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Abstract: Digital platforms have increasingly been utilized for personalized nutrition interventions in the management of
chronic diseases. This meta-analysis evaluates their efficacy by synthesizing data from 55 studies involving 16,280
participants, focusing on three critical outcomes: weight management, glycemic control, and cardiovascular health. Al-
based platforms demonstrated significant clinical improvements, achieving an average weight reduction of 4.6 kg, an HbA1lc
decrease of 1.1%, and an LDL cholesterol reduction of 18.6 mg/dL. Wearable-integrated systems delivered even greater
outcomes in some cases, including an average weight reduction of 5.2 kg and an HbA1c decrease of 1.3%, reflecting the
added benefit of continuous monitoring and real-time feedback. Rule-based systems, while effective to some degree, showed
more modest outcomes due to their static intervention design. This study not only quantifies the clinical benefits of these
platforms but also evaluates their broader potential through a multidimensional framework encompassing user engagement,
scalability, healthcare integration, and cost-effectiveness. Long-term interventions exceeding six months consistently
produced superior results, underscoring the importance of sustained adherence and adaptive feedback mechanisms. The
findings point to the transformative potential of these technologies but also highlight key challenges, including scalability,
affordability, and accessibility in underserved populations. By addressing these barriers, digital platforms can become an
integral part of personalized chronic disease management, offering scalable and impactful solutions for improving global
health outcomes.

Keywords: Personalized nutrition; Digital platforms; Chronic disease management; Al-based interventions; Wearable-
integrated systems.

1. INTRODUCTION

Chronic diseases, including diabetes, cardiovascular diseases, and obesity, impose a considerable burden on global
healthcare systems, accounting for a substantial proportion of morbidity and healthcare costs (Vaduganathan et al.,
2019; Xuetal., 2022; Wang et al., 2024). Addressing these conditions requires strategies that go beyond traditional
medical treatments, with personalized nutrition emerging as an innovative and promising approach. By tailoring
dietary recommendations to individual needs, personalized nutrition offers the potential to mitigate disease
progression and improve health outcomes. Digital platforms that deliver these personalized interventions remotely
are increasingly being integrated into healthcare settings, particularly following the rise of telemedicine during the
COVID-19 pandemic (Foglia et al., 2024; Wang et al., 2024).

Recent studies have highlighted the transformative potential of digital platforms in supporting personalized
nutrition for chronic disease management. Shea et al. (2021) demonstrated that digital platforms delivering
customized meal plans significantly improved glycemic control among patients with type 2 diabetes. Similarly,
Qiao et al. (2018) conducted a meta-analysis showing that digital dietary interventions could effectively reduce
cardiovascular risk factors, including cholesterol levels and blood pressure. These findings underline the scalability
of such platforms, particularly in addressing diseases that require sustained lifestyle changes. The accessibility of
digital platforms further underscores their value in reaching underserved populations. Yodsanit et al. (2023)
reported significant improvements in weight management outcomes in rural areas through mobile health
applications, which provided personalized tracking and real-time feedback. Moreover, Lee et al. (2023) found that
these platforms were particularly effective in communities with limited access to traditional healthcare services,
demonstrating their potential to bridge gaps in healthcare delivery.

However, the current body of literature reveals notable gaps. Despite their growing adoption, the long-term
effectiveness and sustainability of digital nutrition platforms remain underexplored. Variability in outcomes based
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on socioeconomic, cultural, and demographic factors has been reported (Wang et al., 2024; Zhu et al., 2024), yet
systematic evaluations across diverse populations are limited. Additionally, concerns related to data security, user
retention, and adherence highlight the need for further research on optimizing the functionality and user experience
of these platforms.

This study aims to address these gaps by conducting a comprehensive meta-analysis to evaluate the efficacy of
digital platforms in managing chronic diseases through personalized nutrition interventions. Unlike prior studies,
which often focus on isolated outcomes, this research synthesizes data across multiple domains, including weight
management, diabetes control, and cardiovascular health. Moreover, the study introduces a novel approach by
integrating quantitative metrics of platform efficacy with a detailed assessment of intervention scalability and
accessibility. The findings are expected to provide critical insights into the role of digital platforms in chronic
disease management, offering evidence-based recommendations for their integration into healthcare systems. This
study is particularly significant given the increasing prevalence of chronic diseases and the ongoing evolution of
telemedicine and digital health technologies.

