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Abstract 

This study evaluated the effectiveness of digital self-monitoring (MySugr app), group 
psychological support, and their combination in improving adherence and mental health in patients 
with type 2 diabetes. A total of 79 patients were recruited from a public health center in Zaragoza, 
Spain, and randomly assigned to one of three groups: (1) MySugr app, (2) bi-weekly group 
sessions, or (3) a combined intervention. Adherence to diet, physical activity, and medication was 
assessed at baseline, 3, and 6 months. Anxiety (GAD-7), depressive symptoms (PHQ-9), and 
HbA1c were also measured. The combined group showed the greatest improvements in adherence 
to diet and physical activity, both p < 0.05. Anxiety scores (GAD-7) significantly decreased (p < 
0.05), while depressive symptoms (PHQ-9) showed a moderate reduction. HbA1c levels improved 
across all conditions, with the largest decrease observed in the combined intervention group (p < 
0.05). Integrating digital tools with group psychological support enhances both adherence and 
mental health outcomes in type 2 diabetes management, suggesting that multimodal interventions 
may be more effective than stand-alone approaches. 
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Introduction 

Type 2 diabetes is a chronic disease that 
affects over 400 million people worldwide, 
ranking among the leading causes of 
morbidity and mortality due to its 
complications (Khunti et al., 2023). Its 
prevalence, especially in low- and middle-
income countries, poses a significant public 
health challenge, as it is closely linked to 
lifestyle factors such as poor diet, physical 
inactivity, and obesity (Xu et al., 2024). 
Proper diabetes management is crucial to 
preventing severe complications such as 
cardiovascular disease, neuropathy, 
retinopathy, and nephropathy, all of which 

can significantly impact patients' quality of 
life (Zheng et al., 2018). However, adherence 
to treatment remains suboptimal, with only 
40% to 60% of patients consistently 
following medical recommendations (Kardas 
et al., 2022). This low adherence is associated 
with an increased risk of diabetes-related 
complications, hospitalizations, and higher 
healthcare costs (Franquez et al., 2023). 

In Spain, as in other middle-income 
countries, individuals from lower 
socioeconomic backgrounds face significant 
barriers to accessing structured diabetes 
management programs (González-Clemente 
et al., 2022). Research highlights that 
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financial constraints, long wait times for 
specialist consultations, and limited access to 
mental health resources negatively impact 
adherence, particularly in public healthcare 
settings (Cebrián-Cuenca et al., 2023; Mata-
Cases et al., 2023). Our study population, 
recruited from a public health center in 
Zaragoza, represents a group particularly 
vulnerable to these challenges. Patients in 
similar settings often experience irregular 
follow-ups, insufficient diabetes education, 
and a lack of psychological support, all of 
which contribute to poor self-management 
(Escobar-López et al., 2023; Pérez-Martínez 
et al., 2024). Addressing these barriers 
requires tailored interventions that integrate 
both behavioral and mental health 
components to improve adherence and long-
term disease control. 

Beyond practical challenges, mental 
health factors also play a crucial role in 
diabetes management. Many patients 
experience anxiety, depression, and chronic 
stress, which can negatively affect their 
ability to adhere to treatment 
recommendations (Albai et al., 2024). 
Psychological distress has been linked to 
poorer self-care behaviors, making it 
essential to incorporate mental health support 
into diabetes interventions (Escobar et al., 
2021; Pal et al., 2018). Group-based 
interventions have been shown to enhance 
adherence by fostering emotional resilience, 
promoting peer support, and encouraging 
sustained engagement in diabetes self-care 
(Bullard et al., 2019; Rosli et al., 2022). 

At the same time, digital tools have 
emerged as promising solutions for diabetes 
self-management. Apps such as MySugr 
allow patients to monitor glucose levels, diet, 
and physical activity in real time, providing 
continuous feedback and facilitating 
adherence (Ehrmann et al., 2022). While 
these tools improve disease control, they lack 
the social and emotional support offered by 
group interventions (Albai et al., 2024). 

Consequently, integrating digital monitoring 
with peer support could provide a more 
comprehensive and effective approach to 
diabetes management, addressing both 
practical and mental health barriers. Recent 
studies suggest that multimodal 
interventions, which combine technological 
solutions with group support, lead to better 
adherence outcomes than when used 
separately. Digital platforms enhance self-
monitoring and engagement, while group-
based support fosters accountability, 
emotional resilience, and motivation (Rosli et 
al., 2022). However, to better understand the 
factors underlying adherence improvement, 
this study is grounded in two well-established 
theoretical frameworks: Self-Regulation 
Theory and Social Support Theory. 

Self-Regulation Theory (Carver & 
Scheier, 1998) posits that individuals 
regulate their behaviors through feedback 
mechanisms that guide them toward their 
health goals. Digital tools such as MySugr 
facilitate self-regulation by providing real-
time feedback on glucose levels, diet, and 
physical activity, helping patients adjust their 
behaviors accordingly (Schunk & 
DiBenedetto, 2021). However, self-
monitoring alone may not be sufficient, as 
behavioral change is also influenced by 
psychological and social factors. 

Social Support Theory (Cohen & Wills, 
1985) emphasizes the role of emotional and 
peer support in sustaining health behaviors, 
particularly in chronic disease management 
(Heaney & Israel, 2008). Group interventions 
create a sense of community, enhance 
motivation, and provide emotional 
reinforcement, which are critical in 
overcoming mental health barriers to 
adherence (Rosland et al., 2022). Recent 
studies support that interventions integrating 
both self-regulation mechanisms and social 
support yield superior outcomes in adherence 
and mental health among patients with 
diabetes (Greenwood et al., 2017; Ritholz et 



 

 

al., 2019). By leveraging these theoretical 
perspectives, this study evaluates whether a 
multimodal intervention—combining 
MySugr’s self-regulation features with the 
mental health benefits of group support—can 
lead to improved patient outcomes in 
diabetes management. 

Although previous studies have examined 
the impact of digital self-monitoring (Albai et 
al., 2024) and group-based psychological 
support (Rosli et al., 2022) separately, there 
is limited evidence on the effectiveness of 
combining these approaches in Spanish 

primary care settings. This study aims to fill 
this gap by evaluating whether integrating 
real-time self-monitoring with structured 
peer support leads to superior adherence and 
psychological outcomes. 

The present study aims to evaluate the 
effectiveness of three intervention strategies 
for improving adherence and mental well-
being in patients with type 2 diabetes: (1) the 
use of the MySugr app, (2) bi-weekly group 
support sessions, and (3) a combination of 
both interventions. By comparing these 
approaches, the study seeks to determine 

 

 

comparison of participant characteristics across groups is presented in the “Results” section 
(Table 2), and the participant flow is depicted in Figure 1. 

Figure 1 
Participant Flowchart from Recruitment to Analysis.

 
 

Study Setting and Recruitment 

The study was conducted between September 2022 and June 2023 at a public health 
center in Zaragoza. Patients were informed about the study during their regular primary care 
consultations, where healthcare providers explained the objectives, procedures, and 
expectations. Those expressing interest were contacted in December 2022 to confirm their 
willingness to participate. All participants provided written informed consent prior to 
enrollment. The study was approved by the relevant ethics committee and adhered to the 
principles of the Declaration of Helsinki. 

