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ABSTRACT

Background: Metabolic syndrome requires sustained multisectoral
interventions, yet single-setting clinical approaches often fail to maintain
long-term behavioral adherence and biomarker improvements, particularly
for lipid and glycemic markers.

Objective: To synthesize cross-sectoral evidence and propose a scalable,
integrated prevention model addressing both clinical and environmental
determinants of cardiometabolic risk.

Methods: A comprehensive synthesis of randomized trials, quasi-
experiments, pragmatic studies, and meta-analyses spanning primary care,
workplace, community, school, digital-health, and policy contexts.

Results: Multicomponent lifestyle programs combining diet, physical
activity, and structured coaching consistently reduce waist circumference,
blood pressure, and BMI, while variably improving fasting glucose and
lipids. Community and workplace settings prove vital for reaching
underserved populations. While digital tools enhance scalability, they require
human support to sustain long-term gains. Consequently, a "hub-and-spoke"
architecture emerged: primary care as the risk-identification hub, linked to
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Key Points (Highlights):

community and workplace spokes for sustained behavioral delivery,
reinforced by digital tools and upstream environmental policies.
Conclusion: Multisectoral health promotion effectively prevents metabolic
syndrome when structured as a coordinated hub-and-spoke system.
Prioritizing human-supported, culturally tailored behavioral interventions
across integrated sectors yields the most scalable and equitable long-term
cardiometabolic benefits.

e  Single-setting care often fails to sustain metabolic syndrome prevention.
e A hub-and-spoke model integrates clinical, community, and digital sectors.
e  Health systems must adopt coordinated, human-supported multisectoral models.

© 2026 The Author(S). Health Frontiers Published By Targabin Nusantara Group. This Is
An Open Access Article Under The Terms Of The Creative Commons Attribution-
ShareAlike 4.0 International License

S54


http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
mailto:andini.kurniawati.2410116@students.um.ac.id
mailto:andini.kurniawati.2410116@students.um.ac.id
https://orcid.org/0009-0007-7593-4675
https://orcid.org/0009-0006-6410-3780

(Kurniawati, A., Sajidah, A. H. N, et al,2026)
E-1SSN: 3024-9740 DOI: https://doi.org/10.62255/mhjp.v4iSuppll1.322

INTRODUCTION

Metabolic syndrome represents an escalating global health crisis, characterized by a dangerous
clustering of central adiposity, hypertension, dysglycemia, and dyslipidemia that exponentially
increases the risk of cardiovascular disease and type 2 diabetes (Bertini et al., 2026; Héchsmann et
al., 2021). While the biological drivers of this syndrome are well understood, translating clinical
guidelines into sustained, real-world behavioral change remains a formidable challenge (Yu et al.,
2025). Traditional single-setting clinical interventions, particularly those confined to primary care,
frequently fail to maintain long-term adherence, leading to a rapid drift in critical biomarkers such as
HDL-C and triglycerides once active clinical contact is withdrawn (Moore et al., 2026).
Consequently, there is an urgent need to transcend isolated clinical encounters and embrace
ecological, multisectoral approaches that embed health promotion into the daily environments where
individuals live, work, and learn (Kouidis et al., 2026).

Despite the recognized necessity of lifestyle modifications specifically combined dietary
improvements, physical activity, and behavior-change support the current evidence base is highly
fragmented (Caballero et al., 2021). Studies frequently evaluate interventions within siloed sectors,
such as workplace wellness programs, school-based curricula, or community health initiatives,
without adequately addressing how these sectors can be synergistically integrated (Laddu et al.,
2021). Furthermore, the rapid proliferation of digital health tools (mHealth, wearables, telehealth)
offers unprecedented opportunities for scalable monitoring and reinforcement, yet their optimal
integration into human-centric care pathways remains poorly defined (Van Dijk et al., 2023). The
literature lacks a unified architectural model that reconciles person-level clinical care with upstream
policy and environmental modifications (Bogale et al., 2024).

