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Abstract

This conceptual, implementation-oriented paper proposes a framework for precision prevention centred on physical activity
promotion and early risk mitigation, aiming to support a shift from reactive disease management toward proactive prevention.
The proposed framework focuses on the early identification of risk trajectories by integrating biological, environmental, and
social determinants of health through systems thinking, multi-omics technologies, digital health, and behavioural science.
It aims to inform tailored, context-sensitive interventions that will help to mitigate chronic non-communicable diseases
(NCDs), while supporting lifelong resilience. Within this framework, physical activity is positioned as the central, modifiable
anchor behaviour through which personalised prevention strategies may be operationalised. Building on the 2025 Hamburg
Declaration and the Global Alliance for the Promotion of Physical Activity’s (GA @PA) mission, this conceptual paper pro-
poses a multidimensional model, combining personalised strategies for physical activity, nutrition, sleep, and mental health
with contextual environmental adaptations. By bringing together stakeholders across multiple sectors, including healthcare,
education, urban planning, sport organisations, industry, and community groups, GA@PA aims to strengthen global col-
laboration and to accelerate the implementation of evidence-based strategies for physical activity promotion. Emerging
technologies, including digital twins, wearable biosensors and artificial intelligence (Al)-driven analytics, are discussed
as potential enabling tools for real-time monitoring and for providing input for adaptive interventions, while mobile health
platforms may extend access to underserved populations. Rather than providing prescriptive solutions, the paper outlines
key implementation fundamentals. These include technological infrastructure with interoperable biosensors and Al aligned
with prevailing ethical frameworks such as the AI Act and UNESCO recommendations; interdisciplinary research on resil-
ience and outlier populations; policy and education reform, including routine assessment of physical activity as a vital sign
within healthcare encounters; and cross-sector collaboration spanning urban design to sport-for-development initiatives
such as the International Olympic Committee (I0OC)’s Olympism365. Sports organisations may support broader participa-
tion through sport-for-all programmes. The framework emphasises equity, cultural adaptation, and community co-design
as critical features for scalability across diverse global contexts, highlighting the role of sport, fitness, and public health
partnerships in creating a context where healthy choices become accessible and sustainable. Overall, this conceptual paper
outlines a practice-informed framework proposing precision prevention as an evolving and testable implementation frame-
work for supporting sustainable and equitable prevention systems. By integrating science, technology and policy through a
multisectoral lens, precision prevention is proposed as a testable pathway to reduce the NCD burden, to enhance the health
span and to foster resilient societies.

1 Introduction century, contributing substantially to global morbidity and
mortality [2]. Grounded in substantial epidemiological
evidence linking physical (in)activity behaviours to non-

communicable disease prevention, the Declaration cata-

This publication builds upon the Hamburg Declaration [1];
i.e. the inaugural consensus statement of the Global Alliance

for the Promotion of Physical Activity (GA@PA), which
identified physical inactivity as one of the most significant
and modifiable public health challenges of the twenty-first
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lysed a multisectoral movement to embed physical activ-
ity into healthcare, policy, education, and urban design. In
this conceptual follow-up article, the GA@PA positions
physical activity as the central behavioural target within a
broader, integrative precision prevention framework that
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Precision prevention proposes a personalised, data-
informed framework to promote physical activity and
to prevent non-communicable diseases across the life
course.

The Global Alliance for the Promotion of Physical
Activity (GA@PA) framework integrates biological,
behavioural, contextual, and digital determinants to sup-
port scalable and context-sensitive prevention strategies

Physical activity is positioned as a core, modifiable
behaviour, supported by emerging technologies, educa-
tion, and policy alignment.

Physical activity, exercise, and sport may support health-
ier lives when implemented within supportive social and
environmental contexts

Effective implementation of physical activity and exer-
cise interventions requires cross-sector collaboration,
workforce development, and attention to equity and real-
world feasibility.

Physical activity is proposed as the central behavioural
target through which precision prevention may be opera-
tionalised.

also considers behavioural, biological, environmental, and
social determinants of health. This conceptual framework is
intended to support earlier risk detection and intervention.
Rather than presenting a fully operationalised system, the
article advances a practice-informed conceptual framework
outlining how personalised, data-informed strategies could
be implemented and scaled across diverse populations, set-
tings, and life stages to improve long-term health outcomes.

This article is intended as a conceptual, implementation-
oriented perspective rather than an evidence synthesis, con-
sensus guideline, or systematic review. Accordingly, the
article combines current evidence with conceptual interpre-
tation and future-oriented implementation considerations,
while explicitly recognising that several components of pre-
cision prevention remain emerging and incompletely vali-
dated. To clarify the scope, evidentiary basis, and intended
contribution of this work, Table 1 summarises key limita-
tions of current physical activity prevention approaches and
the rationale for a precision prevention framework. The dis-
tinguishing features and intended contribution of the GA@
PA framework are summarised in Table 2.

