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ABSTRACT

Background: Lifestyle modifications are integral to the effective management of type 2 diabetes (T2D), contributing to improved glycemic control,
weight regulation, and overall metabolic outcomes. However, the long-term sustainability of these benefits remains a significant challenge, as patient
engagement often varies dynamically over time. In this context, structured and continuous support becomes essential for maintaining clinical gains.
This study aimed to evaluate the role of SugarFit's structured, technology-enabled support system in sustaining diabetes-related improvements by
examining longitudinal changes in glycated hemoglobin (HbA1¢), fasting blood sugar (FBS) and weight. Aim of the study: To evaluate the long term
impact of continuous participation and re-engagement in a structured, technology-enabled diabetes management program on glycemic control and
metabolic outcomes in individuals with T2D.Objective: To assess and compare longitudinal changes in HbA 1¢, fasting blood sugarand weightamong
individuals with continuous engagement versus those who discontinued and later re-engaged in the program.Methodology: A retrospective analysis
was conducted on 785 individuals enrolled in the SugarFit Diabetes Reversal and Management Program (SDRMP) over 3 years, stratified into two
equal cohorts: Cohort 1 (n=405; Male/Female: 281/124; Duration of diabetes: 10.9 + 7.7 years; Age: 52.7 + 11.1 years; Individuals with consistent
program participation throughout the study, with assessments at 12 months (year 1), 24 months (year 2), and 36 months (year 3)) and Cohort 2 (n=380,
Male/Female: 292/88; Duration of diabetes: 11.2 + 7.6 years; Age: 51.91 + 10.91 years; Individuals with initial participation during months 0-12 (year
1), subsequent discontinuation during months 13-24 (year 2), and eventual re-initiation of participation with follow-up extending to 36 months (year 3)
in the program). Participants received structured interventions targeting diet, physical activity, and mental wellness, supported by tech-driven, real-time
behavioral coaching and immediate clinical guidance from a multidisciplinary team comprising general physicians and certified health coaches.
Patterns of continuous participation and re-initiation were systematically evaluated, alongside longitudinal changes in HbAlc, FBS and weight.
Statistical analyses were performed with a significance level set at p < 0.05.Results: In Cohort 1, participants demonstrated sustained improvements
from baseline through long-term follow-up (3 years), with mean HbAlc decreasing from 10.78 + 5.28% to 7.29 + 1.18% at the end of Year 1 and
remaining stable through Year 2 (7.19 + 1.13%) and Year 3 (7.20 + 1.11%), indicating durable glycemic control. FBS demonstrated a progressive
decline across timepoints (Baseline: 144.02 + 39.07 mg/dL; Year 1: 138.17 + 43.02 mg/dL; Year 2: 130.85 + 33.65 mg/dL; Year 3: 129.19 +29.35
mg/dL), while body weight exhibited a comparable trajectory (Baseline: 75.09 + 14.10 kg; Year 1: 72.54 +12.73 kg; Year 2: 72.88 + 13.20 kg; Year 3:
72.20 £ 12.69 kg), indicating durable metabolic control. In Cohort 2, initial improvements from baseline during the first year of participation were
observed across all parameters (HbAlc: 8.83 +1.76%to 7.43 + 1.35%; FBS: 137.32+ 38.50 mg/dL to 135.85+ 35.74 mg/dL; weight: 76.18 + 14.73 kg
to 74.46 + 14.51 kg). These improvements were followed by deterioration during the discontinuation phase (HbAlc: 8.29 + 1.81%; FBS: 150.14 +
49.70 mg/dL; weight: 74.51 + 15.15 kg). Following subsequent resumption of participation, significant improvements were re-established (HbA lc:
7.61 +1.31%; FBS: 142.87 +43.96 mg/dL; weight: 72.77 + 12.63 kg), demonstrating restoration of metabolic control with re-initiation of structured
intervention. All observed changes across parameters were statistically significant (p < 0.05).Conclusion: Continuous participation in a structured
lifestyle intervention program is strongly associated with sustained glycemic and metabolic stability in T2D. Participants who remained engaged for
three consecutive years maintained stable outcomes, while those who discontinued experienced deterioration that substantially improved after re-
engagement within the same year. These findings demonstrate that ongoing, technology-enabled coaching and clinical oversight are critical for
maintaining long-term control and can effectively restore metabolic health after periods of disengagement, underscoring the essential role of sustained

program participation in real-world diabetes management.
KEYWORDS

Type 2 Diabetes, Lifestyle Modifications, Continuous Engagement, Sustained Glycemic And Metabolic Stability.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) evolves through a gradual disruption
of metabolic homeostasis, where impaired insulin action, declining
pancreatic B-cell function, and persistent elevations in blood glucose
collectively drive disease progression [1-3]. These metabolic
alterations are not isolated biological events but are profoundly shaped
by modifiable behavioral factors, including dietary patterns, physical
inactivity, and excess adiposity [4]. Within this context, lifestyle
management assumes a central role in diabetes care, as it directly
influences the underlying mechanisms contributing to disease
progression. Interventions targeting nutrition, physical activity, and
behavioral patterns have consistently demonstrated their potential to
enhance insulin sensitivity, reduce glycemic burden, and support
weight regulation, thereby improving overall clinical outcomes [5].

Building upon this mechanistic understanding, lifestyle-based
strategies form an essential component of diabetes care, encompassing

diabetes self-management education and support, medical nutrition
therapy, structured physical activity, smoking cessation, and
psychosocial care [6,7]. These elements function in an integrated
manner rather than as isolated interventions, requiring active
collaboration between patients and care providers. Such a coordinated
approach is critical from the time of initial comprehensive evaluation
and must be sustained across follow-up visits, complication screening,
and the management of comorbid conditions to ensure long-term
effectiveness [8].

Despite notable advancements in diabetes care that have improved the
achievement of early glycemic control, the durability of these
outcomes in real-world settings remains uncertain. This highlights a
fundamental challenge in diabetes management, where long-term
success depends less on the initiation of therapeutic strategies and
more on the consistency of behavioral adaptation over time [9].
Although initial improvements in glycemic and anthropometric
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parameters are frequently observed, maintaining these benefits
remains difficult. Over time, reduced adherence can lead to the re-
emergence of underlying metabolic disturbances, resulting in
progressive deterioration of glycemic control. Thus, the effectiveness
of lifestyle interventions is inherently tied not only to their
implementation but also to their sustained continuation [10].