The paradigm of chronic disease prevention is rapidly shifting toward multisectoral health promotion,
driven by the understanding that metabolic risk is heavily influenced by social determinants and built
environments (Suwannawong et al., 2023). However, significant knowledge gaps persist regarding
the causal weight of upstream policies versus person-level programs, and the practical mechanisms
by which primary care can effectively link to community delivery systems (Commodore-Mensah et
al., 2024). Without a definitive, evidence-based synthesis of these multisectoral components, public
health systems risk misallocating resources toward uncoordinated, low-yield interventions that fail to
achieve population-level impact or address health equity disparities among underserved and high-risk
populations (Kelly et al., 2025; Kumanyika, 2019).

Therefore, this study aims to synthesize convergent evidence across clinical, community, digital, and
policy domains to construct a pragmatic, scalable "hub-and-spoke™" model for metabolic syndrome
prevention (McCart et al., 2026). By mapping the biological pathways of risk reduction alongside
implementation determinants and sector-specific outcomes, this research addresses critical gaps in
multisectoral integration, offering a comprehensive blueprint for policymakers and healthcare
systems to design high-yield, equitable, and sustainable metabolic syndrome prevention programs
(Howell & Booth, 2022; Yu et al., 2026).

MATERIALS AND METHODS

Reporting Guidelines

To ensure methodological transparency and rigor in the synthesis of the evidence base, this study
strictly adheres to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. By following the PRISMA framework, the systematic identification,
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screening, eligibility assessment, and inclusion of randomized trials, quasi-experiments, pragmatic
studies, and meta-analyses across diverse healthcare sectors are comprehensively documented. This
strict adherence guarantees that the synthesis of multisectoral interventions meets the highest
academic benchmarks for transparent, structured, and reproducible systematic review reporting.

Study Scope

This comprehensive synthesis evaluates evidence spanning adult and at-risk populations,
incorporating select school-based data to address life-course prevention strategies across a diverse
array of settings, including primary care, workplace, community, school, digital-health, and policy or
built-environment contexts. The methodological designs represented in this evidence base encompass
a rigorous mix of randomized and cluster-randomized trials, quasi-experimental designs, pragmatic
and registry-based studies, as well as systematic reviews and meta-analyses, ensuring a robust
evaluation of multisectoral interventions from both controlled efficacy and real-world effectiveness
perspectives.

Assumptions & Limitations

While the synthesized evidence broadly supports the efficacy of multisectoral prevention strategies,
it does not permit a definitive, quantitative ranking of all possible sector combinations due to a
scarcity of direct, head-to-head comparative studies. Furthermore, the evidence base evaluating the
impact of upstream urban planning, transport infrastructure, and food-policy interventions on direct
metabolic biomarkers remains notably thinner and more observational compared to the robust data
available for person-level lifestyle programs. Additional limitations include incomplete reporting
across many of the reviewed studies regarding long-term sustainability, intervention fidelity, and
comprehensive cost-effectiveness analyses, which constrains the ability to draw definitive
conclusions about the economic viability and enduring impact of these multisectoral models.

Suggested Further Research Framework

Based on the methodological and evidentiary gaps identified during this synthesis, future
multisectoral evaluations must prioritize several critical research directions to advance the field.
Researchers should conduct direct comparative effectiveness studies evaluating specific sector
combinations, such as healthcare plus community models versus workplace plus public health or
policy-led approaches, while simultaneously strengthening the causal evaluation of built-environment
and food-policy interventions by utilizing hard metabolic biomarkers rather than relying solely on
physical activity or weight proxies. Furthermore, it is imperative to standardize the reporting of
implementation outcomes including reach, fidelity, retention, cost, adoption, and sustainment within
routine-care and community systems, expand subgroup analyses to capture differential effects by sex,
age, socioeconomic status, race/ethnicity, and baseline risk, and extend follow-up periods beyond 12-
24 months to specifically track the long-term maintenance of glucose, triglycerides, HDL-C, and
overall syndrome remission or incidence.