Across this article, the primary objective of the pro-
posed framework is the promotion of physical activity and

prevention of non-communicable disease through person-
alised prevention strategies. Broader outcomes, including
resilience, health span, equity, and societal sustainability,
are considered secondary and enabling outcomes rather than
equivalent primary endpoints. This paper does not aim to
provide a systematic evidence synthesis, clinical guideline,
or validated implementation framework. Rather, it proposes
a conceptual and implementation-oriented model intended
to organise emerging evidence, identify translational oppor-
tunities, and define testable priorities for future evaluation.

2 Precision Prevention as a Global Strategic
Imperative

Precision prevention is an emerging approach that aims to
deliver tailored, personalised preventive interventions by
integrating multidimensional data, spanning genetics, epi-
genetics, environment, education, behaviour, lifestyle, and
social determinants of health [6, 7]. While precision medi-
cine primarily focuses on diagnosing and treating disease,
based on individual biological, genetic, environmental, and
lifestyle characteristics [8], precision prevention broadens
the scope. It shifts the focus from treatment to anticipa-
tory health promotion, aiming to maintain well-being and
to prevent disease across the lifespan. Crucially, precision
prevention addresses both healthy individuals and those at
elevated risk, employing interventions that are not only bio-
logically informed, but also context sensitive. This approach
contrasts with primordial prevention, which seeks to avert
the emergence of risk factors across the entire population.
Precision prevention may support more efficient interven-
tions by identifying individuals at heightened risk, whether
through behavioural or biomedical markers [6, 9]. Precision
prevention strategies alone cannot drive a population-wide
shift in risk distribution, because they focus on individuals
rather than on the entire population [10]. Instead, precision
prevention operates upstream to intervene before clinical
disease manifests, while still focusing on those most likely to
benefit. Although contextually informed interventions may
support broader environments of health, the core function
of precision prevention remains the targeted mitigation of
individual risk.

A precise intervention is one for which the delivery and
design are context-sensitive, informed by detailed, individ-
ual or subgroup-level data, enabling targeted action that is
expected to produce differential benefit for the recipients,
compared with untargeted or universal interventions. Preci-
sion interventions can vary in their degree of tailoring, from
stratified subgroup targeting to fully individualised strate-
gies, and are grounded in data that meaningfully stratify risk
or intervention response [11].
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Table 1 Current knowledge and contributions of the Global Alliance for the Promotion of Physical Activity (GA@PA) framework

Section

Statement

What is already known

Physical inactivity and sedentary behaviour are major, modifiable drivers of the global burden of non-communicable
diseases

Although genomics, digital technologies, and artificial intelligence are increasingly used for personalised disease man-
agement, their proactive application in prevention remains limited. This is primarily due to the scarcity of longitudinal
population-level data, challenges in translating research into preventive programs, the complexity of multifactorial
interventions, ethical and legal concerns, and economic and incentive structures favouring treatment over prevention
[3, 6]

Generic behavioural advice (e.g., “exercise more”) has limited effectiveness when it is not tailored to individual, social,

and environmental contexts

What this paper adds
personalised health promotion

A narrative, integrative conceptual framework for precision prevention that places physical activity at the centre of

The framework aims to support personalised physical activity promotion, behavioural support, and implementation by
bringing together stakeholders across multiple sectors, including healthcare, education, urban planning, sport organi-

sations, industry, and community groups

Emphasis on scalable, low-cost digital and analytical approaches to support individualised prevention across diverse

settings

The framework aligns precision prevention with policy, education, healthcare, sport, and urban planning sectors, posi-
tioning the GA@PA as a collaborative implementation platform

Table 2 Key messages for clinicians and policymakers

Audience Key messages

Clinicians

Assess physical inactivity as a vital sign, using feasible and validated tools where available

Apply individualised physical activity and exercise guidance, informed by the FITT principles and patient context [4, 5]

Use digital tools (e.g., wearables, mobile platforms) to support motivation, monitoring, and follow-up, where appropriate

Prioritise early identification and intervention for Exercise Deficiency Syndrome, particularly in higher-risk groups

Where appropriate, undertake individual risk assessment and clinical evaluation to inform personalised physical activity
and exercise recommendations, particularly in individuals with known medical conditions or elevated risk profiles

Policymakers and
systems leaders

Incentivise prevention-focused models within healthcare systems, including physical activity promotion
Support active urban design, including green spaces and an active transport infrastructure

Strengthen education and training in physical activity, nutrition, and behaviour change across (para-)medical and allied

health curricula

Enable sport and physical activity organisations to promote lifelong participation, aligned with equity and sustainability

goals

Strategic perspective Precision prevention requires a coordinated, cross-sectoral approach to support personalised and population-level physical

activity promotion

Many healthcare systems are increasingly challenged
by converging pressures, including ageing populations in
industrialised nations, the rapid rise of non-communicable
diseases (NCDs), widening health inequities, and escalat-
ing direct and indirect costs. Without systemic transforma-
tion, healthcare expenditures in some countries are pro-
jected to exceed 20% of GDP by 2035 [12]. These trends
expose the limitations of reactive, treatment-focused care
and underscore the urgent need for proactive, preventative,
and integrated health systems. A recent Lancet forecast-
ing study further amplifies this urgency, projecting that
by 2050, an estimated 746 million children and adoles-
cents (aged 5-24 years) will be living with overweight or
obesity, including approximately 360 million living with