In this regard, long-term behavioral change rarely occurs without
structured support and ongoing guidance. Continuous engagement
within lifestyle intervention programs plays a pivotal role in
reinforcing adherence, maintaining behavioral consistency, and
preventing relapse [9,11]. Conversely, interruptions in such support
systems may contribute to disengagement, diminished adherence, and
worsening clinical outcomes. While the importance of lifestyle
interventions is well established, existing literature has largely focused
on short-term efficacy, with limited exploration of long-term
engagement patterns. In real-world practice, patient participation is
inherently dynamic, often characterized by phases of engagement,
discontinuation, and re-engagement. However, the impact of these
fluctuating patterns on the durability and potential reversibility of
metabolic outcomes remains inadequately understood [11].

To further contextualize these patterns, a behavioral science
perspective provides important mechanistic insight. The patterns of
engagement and disengagement in lifestyle interventions can be
interpreted through the lens of social cognitive theory, which
emphasizes the interaction between individual factors, behavior, and
environmental influences. Key constructs such as health knowledge,
self-efficacy, self-regulatory capacity, and perceived barriers play a
central role in both the initiation and maintenance of behavior change.
Structured lifestyle programs are designed to strengthen these domains
through continuous education, goal setting, self-monitoring, and
feedback [12]. However, in the absence of sustained support, these
constructs may weaken over time, leading to reduced adherence, loss
of behavioral control, and subsequent deterioration in clinical
outcomes. In this context, re-engagement may represent a reactivation
of these behavioral mechanisms, enabling individuals to regain control
and restore previously achieved metabolic improvements [13].

This understanding necessitates the evaluation of intervention models
that can effectively accommodate the dynamic and non-linear nature
of real-world patient engagement. In response to these challenges,
digital health-enabled programs have emerged as scalable solutions
capable of delivering continuous, adaptive, and personalized care. The
SugarFit Diabetes Reversal and Management Program (SDRMP)
represents one such comprehensive lifestyle intervention, integrating
personalized nutrition, guided physical activity, continuous
monitoring, and behavioral coaching within a flexible framework.
Notably, the program supports both sustained engagement and
structured re-engagement following periods of discontinuation,
thereby offering a unique opportunity to examine how varying
engagement trajectories influence long-term outcomes.

Therefore, the present study aims to investigate patterns of continuity
and re-engagement among individuals enrolled in SDRMP and to
evaluate their association with changes in key clinical parameters,
including glycated hemoglobin (HbAlc), fasting blood sugar (FBS)
and weight. Additionally, the study explores the influence of
demographic factors and medication burden on these outcomes, with a
particular emphasis on understanding the role of sustained support and
structured guidance in achieving long-term success in diabetes
management.

METHODOLOGY

Study Design and Setting

This study was a retrospective, real-world observational analysis
conducted over a 3-year period among individuals enrolled in the
SugarFit Diabetes Reversal and Management Program (SDRMP), a
technology-enabled, structured lifestyle intervention platform
designed for the management of T2D. The program integrates digital
health tools with multidisciplinary clinical oversight to deliver
personalized care at scale.

Study Criteria

Participants were eligible for inclusion if they were diagnosed with
T2D with a baseline HbAlc >6.5%, aged >18 years, representing a
population with uncontrolled diabetes suitable for structured lifestyle
intervention. They were further required to have longitudinal program
data reflecting either continuous participation over a 3-year period or

patterns of discontinuation followed by subsequent re-engagement,
enabling evaluation of real-world engagement trajectories. Individuals
were excluded if they had advanced diabetes-related complications,
including end-stage renal disease or severe cardiovascular conditions
that could significantly influence metabolic outcomes, or if they were
concurrently participating in other structured diabetes management
programs during the study period to avoid potential intervention
overlap. Additionally, participants with any acute medical condition
requiring hospitalization within three months prior to enrolment were
excluded. These criteria were applied to ensure a clinically stable
population and to enable accurate evaluation of long-term outcomes
associated with continuous engagement and re-engagement in a digital
diabetes reversal program.

PICOT Framework

To ensure a structured and clinically interpretable assessment of
clinical outcomes associated with continuous and discontinuous
participation, the research question and analytical framework of the
present study were organized using the PICOT (Population,
Intervention, Comparison, Outcome, and Time) framework. The
PICOT framework, originally described in evidence-based medicine
by Richardson et al. (1995), is widely applied in clinical research to
enhance methodological clarity by explicitly defining key study
components and aligning research objectives with outcome
assessment.

Within the context of this retrospective, real-world study, the PICOT
framework was specifically adapted to capture the dynamic nature of
patient engagement, including continuous participation and
discontinuation followed by re-engagement in a digital diabetes
reversal program. This structured approach facilitated a systematic
evaluation of both the sustainability and potential restoration of
glycemic and metabolic outcomes over a multi-year follow-up period.

PICOT
Component Description PICOT Question
Population |Adults with T2D enrolled in | How do varying patterns
(P) SDRMP of engagement,
Continuous participation in a|including continuous
structured, tech-enabled participation and
Intervention| lifestyle intervention discontinuation followed
0 program by re-engagement, in
Intermittent participation, | SDPRMP influence the

Comparison| discontinuation, and re- sustainability and
restoration of glycemic

© engagement | and boli
Outcome  |Improvement in HbAlc, control and metabolic
(0) FBS and weight outcomes over a long-

term follow-up period in

Long-term follow-up up t0 | 3quits with T2D?

36 months (3 years),
including continuous
participation throughout the
study period in Cohort 1
(assessments at 12 months
(year 1), 24 months (year 2),
and 36 months (year 3)), and
in Cohort 2 an initial
participation phase during
months 0-12 (year 1), a
discontinuation phase during
year 2 (months 13-24), and
re-initiation with follow-up
extending to 36 months
Time (T)  |(year 3).

Population (P):

Adults diagnosed with T2D enrolled in SDRMP between June 2021
and March 2026. A total of 785 participants were included and
stratified into two cohorts based on engagement patterns:

Cohort 1 (Continuous engagement; n = 405): Individuals with
sustained participation throughout the study duration.

Cohort 2 (Intermittent/re-engagement; n = 380): Individuals with
initial participation, subsequent discontinuation, and eventual re-
initiation of the program.

Intervention (I):
Participants received structured, technology-enabled lifestyle
interventions targeting dietary modification, physical activity, and
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mental wellness. Delivered via a digital platform with real-time
tracking, integrated data analytics, and algorithm-driven
personalization, these interventions were overseen by a
multidisciplinary team of general physicians and certified health
coaches to ensure timely and individualized guidance. This integrated
model enabled continuous data capture, real-time interpretation, and
dynamic adjustment of interventions, ensuring responsiveness to both
metabolic status and behavioural patterns over time, while maintaining
consistency across diverse participant profiles.

