .50 0
(-0.33t00.32)
Blood pressure (sys-  149.79 (19.83) 13656 (12.65) 153.8(16.18)  148.37 (16.57) —7.8(-13.45t0—2.16) .004 0.45(0.12,0.78)
tolic, mm Hg)
Blood pressure (dias-  88.9 (10.84) 84.28 (8.29) 90.12 (8.02) 87.97 (7.56) —2.47(-5.28t00.34) .04 0.29
tolic, mm Hg) (-0.04,0.61)
PA|D2 2836 (18.24) 19.03(14.83) 26.32(16.94) 23.21(1549) —6.21(-10.58t0 .003 0.46 (0.13to
-1.85) 0.79)
SDSCAP- general diet 404 (1.56) 4.79 (0.85) 431(1.52) 4.21 (1.36) 0.85(0.4t0 1.3) <.001 8.82)(0.28 to
SDSCA-specific diet  3.69 (1.44) 429 (1.23) 4.33 (1.55) 442 (1.17) 0.51 (0.1t0 0.92) .007 0.41 (0.08 to
0.74)
SDSCA-exercise  3.71(1.8) 4.44 (1.42) 3.53(1.74) 3.74 (1.6) 052(0.03t01.02) .02 0.34 (0.02to
0.67)
SDSCA-blood glu-  3.77 (2.92) 4.07 (2.72) 3.49 (3.02) 3.29(2.97) 05(-006t01.07) .04 0.29
cose (-0.04t0 0.61)
SDSCA —footcare  2.32 (1.97) 2.97 (2.14) 1.72 (1.89) 2.27(2.11) 0.1 (-0.4t0 0.6) 35 0.06
(-0.26 t0 0.39)
3PAID: problem areas in diabetes.
bspscA: summary of diabetes self-care activities.
IG participants experienced a greater reduction of program showed active use by the participants: 81% (35/43) of

diabetes-related distress than the control group (P=.003).
Moreover, as demonstrated by the results of the SDSCA
guestionnaire, the |G improved their diabetes self-management
inall but one (blood glucose) of the assessed dimensions (refer
to Table S2 in Multimedia Appendix 2). In addition, significant
between-group differences were observed in the dimensions of
general diet (P<.001), specific diet (P=.007), and exercise
(P=.02).

Vitadio was rated positively (>0.8) across most scales of the
UEQ. The highest score was registered in the perspicuity
dimension (mean 1.42, SD 1.06), reflecting the app’s ease of
use and intuitive design. Users also appreciated the app’s
attractiveness (mean 1.11, SD 1.35), along with its pragmatic
qualities, such as dependability (mean 1.08, SD 1.11) and
efficiency (mean 0.81, SD 0.91). The app received neutral scores
in the hedonic quality aspects, specifically in stimulation (mean
0.67, SD 1.36) and novelty (mean 0.24, SD 0.93).

The analysis of app-generated data revealed that the average
number of daysin which the patients used the app at least once
was 95 (SD 63). Thisimpliesthat an average patient interacted
with the app every other day. All the main features of the

https://www.jmir.org/2025/1/e68648
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them completed all core education materials; 83% (36/43) set
at least 5 weekly goal sthroughout the program and 67% (29/43)
of participants set their goals for every week of the intensive
phase; 67% (29/43) of participants also measured their weight
in the recommended, biweekly intervals; and 45% used the app
tolog their glycemialevels.

Patients al so actively used ameal photo diary with 81% (35/43)
logging their meals resulting in an average of 189 (SD 201)
meal photos per participant. More than 88% (38/43) of
participants used step tracking via synchronization with the
Google Fit or Apple Health platform native apps. The average
number of daily steps was 6647 (SD 2966) over the 6-month
trial period.

Discussion

Principal Findings

In this prospective, 6-month randomized trial the impact of the
digital lifestyle intervention Vitadio on improving glycemic
control in patients with T2DM was investigated. The trial met
its primary endpoint and provided evidence for the superior
efficacy of Vitadioinlowering the HbA . levelsin patientswith
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diabetes compared to standard care alone. The intervention’s
robust treatment effects were confirmed by the significant
between-group differences in proportions of patients meeting
the recommended treatment targets of HbA ;. <7.0% and <6.5%,

and the minimal clinically important difference of —0.3%.