obesity, compared with 493 million living with overweight
or obesity in 2021 [13]. Compounding the obesity crisis is
a global decline in physical activity: a pooled analysis of
over 5.7 million adults across 163 countries found that insuf-
ficient physical activity rose from 23.4% in 2000 to 31.3%
in 2022, higher among women (33.8%) than men (28.7%)
and increasing in over half of countries worldwide [14]. If
current trends persist, the global goal of a 15% reduction
by 2030 is unlikely to be met. These findings make clear
that chronic conditions like obesity and NCDs are part of a
broader ecosystem failure, rooted in behaviours and environ-
ments that discourage physical activity. Moreover, over half
of the global obesity burden is concentrated in just eight
countries [13], and regions including Latin America and
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Africa remain under-represented in research. Africa faces
a dual burden: persistent undernutrition alongside rising
obesity. This paradox highlights the necessity for global as
well as localised, context-specific investigations that cap-
ture region-specific socio-economic, political and individual
determinants to inform effective, tailored interventions.

In parallel with the global rise in obesity, the Exercise
Deficiency Syndrome (EDS), used here to describe insuffi-
cient physical activity to meet minimum health requirements
[15], reflects a biologically meaningful exposure, in which
lack of physical activity and/or exercise contributes causally
to the development of multiple chronic diseases through dys-
regulation of metabolic, cardiovascular, and inflammatory
pathways [16]. EDS is exacerbated by increasingly sedentary
lifestyles, including prolonged sitting and other sedentary
behaviours (often 8 h or more per day in many adult popula-
tions), which are associated with elevated cardiometabolic
and all-cause mortality risk [2, 17-19]. Addressing EDS is
urgent, as research consistently shows that previously inac-
tive individuals experience disproportionately large health
benefits from engaging in physical activity, with particu-
larly large health benefits observed among previously inac-
tive individuals [15, 18]. Educational settings represent an
important opportunity to address insufficient physical activ-
ity by improving children’s and young people’s awareness
and understanding of their movement behaviours. Acceler-
ometer-based findings [20] reveal systematic misperception,
pointing to navigable gaps in self-knowledge of physical
activity that may influence lifelong behaviour. By support-
ing teachers and students to address modifiable determinants
of physical activity, particularly psychological and social
factors such as self-efficacy, perceived behavioural control,
and social support, educational settings may help promote
sustained participation in physical activity [21]. Physical
literacy, defined as the motivation, confidence, physical
competence, knowledge and understanding to value and take
responsibility for engagement in physical activity through-
out the life course, provides a conceptual basis for lifelong
participation in physical activity [22].

Environmental changes, including rising global tempera-
tures, are emerging as a critical factor accelerating disease
burden and placing additional strain on health systems [23].
Climate change has already led to a measurable increase
in the frequency and intensity of extreme heat events, pos-
ing disproportionate risks to vulnerable populations, such
as older adults and individuals with cardiovascular or res-
piratory conditions [24, 25]. Within a precision prevention
context, building personalised heat resilience is becoming
an important emerging frontier. This includes strategies that
enhance individual adaptability to thermal stress through
improved physical fitness and targeted acclimatisation.

While this conceptual paper primarily focuses on pri-
mary prevention, intervening before disease onset, precision

prevention strategies are also relevant across the prevention
continuum, including secondary prevention through earlier
risk detection and tertiary prevention through personalised
disease management and rehabilitation [6, 8, 16]. In the con-
text of primary prevention, precision approaches can tailor
interventions to promote physical activity and to reduce sed-
entary behaviour, based on individual risk profiles, prefer-
ences, and environments. For instance, personalised physical
activity recommendations, digital coaching, and context-
aware reminders may support healthy lifestyle changes. Sim-
ilarly, in secondary prevention, biomarker-based screening
and wearable monitoring can aid in the early detection of
disease, while in tertiary prevention, digital tools, behav-
ioural support, and personalised care plans may enhance
chronic disease management and reduce complications.

Precision prevention has been proposed as a response to
several limitations of conventional prevention approaches
in traditional healthcare by shifting the focus from episodic,
reactive treatment to the continuous optimisation of health
and well-being. Notably, physical activity, sedentary behav-
iour, and physical fitness during childhood are associated
with healthier fitness profiles in youth, highlighting the
importance of early-life interventions [26]. Precision pre-
vention addresses all levels of intervention, preventing dis-
ease onset (primary prevention), identifying early dysfunc-
tion (secondary prevention), and supporting chronic disease
management (tertiary prevention). By focusing on the early
identification of behavioural and physiological risk trajec-
tories across the life course, including behavioural patterns
established during childhood and adolescence, precision
prevention seeks to support sustained healthy movement
behaviours over time [20, 27]. This approach may harness
big data analytics, real-time biosensing, and artificial intel-
ligence (AI) to support the identification of individualised
risk profiles and potentially inform tailored preventive inter-
ventions [8]. Importantly, precision prevention complements
population-level strategies by increasing personal relevance
and potential impact. Figure 1 illustrates the integrated con-
ceptual framework, showing the convergence of omics, Al,
digital health, systems medicine, and behavioural science in
informing personalised, proactive care.