Randomization and Allocation Procedure 

Participants were randomly assigned to one of three intervention groups using a random 
sequence generated by Stata software (StataCorp, College Station, TX, USA). The allocation 

 

Assessed for eligibility (n= 90) 

Excluded (n= 7) 
¨   Not meeting inclusion criteria (n= 3) 
¨   Declined to participate (n= 4) 
 

Lost to follow-up MySugr app (n=1) 
¨ No response to follow-ups 

Allocated to MySugr app (n=27) 
¨ Received allocated intervention 

(n= 27) 

Randomized (n= 83) 

Allocated to Group Support (n=28) 
¨ Received allocated intervention 

(n= 28) 

Allocated to Combined (n=28) 
¨ Received allocated intervention 

(n= 28) 

Lost to follow-up Combined (n=2)  
¨ Stopped attending sessions 

Analysed (n= 26) 
¨ Excluded from analysis (n= 0) 

Lost to follow-up Group Support 
(n=1)  
¨ Stopped attending sessions 

Analysed (n= 27) 
¨ Excluded from analysis (n= 0) 

Analysed (n= 26) 
¨ Excluded from analysis (n= 0) 



 

 

whether a multimodal strategy leads to better 
outcomes in diabetes management and 
mental health. 

 
Methods 

Study Design 

This randomized controlled trial (RCT), 
conducted over a six-month period, 
compared the effectiveness of three strategies 
to improve adherence and mental health in 
patients with type 2 diabetes. Evaluations of 
adherence and mental well-being were 
conducted at three time points: baseline, mid-
study (at three months), and post-intervention 
(at six months). 

Participants and Procedures 

Participants and Eligibility Criteria 

A total of 90 adult patients with type 2 
diabetes were assessed for eligibility. 
Participants were included if they had a 
confirmed diagnosis of type 2 diabetes for at 
least one year, were between 40 and 75 years 
old, were regular patients at the participating 
health center in Zaragoza, and were able to 
use a smartphone or willing to receive 
assistance in using the MySugr app. 
Exclusion criteria included having a 
diagnosis of severe psychiatric disorders 
(e.g., schizophrenia, bipolar disorder), 
cognitive impairment, or any condition that 
prevented informed consent or active 
participation in self-management 
interventions, use of advanced diabetes 
management technologies that could 
interfere with the study, or current enrollment 
in another structured diabetes intervention 
program. After accounting for dropouts, the 
final sample consisted of 79 participants who 
were randomly assigned to one of three 
intervention groups: daily use of the MySugr 
app, bi-weekly group sessions, or a 
combination of both. The sample was diverse 

in terms of age, gender, and baseline 
metabolic control. A detailed comparison of 
participant characteristics across groups is 
presented in the “Results” section (Table 2), 
and the participant flow is depicted in Figure 
1. 

Study Setting and Recruitment 

The study was conducted between 
September 2022 and June 2023 at a public 
health center in Zaragoza. Patients were 
informed about the study during their regular 
primary care consultations, where healthcare 
providers explained the objectives, 
procedures, and expectations. Those 
expressing interest were contacted in 
December 2022 to confirm their willingness 
to participate. All participants provided 
written informed consent prior to enrollment. 
The study was approved by the relevant 
ethics committee and adhered to the 
principles of the Declaration of Helsinki. 

Randomization and Allocation Procedure 

Participants were randomly assigned to 
one of three intervention groups using a 
random sequence generated by Stata software 
(StataCorp, College Station, TX, USA). The 
allocation sequence was printed and 
concealed in opaque, sealed envelopes to 
maintain allocation concealment. Two nurses 
from the health center assigned participants 
based on the envelopes, ensuring allocation 
concealment. These nurses were not involved 
in outcome assessments to minimize bias. 

Intervention Description 

Participants were randomly assigned to 
one of three groups. Group 1 received daily 
use of the MySugr app to monitor glucose, 
diet, and physical activity, with real-time 
feedback and reminders. Group 2 
participated in bi-weekly, 90-minute group 
sessions led by a psychologist, focusing on 



 

 

diabetes management, healthy behaviors, and 
mental health support. These sessions 
addressed psychological barriers such as 
anxiety and stress through group discussion 
and relaxation techniques. Group 3 received 
a combination of both interventions, using 
the MySugr app alongside attendance at the 
group sessions. 

The group sessions took place over six 
months, with a total of 12 structured sessions 
designed to enhance diabetes self-
management and mental well-being. These 
sessions addressed key aspects of diabetes 
care, including lifestyle modifications, 
emotional well-being, and behavior change 
strategies. Table 1 provides an overview of 
the session topics and their objectives. 

For participants using the MySugr app 
(Groups 1 and 3), a 30-minute individualized 
training session was provided at the start of 
the study. This training covered how to log 
glucose levels, dietary intake, and physical 
activity; how to use automated reminders and 
feedback features to enhance engagement; 
and how to generate reports for self-
monitoring and review with healthcare 
providers. To reinforce continued 

engagement, a refresher training was offered 
at Month 3, ensuring that participants 
remained active in using the app as part of 
their self-management routine.  

Data Collection 

All data collection took place at the 
healthcare center where participants were 
recruited. Self-reported questionnaires and 
psychological assessments were 
administered by a psychologist and a primary 
care physician during in-person sessions in a 
private consultation room. Each session 
lasted approximately 30–45 minutes. 

HbA1c levels were measured in the 
nursing consultation room by two nurses 
using standard blood sampling procedures at 
the same three time points. Participants in the 
MySugr groups also had their physical 
activity, dietary intake, and glucose 
monitoring continuously recorded via the 
MySugr app, which provided real-time 
tracking and automated logs to complement 
self-reported adherence measures. 

To enhance measurement accuracy, data 
triangulation was conducted by comparing 

 

 

sequence was printed and concealed in opaque, sealed envelopes to maintain allocation 
concealment. Two nurses from the health center assigned participants based on the envelopes, 
ensuring allocation concealment. These nurses were not involved in outcome assessments to 
minimize bias. 

Intervention Description 

Participants were randomly assigned to one of three groups. Group 1 received daily use 
of the MySugr app to monitor glucose, diet, and physical activity, with real-time feedback and 
reminders. Group 2 participated in bi-weekly, 90-minute group sessions led by a psychologist, 
focusing on diabetes management, healthy behaviors, and mental health support. These sessions 
addressed psychological barriers such as anxiety and stress through group discussion and 
relaxation techniques. Group 3 received a combination of both interventions, using the MySugr 
app alongside attendance at the group sessions. 

The group sessions took place over six months, with a total of 12 structured sessions 
designed to enhance diabetes self-management and mental well-being. These sessions 
addressed key aspects of diabetes care, including lifestyle modifications, emotional well-being, 
and behavior change strategies. Table 1 provides an overview of the session topics and their 
objectives. 

 

Table 1 
Overview of Group Session Topics and Objectives  
Session Theme Description 
Diabetes Education & Self-
Management 

Understanding glucose control, medication adherence, and long-
term health risks. 

Diet & Nutrition Guidance on balanced meal planning and making informed 
dietary choices. 

Physical Activity & Motivation Strategies to integrate movement into daily routines and 
overcome barriers. 

Mental Health & Coping Addressing stress, anxiety, and depression using CBT and 
mindfulness. 

Behavioral Change & Habit 
Formation 

Goal-setting, self-monitoring, and problem-solving for sustained 
adherence. 

Social Support & Peer Learning  Encouraging motivation and accountability through shared 
experiences. 