2. METHODS

2.1 Study Design and Data Sources

This study utilized a meta-analytic approach to systematically assess the efficacy of digital platforms delivering
personalized nutrition interventions for chronic disease management. A systematic search was conducted across
PubMed, Web of Science, Scopus, and Google Scholar, targeting studies published between January 2015 and
December 2023. Search terms included personalized nutrition, digital platforms, chronic disease management,
telemedicine and online dietary consultation. The search followed PRISMA guidelines, documenting the
identification, screening, eligibility, and inclusion processes to ensure transparency and replicability.

2.2 Inclusion and Exclusion Criteria

Studies were included if they evaluated digital platforms specifically designed for personalized nutrition
interventions targeting chronic diseases, including diabetes, cardiovascular diseases, and obesity. Platforms needed
to deliver interventions through mobile applications, web-based platforms, wearable devices, or hybrid systems,
with measurable health outcomes such as weight management (AW), HbAlc changes (AHbAlc), cholesterol
profiles (ALDL, AHDL), or blood pressure changes (ASBP, ADBP). Only randomized controlled trials, cohort
studies, and prospective longitudinal designs were considered. Studies were excluded if they lacked quantifiable
health outcomes, focused on general lifestyle interventions without personalization, were published in non-English
languages, or presented incomplete datasets.

2.3 Data Extraction and Advanced Coding Framework

Data extraction followed a rigorous two-phase approach to ensure comprehensive analysis. The quantitative phase
focused on structured data collection, including study design, participant demographics (e.g., average age, gender
distribution), intervention details (e.g., duration (tint), frequency (fint), and platform type), and key health
outcomes such as weight reduction (AW), HbAlc changes, and lipid or blood pressure profiles. The qualitative
phase involved thematic coding to assess additional dimensions, including user engagement metrics, cost-
effectiveness, and scalability. Adherence rates (Ar) were calculated as (Lian et al., 2023):

adherent users

A, = X 100%

total users
Cost-effectiveness was evaluated using incremental cost-effectiveness ratios (ICER) (An et al., 2024; Shih et al.,
2024):

ACost
AQALY’

ICER =

Po—Pe
1-P '

where AQALY represents the improvement in quality-adjusted life years. Independent data extraction by two
reviewers ensured accuracy, with Cohen’s kappa coefficient (k) used to resolve discrepancies and measure inter-
rater reliability.
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2.4 Platform Evaluation Framework
A structured framework was employed to assess digital platforms across six dimensions:

Algorithmic sophistication was evaluated by analyzing the application of advanced Al models, including decision
trees and neural networks, to provide real-time dietary customization based on individual user data. User
engagement was assessed by calculating retention rates (Wei et al., 2024):

R() = fj’—s x 100%,

where Uy represents active users at time t. Scalability was assessed by examining the platforms’ capacity and
adaptability, quantified as the ratio of active users to the platform's total capacity. Healthcare integration was
evaluated based on the interoperability of platforms with electronic health records (EHRs) and their adherence to
data security standards, ensuring seamless communication and compliance. Cost-effectiveness was analyzed using
cost-benefit ratios (CBR) (Zhu et al., 2024):

Total Health Benefit(QALY)
Total Cost(USD)

CBR =

Outcome Monitoring: Analyzed the precision and reliability of health tracking systems using sensitivity (Se) and
specificity (Sp), summarized by the F1 score (Lian et al., 2024; Chen et al., 2024):

Se'S
F=2-¢%
Se+Sp

2.5 Statistical Analysis

Data synthesis was performed using a random-effects meta-analysis model, accounting for variability among
studies. Heterogeneity was quantified using the 12 statistic (Lian et al., 2024; Liu et al., 2024):

2 = % x 100%,

where Q is the heterogeneity statistic and k is the number of studies. Substantial heterogeneity (12>50%) was
explored using subgroup analyses based on intervention type, participant demographics, and study duration.
Primary outcomes were expressed as weighted mean differences (WMD) (Liu et al., 2024):

WMD = z:?:1 wi(Xiine=Xi,control)
z:i'c:1 wi '
where w; represents the inverse variance weight for study i. Sensitivity analyses excluded outliers and recalculated

pooled estimates to ensure robustness. Publication bias was assessed using Egger’s test (p<0.05) and funnel plots
for visual inspection.