At initiation, CGM devices were provided for real-time glycemic
pattern assessment. CGM data were continuously integrated with
dietary, physical activity, and behavioural inputs within a unified
analytics framework, enabling dynamic adjustments to interventions
based on individual glycemic variability and response patterns. This
data-driven approach facilitated early identification of deviations,
including postprandial excursions and rising variability, allowing
timely and personalized corrective strategies.

Personalized Nutrition Management: Participants received
personalized dietary plans customized to metabolic profile, caloric
needs, food preferences, and CGM-derived glycemic responses.
Interventions targeted glycemic optimization via balanced
macronutrient composition (40-45% carbohydrates, 25-30% protein,
25-30% fats), with modifications informed by insulin sensitivity and
postprandial glucose variability. Plans emphasized portion control,
low-glycemic index foods (GI <55), high dietary fiber intake (>35
g/day), and reduced refined carbohydrates/ultra-processed foods.

Dietary data were continuously logged and analysed within the
platform, enabling real-time feedback and iterative modification of
meal plans based on observed glycemic responses and adherence
patterns, thereby enhancing flexibility and long-term implementation.
Nutrient timing strategies: early dinners, consistent lunch intervals,
and macronutrient pairing (carbohydrates with proteins or healthy
fats), were incorporated to promote glycemic stability and circadian
alignment, with adjustments personalized to individual routines to
improve sustainability.

Structured Physical Activity Guidance: Physical activity
prescriptions were tailored to CGM-derived glucose profiles to
optimize glycemic excursions and metabolic outcomes. Participants
followed individualized plans incorporating daily aerobic exercises
(brisk walking, cycling, or yoga) and resistance training 2-3 times
weekly, targeting insulin sensitization and muscle mass preservation.
Activity data were continuously tracked and integrated with glycemic
responses, allowing refinement of exercise intensity, frequency, and
timing based on individual metabolic outcomes, with periodic review
during coaching interactions. This adaptive approach supported both
sustained engagement and structured re-initiation after lapses,
ensuring continuity of metabolic benefits.

Behavioral and Mental Wellness Interventions: Psychological
well-being and behavioural challenges were routinely assessed to
identify individuals requiring additional support. Participants with
elevated levels of distress or behavioural difficulty were provided with
structured, 60-minute one-on-one mental wellness sessions conducted
by certified clinical psychologists, addressing diabetes-specific
emotional distress, stress-induced behavioral dysregulation, reduced
motivation, and coping strategies related to diabetes management.

Evidence-based therapeutic approaches, including cognitive
behavioral therapy, mindfulness-based stress reduction, and guided
relaxation techniques, were employed to improve psychological
resilience and behavioral regulation. Additionally, diaphragmatic
breathing exercises and structured sleep hygiene protocols were
introduced to enhance overall mental well-being and support glycemic
regulation. All participants received continuous behavioral coaching
through the SugarFit mobile platform, which facilitated structured
tracking of lifestyle metrics, access to educational content,
asynchronous communication, and on-demand consultations. Health
coaches maintained regular interactions to monitor engagement,
reassess behavioral goals, and deliver personalized feedback aimed at
reinforcing adherence.

These interactions were supported by a closed-loop feedback
mechanism, wherein real-time inputs from CGM and lifestyle tracking
were continuously evaluated to guide both immediate and longitudinal
adjustments in intervention strategies. Behavioural nudges, coach-led

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

feedback, and clinician oversight functioned synergistically to
reinforce adherence, address deviations, and sustain engagement. This
enabled timely intervention during periods of glycemic instability or
reduced compliance, thereby minimizing the risk of sustained
deterioration.

Participants were systematically educated on the clinical importance
of sustained lifestyle modification, including its role in maintaining
glycemic stability, preventing relapse following periods of
disengagement, and supporting long-term metabolic health. This
education emphasized the relationship between consistent behavioral
adherence and durable clinical outcomes, thereby strengthening
patient awareness, motivation, and self-management capacity.

This feedback-driven approach further supported both maintenance
and recovery pathways, wherein continuous engagement reinforced
effective behaviours and stabilized metabolic improvements, while
periods of re-engagement enabled recalibration of interventions and
recovery of glycemic control.

Comparison (C): Comparative analysis was performed between
participants with continuous engagement (Cohort 1) and those with
intermittent engagement and re-initiation (Cohort 2), to evaluate
differences in sustainability and recovery of clinical outcomes.

Outcomes (0): The primary outcomes were longitudinal changes in
glycemic parameters (HbA1c and FBS) and anthropometric measures
(body weight). These outcomes were assessed at multiple timepoints
across the study duration to evaluate both short-term improvements
and long-term sustainability.

Time (T): Outcomes were evaluated over a longitudinal follow-up
period of up to 36 months (3 years), with assessments conducted at
baseline and predefined intervals. Participants in Cohort 1 (continuous
engagement) remained actively engaged throughout the study period,
with follow-up visits at 12 months (year 1), 24 months (year 2), and 36
months (year 3), enabling evaluation of sustained clinical outcomes
under uninterrupted participation. In contrast, Cohort 2 (intermittent
engagement) followed a phased trajectory consisting of an initial
12-month period of active participation (year 1), followed by a
discontinuation phase during year 2 (months 13-24; approximately
300-600 days), and subsequent re-initiation with follow-up extending
to 36 months (year 3). This unified temporal framework allowed
assessment of sustained improvement in Cohort 1, deterioration during
disengagement in Cohort 2, and the extent of clinical recovery
following re-engagement.

Data Collection and Variables

Demographic and clinical data, including age, sex, duration of
diabetes, HbA I ¢, FBS, and body weight, were extracted from program
records at baseline and at predefined follow-up intervals
corresponding to participation, discontinuation, and re-initiation
phases. For Cohort 2, these intervals explicitly captured data during the
discontinuation phase and after re-initiation, while Cohort 1 was
assessed at equivalent timepoints under continuous engagement.

Statistical Analysis

Continuous variables were expressed as mean + standard deviation.
Longitudinal changes within cohorts were assessed using non-
parametric repeated measures analysis (Friedman test), followed by
pairwise comparisons using the Wilcoxon signed-rank test where
applicable. Comparative analyses between cohorts were performed to
evaluate differences in outcome trajectories. A p-value of <0.05 was
considered statistically significant.

Ethical Considerations

As a retrospective analysis of anonymized program data, the study
adhered to ethical standards for observational research. Participant
confidentiality and data privacy were maintained throughout the
analysis.