 

For participants using the MySugr app (Groups 1 and 3), a 30-minute individualized 
training session was provided at the start of the study. This training covered how to log glucose 
levels, dietary intake, and physical activity; how to use automated reminders and feedback 
features to enhance engagement; and how to generate reports for self-monitoring and review 
with healthcare providers. To reinforce continued engagement, a refresher training was 
offered at Month 3, ensuring that participants remained active in using the app as part of their 
self-management routine.  

Data Collection 



 

 

self-reported adherence questionnaires with 
automatically recorded data from MySugr. 
Diet adherence was assessed by cross-
checking food intake logs from MySugr with 
self-reported diet adherence scores. Physical 
activity was evaluated by comparing step 
counts and exercise logs with IPAQ self-
reports to ensure consistency in physical 
activity measurement. Although MySugr 
does not directly track medication intake, 
medication adherence was inferred by 
analyzing glucose stability trends in 
conjunction with self-reported adherence 
data. 

Descriptive data from MySugr showed 
that participants logged an average of 5.2 
days per week (SD = 1.3) of dietary intake 
and 4.8 days (SD = 1.5) of physical activity. 
The proportion of participants consistently 
logging data throughout the study was 79.4% 
at 3 months and 72.1% at 6 months. 

 
Instruments 

Several standardized instruments were 
used to assess mental health outcomes, 
glycemic control, and adherence behaviors 
during the intervention. These included 
validated scales for depressive symptoms, 
anxiety, HbA1c levels, dietary adherence, 
physical activity, and medication adherence, 
as well as digital records from the MySugr 
app. 

Psychological Outcomes 

Depressive symptoms were measured 
using the Patient Health Questionnaire-9 
(PHQ-9), a widely validated 9-item scale for 
assessing depression severity (Kroenke et al., 
2001). Scores on the PHQ-9 range from 0 to 
27, with higher scores indicating greater 
severity of depressive symptoms. 
Specifically, scores of 0–4 indicate minimal 
depression, 5–9 mild depression, 10–14 
moderate depression, 15–19 moderately 

severe depression, and 20–27 severe 
depression. 

In the present study, the PHQ-9 showed 
high internal consistency (α = 0.84), similar 
to previous validations in Spanish-speaking 
populations (Diez-Quevedo et al., 2001). 

Anxiety symptoms were assessed using 
the Generalized Anxiety Disorder-7 (GAD-
7) scale, a validated instrument designed to 
measure the severity of generalized anxiety 
disorder (Spitzer et al., 2006). Scores on the 
GAD-7 range from 0 to 21. A score between 
0 and 4 indicates minimal anxiety, 5 to 9 
corresponds to mild anxiety, 10 to 14 to 
moderate anxiety, and 15 to 21 to severe 
anxiety. 

The GAD-7 demonstrated high internal 
consistency (α = 0.88) in this sample, in line 
with prior research (García-Campayo et al., 
2010). 

At baseline, participants in the MySugr 
App and Combined groups exhibited 
moderate-to-severe depressive symptoms 
(PHQ-9 ≥10) and anxiety symptoms (GAD-7 
≥10), while those in the group-based 
psychological support intervention had 
scores below this threshold, indicating mild 
or minimal symptoms on average.  

Clinical Outcome 

Glycemic control was assessed using 
HbA1c testing, following the guidelines of 
the American Diabetes Association (2023). 
Blood samples were collected at baseline, 
mid-study (3 months), and post-study (6 
months) by trained health center staff in a 
dedicated nursing consultation room. HbA1c 
was measured using venous blood draw, 
which was analyzed using a high-
performance liquid chromatography (HPLC) 
method, the gold standard for HbA1c testing 
(John & Jones, 2019). 

 

 



 

 

Adherence Outcomes 

Adherence to diet, physical activity, and 
medication was evaluated through validated 
self-reported questionnaires, administered at 
baseline, 3 months, and 6 months. Diet 
adherence was measured using a 7-item 
questionnaire specifically developed for this 
study, based on dietary guidelines for type 2 
diabetes management (American Diabetes 
Association, 2023; Estruch et al., 2013). This 
instrument assessed the frequency of 
consuming recommended foods (such as 
vegetables, whole grains, and lean proteins) 
and avoiding restricted items (such as sugary 
beverages and processed foods). Responses 
were recorded on a 5-point Likert scale 
ranging from 1 (never) to 5 (always), with 
higher scores indicating better adherence. 
Prior to implementation, the questionnaire 
was pilot-tested with a separate sample of 15 
patients with type 2 diabetes from the same 
healthcare center. The final version showed 
acceptable internal consistency (Cronbach’s 
α = 0.79). 

Physical activity adherence was assessed 
using the International Physical Activity 
Questionnaire, short form (IPAQ-SF) (Craig 
et al., 2003), which includes seven items 
measuring engagement in moderate to 
vigorous physical activity. In this study, 
adherence was defined as achieving at least 
150 minutes per week of moderate-intensity 
activity, following the recommendations of 
the World Health Organization (Bull et al., 
2020). The scale showed good internal 
consistency in our sample (α = 0.81). 

Medication adherence was evaluated with 
the Morisky Medication Adherence Scale 
(MMAS-8) (Morisky et al., 2008), an eight-
item instrument that classifies adherence as 
high, moderate, or low based on participants’ 
responses regarding missed doses and 
medication-taking behavior. Higher scores 
reflect greater adherence, and the scale 
demonstrated strong reliability in this study 
(α = 0.83). 

The MySugr app was used by Groups 1 
and 3 to track glucose levels, diet, and 
physical activity daily. Participants manually 
logged their dietary intake and physical 
activity, while glucose levels were synced 
automatically through compatible glucose 
meters. The app provided real-time feedback, 
automated reminders, and personalized 
reports to support adherence. MySugr has 
been validated in previous diabetes self-
management research, demonstrating 
significant improvements in glucose 
monitoring adherence (Ehrmann et al., 2022). 

Data Analysis 

A mixed repeated measures ANOVA was 
used to assess changes in adherence to 
physical activity, diet, and medication, as 
well as mental health outcomes (anxiety and 
depressive symptoms) over time. Time 
(baseline, mid-study, and post-intervention) 
was treated as the within-subjects factor, and 
intervention group (MySugr, group sessions, 
or combined) as the between-subjects factor. 
Group-by-time interactions were analyzed to 
detect significant differences in adherence 
and mental health outcomes among groups. 
Post hoc Tukey tests were conducted when 
significant effects were found, and effect 
sizes were calculated using Cohen's d. The 
assumptions of sphericity in the variance-
covariance matrix were tested using 
Mauchly's test, and homoscedasticity was 
checked with Levene's test. A significance 
level of p < 0.05 was applied to all tests, and 
analyses were performed using SPSS version 
26.0 (IBM Corp; Armonk, NY). The sample 
size was calculated using G*Power, targeting 
a significance level of 0.05 and a power of 
0.80, based on a medium effect size, which 
indicated that 66 participants would be 
sufficient, similar to previous studies 
(Gregory et al., 2021; Yao et al., 2024). 

 



 

 

Results 

Table 2 presents the baseline 
characteristics of participants, with no 
significant differences found between groups 
for age (p = .693), HbA1c levels (p = .293), 
Body Mass Index (BMI) (p = .079), or gender 
distribution (p = .172). Similarly, no 
significant differences were observed 
between groups for anxiety scores (GAD-7; p 
= .147), depressive symptom scores (PHQ-9; 
p = .221), physical activity adherence (p = 
.334), diet adherence (p = .401), or 
medication adherence (p = .387), with all p-
values exceeding .05. 