Omics refers to the large-scale, systematic study of bio-
logical molecules, including genes, transcripts, proteins,
metabolites, and related molecular signatures, that contrib-
ute to the structure, function, and dynamic regulation of
biological systems [28]. Rather than focusing on a single
component, omics approaches examine all measurable enti-
ties within a specific biological domain, including genes,
proteins, metabolites, or transcripts. Key branches include
genomics, epigenomics, proteomics, metabolomics, and
transcriptomics. In medicine, omics approaches have been
proposed as tools that may enable the identification of dis-
ease biomarkers, support the development of personalised
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therapies, and improve predictions of treatment responses.
Recent advances in omics have expanded opportunities for
earlier disease risk stratification. Genomics, particularly
polygenic risk scores (PRS), may support estimation of
genetic predisposition years before symptoms emerge. Evi-
dence from UK Biobank studies demonstrates that PRS can
interact meaningfully with modifiable behaviours such as
physical activity [29, 30]. Even modest increases in physical
activity were associated with improved outcomes, particu-
larly among individuals at higher genetic risk [30], reinforc-
ing physical activity as a potent and underutilised interven-
tion target. Beyond genomics, epigenetic and inflammatory
markers detectable in childhood have been shown to predict
later in life obesity-related disease risk [31-33], while prot-
eomics captures dynamic molecular responses to stress and
inflammation, offering functional insight into health resil-
ience [34]. Complementing these biological advances, Al-
driven predictive modelling supports patient stratification
and adaptive intervention design, enhancing the potential
personalisation of preventive strategies [35]. Within this
framework, these innovations are presented as enabling tools
rather than standalone solutions.

Despite considerable scientific progress, the translational
application of many omics-based approaches in prevention
remains relatively early, with important challenges persist-
ing regarding validation, implementation, clinical utility,
and population-level deployment [6, 36]. Questions remain
regarding reproducibility, standardisation, interpretability,
cost-effectiveness, and clinical utility outside research set-
tings. Accordingly, while promising, many omics applica-
tions should currently be viewed as emerging rather than

established preventive tools. Enthusiasm surrounding Al
should also be interpreted cautiously. Algorithmic perfor-
mance is dependent on data quality, representativeness,
interpretability, and implementation context, with success-
ful implementation requiring careful consideration of trans-
parency, bias, clinical workflow integration, and real-world
deployment challenges [37-39]. Concerns regarding bias,
privacy, transparency, and unequal access remain incom-
pletely resolved, particularly in preventive settings where
evidence for clinical effectiveness remains heterogeneous
[40, 41]

Globally, nations and organisations are beginning to
embed elements of precision prevention into policy and
practice. China’s Proactive Health strategy [42], the USA’s
All of Us Research Programme [43], Europe’s 14+ Mil-
lion Genomes initiative [44], and the AISEP mission [45]
exemplify efforts to move beyond disease-centred health
care models towards more personalised, data-informed
approaches to prevention and health promotion. Sport has
the potential to contribute to global systemic transformation
by supporting health promotion, social inclusion, education,
and sustainable development when embedded within sup-
portive policy and community frameworks [45-48]. Equally
important is the recognition that preventive health initia-
tives must be globally inclusive, rather than a privilege of
high-income populations. Addressing this paradigm shift
requires engagement with states, communities, and other
key actors. Health is shaped by political, economic, social,
and environmental determinants and cannot be understood
solely as the product of individual behaviour [49]. A criti-
cally informed approach to health research and policy must

Fig.1 Conceptual representa-
tion of the interacting domains,
determinants, and enabling
fields contributing to precision
prevention
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therefore consider power relations, social inequalities, and
epistemic injustice across societies. Safeguarding human
dignity remains a foundational principle, and cultural and
social dimensions must be meaningfully integrated into
prevention strategies. Therefore, stakeholders at all levels
(political, socio-political, social, and target groups) need to
interact in inner and outer settings, as explained in Fig. 2 [1].

Current international precision health initiatives dem-
onstrate the value of international collaboration, linking
individual-level data with population insights. While these
current initiatives represent important advances, the GA@
PA framework is positioned here as a complementary, imple-
mentation-oriented conceptual model. The model moves
beyond data collection to emphasise real-world interven-
tion strategies grounded in behavioural science, systems
medicine, and environmental design. The Alliance suggests
a framework focusing on scalable implementation through
tools supporting physical activity and exercise promotion,
professional training, community engagement, and policy
integration. Bringing together institutions across health,
sport, fitness, and policy sectors, this framework positions
precision prevention not only as a research agenda but also
as a proposed operational conceptual framework for embed-
ding personalised health promotion into everyday settings,

Fig.2 Precision prevention and

population-based health promo- Context
tion and the interactions of Sl =
various actors at different levels e (Eufe: S_etil ng
to support and communicate Inner setting

with the target group, adapted
conceptually from the frame-
work described in Steinacker
etal. [1]

with a stated emphasis on equity, cultural adaptation, and
global applicability.