The analysis of diabetes-specific concomitant medication
changes during the study suggests that the clinical benefits
observed are primarily attributable to the Vitadio intervention
itself, rather than to other therapeutic adjustments. The most
notabl e difference between the groupswasin the OAD treatment
regimen. Over 20% (12/54) of patients in the CG required a
dosage increase, compared to less than 10% (4/43) of the app
users. In addition, although aslightly higher number of patients
in the |G were prescribed increased insulin dosages (1G: n=5;
CG: n=2), none of the Vitadio users needed to initiate insulin
therapy during the study. Given the low number of patientswho
experienced changes in their insulin regimen, the impact of
insulin adjustmentson the clinical outcomesislikely negligible.

Effective diabetes care does not rely solely on blood glucose
control. Current guidelines emphasize the importance of
addressing cardiovascular risk factorsin patients with diabetes
[26]. It isestimated that a 10-mm Hg reduction in systolic blood
pressure lowers the risk of developing major cardiovascular
events by 20%, coronary heart disease by 17%, stroke by 27%,
heart failure by 28%, and all-cause mortality by 13% [39]. In
this study, participantsin the |G not only achieved asignificantly
greater reduction in systolic blood pressure compared to the
control condition, but they also exceeded the clinically relevant
threshold of a 10-mm Hg reduction. The cardiometabolic
benefits of Vitadio are further corroborated by significant
improvementsin all assessed cardiometabolic parameters except
for resting heart rate.

In addition, the digital health application Vitadio was shown to
foster positive health behaviors and improve the psychological
well-being of patients with T2DM. Unlike those receiving
standard diabetes care, the |G exhibited significant reductions
in diabetes-related distress. Thisfindingisclinically important,
ashighlevelsof diabetesdistress are known to negatively affect
self-care behaviors, medication adherence, and glycemic control
[40-42]. In line with the evidence, the reduced distress aligned
with the results of the SDSCA questionnaire, where Vitadio
users reported significant improvements in  their
self-management practices. Positive changes were observed in
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the areas of genera diet, specific diet, exercise, and foot care,
resulting in significant between-group differencesin all but the
last dimension.

The study demonstrated several notable strengths. First, the
broad inclusion criteria, which considered patientswith varying
durations of diabetes, both insulin- and noninsulin-treated, and
withaclinically relevant and realistic HbA ;; spectrum, provided
a not overselected patient population. The rigorous
randomization procedure ensured that the groups were
comparable at baseline, and the use of objective and reliable
measurement methods for the primary outcomes, with
assessments conducted by trained personnel at the study centers,
reduced the risk of bias or measurement errors. Furthermore,
the positive effects of the intervention were confirmed by both
ITT and PPS analyses, underscoring the robustness of the resuilts.

Limitations

Some limitations of the study need to be addressed. Due to the
nature of theintervention, blinding of the participants and study
physicians was not feasible. While the potential expectation
bias in collected PROs cannot be fully excluded, the primary
outcomes, assessed through objective laboratory parameters,
wereunlikely to beinfluenced by the participants or physicians
awareness of theintervention received. In addition, the attrition
rates between the 2 study arms varied. However, appropriate
imputation methods were used to minimize the risk of
introducing bias, thereby enhancing thereliability of the study's
findings.

Conclusion

These study results support the notion that Vitadio is aviable
option for promoting positive lifestyle changesin patients with
diabetes. Asdemonstrated by the analyzed app-generated data,
most patients used the application regularly throughout the
6-month trial. The widespread use of educational resourcesand
the weekly goalsfeature reflectsincreased attention to diabetes
care and sustai ned motivation among patients. Furthermore, the
application’s ease of use, demonstrated by high perspicuity
scores, ensures that even those with limited technology
experience can benefit from the digital therapy. This is
particularly important given the association of type 2 diabetes
with older age, which necessitates accommodating the specific
needs of this population to ensure broad accessibility of new
therapeutic tools.

The study provided evidence supporting the permanent listing in the directory of reimbursed digital health apps by statutory
insurance in Germany. The sponsor, Vitadio, was involved in the study design, specifically to address and incorporate comments
from the Federa Institute for Drugs and Medical Devices (BfArM). However, the sponsor was not involved in data collection
and only conducted post hoc analyses on blinded data. Datainterpretation was performed independently by thelead investigators,
while the sponsor participated in the review and editing of the final manuscript.
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