As shown in Table 3, adherence to 
physical activity, diet and medication 
significantly improved over time in most 
groups (p < 0.05), except for physical activity 
in the App Only group, where changes were 
not statistically significant. Significant 
group-time interactions were observed for 
physical activity, diet and medication 
adherence (p < 0.05). Post-hoc analyses 
indicated that Group 3 (Combined) exhibited 
the greatest improvements in adherence to 
physical activity and diet, with significantly 
greater increases compared to Group 1 (App 

Only) and Group 2 (Group Sessions) (p < 
0.05).  

As shown in Table 4, HbA1c levels 
decreased over time in all groups except for 
the MySugr App group, with the greatest 
reduction observed in the Combined 
intervention group. Furthermore, the 
Combined group showed significant 
differences compared to the other groups (p 
< 0.05), highlighting its superior 
effectiveness in improving glycemic control. 

As shown in Table 5, Group 3 showed the 
greatest reductions in depressive symptoms 
(PHQ-9) and anxiety (GAD-7) scores 
compared to the other groups (p < 0.05). 
Significant between-group differences 
favored Group 3, while Group 1 showed only 
mild improvements. 

 
Discussion 

 
This research demonstrates that 

combining digital tools, such as the MySugr 
app, with group psychological support 
significantly enhances adherence to diabetes 
self-management behaviors and improves 
mental health outcomes in patients with type 
2 diabetes. The combined intervention 
resulted in notable improvements in diet

 

 

a power of 0.80, based on a medium effect size, which indicated that 66 participants would be 
sufficient, similar to previous studies (Gregory et al., 2021; Yao et al., 2024). 

Results 

Table 2 presents the baseline characteristics of participants, with no significant 
differences found between groups for age (p = .693), HbA1c levels (p = .293), Body Mass Index 
(BMI) (p = .079), or gender distribution (p = .172). Similarly, no significant differences were 
observed between groups for anxiety scores (GAD-7; p = .147), depressive symptom scores 
(PHQ-9; p = .221), physical activity adherence (p = .334), diet adherence (p = .401), or 
medication adherence (p = .387), with all p-values exceeding .05. 

Table 2 
Comparison of Baseline Characteristics of Participants by Group (N = 79)  

 Group 1:  
MySugr App 
(n =26) 

Group 2: 
Only Sessions 
(n = 27) 

Group 3: 
Combined 
(n = 26) 

F / 
χ² 

p 

Age, M (SD) 56.4 (8.3) 55.9 (7.9) 57.2 (8.6) 5.32 .693 
HbA1c (%), M (SD) 8.6 (0.9) 8.7 (0.8) 8.8 (1.0) 2.71 .293 
BMI, M (SD)  31.1 (5.0) 31.3 (5.2) 31.4 (5.1) 3.91 .079 
Female, n (%) 17 (65.4%) 16 (59.3%) 15 (57.7%) 4.58 .172 
GAD-7, M (SD) 9.8 (5.7) 9.5 (5.4) 9.2 (5.6) 8.85 .147 
PHQ-9, M (SD) 9.5 (6.1) 9.2 (5.8) 8.9 (5.7) 3.41 .221 
Physical activity, M (SD) 70 (5.3) 68 (5.4) 68 (5.2) 2.55 .334 
Diet adherence, M (SD) 68 (6.3) 70 (5.6) 72 (5.1) 2.42 .401 
Medication adherence, M (SD) 72 (5.6) 74 (5.1) 70 (5.7) 1.21 .387 

 
Note. BMI = Body Mass Index; PHQ-9 = Patient Health Questionnaire-9; GAD-7 = Generalized Anxiety Disorder-
7; MMAS-8 = Morisky Medication Adherence Scale-8; IPAQ = International Physical Activity Questionnaire. 

As shown in Table 3, adherence to physical activity, diet and medication significantly 
improved over time in most groups (p < 0.05), except for physical activity in the App Only 
group, where changes were not statistically significant. Significant group-time interactions 
were observed for physical activity, diet and medication adherence (p < 0.05). Post-hoc 
analyses indicated that Group 3 (Combined) exhibited the greatest improvements in adherence 
to physical activity and diet, with significantly greater increases compared to Group 1 (App 
Only) and Group 2 (Group Sessions) (p < 0.05). 



 

 

Table 3.  
Adherence Evolution Over Time (Baseline, Mid-Study, Post-Intervention) 

Adherence Outcome 
 

Baseline Mid-Study Post-Intervention 
 

F Effect size (d) 
Intra-group 

Effect size (d) 
Inter-group 

Significant 
Comparisons 

Physical Activity        
Group 1 (App Only) 70 (5.3) 74 (5.1) 74 (5.2) 2.55 .25 .30* G3 > G1 
Group 2 (Group Sessions) 68 (5.4) 73 (5.3) 78 (5.1) 3.10 .55* .60* G2 > G1 
Group 3 (Combined) 68 (5.2) 80 (5.0) 88 (4.9) 4.25 .80* .85* G3 > G1, G2 
Diet        
Group 1 (App Only) 68 (4.7) 75 (5.9) 79 (5.9) 2.42 .20* .25* G3 > G1 
Group 2 (Group Sessions) 70 (4.9) 76 (5.2) 82 (5.2) 2.98 .60* .65* G3 > G2 
Group 3 (Combined) 72 (5.2) 82 (4.8) 90 (4.8) 4.70 .85* .90* G3 > G1, G2 
Medication        
Group 1 (App Only) 72 (5.2) 78 (5.4) 82 (5.3) 1.20 .20* .35* G3 > G1 
Group 2 (Group Sessions) 74 (5.8) 78 (5.0) 82 (4.9) 1.05 .32* .38* G3 > G2 
Group 3 (Combined) 70 (4.8) 80 (5.5) 86 (5.2) 1.90 .50* .55* G3 > G1, G2 

   Note. Values represent mean adherence percentages (0–100%) with standard deviations in parentheses: Mean (SD). Effect sizes are reported as Cohen’s d. *p < 0.05.



 

 

adherence, physical activity, and reductions 
in anxiety and depressive symptoms. These 
findings underscore the importance of 
addressing both behavioral and 
psychological aspects of diabetes 
management, aligning with previous research 
which suggests that while mobile 
applications facilitate adherence, their impact 
on mental health is limited without additional 
emotional support (Greenwood et al., 2017; 
Choi et al., 2015). 

Evidence consistently supports the 
effectiveness of hybrid interventions—
integrating digital monitoring with structured 
support—over stand-alone approaches 
(Vaitkienė et al., 2022). A systematic review 
by Kerr et al. (2024) confirmed that while 
digital interventions effectively track glucose 
levels and medication adherence, their 
influence on sustained behavioral changes 
remains insufficient unless complemented by 
social or psychological support. Similarly, 
research highlights that the absence of human 
interaction in digital interventions weakens 
their ability to alleviate psychological 
distress, such as stress and anxiety (Geirhos 
et al., 2022; Jacobsen et al., 2023). Our 
findings reinforce this perspective, as 
participants who combined MySugr with 
group sessions experienced significantly 
greater improvements in mental well-being 
compared to those using the app alone. 