RESULTS

A total of 785 individuals with T2D were included and stratified into
two cohorts based on engagement patterns: Cohort 1 (continuous
engagement; n =405) and Cohort 2 (intermittent engagement with re-
initiation; n = 380). The mean age of participants was comparable
between cohorts 52.7 + 11.1 vs 51.91 + 10.91 years, with a higher
proportion of males in both groups (Cohort 1: 281/124; Cohort 2:
292/88, male/female). The mean duration of diabetes was similar 10.9
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+ 7.7 vs 11.2 £ 7.6 years, indicating a relatively homogeneous
population with long-standing disease at baseline. Anthropometric
characteristics were also comparable, including mean height 166.7 +
8.9cmvs 168.4+8.60 cm).

Table 1: Demographic characteristics of study participants

Parameters Cohort 1 Cohort 2

Sample size (n) 405 380

Age (Years) 52.7+11.1 51.91£1091

Gender (Male/Female; n) 281/124 292/88
(Male/Female)  |(Male/Female)

Duration of diabetes (Years) |10.9 +7.7 11.2+7.6

Height (cm) 166.7 + 8.9 168.4 + 8.60

Cohort 1: Longitudinal Glycemic and Anthropometric Outcomes
Under Continuous Engagement

Actotal of 405 participants with continuous engagement were analyzed
over a 3-year follow-up period. Descriptive statistics (Table 2)
demonstrated marked improvements across glycemic and
anthropometric parameters from baseline through subsequent time
points, which were further substantiated by both overall and pairwise
statistical analyses (Tables 3 and 4).

At baseline, participants exhibited poor glycemic control, with a mean
HbAlc of 10.53 + 1.57%. Following program initiation, a substantial
reduction was observed by Year 1 (7.29 + 1.18%), which was maintained
through Year 2 (7.2 + 1.13%) and Year 3 (7.2 = 1.11%), indicating
sustained glycemic stability with minimal variability across time points
(Table 2). Consistent with these descriptive trends, inferential analysis
confirmed the robustness of HbA 1¢ improvement. The overall reduction
in HbAlc across all timepoints was highly significant, as demonstrated
by the Friedman test (p < 0.05, Kendall's W = 0.61), indicating a strong
effect size (Table 3). Pairwise comparisons confirmed that reductions
from baseline were sustained and statistically significant at all follow-up
intervals (Wilcoxon signed-rank test: Baseline vs Year 1, A = —3.488;
Baseline vs Year 2, A= —3.582; Baseline vs Year 3, A=-3.573; all p <
0.05, Bonferroni corrected) (Table 4).

A similar but more gradual pattern was observed for fasting blood sugar
(FBS). At baseline, the mean FBS was 144.02 + 39.07 mg/dL, which
declined to 138.17 + 43.02 mg/dL at Year 1. This downward trajectory
continued through Year 2 (130.85 £ 33.65 mg/dL) and Year 3 (129.19 +
29.35 mg/dL), indicating progressive improvement in fasting glycemic
levels (Table 2). While the magnitude of change was comparatively
modest, statistical testing confirmed its significance. The overall
longitudinal trend was significant (Friedman test: p <0.05, Kendall's W=
0.03), although the effect size remained small (Table 3). Pairwise
analyses further clarified this pattern, showing that early reductions were
modest but statistically significant (Baseline vs Year 1, A =—6.153; p <
0.05), whereas more pronounced and sustained reductions were evident
over longer durations (Baseline vs Year 2, A=—13.304; Baseline vs Year
3,A=-14.848; bothp<0.05, Bonferroni corrected) (Table 4).

Turning to anthropometric outcomes, body weight demonstrated a
consistent downward trend, decreasing from a baseline mean of 75.09 +
14.10 kg to 72.54 + 12.73 kg at Year 1. This reduction was sustained at
Year 2 (72.88 + 13.20 kg) and further improved at Year 3 (72.20 + 12.69
kg), indicating maintenance of weight loss over time (Table 2). These
trends were supported by statistically significant findings. The overall
longitudinal change was statistically significant (Friedman test: p <0.05,
Kendall's W =0.16), reflecting a small-to-moderate effect size (Table 3).
Pairwise analyses demonstrated consistent reductions from baseline
across all timepoints (Wilcoxon signed-rank test: Baseline vs Year 1,A=
—2.458; Baseline vs Year 2, A=—2.209; Baseline vs Year 3, A=—2.881;
all p<0.05, Bonferroni corrected) (Table 4).

Table 2: Descriptive Statistics of Glycemic and Anthropometric
Parameters Across Timepoints in Cohort 1 (Continuous
Engagement; N=405)

FBS (mg/dL) Baseline 144.02 39.07
Avg Year 1 138.17 43.02
Avg Year 2 130.85 33.65
Avg Year 3 129.19 29.35

Table 3. Overall Longitudinal Changes in Glycemic and
Anthropometric Parameters in Cohort 1 (Friedman Test)

Parameter p-value | Kendall's W (effect size)
HbAlc <0.05 0.6132

Weight <0.05 0.1556

FBS <0.05 0.0279

Notes:

Effect size r: 0.1=small, 0.3=medium, 0.5=large (Kendall's W)
Table 4. Pairwise Comparisons of Glycemic and Anthropometric
Parameters Across Timepoints in Cohort 1 (Wilcoxon Signed-
Rank Test with Bonferroni Correction)

Parameter |Comparison Mean difference p-value .
(Bonferroni)

HbAlc (%) |Baseline vs Year 1 |-3.488 <0.05
Baseline vs Year 2 |-3.582 <0.05
Baseline vs Year 3 |-3.573 <0.05

Weight (Kg) |Baseline vs Year 1 |-2.458 <0.05
Baseline vs Year 2 |-2.209 <0.05
Baseline vs Year 3 |-2.881 <0.05

FBS (mg/dL) Baseline vs Year 1 |-6.153 <0.05
Baseline vs Year 2 |-13.304 <0.05
Baseline vs Year 3 |-14.848 <0.05

Taken together, these findings highlight a coherent pattern of
improvement across all evaluated parameters. Continuous
engagement in the program was associated with statistically
significant and clinically meaningful reductions in HbAlc, FBS, and
body weight, as evidenced by both descriptive and inferential
analyses. Notably, HbAlc exhibited the most pronounced and
sustained improvement, supported by a large effect size, indicating
robust long-term glycemic control. In contrast, weight reduction,
while moderate in magnitude, remained consistently maintained,
underscoring the role of sustained lifestyle modification. FBS, on the
other hand, demonstrated a more gradual improvement trajectory with
a smaller effect size, likely reflecting its inherent biological variability
and sensitivity to short-term behavioral fluctuations.