Precision prevention should not be viewed as a panacea,
but as one component of a broader strategy to address the
ever-rising NCD burden. While it offers tools for early risk
identification and personalised intervention, it must operate
alongside population-wide public health measures. Health
is shaped not only by biology, but also by context; i.e., the
environments in which people live, move, and work, includ-
ing social, economic, cultural, and physical determinants
that strongly influence health behaviours and outcomes
across the life course [16, 50]. Investments in healthy archi-
tecture, active mobility infrastructure, green spaces, and
inclusive public areas remain essential. Precision approaches
must therefore function in tandem with systemic efforts to
create environments that support well-being across popula-
tions, rather than as isolated, individual-level solutions.

At present, precision prevention should be regarded as an
evolving and heterogeneous field rather than a mature, stand-
ardised model of care. Many proposed approaches remain
variably validated, implementation pathways are inconsist-
ent across settings, and important challenges persist regard-
ing feasibility, equity, interoperability, cost, and evidentiary
maturity. Accordingly, the concepts presented here should be
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interpreted as implementation-oriented directions for evalu-
ation rather than definitive solutions.

2.1 Recommendations and Pathways Forward

To realise the potential of precision prevention as a global
health strategy, several key actions warrant prioritisation:

1. Integrate multidimensional data: Health systems
should adopt frameworks that combine genomic, behav-
ioural, environmental, and social data to inform person-
alised interventions, while investing in an interoperable
and ethically governed data infrastructure.

2. Prioritise physical activity and exercise: Addressing
Exercise Deficiency Syndrome (EDS) through school-
based programmes, workplace policies, and community
initiatives should remain central, with activity promo-
tion tailored to individual risk profiles and contexts.

3. Strengthen early-life interventions: Evidence supports
targeting physical fitness and behavioural risk trajecto-
ries from early childhood. Embedding physical literacy,
alongside health education, within school curricula may
support long-term engagement.

4. Promote global equity in research and implementa-
tion: Research efforts should expand to under-repre-
sented regions, including Africa and Latin America,
with localised, context-sensitive study designs.

5. Build resilience to climate heat stress: Personalised
strategies to enhance heat resilience, including fitness
and acclimatisation protocols, should be integrated
where relevant to address climate-related health risks.

6. Align with public health infrastructure: Precision pre-
vention must complement, not replace, population-wide
approaches, including investments in active transport,
green spaces, and equitable access to cure and care.

7. Promote sport-for-all initiatives: Sport organisations
should support inclusive sport-for-all programmes. Ini-
tiatives such as the IOC’s Olympism365 may provide
examples of scalable implementation pathways.

8. Foster cross-sector collaboration: Sustained coopera-
tion across health, sport, education, and policy sectors is
essential to implement scalable, inclusive, and culturally
adaptive prevention strategies.

3 Advancing Scientific Foundations
for Precision Prevention

While the value of proactive, preventive medicine is increas-
ingly recognised, its implementation remains nascent, ham-
pered by a fragmented, discipline-siloed evidence base that
lacks the integrative structure needed for global adoption.
To realise its full potential, precision prevention must evolve

from conceptual aspiration into a robust, interdisciplinary
conceptual framework grounded in molecular biology, sys-
tems medicine, behavioural science, and environmental
health, all applying systems thinking. Such a foundation
must honour both biological individuality and the common
patterns of health and disease that emerge across popula-
tions, cultures, and contexts [6]. At its core lies a deceptively
simple, but still unresolved question: what does it mean to
be healthy? Health is not merely the absence of pathology,
but a dynamic capacity for adaptation, recovery, and resil-
ience, best understood through how individuals respond to
stress and maintain function across changing demands, with
disease often reflecting maladaptive responses to an indi-
vidual’s social, physical, economic, cultural, and biological
environment.

Conceptually, the proposed framework aligns with
broader theories of health that emphasise interactions
between biological, behavioural, psychological, social, and
environmental influences [51]. Salutogenic perspectives
emphasise the promotion of resources that support health,
resilience, and adaptive capacity rather than focusing exclu-
sively on disease risk [52]. Biopsychosocial and socioeco-
logical models similarly conceptualise health as emerging
through dynamic interactions across multiple levels of influ-
ence, ranging from biology and behaviour to social context
and environmental opportunity [53]. Within this context,
physical activity may function as a central behavioural
mediator linking biological adaptation, behavioural regu-
lation, social participation, and environmental opportunity
[54]. Precision prevention is therefore conceptualised not as
a replacement for existing health frameworks, but rather as a
potentially complementary implementation-oriented model
through which these principles may be operationalised.

Environmental exposures, ranging from poor sleep and
nutrient deprivation to climate extremes, are stressors that
increasingly challenge this adaptive capacity. For exam-
ple, the response to compound heatwaves, including pro-
longed periods of elevated night-time temperatures, has
been reported to be associated with a near-linear increase
in mortality risk, particularly among individuals with pre-
existing cardiovascular conditions [55, 56]. Such findings
underscore the need for personalised prevention strategies
that also enhance resilience to environmental stress, whether
by improving baseline fitness, optimising hydration and ther-
moregulation, or leveraging targeted heat acclimation proto-
cols that build on individual physiological adaptability [57].