Ethical Statement

As this study constitutes a secondary synthesis of previously published literature and does not involve
direct human participation, primary data collection, or identifiable patient information, formal ethical
approval and informed consent requirements were waived by the Institutional Review Board of the
Global Health Research Institute. The research was conducted in strict accordance with the ethical
standards established in the Declaration of Helsinki, ensuring that all referenced primary studies and
underlying data utilized in this synthesis were originally obtained and reported in compliance with
appropriate ethical and institutional guidelines.
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RESULTS

The synthesis of multisectoral evidence reveals that preventing metabolic syndrome is most strongly
supported by integrated lifestyle programs combining nutrition improvement, physical activity, and
behavior-change support. These interventions consistently improve central outcomes: waist
circumference, blood pressure, weight/BMI, and in higher-intensity programs, fasting glucose,
triglycerides, HDL-C, and overall metabolic syndrome prevalence. The data indicates a practical
sequencing of outcomes: behavior and adiposity improve first, blood pressure follows reliably, while
glycemic and lipid changes are more variable and require greater intensity or longer follow-up.

Delivery mode and sector context critically moderate these outcomes. Supervision, coaching, and
multidisciplinary delivery consistently outperform self-directed or low-contact approaches, yielding
larger improvements across multiple metabolic components and ensuring better maintenance. While
schools demonstrate the strongest review-level evidence for early cardiometabolic prevention, and
workplaces reliably reduce adiposity, community programs prove especially valuable for
underserved, rural, and culturally targeted populations, delivering meaningful biomarker
improvements. Primary care serves as a vital identification and counseling hub but explicitly requires
linkage to community-based services to sustain long-term behavior change.

Technology-assisted interventions (mHealth, wearables, telehealth) significantly improve reach,
adherence, and short-term metabolic benefits. However, comparative evidence definitively shows that
digital tools work best as an adjunct to human support; standalone eHealth yields the smallest effects,
and long-term sustainability weakens when human coaching is withdrawn. Implementation success
across these sectors depends heavily on organizational capacity, leadership, workflow integration,
and referral infrastructure, while being hindered by resource gaps and poor coordination. Upstream
policy and built-environment actions (walkability, food services) are conceptually vital and improve
behavioral proxies, but direct causal evidence for adult metabolic biomarkers remains thinner than
for supervised lifestyle programs.

Table 1 summarizes the core findings across populations, settings, and main outcomes. To
operationalize these findings, we propose a "Hub-and-Spoke" multisectoral architecture (Figure 1),
where the healthcare system acts as the central identification and referral hub, community and
workplace settings act as sustained delivery spokes, digital tools provide continuous reinforcement,
and policy frameworks create the environmental support necessary for long-term success.

Table 1. Metabolic Syndrome Prevention at a Glance: Key Findings Across Sectors

Key Finding

Population / Setting

Main Outcomes

Multicomponent lifestyle
programs  (diet,  physical
activity, behavior-change) are
the most consistently effective
preventive strategy.

Adults with
syndrome or
cardiometabolic risk across
clinical, community, and
mixed settings.

metabolic
elevated

Reduced waist circumference,
blood pressure, weight/BMI;
improved fasting glucose,
triglycerides, HDL-C, and
metabolic syndrome
prevalence.

Supervision, coaching, and
multidisciplinary delivery
usually  outperform  self-
directed or low-contact
approaches.

Adults in
dedicated
prevention,
programs.

primary care,
clinics, diabetes-
and group

Larger improvements across
multiple metabolic
components; better
maintenance and engagement.

Technology helps reach and
adherence, but works best as an
adjunct to human support.

Adults in mHealth, telehealth,
app, wearable, and web-
supported interventions.

Improved  weight,  waist
circumference, blood pressure,
and glycemic markers; weaker
long-term sustainability when
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support is withdrawn.

Sector contributions differ
based on target population and
outcome focus.

Schools, workplaces,
communities, primary care.

Schools: early prevention;
Workplaces: adiposity effects;
Communities: underserved
groups; Primary care:
counseling/monitoring needing
linkage.

. . . Scale-up improved by
Implementation success Primary care, community- . .
L .. . . leadership, training, workflow
depends on organizational clinic linkage, integrated . ) .
integration;  hindered by

capacity and coordination.

public health programs.

resource and training gaps.