Overall, the convergence of findings from descriptive statistics, the
Friedman test, and the Wilcoxon pairwise comparisons provides
strong evidence that continuous engagement facilitates both metabolic
improvement and long-term stability. Importantly, no evidence of
regression was observed across the 3-year follow-up period,
reinforcing the critical role of sustained participation in achieving
durable outcomes in real-world diabetes management.

Cohort 2: Longitudinal Glycemic and Anthropometric Outcomes
Under Intermittent Engagement and Re-initiation

A total of 380 participants with intermittent engagement patterns were
analyzed, characterized by an initial phase of participation, followed
by discontinuation, and subsequent re-initiation. This cohort provides
critical insight into the dynamic nature of real-world adherence and its
impact on metabolic outcomes. Descriptive trends (Table 5), along
with overall and pairwise statistical analyses (Tables 6 and 7),
collectively illustrate a distinct trajectory of initial improvement,
subsequent deterioration, and clinically meaningful recovery
following re-engagement. At baseline, participants exhibited
moderately elevated HbAlc levels, with a mean of 8.83 + 1.76%,
indicating suboptimal glycemic control. Following initial
engagement, a clinically meaningful reduction was observed at Year 1
(7.43 £1.35%), demonstrating effective early response to intervention.
However, this improvement was not sustained during the
discontinuation phase, with HbAlc increasing to 8.29 + 1.81%,
reflecting a reversal of previously achieved metabolic benefits. Upon
re-initiation, HbAlc again declined to 7.61 + 1.31%, indicating
restoration of glycemic control, although not fully returning to Year 1
levels (Table 5). These observations were supported by statistically
significant findings. The overall change across baseline, Year 1, and
discontinuation phases was significant (Friedman test: p < 0.05,
Kendall's W = 0.2822), indicating a moderate effect size (Table 6).
Pairwise comparisons confirmed a significant reduction during initial
engagement (Baseline vs Year 1 A = -1.4; p < 0.05), followed by
significant deterioration during discontinuation (Baseline vs
Discontinuation A = -0.535; p < 0.05). Importantly, re-initiation was

Parameter Timepoint Mean SD
HbAlc (%) Baseline 10.53 1.18
Avg Year 1 7.29 1.18
Avg Year 2 7.2 1.13
Avg Year 3 7.2 1.11
Weight (Kg) Baseline 75.09 14.10
Avg Year 1 72.54 12.73
Avg Year 2 72.88 13.20
Avg Year 3 72.20 12.69
| 4 |—| International Journal of Scientific Research
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associated with a significant improvement (Discontinuation vs Post re-
initiation A = -0.761; p < 0.05), reinforcing the reversibility of
glycemic deterioration with renewed intervention (Table 7).

A comparable but more variable trend was observed for fasting blood
sugar (FBS). At baseline, the mean FBS was 137.32 + 38.50 mg/dL,
with minimal change at Year 1 (135.85 + 35.74 mg/dL), indicating a
relatively modest early response. However, a marked increase was
observed during discontinuation, with FBS rising to 150.14 + 49.70
mg/dL, suggesting deterioration in glycemic control. Following re-
initiation, FBS declined to 142.87 + 43.96 mg/dL, indicating partial
recovery, although levels remained higher compared to initial
improvement (Table 5). The overall trend was statistically significant
(Friedman test: p < 0.05, Kendall's W = 0.0238), albeit with a small
effect size (Table 6). Pairwise comparisons indicated that early
changes were not statistically significant (Baseline vs Year 1 A =
—0.525; p > 0.05), whereas discontinuation was associated with a
significant increase (Baseline vs Discontinuation A = +12.781; p <
0.05). In contrast, the reduction following re-initiation did not reach
statistical significance (Discontinuation vs Post re-initiation A =
—6.446; p > 0.05), suggesting incomplete restoration of fasting
glycemic control (Table 7).

Body weight demonstrated a pattern consistent with engagement
dynamics. At baseline, the mean weight was 76.18 + 14.73 kg, which
decreased to 74.46 + 14.51 kg at Year 1, indicating an effective initial
response. During discontinuation, weight showed a slight increase to
74.51 £ 15.15 kg, reflecting loss of adherence. Following re-initiation,
weight further decreased to 72.77 + 12.63 kg, indicating recovery and
additional improvement beyond initial levels (Table 5). These changes
were statistically significant overall (Friedman test: p <0.05, Kendall's
W = 0.09), reflecting a small effect size (Table 6). Pairwise
comparisons demonstrated significant reductions during initial
engagement (Baseline vs Year 1, A=—1.418; p < 0.05), a modest but
significant increase during discontinuation (Baseline vs
Discontinuation, A = —0.752; p < 0.05), and a significant reduction
following re-initiation (Discontinuation vs Post re-initiation, A =
~1.525;p<0.05) (Table 7).

Table 5. Descriptive Statistics of Glycemic and Anthropometric
Parameters Across Timepoints in Cohort 2 (Intermittent
Engagement and Re-initiation; N=380)

Parameter Timepoint Mean SD
HbAlc (%) Baseline 8.83 1.76
Avg Year 1 7.43 1.35
Discontinuation 8.29 1.81
Post re-initiation 7.61 1.31
Weight (Kg) Baseline 76.18 14.73
Avg Year | 74.46 14.51
Discontinuation 74.51 15.15
Post re-initiation 72.77 12.63
FBS (mg/dL) Baseline 137.32 38.50
Avg Year 1 135.85 35.74
Discontinuation 150.14 49.70
Post re-initiation 142.87 43.96
Table 6. Overall Longitudinal Changes in Glycemic and
Anthropometric Parameters in Cohort 2 (Friedman Test)
Parameter p-value Kendall's W (effect size)
HbAlc <0.05 0.2822
Weight <0.05 0.0923
FBS <0.05 0.0238

Table 7. Pairwise Comparisons of Glycemic and Anthropometric
Parameters Across Engagement Phases in Cohort 2 (Wilcoxon
Signed-Rank Test with Bonferroni Correction)

Parameter| Comparison Mean p-value .
difference| (Bonferroni)

HbAlc Baseline vs Year 1 -1.4 <0.05

(%) Baseline vs Discontinuation  |-0.535 <0.05
Discontinuation vs post re- -0.761 <0.05
initiation

Weight Baseline vs Year 1 -1.418 <0.05

(Kg) Baseline vs Discontinuation  |-0.752 <0.05
Discontinuation vs post re- -1.525 <0.05
initiation

FBS Baseline vs Year 1 -0.525 >0.05

(mg/dL) |Baseline vs Discontinuation  |12.781 <0.05
Discontinuation vs post re- -6.446 >0.05
initiation

Notes: Negative represents Reduction

Across all evaluated parameters, intermittent engagement was
associated with a fluctuating trajectory of metabolic control,
characterized by initial improvement, regression during
discontinuation, and partial recovery upon re-initiation. HbAlc
demonstrated a moderate effect size with clear reversibility, while
weight changes were smaller but consistently responsive to
engagement status. In contrast, FBS exhibited greater variability and
incomplete recovery, reflecting its sensitivity to short-term behavioral
and physiological fluctuations. Overall, the integration of descriptive
statistics with Friedman and Wilcoxon analyses indicates that although
discontinuation leads to deterioration in clinical outcomes, these
effects are not irreversible. Re-engagement enables meaningful
restoration of metabolic control, underscoring the importance of
sustained or renewed participation in achieving long-term outcomes in
real-world diabetes management.