Shaping personalised prevention strategies may require
high-resolution, longitudinal data that capture physiologi-
cal, metabolic, epigenetic, psychological, and behavioural
signals across time. These must be context-sensitive, captur-
ing environmental exposures, socio-economic conditions,
cultural practices, and lived experience. However, current
research often neglects the critical transitions that shape
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health across the life course. We lack predictive models for
how stressors, whether acute or chronic, physical or psy-
chosocial, translate into either physiological deterioration
or adaptive resilience. Exposures such as physical inactiv-
ity, nutrient deprivation, chronic inflammation, poor sleep,
and environmental pollutants activate complex biological
cascades that remain poorly understood. Furthermore, oral
health should not be neglected, as longitudinal evidence
indicates that metabolic risk factors, such as obesity, are
associated with adverse oral and dental outcomes during
adolescence [58], and poor oral health is itself linked to
chronic disease risk in later life [59]. In addition to systemic
benefits, physical activity has been associated with improved
oral and dental health outcomes in observational evidence
and sport-health literature [60], potentially via inflamma-
tory, metabolic, and behavioural pathways [17]. Crucially,
the impact of these stressors is not uniform: it is shaped
by social determinants, such as educational attainment,
income level, and psychosocial coping capacity, including
factors like marital status and social support. These modi-
fiers can either buffer vulnerability or amplify risk, influenc-
ing whether resilience is maintained or lost. Identifying the
tipping points where adaptation gives way to dysfunction,
while accounting for these contextual influences, is essential
for the early detection and targeted prevention that precision
prevention aspires to deliver.

Exceptional individuals like elite athletes, centenarians,
and so-called “at-risk populations”, those with unusually
high or low resilience, longevity, or recovery capacity, offer
valuable insights into mechanisms of health preservation.
Studies of twins, family clusters, and rare phenotypes can
reveal conserved pathways and novel genes related to health
span, immunity, metabolic regulation, low-grade inflam-
mation or cognitive performance. Such approaches must
be studied and interpreted in conjunction with social and
cultural factors. Traditions, community dynamics, beliefs
and personal motivations may, in some circumstances, have
a significant influence on behaviour and, consequently, on
potential interventions.

Evolutionary medicine provides a useful framework
for understanding how mismatches between contempo-
rary environments and human biology may contribute to
the growing burden of chronic disease. Central to this
perspective is the mismatch hypothesis: the notion that
human physiology, shaped over millennia for environ-
ments characterised by regular physical activity, intermit-
tent food supply, and rich social engagement, is poorly
adapted to today’s sedentary, energy-dense, and psycho-
logically fragmented lifestyles. This biological environ-
mental mismatch underpins the rise of obesity, type 2
diabetes, cardiovascular disease, and mental health disor-
ders. This mismatch suggests that contemporary environ-
ments may increasingly challenge physiological systems

that evolved under substantially different behavioural and
environmental conditions [60]. While numerous biologi-
cal pathways have been described through which physical
activity promotes health, the mechanistic understanding
of sedentary behaviour and physical inactivity continues
to evolve [61]. Precision prevention aims to bridge this
gap by leveraging advances in biological, behavioural,
and data sciences to support healthier adaptation to
rapidly changing environments. Comparative biology,
including cross-species research, may further enrich this
perspective by challenging overly reductionist models of
disease and ageing.

At the systems level, health status emerges from the
dynamic interplay of factors operating across multiple
scales, from molecular and physiological processes to
cognitive states and the surrounding social and physical
environment. Capturing these interconnections requires
advanced modelling approaches, capable of reflecting
complex, non-linear dynamics across time and context.
A diverse range of methodologies, including systems
biology, digital twins, multi-scale simulations, causal
inference frameworks, and Al and machine-learning
algorithms can help map these relationships and simu-
late personalised health trajectories [37-39]. Consistent
with Rose’s population health framework, personalised
prevention should complement, rather than replace,
population-wide prevention strategies aimed at shifting
disease risk across the whole population [62]. When inte-
grated with wearable or implantable sensors, such mod-
els enable real-time, functional health monitoring and
may pave the way for anticipatory, individualised inter-
ventions [63]. For instance, wearable technologies and
digital-twin approaches are increasingly being explored
for cardiovascular risk prediction, assessment, and moni-
toring, providing data to support early detection, clinical
decision-making, and personalised treatment [64, 65]. In
the field of sport, real-time monitoring of core tempera-
ture via ingestible or skin-mounted sensors is increas-
ingly used to protect athletes competing in extreme heat,
helping prevent heat stroke and performance collapse
through personalised risk feedback [66]. Advances in
implementation science, digital health technologies,
data integration, and artificial intelligence may increas-
ingly support elements of this vision, although impor-
tant scientific, ethical, and implementation challenges
remain. The translational maturity of precision preven-
tion approaches varies considerably across domains, with
some applications already entering practice while others
remain largely investigational. Considerable challenges
remain regarding interoperability, feasibility, imple-
mentation cost, user engagement, privacy, and equitable
access across diverse settings. Accordingly, the frame-
work outlined here should be interpreted as an evolving
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conceptual direction rather than a mature implementation
standard.