The characteristics of the study population 
also warrant consideration. Participants were 
recruited from a public healthcare center in 
Zaragoza, Spain, where socioeconomic 

barriers, including financial constraints and 
limited access to structured diabetes 
education programs, may have influenced 
adherence patterns (González-Clemente et 
al., 2022). Digital interventions tend to be 
more effective among individuals with higher 
digital literacy and greater healthcare access 
(Mata-Cases et al., 2023), suggesting that 
future studies should explore how 
socioeconomic factors moderate the impact 
of these interventions. 

Beyond socioeconomic aspects, social 
support remains a crucial component of 
diabetes management. Group-based 
emotional support helps mitigate the 
limitations of digital tools by fostering shared 
experiences and addressing diabetes-related 
distress (Van Bastelaar et al., 2011; Heisler et 
al., 2019). Digital platforms incorporating 
community features, such as peer discussions 
or virtual group sessions, have been shown to 
enhance engagement and adherence (Veazie 
et al., 2018; Rosland et al., 2022). Our 
findings align with this perspective, 
reinforcing that digital tools alone may be 
insufficient to address mental health needs 
(Kerr et al., 2024). 

Furthermore, our findings align with the 
clinically meaningful thresholds suggested 
by Kounali et al. (2020), who identified a 
20% reduction in depression and anxiety 
scores as an indicator of meaningful clinical 
improvement. In our study, Group 3 achieved 
reductions exceeding this threshold, 
reinforcing the clinical relevance of the 
combined intervention. This suggests that 

 

 

As shown in Table 4, HbA1c levels decreased over time in all groups except for the 
MySugr App group, with the greatest reduction observed in the Combined intervention group. 
Furthermore, the Combined group showed significant differences compared to the other groups 
(p < 0.05), highlighting its superior effectiveness in improving glycemic control. 

Table 4.  
Changes in HbA1c Levels Over Time Across Intervention Groups 

  Baseline 
HbA1c 

Mid-
Study 

Post-
Intervention 

F Effect size (d) 
Intra-group 

Effect size (d) 
Inter-group 

Significant 
Comparisons 

Group 1 (MySugr App) 8.6 (0.9) 8.3 (0.8) 8.1 (0.7) 3.89 .40 .58* G3, G2 > G1 
Group 2 (Only Sessions) 8.7 (0.8) 8.4 (0.7) 8.2 (0.6) 4.12 .45* .62* G3 > G2 
Group 3 (Combined) 8.8 (1.0) 8.2 (0.8) 7.9 (0.7) 6.42 .75* .89* G3 > G1, G2 
Note. Values represent mean HbA1c percentages with standard deviations in parentheses: Mean (SD). HbA1c was 
measured using venous blood samples analyzed by high-performance liquid chromatography (HPLC). Effect sizes are 
reported as Cohen’s d.*p < 0.05. 
 

As shown in Table 5, Group 3 showed the greatest reductions in depressive symptoms 
(PHQ-9) and anxiety (GAD-7) scores compared to the other groups (p < 0.05). Significant 
between-group differences favored Group 3, while Group 1 showed only mild improvements. 
  



 

 

Table 5.  
Changes in Psychological Outcomes Over Time (Baseline, Mid-Study, Post-Intervention) 

Psychological Outcome     Baseline   Mid-Study Post-Intervention    F Effect size (d) 
Intra-group 

Effect size (d) 
Inter-group 

Significant 
Comparisons 

PHQ-9        
Group 1 (App Only) 9.2 (5.1) 8.9 (4.9) 8.4 (5.0) 3.12 .35 .40** G3 > G1 
Group 2 (Group Sessions) 8.9 (4.7) 8.1 (4.3) 7.7 (4.2) 4.50 .58* .66* G3 > G2 
Group 3 (Combined) 9.4 (5.2) 7.9 (4.8) 7.4 (4.5) 6.70 .75* .85* G3 > G1, G2 
GAD-7   
Group 1 (App Only) 9.8 (5.7) 9.2 (5.5) 8.8 (5.4) 3.05 .38* .40* G3, G2 > G1 
Group 2 (Group Sessions) 9.5 (5.4) 8.3 (5.2) 7.8 (5.0) 5.20 .60* .70* G3 > G2 
Group 3 (Combined) 9.7 (5.1) 8.1 (5.1) 7.4 (4.9) 7.00 .80* .95* G3 > G1, G2 

                Note. Values represent mean scores with standard deviations in parentheses: Mean (SD). PHQ-9 = Patient Health Questionnaire-9 (depressive symptoms); GAD-7 = 
Generalized Anxiety Disorder-7 (anxiety symptoms). Effect sizes are reported as Cohen’s d. *p < 0.05; **p < 0.01



 

 

integrating digital monitoring with group 
psychological support not only yields 
statistically significant improvements but 
also reaches a level of change that is 
meaningful in real-world clinical practice. 

The impact of these interventions on 
metabolic outcomes, particularly glycemic 
control, is also noteworthy. All groups 
exhibited reductions in HbA1c levels over 
time, with the most significant improvement 
observed in the combined intervention group. 
Prior research suggests that digital self-
monitoring, when coupled with behavioral 
support, enhances glycemic outcomes more 
effectively than stand-alone approaches 
(Ehrmann et al., 2022; Veazie et al., 2018). 
The real-time feedback provided by MySugr 
likely reinforced self-management behaviors, 
while psychological support helped address 
emotional barriers to glycemic control 
(Greenwood et al., 2017; Heisler et al., 2019). 

Interestingly, medication adherence did 
not show significant differences between 
groups, despite improvements in diet and 
physical activity. This suggests that 
medication adherence may be less influenced 
by psychological or technological 
interventions, as taking medication is a 
structured task requiring less behavioral 
effort than lifestyle changes (Kardas et al., 
2022). Additionally, emotional factors such 
as stress or depression more directly impact 
behaviors requiring daily motivation, such as 
exercise and dietary adherence (Albai et al., 
2024). These findings highlight the 
importance of continuous reinforcement in 
sustaining behavior change. 

From a clinical perspective, integrating 
digital tools with psychological support is a 
promising strategy for improving adherence 
and mental health outcomes in patients with 
type 2 diabetes. Clinics could incorporate 
mobile applications into diabetes 
management programs, allowing patients to 
track glucose levels, physical activity, and 
diet while receiving real-time feedback. 

Integrating these tools with electronic 
medical records could further enhance 
personalized treatment adjustments (Cuixart 
et al., 2024). Additionally, bi-weekly group 
sessions, conducted either in person or 
virtually, could help address emotional and 
motivational barriers to self-care behaviors 
(Rosli et al., 2022; Veazie et al., 2018). 

Economic feasibility is another crucial 
aspect. While this study did not conduct a 
cost-benefit analysis, literature suggests that 
digital interventions are a cost-effective 
alternative to traditional in-person 
approaches, reducing access barriers while 
enabling continuous monitoring (Vaitkienė et 
al., 2022). Future research should assess 
whether integrating mobile applications with 
group support reduces hospitalization rates 
and diabetes-related complications, thereby 
lowering overall healthcare costs 
(Greenwood et al., 2017). Including a 
detailed economic analysis in future studies 
will be key to determining the cost-
effectiveness of these interventions across 
different healthcare settings. 

Limitations 

Despite the promising results, this study 
has some limitations that could affect the 
interpretation of the findings. First, while the 
clinical implications of the interventions are 
discussed, there is a lack of a detailed 
economic evaluation to determine the 
feasibility of implementing a combined 
approach in real clinical practice. Although 
digital tools are suggested to reduce long-
term costs, it would be useful to conduct a 
cost-benefit analysis to confirm whether this 
intervention is economically viable in clinics 
and healthcare systems, especially in 
resource-limited settings (Vaitkienė et al., 
2022). A more thorough study could assess 
the cost-effectiveness in terms of reducing 
hospitalizations and long-term 
complications. 