3. RESULTS AND DISCUSSION
3.1 Overview of Included Studies

This meta-analysis incorporated data from 55 studies, including 35 randomized controlled trials, 15 cohort studies,
and 5 longitudinal studies, comprising 16,280 participants. Participants had an average age of 44.8 years (SD =
11.7) and were equally distributed by gender. Chronic diseases targeted included type 2 diabetes (n=25),
cardiovascular diseases (n=20), and obesity (n=10). Interventions were delivered through Al-based platforms
(40%), rule-based systems (30%), wearable-integrated platforms (20%), and hybrid solutions (10%). By
employing a multidimensional evaluation framework that encompassed technological sophistication, engagement,
scalability, healthcare integration, cost-effectiveness, and outcome monitoring, this study analyzed both clinical
outcomes and contextual factors contributing to platform efficacy.

3.2 Weight Management Outcomes
3.2.1 Platform Effectiveness

Al-based platforms and wearable-integrated systems demonstrated the highest efficacy, with average weight
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reductions of 4.6 kg and 5.2 kg, respectively. Hybrid models achieved a mean reduction of 3.8 kg, while rule-
based systems recorded the least reduction at 2.9 kg. These differences were consistent across various participant
demographics and intervention durations. The doughnut chart in Figure 1 illustrates the distribution of weight loss

across platforms, highlighting the disproportionate contribution of Al-driven and wearable systems to overall
success.
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Figure 1: Weight Management Trends and Platform Comparisons

The advantages of Al-based systems were attributed to their dynamic, algorithm-driven personalization, which
adapted recommendations in real-time based on user inputs such as dietary logs and activity levels. Similarly,
wearable-integrated platforms, which provided continuous monitoring and immediate feedback, achieved superior
outcomes by fostering sustained behavioral changes. These findings are consistent with prior research by Qin et
al. (2021), which emphasized the efficacy of adaptive systems in promoting user adherence.

3.2.2 Long-Term Trends in Weight Loss

Weight reduction trends showed progressive improvements over time, with significant milestones at six months
(mean reduction: 3.5 kg) and one year (mean reduction: 5.1 kg). Figure 1’s line chart visualizes this progression,
demonstrating the cumulative impact of sustained engagement. These results align with Sun et al. (2024) and Xu
et al. (2024), who found that long-term interventions yielded superior outcomes due to the gradual consolidation
of dietary and behavioral changes.

3.3 Glycemic Control

3.3.1 HbA1c Reductions by Platform Type

The most pronounced reductions in HbAlc levels were observed in Al-based platforms (AHbAlc=—1.1%) and
wearable-integrated systems (AHbA1c=—1.3%), while rule-based systems achieved smaller reductions (AHbA lc=

—0.65%). These findings suggest that adaptive systems integrating real-time glucose monitoring and personalized
feedback are significantly more effective than static approaches.
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Figure 2: Glycemic Control Efficacy and Long-Term Improvements

The grouped bar chart in Figure 2 illustrates these differences across platforms. These results corroborate findings
by Sun et al. (2024) and Shamanna et al. (2024), who reported superior glycemic control in systems incorporating
real-time adaptability.

3.3.2 Glycemic Improvement Over Time

Figure 2’s line chart shows the consistent reduction in HbAlc levels over time, with reductions reaching —1.0% at
six months and —1.3% at one year. Participants using wearable-integrated platforms achieved early and sustained
improvements, highlighting the effectiveness of continuous monitoring systems. This observation aligns with Liu
et al. (2024) and Li et al. (2016), who noted that wearable glucose monitors paired with Al-driven meal planning
led to superior glycemic outcomes in patients with poorly controlled diabetes.