Upstream policy and built-
environment action is
conceptually important, but
causal biomarker evidence is
thinner.

Urban planning, transport,
parks, food environment,
school/community policy.

Observational links to physical
activity and weight; direct
evidence for adult metabolic
syndrome  biomarkers s
limited.

COMMUNITY
‘Culturally tailored,
Peer-supporied,
underserved populations

WORKPLACE
Adiposity reduction,
Multilevel promation,

High-risk workers

HEALTHCARE

HUB
(Identify, Monitor, Refer)

DIGITAL TOOLS
mHealth, Wearables,
Telehealth, Apps
(Adjunct to human coaching)

POLICY & ENV

Target Pathways: Adiposity — Blood Pressure — Glycemic/Lipid Control

Figure 1. The Hub-and-Spoke Multisectoral Prevention Model

Note: The Hub-and-Spoke model illustrates the pragmatic multisectoral architecture. The Healthcare Hub
initiates risk identification and referral, while Community and Workplace spokes deliver sustained behavioral
programs. Digital tools reinforce adherence, and Policy/Environment frameworks shape the upstream
determinants of health. Biological risk reduction follows a sequential pathway from central adiposity to blood
pressure, and finally to glycemic and lipid markers.

DISCUSSION

The synthesis of multisectoral evidence definitively demonstrates that metabolic syndrome
prevention is most effectively achieved through integrated, multicomponent lifestyle interventions
rather than isolated, single-sector efforts (Powell et al., 2025). The core triad of dietary improvement,
physical activity, and structured behavior-change support consistently drives synergistic
physiological adaptations, primarily reducing central visceral adiposity and lowering blood pressure,
which subsequently cascade into downstream improvements in glycemic control and lipid profiles
(Chan et al., 2026; Jancey et al., 2020). Crucially, the data reveals that the delivery mode is as critical
as the intervention content itself; supervision, multidisciplinary teams, and dedicated coaching
consistently outperform self-directed or low-intensity approaches (Joseph et al., 2018). This
highlights a fundamental behavioral truth: human support acts as the primary engine of behavioral

© 2026 The Author(S). Health Frontiers Published By Targabin Nusantara Group. This Is
An Open Access Article Under The Terms Of The Creative Commons Attribution-
ShareAlike 4.0 International License

S58


http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/

(Kurniawati, A., Sajidah, A. H. N, et al,2026)
E-1SSN: 3024-9740 DOI: https://doi.org/10.62255/mhjp.v4iSuppll1.322

fidelity, providing the accountability, motivational scaffolding, and barrier-resolution necessary to
sustain long-term adherence and prevent the physiological relapse of metabolic biomarkers (Kalter-
Leibovici et al., 2026).

Our analysis strongly supports the necessary transition from siloed clinical interventions to a
coordinated "hub-and-spoke™ architectural model. Primary care and dedicated clinical settings serve
as the essential identification, risk-stratification, and referral hub, yet they are fundamentally limited
by time constraints and clinical acuity in sustaining long-term, daily behavior change independently
(Hamdy et al., 2017). By structurally linking this healthcare hub to community and workplace
"spokes," health systems can leverage the ecological embedding, repeated social contact, and
normative reinforcement inherent in these non-clinical settings (Tomah et al., 2023). Furthermore,
community-based programs emerge as a vital mechanism for advancing health equity, demonstrating
profound efficacy in underserved, rural, and culturally diverse populations. When these interventions
are culturally tailored and utilize task-shifting to Community Health Workers (CHWSs), they
successfully bridge the trust gap and address the social determinants of health that traditional clinical
models cannot reach (Zhu et al., 2026; Zimmermann et al., 2022).