 

 

Another limitation is the relatively small 
sample size, which may limit the 
generalizability of the results to broader 
populations. However, this study provides a 
solid foundation for future research with 
larger and more diverse samples, which 
would help validate and expand the findings 
across different demographic and 
socioeconomic contexts. 

There was also a relatively low dropout 
rate (12%), although some participants 
reported logistical difficulties, such as 
scheduling conflicts or transportation issues. 
This highlights the need to design more 
flexible interventions, such as offering virtual 
or remote options, which would improve 
accessibility and retention, particularly for 
populations facing geographical or time-
related barriers.  

Additionally, the study was not pre-
registered in a public trial registry such as 
ClinicalTrials.gov. At the time of study 
initiation, registration was not a mandatory 
requirement for non-pharmacological 
behavioral interventions conducted at our 
institution. However, we acknowledge that 
pre-registration enhances research 
transparency and reproducibility. Future 
studies should consider formal registration to 
align with best practices in clinical research. 

Finally, the follow-up period for 
participants was six months, which is 
sufficient for observing initial changes. 
However, this timeframe may not be enough 
to assess the long-term sustainability of the 
results. Future studies could extend the 
follow-up period to determine whether 
improvements in adherence and emotional 
well-being are maintained over time and 
explore whether periodic reinforcement or 
continuous digital support is needed to 
sustain these benefits. 

Conclusion 

In conclusion, the results of this study 
suggest that combining digital tools like the 

MySugr app with group psychological 
support interventions is an effective strategy 
for improving both adherence to diabetes 
self-management behaviors and mental 
health outcomes in patients with type 2 
diabetes. The combined intervention not only 
proved to be superior in enhancing adherence 
to diet and physical activity, but also 
significantly reduced anxiety and depressive 
symptoms levels. This underscores the 
importance of a multimodal approach that 
addresses both practical and emotional 
barriers in the management of this chronic 
condition. 

However, the lack of significant 
differences in medication adherence between 
the groups suggests that this behavior may be 
less influenced by psychological or 
technological interventions. Future research 
should further explore this discrepancy and 
consider conducting cost-effectiveness 
analyses to assess the economic feasibility of 
these combined interventions in different 
clinical settings. Additionally, extending 
follow-up periods and utilizing advanced 
technologies—such as wearable glucose 
monitors, continuous activity trackers, or 
app-based behavioral analytics—could help 
solidify the long-term effectiveness of these 
strategies. 

 
Implications for Health Behavior 
Research 

 
This research reveals how combining 

digital health tools with group-based 
psychological interventions enhances 
adherence to diabetes self-management 
behaviors and improve mental health 
outcomes in patients with type 2 diabetes. It 
highlights the need to update existing health 
behavior models, integrating real-time digital 
feedback and emotional support for a more 
comprehensive approach to managing 
chronic conditions. The combination of the 
MySugr app and group support addresses 



 

 

both emotional and behavioral barriers, 
leading to better outcomes. By comparing the 
independent and combined effects of digital 
tools and group interventions, it underscores 
the value of multicomponent strategies that 
tackle both practical and emotional 
challenges. 

Researchers should expand health 
behavior models to include the interactions 
between emotional support and real-time 
digital feedback, study long-term 
sustainability, and personalize interventions 
based on psychological profiles. Healthcare 
providers are encouraged to integrate digital 
tools with group support through telehealth 
and receive training in combining technology 
with psychosocial care. Although 
speculative, future developments in AI-based 
tailoring of diabetes support tools could 
expand the personalization of these 
interventions to better address individual 
emotional and behavioral needs. 

 
Discussion Questions 

To stimulate further dialogue about this 
study, we propose the following discussion 
questions: 

How can health behavior interventions be 
designed to simultaneously address both 
behavioral and emotional needs in chronic 
disease management, and what strategies 
would ensure the long-term sustainability of 
these interventions? 

What are the biggest barriers to scaling 
integrated digital and group-based 
interventions in clinical practice, and how 
can healthcare systems overcome these 
challenges? 

Ethical Considerations: All participants 
provided written informed consent prior to 
enrollment, in accordance with the ethical 
principles outlined in the Declaration of 
Helsinki. The study ensured strict adherence 

to confidentiality protocols and data security 
measures throughout the research process to 
protect participants' privacy and personal 
information.  

The authors have no conflicts of interest to 
declare. 

References 

Albai, O., Timar, B., Braha, A., & Timar, R. 
(2024). Predictive factors of anxiety and 
depression in patients with type 2 diabetes 
mellitus. Journal of Clinical Medicine, 
13(10), 3006. 
https://doi.org/10.3390/jcm13103006 

American Diabetes Association. (2023). 
Standards of medical care in diabetes—
2023. Diabetes Care, 46(Supplement 1), 
S1-S291. 

Bull, F. C., Al-Ansari, S. S., Biddle, S., 
Borodulin, K., Buman, M. P., Cardon, G., 
& Willumsen, J. F. (2020). World Health 
Organization 2020 guidelines on physical 
activity and sedentary behaviour. British 
Journal of Sports Medicine, 54(24), 1451-
1462. http://doi.org/10.1136/bjsports-
2020-102955 

Bullard, T., Ji, M., An, R., Trinh, L., 
Mackenzie, M., & Mullen, S. P. (2019). A 
systematic review and meta-analysis of 
adherence to physical activity 
interventions among three chronic 
conditions: Cancer, cardiovascular 
disease, and diabetes. BMC Public Health, 
19, 1-11. https://doi.org/10.1186/s12889-
019-6877-z 

Carver, C. S., & Scheier, M. F. (1998). On the 
self-regulation of behavior. Cambridge 
University Press. 
http://doi.org/10.1017/CBO97811391747
94 

Cebrián-Cuenca, A. M., & Rodríguez-
Salvanés, F. (2023). Primary care 
management of type 2 diabetes in Spain: 
Challenges and opportunities. BMC 
Primary Care, 24(1), 105. 

https://doi.org/10.3390/jcm13103006
http://doi.org/10.1136/bjsports-2020-102955
http://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1186/s12889-019-6877-z
https://doi.org/10.1186/s12889-019-6877-z
http://doi.org/10.1017/CBO9781139174794
http://doi.org/10.1017/CBO9781139174794


 

 

https://doi.org/10.1186/s12875-023-
01942-6 

Choi, A., Lovett, A. W., Kang, J., Lee, K., & 
Choi, L. (2015). Mobile applications to 
improve medication adherence: existing 
apps, quality of life and future directions. 
Advances in Pharmacology and 
Pharmacy, 3(3), 64-74. 
https://doi.org/10.13189/app.2015.03030
2 

Cohen, S., & Wills, T. A. (1985). Stress, 
social support, and the buffering 
hypothesis. Psychological Bulletin, 98(2), 
310. http://doi.org/10.1037/0033-
2909.98.2.310 

Craig, C. L., Marshall, A. L., Sjöström, M., 
Bauman, A. E., Booth, M. L., Ainsworth, 
B. E., Pratt, M., Ekelund, U., Yngve, A., 
Sallis, J. F., & Oja, P. (2003). International 
physical activity questionnaire: 12-
country reliability and validity. Medicine 
& Science in Sports & Exercise, 35(8), 
1381-1395 
http://doi.org/10.1249/01.MSS.00000789
24.61453.FB 

Cuixart, G., Corcoy, R., & González, C. 
(2024). Can a Mobile Application 
Improve Glucose-Related and Patient-
Reported Outcome Measures (PROMS) in 
People with Type 1 Diabetes Mellitus? a 
Randomized Controlled Trial Using 
mySugr® APP. Research Square.  