LDL Reduction by Platform SBP Reduction Trend Over Time
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Figure 3: Cardiovascular Health Outcomes Across Platforms

3.3.3 Cardiovascular Health Improvements

Wearable-integrated platforms achieved the highest reductions in LDL cholesterol (ALDL=—18.6 mg/d) and SBP
(ASBP=—8.5 mmHg), followed by hybrid platforms (ALDL=-15.8 mg/dL, ASBP= —7.4mmHg). Mobile app-
based and web-based systems showed more modest improvements, with LDL reductions of 14.3 mg/dL and 12.5
mg/dL, respectively. The horizontal bar chart in Figure 3 highlights these differences, while the line chart illustrates
SBP reduction trends over time. The progressive decline in LDL cholesterol and SBP over one year underscores
the cumulative benefits of sustained interventions. Wearable-integrated platforms excelled in maintaining user
engagement, which was critical for achieving these outcomes. These findings align with Xu et al. (2024) and Sun
et al. (2023), who identified continuous monitoring as a key factor in improving cardiovascular risk markers.

3.4 General Discussion
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The results of this study provide robust evidence supporting the efficacy of Al-based and wearable-integrated
platforms in managing chronic diseases. Across all major outcome categories—weight management, glycemic
control, and cardiovascular health—adaptive, real-time systems consistently outperformed static platforms. These
findings emphasize the critical role of personalization, immediate feedback, and user engagement in achieving
superior health outcomes.

The evaluation framework developed in this study offered a comprehensive perspective by integrating clinical
metrics with dimensions such as scalability, cost-effectiveness, and healthcare integration. For instance, platforms
that demonstrated high interoperability with electronic health records achieved better alignment with healthcare
systems, facilitating seamless communication between users and providers. These findings are consistent with the
broader literature. Studies by Wang et al. (2024) highlighted the advantages of adaptive platforms in promoting
adherence and achieving sustained outcomes. This study extends these conclusions by demonstrating that
wearable-integrated systems, in particular, outperform other platforms in both short- and long-term settings.
However, challenges remain. Scalability and affordability issues continue to limit the broader adoption of these
platforms, particularly in underserved populations. Future research should explore strategies to address these
barriers, including the development of low-cost models and community-based deployment strategies. Furthermore,
integrating behavioral analytics and predictive modeling into existing systems could further enhance their efficacy
by tailoring interventions to individual user profiles.

In conclusion, digital platforms leveraging advanced technologies have the potential to revolutionize chronic
disease management. By addressing existing challenges and refining current systems, these platforms can provide
scalable, cost-effective solutions to improve health outcomes globally.

4. CONCLUSION

This study systematically evaluated the effectiveness of digital platforms in personalized nutrition for chronic
disease management, synthesizing data from 55 studies encompassing 16,280 participants. The findings
demonstrate that Al-based platforms and wearable-integrated systems achieved the most significant improvements
across key outcomes. For instance, average weight reductions reached 4.6 kg with Al platforms and 5.2 kg with
wearable-integrated systems, while HbAlc levels decreased by 1.1% and 1.3%, respectively. LDL cholesterol
reductions were equally compelling, with wearable systems achieving a mean decrease of 18.6 mg/dL. These
results highlight the critical role of real-time feedback, adaptive algorithms, and sustained user engagement in
driving health outcomes. Interventions lasting over six months consistently yielded better results, underscoring the
importance of long-term adherence and tailored feedback mechanisms. The findings provide a strong foundation
for guiding future developments in digital health technologies. To fully realize the potential of these platforms, it
is imperative to address key challenges such as scalability, affordability, and equitable access. Efforts should focus
on integrating these systems seamlessly into healthcare workflows, particularly through interoperability with
electronic health records, to enhance provider-patient interactions. Additionally, the incorporation of predictive
analytics and user-centered design principles could further refine intervention strategies, improving both
engagement and efficacy. By combining advanced technology with clinical insights, digital platforms can be
optimized to deliver scalable, personalized solutions that meet the growing demand for effective chronic disease
management worldwide.
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