DISCUSSION

The present study provides comprehensive real-world evidence on the
long-term metabolic consequences of continuous versus intermittent
engagement in a structured, technology-enabled lifestyle intervention
among individuals with T2D. Over a period of 3 years, we identified
two clinically distinct behavioral and glycemic trajectories: a
sustained, durable improvement associated with uninterrupted
engagement, and a pattern of initial benefit followed by deterioration
after disengagement and clinically meaningful improvements upon
re-engagement. These findings reinforce foundational principles in
diabetes care, that while structured lifestyle programs can induce early
metabolic improvement, long-term effectiveness is fundamentally
dependent on sustained behavioral adherence and ongoing therapeutic
support [14,15].

The present study extends prior evidence by demonstrating that
durable glycemic outcomes require not only adherence, but
continuous, adaptive support systems capable of guiding individuals
through the evolving behavioral and psychosocial demands of chronic
diabetes self-management [16-18]. Participants with uninterrupted
engagement (Cohort 1) exhibited robust and clinically meaningful
reductions in HbAlc that were maintained across the entire 3-year
period. Prior digital diabetes interventions have shown that persistent
participation correlates with improved glycemic outcomes [19], yet
most earlier studies have assessed engagement within shorter time
horizons. In contrast, our extended follow-up provides evidence of a
transition from early metabolic correction to long-term glycemic
stabilization, a stage that is often difficult to achieve in routine clinical
practice but has been reported in structured precision-based models
[19,20]. These findings underscore the capacity of sustained,
data-driven engagement to maintain glycemic improvements well
beyond the initial intensive intervention phase. Parallel improvements
in FBS and body weight highlight the broader metabolic benefits of
uninterrupted participation. Although changes in FBS were modest,
reflecting its sensitivity to short-term behavioral fluctuations, weight
reduction was sustained, indicating the cumulative effect of long-term
adherence to dietary and physical activity modifications. These
findings are aligned with long-term lifestyle intervention trials
demonstrating persistent weight reduction and improved metabolic
profiles over extended follow-up [21-23]. However, unlike prior
studies conducted in controlled research environments, the present
study demonstrates comparable durability within a real-world,
technology-enabled care model, thereby enhancing the translational
relevance of these outcomes.

This observed durability can be plausibly attributed to the integrated,
multimodal design of the intervention implemented in Cohort 1, which
integrates CGM, personalized nutrition planning, structured physical
activity, and real-time behavioral coaching. Prior evidence indicates
that interventions incorporating continuous monitoring,
individualized feedback, and ongoing support are associated with
superior glycemic outcomes and enhanced self-management
behaviors [24-26].

Such an approach is particularly relevant given the inherently complex
and behaviorally demanding nature of diabetes management, which
requires ongoing decision-making related to medication use, dietary
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intake, physical activity, and glucose monitoring. These continuous
demands impose a sustained behavioral burden and are closely
associated with diabetes distress [27]. Consequently, care models that
incorporate routine assessment of psychosocial and behavioral factors
are essential to support sustained engagement and prevent distress-
related disengagement [28,29]. Within this context, the sustained
metabolic improvements observed in Cohort 1 likely reflect the
program's ability to provide continuous, adaptive support across both
behavioral and emotional domains, thereby facilitating long-term
adherence and outcome stability.

In contrast, the trajectory observed in Cohort 2 highlights the clinical
vulnerability of early metabolic improvements when sustained
engagement is disrupted. This cohort demonstrated substantial initial
improvements followed by deterioration during periods of
disengagement, with only partial restoration after re-engagement.

Previous studies have reported the progressive attenuation of lifestyle-
induced metabolic benefits in the absence of structured long-term
support [14,15]; however, limited evidence has directly characterized
the real-world metabolic impact of disengagement followed by re-
entry into care. In this regard, the present study extends existing
literature by quantifying the magnitude of metabolic relapse and
demonstrating that although re-engagement yields meaningful
improvement, it does not fully restore the level of glycemic control
achieved during uninterrupted participation.

The reduced sustainability observed in Cohort 2 is likely driven by
disruptions across core domains of diabetes self-management,
including dietary regulation, physical activity, glucose monitoring,
medication adherence, problem-solving, risk mitigation, and
emotional coping, collectively essential for long-term glycemic
control [29]. In addition, psychosocial factors such as diminished
behavioural motivation and increased diabetes distress may further
exacerbate disengagement and contribute to metabolic deterioration
[30]. Evidence from the U-TURN trial similarly demonstrates that
while intensive lifestyle interventions can produce early clinical
benefits, their durability is contingent upon sustained, structured
support systems [31]. Consistent with these findings, the present study
provides real-world evidence of the metabolic consequences of
interrupted engagement and highlights the limited but clinically
meaningful reversibility of disengagement-related deterioration
following re-initiation of care.

A key mechanism underlying both sustained improvement and
successful recovery appears to be continuous, bidirectional
communication between participants and healthcare or coaching
teams. Technology-enabled interventions are most effective when they
incorporate individualized feedback, patient-generated data,
structured education, and continuous interaction [32,33]. These
dynamic feedback loops act as reinforcement systems that promote
self-regulation and durable engagement [34]. Given the persistent
behavioral demands of diabetes, reinforcement strategies, including
timely feedback and reward-based mechanisms, are essential for habit
formation and long-term behavioral persistence. This interpretation
aligns with social cognitive and self-determination theories
emphasizing self-efficacy, autonomy, competence, and relatedness as
core determinants of sustained behavior change [35,36].

While the intention-behavior gap has traditionally explained the
disconnect between motivation and action, the present study suggests
that a more clinically relevant barrier is the challenge of maintaining
behavior after initial adoption. We propose the concept of a
"behavior-sustainability gap" to characterize this difficulty. Evidence
of declining effectiveness in digital interventions as engagement
wanes supports this conceptualization [25,26], emphasizing that long-
term health outcomes depend critically on sustained participation [37].