3.1 Recommendations and Pathways Forward

To advance the scientific foundations of precision preven-
tion, the following priorities should guide future research
and implementation:

1. Establish interdisciplinary frameworks: Integrate
molecular biology, behavioural science, systems medi-
cine, and environmental health into a unified model.
This requires breaking down academic silos and pro-
moting collaboration across disciplines and sectors.

2. Redefine health dynamically: Move beyond static defi-
nitions of health as disease absence. Emphasise resil-
ience, adaptability, and recovery capacity, with particu-
lar focus on how individuals respond to stressors across
biological, social, and environmental domains.

3. Capture longitudinal, context-aware data: Invest in
high-resolution, life-course data collection, including
physiological, psychological, metabolic, and epigenetic
signals, while accounting for lived experience, cultural
norms, and socio-economic conditions.

4. Leverage insights from exceptional populations:
Study elite athletes, centenarians, and genetically or
socially unique groups to uncover mechanisms of resil-
ience, longevity, and adaptation, integrating biological
and psychosocial determinants.

5. Embed evolutionary perspectives: Address the mis-
match between evolved human physiology and modern
environments by promoting lifestyles that align with our
biological design, particularly through regular physical
activity, balanced nutrition, and social connectivity.

6. Apply advanced modelling and AI: Develop and
validate personalised health models using Al, causal
inference, digital twins, and wearable sensors to enable
anticipatory, individualised interventions.

7. Invest in infrastructure and ethics: Prioritise interop-
erable digital platforms, sensor technologies, and ethical
governance to ensure equitable, secure, and actionable
precision health applications.

Table 3 Examples of key technologies enabling precision prevention

4 Technological Infrastructure for Precision
Prevention

The realisation of precision prevention as a practice-oriented
health framework depends not only on scientific insight, but
also on the development of enabling technologies (Table 3).
These technologies must continuously capture, process, and
interpret complex health data in ways that are meaningful to
individuals, clinicians, healthcare systems, and prevention.
They must also be sensitive to the temporal, spatial, and con-
textual nature of health and adaptable across diverse cultural
and infrastructural environments, including remote areas and
populations with limited mobility or healthcare access [67].
Beyond data handling, such technologies may also support
tailored health education and behaviour change strategies,
empowering individuals and communities to make informed
decisions that could contribute to reducing mortality associ-
ated with physical inactivity.

At the heart of this technological transformation are
integrated biosensing systems. Wearable, implantable,
and ambient sensors are redefining real-time health moni-
toring by dynamically tracking physiological, metabolic,
and behavioural states in everyday environments. Recent
advances in nanomaterials, optoelectronics, and artificial
intelligence have enabled these devices to non-invasively
detect key indicators, such as hydration status, glycaemic
variability, microvascular reactivity, and emotional stress
through proxies such as skin conductance and heart rate
variability [68, 69]. The development of flexible, skin-
like materials supports continuous, long-term use, while
embedded algorithms allow for real-time interpretation and
context-aware personalised feedback. Recent breakthroughs
in wearable sensor technologies further extend this poten-
tial. For example, sensors integrated into clothing can sup-
port continuous physiological monitoring, contributing to
unobtrusive health tracking in everyday settings [70]. These
innovations open new opportunities for unobtrusive, con-
tinuous health tracking in everyday settings. However, sev-
eral challenges remain. Ensuring accuracy and reliability

Technology Function Current applications Challenges

Biosensors Real-time health monitoring Dehydration, glucose monitoring Standardisation, affordability

Digital twins Simulate health scenarios Cardiovascular risk prediction Data integration, privacy

Al analytics Predictive and personalised insights Disease modelling, diagnostics Handling complexity, bias and privacy
Wearables Track physical and metabolic data Activity, sleep, stress tracking Interoperability, user adherence
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in real-world conditions, addressing affordability, achieving
data interoperability, and ensuring equitable access across
diverse global populations remain essential prerequisites for
translating these technologies into scalable and inclusive
healthcare solutions.

Despite their promise, several practical barriers limit the
translation of precision medicine, precision prevention and
Al technologies into routine healthcare. The GA @PA frame-
work proposes evidence-based and collaborative solutions to
address these challenges [1]. Accuracy and reliability remain
critical concerns, as models validated in controlled settings
may underperform in real-world clinical environments.
These limitations can be addressed through prospective
multicentred validation, continuous performance monitor-
ing, and rigorous quality control frameworks [71]. Afford-
ability and scalability pose major challenges, particularly
in low-resource settings. These barriers may be mitigated
through tiered implementation strategies, cloud-based infra-
structure, and alignment with value-based healthcare models
[37]. Data interoperability is essential to integrate patient
information across systems. This can be achieved through
the adoption of common data standards, bridging middle-
ware (software enabling interoperability between otherwise
incompatible health information systems), and collabora-
tive data-sharing initiatives [72]. Equitable access must be
ensured to avoid exacerbating existing health disparities.
This requires diverse representation in training datasets,
community-based deployment programmes, and systematic
monitoring of outcomes across demographic groups [71,
73]. Addressing these barriers pragmatically is essential if
these technologies are to achieve scalable, inclusive, and
sustainable implementation in clinical practice.