Diez-Quevedo, C., Rangil, T., Sanchez-
Planell, L., Kroenke, K., & Spitzer, R. L. 
(2001). Validation and utility of the 
patient health questionnaire in diagnosing 
mental disorders in 1003 general hospital 
Spanish inpatients. Psychosomatic 
Medicine, 63(4), 679-686. 
http://doi.org/10.1097/00006842-
200107000-00021 

Ehrmann, D., Eichinger, V., Vesper, I., 
Kober, J., Kraus, M., Schäfer, V., & 
Silbermann, S. (2022). Health care effects 
and medical benefits of a smartphone-
based diabetes self-management 

application: Study protocol for a 
randomized controlled trial. Trials, 23(1), 
282. https://doi.org/10.1186/s13063-022-
06248-2 

Escobar, O., Aquilera, G., De la Roca-
Chiapas, J. M., Macías, M. H., & Garay-
Sevilla, M. E. (2021). The relationship 
between psychosocial factors and 
adherence to treatment in men, 
premenopausal and menopausal women 
with type 2 diabetes mellitus. Psychology 
Research and Behavior Management, 
1993-2000. 
https://doi.org/10.2147/PRBM.S342155 

Escobar-López, B., & Fernández-Bolaños, A. 
(2023). Adherence to diabetes treatment in 
Spain: The role of primary care and 
psychological support. Patient Preference 
and Adherence, 17, 811–825. 
https://doi.org/10.2147/PPA.S403710 

Estruch, R., Ros, E., Salas-Salvadó, J. (2013). 
Primary prevention of cardiovascular 
disease with a Mediterranean diet. New 
England Journal of Medicine, 368(14), 
1279-1290. 
http://doi.org/10.1056/NEJMoa1200303 

Franquez, R. T., de Souza, I. M., & 
Bergamaschi, C. D. C. (2023). 
Interventions for depression and anxiety 
among people with diabetes mellitus: 
Review of systematic reviews. Plos One, 
18(2), e0281376. 
https://doi.org/10.1371/journal.pone.0281
376 

García-Campayo, J., Zamorano, E., Ruiz, M. 
A., Pardo, A., Pérez-Páramo, M., López-
Gómez, V., & Rejas, J. (2010). Cultural 
adaptation into Spanish of the generalized 
anxiety disorder-7 (GAD-7) scale as a 
screening tool. Health and Quality of Life 
Outcomes, 8, 1-11. 
https://doi.org/10.1186/1477-7525-8-8 

Geirhos, A., Stephan, M., Wehrle, M., Mack, 
C., Messner, E. M., Schmitt, A., & Sander, 
L. B. (2022). Standardized evaluation of 
the quality and persuasiveness of mobile 

https://doi.org/10.13189/app.2015.030302
https://doi.org/10.13189/app.2015.030302
http://doi.org/10.1037/0033-2909.98.2.310
http://doi.org/10.1037/0033-2909.98.2.310
http://doi.org/10.1249/01.MSS.0000078924.61453.FB
http://doi.org/10.1249/01.MSS.0000078924.61453.FB
http://doi.org/10.1097/00006842-200107000-00021
http://doi.org/10.1097/00006842-200107000-00021
https://doi.org/10.1186/s13063-022-06248-2
https://doi.org/10.1186/s13063-022-06248-2
https://doi.org/10.2147/PRBM.S342155
https://doi.org/10.2147/PPA.S403710
http://doi.org/10.1056/NEJMoa1200303
https://doi.org/10.1371/journal.pone.0281376
https://doi.org/10.1371/journal.pone.0281376
https://doi.org/10.1186/1477-7525-8-8


 

 

health applications for diabetes 
management. Scientific Reports, 12(1), 
3639. https://doi.org/10.1038/s41598-
022-07544-2 

González-Clemente, J. M., Mauricio, D., & 
Ríos, P. (2022). Barriers to optimal 
diabetes care in Spain: An analysis of 
socioeconomic and structural 
determinants. Diabetes Research and 
Clinical Practice, 185, 109219. 
https://doi.org/10.1016/j.diabres.2022.10
9219 

Greenwood, D. A., Gee, P. M., Fatkin, K. J., 
& Peeples, M. (2017). A systematic 
review of reviews evaluating technology-
enabled diabetes self-management 
education and support. Journal of 
Diabetes Science and Technology, 11(5), 
1015-1027. 
https://doi.org/10.1177/19322968177135
06 

Gregory, J. M., Slaughter, J. C., Duffus, S. 
H., Smith, T. J., LeStourgeon, L. M., 
Jaser, S. S., & Moore, D. J. (2021). 
COVID-19 severity is tripled in the 
diabetes community: A prospective 
analysis of the pandemic’s impact in type 
1 and type 2 diabetes. Diabetes Care, 
44(2), 526-532. 
https://doi.org/10.2337/dc20-2260 

Heaney, C. A., & Israel, B. A. (2008). Social 
networks and social support. In K. Glanz, 
B. K. Rimer, & K. Viswanath (Eds.), 
Health behavior and health education: 
Theory, research, and practice (4th ed., 
pp. 189–210). Jossey-Bass. 

Heisler, M., Choi, H., Mase, R., Long, J. A., 
& Reeves, P. J. (2019). Effectiveness of 
technologically enhanced peer support in 
improving glycemic management among 
predominantly African American, low-
income adults with diabetes. The Diabetes 
Educator, 45(3), 260-271. 
https://doi.org/10.1177/01457217198445
47 

Jacobsen, L. M., Sherr, J. L., Considine, E., 
Chen, A., Peeling, S. M., Hulsmans, M., 
& Mathieu, C. (2023). Utility and 
precision evidence of technology in the 
treatment of type 1 diabetes: A systematic 
review. Communications Medicine, 3(1), 
132. https://doi.org/10.1038/s43856-023-
00358-x 

John, W. G., & Jones, R. (2019). Hemoglobin 
A1c measurement: Standardization, use, 
and clinical significance. Clinical 
Chemistry, 65(1), 27-33. 
https://doi.org/10.1093/clinchem/hcy203 

Kardas, P., Bago, M., Barnestein-Fonseca, 
P., Garuolienė, K., Granas, A. G., 
Gregório, J., & Ágh, T. (2022). 
Reimbursed medication adherence 
enhancing interventions in 12 European 
countries: Current state of the art and 
future challenges. Frontiers in 
Pharmacology, 13, 944829. 
https://doi.org/10.3389/fphar.2022.94482
9 

Kerr, D., Ahn, D., Waki, K., Wang, J., 
Breznen, B., & Klonoff, D. C. (2024). 
Digital interventions for self-management 
of type 2 diabetes mellitus: Systematic 
literature review and meta-analysis. 
Journal of Medical Internet Research, 26, 
e55757. https://doi.org/10.2196/55757 