Within this framework, maintaining engagement emerges as a central
determinant of therapeutic success in diabetes care. Clinician-
supported and coach-led models further reinforce this pathway by
strengthening adherence through regular follow-up, structured
counseling, and continuous interaction, all of which have been shown
to improve clinical outcomes [38]. In addition, health coaching,
through its individualized, adaptive, and patient-centered approach,
facilitates sustained behavioral change over time. Beyond formal
healthcare delivery systems, broader support ecosystems, including
family involvement, social networks, and digital community
environments, also play a meaningful role in enhancing adherence and

improving metabolic outcomes [39]. Conversely, psychological
factors such as depression and diabetes distress are consistently
associated with reduced adherence, underscoring the importance of
integrating behavioral and emotional support within chronic disease
management frameworks. Collectively, these observations position
sustained engagement not merely as a supportive component but as a
core therapeutic mechanism in diabetes management. Real-world
effectiveness is therefore strongly modulated by engagement intensity,
with higher levels of sustained participation consistently associated
with superior metabolic and behavioral outcomes [30,37].

This study has several strengths, including its large sample size,
extended 3-year follow-up duration, and real-world design, all of
which enhance external validity and generalizability. However, certain
limitations should be acknowledged. However, the retrospective
design, particularly in the context of a large cohort with multiple, time-
varying parameters, could introduce the possibility of selection bias,
and the absence of a usual-care or untreated control group limits causal
inference, highlighting the need for future prospective studies, with
more diverse populations, and comprehensive behavioral,
psychosocial, and possible pharmacological assessments to further
validate and extend these findings.

Overall, the present findings demonstrate that sustained engagement in
a structured, technology-enabled diabetes management program is
associated with durable improvements in glycemic control, weight,
and overall metabolic health over three years, whereas intermittent
engagement is associated with metabolic deterioration and only
clinically meaningful restoration following re-engagement. These
contrasting trajectories underscore the clinical importance of
maintaining long-term participation rather than relying on episodic
adherence. Collectively, these results highlight that durable diabetes
control is dependent not only on initiating lifestyle modification but on
maintaining it through continuous, adaptive, and patient-centered
support systems that reinforce self-management behaviors over time.

Overall, sustained continuous engagement in a structured, technology-
enabled diabetes management program is associated with sustained
and clinically meaningful improvements in glycemic control, weight,
and overall metabolic health over three years. In contrast, intermittent
engagement results in metabolic regression and only partial recovery
upon re-engagement, highlighting both the reversibility of lifestyle-
induced benefits and the limitations of episodic adherence. These
findings underscore the importance of long-term, adaptive, and
patient-centered support systems as essential components of effective
diabetes management models and provide compelling real-world
evidence that sustained engagement is a critical determinant of durable
clinical outcomes in T2D.

CONCLUSION

Our findings indicate that sustained metabolic control in T2D relies
primarily on the long-term continuation of behavioral interventions
rather than their initial adoption in real-world settings. While
motivation and initial behaviour change are important, our findings
highlight the critical role of addressing the behaviour-sustainability
gap, as demonstrated by the contrasting trajectories of continuous
versus intermittent engagement, where early improvements are often
not maintained without ongoing support. Participants with continuous
engagement achieved durable glycemic and metabolic stability,
whereas those with interrupted engagement experienced regression
followed by only partial recovery upon re-engagement, underscoring
both the reversibility of benefits and the limitations of episodic
participation.

In this context, continuous engagement through structured,
technology-enabled, and personalized support systems, such as those
implemented in the SugarFit program, plays a pivotal role in bridging
this gap by supporting sustained self-management behaviors through
ongoing feedback, behavioral reinforcement, and adaptive guidance.
In contrast, discontinuation of support is associated with deterioration
in both behavioural and metabolic outcomes, reflecting the inherently
dynamic and non-self-sustaining nature of diabetes self-management.

These findings emphasize that long-term, patient-centered, and
interactive care models are essential for effective diabetes
management in real-world settings. Importantly, such models extend
beyond behaviour initiation and instead focus on maintaining
behavioural consistency through continuous monitoring, bidirectional
communication, and personalized intervention strategies. Overall, our
findings suggest that sustainable diabetes control is achieved when
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externally supported behaviours are progressively internalized into
stable daily routines, highlighting the need for care models that
facilitate this transition from external guidance to internal self-
regulation.

REFERENCES

1. LuX, Xie Q, Pan X, Zhang R, Zhang X, Peng G, etal. Type 2 diabetes mellitus in adults:
pathogenesis, prevention and therapy. Sig Transduct Target Ther 9, 262 (2024).
https://doi.org/10.1038/s41392-024-01951-9.

2. GalavizKI, Narayan KMV, Lobelo F, Weber MB. Lifestyle and the Prevention of Type 2
Diabetes: A Status Report. Am J Lifestyle Med. 2015;12(1):4-20. Published 2015 Nov
24.doi:10.1177/1559827615619159.

3. Dludla PV, Mabhida SE, Ziqubu K, Nkambule BB, Mazibuko-Mbeje SE, Hanser S, et al.
Pancreatic B-cell dysfunction in type 2 diabetes: implications of inflammation and
oxidative stress. WorldJ Diabetes.2023;14(3):130-146. doi:10.4239/wjd.v14.i3.130

4. Alam I, Khattak MA, Naveed M, Rehman S, Siddiqui MJ, Qureshi FM. The role of
lifestyle modifications in preventing and managing type 2 diabetes: exploring the
effectiveness of diet, exercise, and behavioral interventions in diabetes care. Cardiol Res
Cardio Vasc Med. 2025;10:268. doi:10.29011/2575-7083.100268

5. Pano Espinola O, Tobias DK, Manson JE. The role of lifestyle interventions for the
prevention and treatment of type 2 diabetes: a narrative review. 4m J Lifestyle Med. 2025
Sep4:15598276251372427.doi:10.1177/15598276251372427

6. American Diabetes Association. Lifestyle management. Diabetes Care. 2017;40(Suppl
1):833-S43.doi:10.2337/dc17-S007.

7. Powers MA, Bardsley JK, Cypress M, Funnell MM, Harms D, Hess-Fischl A, et al.
Diabetes self-management education and support in adults with type 2 diabetes: a
consensus report of the American Diabetes Association, the Association of Diabetes
Care and Education Specialists, the Academy of Nutrition and Dietetics, the American
Academy of Family Physicians, the American Academy of PAs, the American
Association of Nurse Practitioners, and the American Pharmacists Association. J Acad
Nutr Diet.2021;121(4):773-788.¢9. doi: 10.1016/j.jand.2020.04.020.