The integration of digital health tools represents a significant leap in scalability and reach, yet our
findings caution against the fallacy of technological determinism viewing technology as a standalone
panacea (Bulthuis et al., 2019; Lu et al., 2026). While mHealth applications, wearable biosensors, and
telehealth platforms effectively amplify intervention reach and facilitate continuous ecological
momentary assessment, they function optimally only as adjuncts to human coaching (Jang et al., 2026;
Lee et al., 2022). Standalone digital interventions consistently yield the smallest metabolic effect
sizes, and long-term sustainability rapidly decays when digital feedback loops are not paired with
human accountability and therapeutic alliance (Meir et al., 2025). Therefore, digital tools must be
strategically deployed within a "blended care" model to bridge the temporal gaps between clinical
visits and community sessions, reinforcing the behavioral coaching provided by multidisciplinary
teams rather than attempting to replace the empathy and nuanced judgment of human providers
(Cowie et al., 2020; Sun et al., 2024).

Implementation science principles heavily dictate the real-world success and scalability of these
multisectoral models. Scale-up is facilitated by organizational readiness, executive leadership
support, seamless workflow integration, and robust, interoperable referral infrastructure, while being
severely hindered by resource constraints, siloed funding, and poor interdisciplinary coordination
(McCreight et al., 2019; Tesfay et al., 2026). Furthermore, sustainability data indicates a nuanced
biological reality regarding metabolic drift: while structural and hemodynamic markers like weight,
waist circumference, and systolic blood pressure can be maintained beyond the active intervention
period (particularly with ongoing maintenance contact), lipid markers such as HDL-C and
triglycerides frequently drift back toward baseline (Bergum et al., 2021; Hassett et al., 2025; Kalter-
Leibovici et al., 2025). This physiological set-point phenomenon underscores the critical necessity of
transitioning from time-limited, acute clinical programs to lifelong, chronic care support systems that
provide continuous, low-intensity maintenance contact (Koeder et al., 2021).

A primary limitation of the current evidence base is the scarcity of head-to-head, factorial comparative
studies, which precludes a definitive, quantitative ranking of specific sector combinations (e.g.,
healthcare + community versus workplace + public health). Additionally, evidence for upstream built-
environment and food-policy interventions remains largely observational, lacking the causal
biomarker rigor and randomized control of person-level trials, often suffering from confounding by
self-selection. Future research must prioritize direct comparative effectiveness trials within complex
adaptive systems, strengthen causal evaluations of policy interventions using hard metabolic
endpoints rather than behavioral proxies, and standardize the reporting of implementation outcomes
utilizing frameworks such as RE-AIM (reach, effectiveness, adoption, implementation, maintenance).
Expanding subgroup analyses by sex, age, intersectional socioeconomic status, and baseline genetic
risk is also critical to ensure that scaled interventions do not inadvertently widen existing health
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disparities.

To translate these empirical findings into population-level impact, policymakers and health systems
must radically shift funding models from fragmented, fee-for-service, single-setting programs to
coordinated, value-based multisectoral systems. Health systems should be financially incentivized to
establish formal, interoperable referral linkages with community-based organizations and workplace
wellness programs, utilizing innovative reimbursement models that cover CHW navigation, peer
support, and multidisciplinary behavioral coaching. Concurrently, urban planning and municipal
policies must adopt a "Health in All Policies" (HiAP) approach, prioritizing built-environment
modifications such as active transport infrastructure, walkability, and equitable healthy food access.
These upstream environmental reinforcements must not be viewed as standalone cures, but as
essential structural prerequisites that make the behavioral changes prescribed in the clinical hub
practically achievable, affordable, and sustainable in the daily lives of the population.

CONCLUSIONS

Multisectoral health promotion is a highly credible and practical strategy for preventing metabolic
syndrome, but its success relies on structural integration rather than mere sectoral coordination. The
most scalable, high-yield design is a "hub-and-spoke™ model wherein healthcare systems identify risk
and initiate counseling, community and workplace settings sustain culturally tailored behavior-change
programs, digital tools reinforce adherence between contacts, and upstream policies shape
environments that facilitate healthy choices. Ultimately, preventing metabolic syndrome requires
moving beyond isolated clinical prescriptions to build coordinated, human-supported ecosystems that
sustain lifelong behavioral and biological resilience.
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