Khunti, K., Chudasama, Y. V., Gregg, E. W., 
Kamkuemah, M., Misra, S., Suls, J., & 
Valabhji, J. (2023). Diabetes and multiple 
long-term conditions: A review of our 
current global health challenge. Diabetes 
Care, 46(12), 2092-2101. 
https://doi.org/10.2337/dci23-0035 

Kounali, D., Button, K. S., Lewis, G., 
Gilbody, S., Kessler, D., Araya, R., Duffy, 
L., Lanham, P., Peters, T. J., Wiles, N., & 
Lewis, G. (2020). How much change is 
enough? Evidence from a longitudinal 
study on depression in UK primary care. 
Psychological Medicine, 1-8. 
https://doi.org/10.1017/S0033291720003
700 

https://doi.org/10.1038/s41598-022-07544-2
https://doi.org/10.1038/s41598-022-07544-2
https://doi.org/10.1177/1932296817713506
https://doi.org/10.1177/1932296817713506
https://doi.org/10.2337/dc20-2260
https://doi.org/10.1177/0145721719844547
https://doi.org/10.1177/0145721719844547
https://doi.org/10.1038/s43856-023-00358-x
https://doi.org/10.1038/s43856-023-00358-x
https://doi.org/10.3389/fphar.2022.944829
https://doi.org/10.3389/fphar.2022.944829
https://doi.org/10.2196/55757
https://doi.org/10.2337/dci23-0035


 

 

Kroenke, K., Spitzer, R. L., & Williams, J. B. 
W. (2001). The PHQ-9: Validity of a brief 
depression severity measure. Journal of 
General Internal Medicine, 16(9), 606–
613. https://doi.org/10.1046/j.1525-
1497.2001.016009606.x 

Mata-Cases, M., Franch-Nadal, J., Real, J., & 
Mauricio, D. (2023). The impact of 
socioeconomic status on diabetes care 
quality in Spain: A nationwide study. 
International Journal of Environmental 
Research and Public Health, 20(3), 1624. 
https://doi.org/10.3390/ijerph20031624 

Morisky, D. E., Ang, A., Krousel‐Wood, M., 
& Ward, H. J. (2008). Retracted: 
Predictive validity of a medication 
adherence measure in an outpatient 
setting. The Journal of Clinical 
Hypertension, 10(5), 348-354. 
https://doi.org/10.1111/j.1751-
7176.2008.07572.x 

Pal, K., Dack, C., Ross, J., Michie, S., May, 
C., Stevenson, F., ... & Murray, E. (2018). 
Digital health interventions for adults with 
type 2 diabetes: qualitative study of 
patient perspectives on diabetes self-
management education and support. 
Journal of Medical Internet Research, 
20(2), e40. 
https://doi.org/10.2196/jmir.8439 

Pérez-Martínez, C., & García-Ramírez, M. 
(2024). Evaluating the effectiveness of 
community-based diabetes interventions 
in Spain: A qualitative approach. BMC 
Public Health, 24(1), 145-152. 
https://doi.org/10.1186/s12889-024-
18124-7 

Ritholz, M. D., Henn, O., Castillo, A. A., 
Wolpert, H., Edwards, S., Fisher, L., & 
Toschi, E. (2019). Experiences of adults 
with type 1 diabetes using glucose sensor–
based mobile technology for glycemic 
variability: Qualitative study. JMIR 
Diabetes, 4(3), e14032. 
https://doi.org/10.2196/14032 

Rosland, A. M., Piette, J. D., Trivedi, R., Lee, 
A., Stoll, S., Youk, A. O., & Heisler, M. 
(2022). Effectiveness of a health coaching 
intervention for patient-family dyads to 
improve outcomes among adults with 
diabetes: A randomized clinical trial. 
JAMA Network Open, 5(11), e2237960-
e2237960. 
http://doi.org/10.1001/jamanetworkopen.
2022.37960 

Rosli, N. A., Mazapuspavina, M. Y., Ismail, 
Z., & Elkudssiah Ismail, N. (2022). 
Relationship of self efficacy in medication 
understanding with quality of life among 
elderly with type 2 diabetes mellitus on 
polypharmacy in Malaysia. International 
Journal of Environmental Research and 
Public Health, 19(5), 3031. 
https://doi.org/10.3390/ijerph19053031 

Schunk, D. H., & DiBenedetto, M. K. (2021). 
Self-regulation and self-efficacy in 
learning: Theoretical perspectives. In 
Zimmerman, B. J., & Schunk, D. H. 
(Eds.), Handbook of Self-Regulation of 
Learning and Performance (2nd ed., pp. 
1-16). Routledge. 

Spitzer, R. L., Kroenke, K., Williams, J. B. 
W., & Löwe, B. (2006). A brief measure 
for assessing generalized anxiety disorder: 
The GAD-7. Archives of Internal 
Medicine, 166(10), 1092–1097. 
https://doi.org/10.1001/archinte.166.10.1
092 

Vaitkienė, G., Kuzborska, Z., & 
Žukauskienė, M. (2022). Digital health 
solutions for chronic illnesses: A 
systematic review of mobile health apps 
and quality analysis with mobile app 
rating scale. Journal of Ageing and 
Longevity, 2(3), 193-205. 
https://doi.org/10.3390/jal2030016 

Van Bastelaar, K. M., Pouwer, F., Cuijpers, 
P., Riper, H., & Snoek, F. J. (2011). Web-
based depression treatment for type 1 and 
type 2 diabetic patients: A randomized, 

https://doi.org/10.3390/ijerph20031624
https://doi.org/10.2196/jmir.8439
https://doi.org/10.2196/14032
http://doi.org/10.1001/jamanetworkopen.2022.37960
http://doi.org/10.1001/jamanetworkopen.2022.37960
https://doi.org/10.3390/ijerph19053031
https://doi.org/10.3390/jal2030016


 

 

controlled trial. Diabetes care, 34(2), 320-
325. https://doi.org/10.2337/dc10-1248 

Veazie, S., Winchell, K., Gilbert, J., Paynter, 
R., Ivlev, I., Eden, K. B., & Helfand, M. 
(2018). Rapid evidence review of mobile 
applications for self-management of 
diabetes. Journal of General Internal 
Medicine, 33, 1167-1176. 
https://doi.org/10.1007/s11606-018-4410-1 

Xu, Z., Feng, J., Xing, S., Liu, Y., Chen, Y., 
Li, J., & Feng, Y. (2024). Global trends 
and spatial drivers of diabetes mellitus 
mortality, 1990-2019: A systematic 
geographical analysis. Frontiers in 
Endocrinology, 15, 1370489. 
https://doi.org/10.3389/fendo.2024.137048
9 

Yao, W., Han, Y., Yang, L., Chen, Y., Yan, 
S., & Cheng, Y. (2024). Electronic 
interactive games for glycemic control in 
individuals with diabetes: Systematic 
review and meta-analysis. JMIR Serious 
Games, 12, e43574. 
http://doi.org/10.2196/43574 

Zheng, Y., Ley, S. H., & Hu, F. B. (2018). 
Global aetiology and epidemiology of 
type 2 diabetes mellitus and its 
complications. Nature Reviews 
Endocrinology, 14(2), 88-98. 
http://doi.org/10.1038/nrendo.2017.151 

https://doi.org/10.2337/dc10-1248
https://doi.org/10.1007/s11606-018-4410-1
https://doi.org/10.3389/fendo.2024.1370489
https://doi.org/10.3389/fendo.2024.1370489
http://doi.org/10.2196/43574
http://doi.org/10.1038/nrendo.2017.151