8. Miller CK, Young-Hyman D, Wooldridge JS, Piatt GA, Hawkins J. Goal integration of
diabetes self-management education and psychosocial support with pharmacotherapy
for weight loss in adults with type 2 diabetes and obesity. Clin Diabetes.
2025;43(4):562-569. doi:10.2337/cd25-0020

9. Kim KJ, Choi JH, Kim KJ, An JH, Kim HY, Kim SG, et al. Determinants of long-term
durable glycemic control in new-onset type 2 diabetes mellitus. Diabetes Metab J.
2017;41(4):284-295. doi:10.4093/dm;j.2017.41.4.284

10.  Kumanyika SK, Van Horn L, Bowen D, Perri MG, Rolls BJ, Czajkowski SM, et al.
Maintenance of dietary behavior change. Health Psychol. 2000;19(Suppl 1):42-56.
doi:10.1037/0278-6133.19.suppl1.42

11.  Middleton KR, Anton SD, Perri MG. Long-term adherence to health behavior change.
Am J Lifestyle Med.2013;7(6):395-404. doi:10.1177/1559827613488867

12.  BanduraA. Social cognitive theory of self-regulation. Organ Behav Hum Decis Process.
1991;50(2):248-287.doi:10.1016/0749-5978(91)90022-L

13. Shi H, Liu C, Luo HY. Impact of community public health care on treatment effect,
health cognition, and self-management in patients with type 2 diabetes. World J Clin
Cases.2025;13(5):95183. doi:10.12998/wjcc.v13.i5.95183.

14.  Berthoumieux A, Linke S, Merry M, et al. Long-term results of a digital diabetes self-
management and education support program among adults with type 2 diabetes: a
retrospective cohort study. Diabetes Educ.2024.

15.  Bhatt DL, Verma S, et al. One-year outcomes of a digital twin intervention for type 2
diabetes: aretrospective real-world study. npj Digit Med. 2024;7:285.

16. Kumanyika SK, Van Horn L, Bowen D, et al. Maintenance of dietary behavior change.
Health Psychol.2000;19(Suppl 1):42-56.

17.  Middleton KR, Anton SD, Perri MG. Long-term adherence to health behavior change.
Am J Lifestyle Med.2013;7(6):395-404.

18.  Racey M, Jovkovic M, Alliston P, et al. Diabetes health coaching in individuals with type
2 diabetes: a systematic review and meta-analysis. Front Endocrinol. 2022;13:1069401.

19.  Seng JJB, Nyanavoli H, Decruz GM, et al. Health coaching and its impact in the remote
management of patients with type 2 diabetes mellitus: scoping review. J Med Internet
Res.2025;27:¢60703.

20. Christoffer W, Nilsson PM, et al. Digital lifestyle treatment improves long-term
metabolic control in type 2 diabetes. npj Digit Med. 2023;6:199.

21. Wing RR, Bolin P, Brancati FL, et al. Cardiovascular effects of intensive lifestyle
intervention in type 2 diabetes (Look AHEAD). N EnglJ Med.2013;369(2):145-154.

22.  Look AHEAD Research Group. Impact of remission from type 2 diabetes on long-term
health outcomes. Diabetologia.2024.

23. Lean MEJ, Leslie WS, Barnes AC, et al. Durability of a primary care-led weight-
management intervention for remission of type 2 diabetes. Lancet Diabetes Endocrinol.
2019;7(5):344-355.

24.  Philis-Tsimikas A, et al. Impact of real-time continuous glucose monitoring and
personalized digital health coaching on glycemic control. Diabetes Res Clin Pract.
2025.

25. Kerr D, Ahn D, et al. Digital interventions for self-management of type 2 diabetes
mellitus: systematic review and meta-analysis. / Med Internet Res. 2024;26:¢55757.

26. Lee PA, Greenfield G, Pappas Y. The impact of telehealth remote patient monitoring on
glycemic control in type 2 diabetes: systematic review and meta-analysis. J Med Internet
Res.2018;20(5):e171.

27. Fisher L, Hessler DM, Polonsky WH, Mullan J. When is diabetes distress clinically
meaningful? Establishing cut points for the Diabetes Distress Scale. Diabetes Care.
2012;35(2):259-264.

28.  Powers MA, Bardsley J, Cypress M, et al. Diabetes self-management education and
support in adults with type 2 diabetes: a consensus report. Diabetes Care.
2020;43(7):1636-1649.

29. American Diabetes Association. Facilitating behavior change and well-being to
improve health outcomes: Standards of Care in Diabetes, 2024. Diabetes Care.
2024;47(Suppl 1):S68-S96.

30. Al-Zaru IM, Shahrour G, Masha'al D, Hayajneh AA. Depression and adherence to
healthy lifestyle behaviors among patients with chronic disease. Heliyon.
2022;8(7):¢09752.

31. Johansen MY, MacDonald CS, Hansen KB, et al. Motivation and barriers to maintaining
lifestyle changes in patients with type 2 diabetes after an intensive lifestyle intervention
(U-TURN trial). IntJ Environ Res Public Health.2020;17(20):7454.

32, Greenwood DA, Gee PM, Fatkin KJ, Peeples M. A systematic review of reviews
evaluating technology-enabled diabetes self-management education and support. J
Diabetes Sci Technol.2017;11(5):1015-1027.

33. [Isaacs D, Cox C, Schwab K, et al. Technology integration: the role of the diabetes care
and education specialist in practice. Diabetes Educ.2020;46(4):323-334.

34. Gong PP, Lee CS, Tan NC, Tyagi B, Ang SB, et al. The effect of an integrated multi-
component telemonitoring system on behaviour change among adults with type 2
diabetes. Malays Fam Physician.2023;18(Suppl 1):12.

35.  BanduraA. Social cognitive theory of self-regulation. Organ Behav Hum Decis Process.

37.

38.

39.

1991;50(2):248-287.

Deci EL, Ryan RM. Self-determination theory: a macrotheory of human motivation,
development, and health. Can Psychol. 2008;49(3):182-185.

Absetz P, Valve P, Oldenburg B, et al. Real-world effectiveness of digital and group-
based lifestyle interventions to reduce type 2 diabetes risk: the StopDia pragmatic trial.
Lancet Reg Health Eur.2022.

Chow SKY, Wong FKY. A randomized controlled trial of a nurse-led case management
programme. J Adv Nurs.2014;70(10):2257-2271.

Nguyen LH, Nguyen HLT, Tran BX, Larsson M, Rocha LEC, Thorson A, Strémdahl S. A
qualitative assessment of barriers and facilitators influencing health behaviors. BMC
Infect Dis.2021;21:472.

International Journal of Scientific Research |—| 7 |