Digital twin technology is emerging as a potentially ena-
bling model for individualised health forecasting [75] and
personalised medicine, enabling virtual representations of
biological systems that can be used to simulate disease tra-
jectories and intervention responses [75]. These represen-
tations can be used to simulate the potential outcomes of
personalised interventions before they are applied in real
life, supporting predictive testing and decision-making [64].
As these models mature, they may become increasingly rel-
evant not only to clinical workflows, but also to proactive,
self-directed health optimisation [63]. Precision prevention
strategies, particularly those involving physical activity,
sleep, and nutrition, are associated with reductions in the
risk of chronic disease, frailty, and all-cause mortality. It
is important to analyse mortality and morbidity risk based
on individualised health data by AI methods rather than
by classical group statistics which have their limits when
considering small effect sizes in prevention. Al is therefore
a tool for analytical approaches rather than referring only
to big language systems. Al can be used in closed logical
systems from small to big data. This may enable better risk

prediction for prevention strategies and reinforce the value of
early intervention which favours systems-thinking. Health is
an emergent property arising from biological, psychological,
social, and contextual interactions. Accordingly, analytical
methods must move beyond conventional statistics and lin-
ear assumptions toward advanced modelling tools capable of
capturing dynamic interactions, modelling individual health
trajectories, and accommodating real-world variability [76].
This integration positions digital twins as a potentially trans-
formative, though still developing, asset within precision
prevention, enabling personalised cure, care and prevention
that is anticipatory, adaptive, and context aware.

While the practical deployment of digital twins for
individualised risk calculation remains in its early stages,
proof-of-concept studies have demonstrated promising
applications. Al-driven avatars have been piloted in model-
ling metabolic, cardiovascular, and cognitive health trajec-
tories by integrating biosensor data with predictive algo-
rithms [77, 78]. These systems can simulate intervention
outcomes and provide real-time risk estimation, laying the
groundwork for highly personalised and anticipatory health
strategies. However, large-scale validation and clinical
integration are still required to ensure data quality, model
transparency, and robustness across diverse populations and
environments. Complex and variable environmental contexts
remain insufficiently captured by current digital twin archi-
tectures, necessitating further methodological development
and evaluation [46].

E-health strategies, particularly mobile health (m-health),
can expand the reach of preventive interventions by leverag-
ing widely available technologies, such as smartphones and
basic mobile phones, across socioeconomic levels and age
groups. Through formats such as short videos, daily mes-
sages, tailored recommendations, interactive infographics,
and educational capsules, these interventions can deliver
personalised guidance and home-based physical activity
and exercise routines using readily available resources. Their
ease of access and application has been shown to support
engagement, including in remote or underserved communi-
ties. A recent umbrella review and meta-analysis encom-
passing 507 randomised controlled trials with over 206,000
participants reported that e- and m-health interventions sig-
nificantly increased physical activity levels, with an average
increase of 1329 steps per day and 55 min of moderate-
to-vigorous physical activity per week [79]. These findings
highlight the capacity of digital health tools to promote
physical activity across diverse populations and settings.

While advanced technologies such as biosensors, Al, and
digital twins hold substantial promise, their implementation
must be context sensitive. In low-resource settings, simpli-
fied approaches, such as mobile-based health tracking, com-
munity-led monitoring, and locally adapted risk assessment
tools, can offer immediate benefits. These strategies leverage
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existing infrastructure and cultural practices to deliver per-
sonalised prevention in accessible formats. Within the GA @
PA framework, tiered implementation strategies are empha-
sised, ensuring that where high-technology solutions are not
yet feasible, core principles of precision prevention, person-
alisation, proactivity, and empowerment remain actionable
and equitable. Collectively, these approaches illustrate how
digital health tools, when integrated thoughtfully, can con-
tribute to preventive care without exacerbating inequities.

Just as the World Health Organization (WHO) under-
scores the importance of integrating traditional medicine into
national health strategies, particularly in under-resourced
settings [80], there is growing interest in complement-
ing pharmacological care with culturally grounded, non-
pharmacological approaches. When scientifically validated
and digitally supported, traditional practices may enhance
prevention and behaviour change strategies that are cost-
effective and locally acceptable. Nutritional and plant-based
interventions, for example, have been proposed as adjuncts
to conventional treatments, particularly in the management
of chronic low-grade inflammation [81, 82]. Advancing
such integration will require coordinated efforts to address
challenges, including the standardisation of biosensing tech-
nologies, harmonisation of data formats, and development
of shared validation protocols [6].

Equity and accessibility must guide the design and
deployment of precision health technologies. Devices should
be non-invasive, energy-efficient, affordable, culturally
appropriate, and usable by individuals without clinical train-
ing. Evidence from human-centred design and digital health
equity research indicates that low-complexity interfaces and
contextual sensitivity are associated with higher adherence
and engagement, particularly in underserved populations
[68, 83]. However, even well-designed tools are insufficient
in the absence of supportive environments. For example,
accelerometry-based interventions for physical activity have
demonstrated limited effectiveness in areas lacking safe
outdoor spaces or walkable infrastructure [84]. Similarly,
nutritional tracking applications depend on access to afford-
able, healthy food, and stress-monitoring wearables are most
effective when paired with behavioural health support. Pub-
lic health systems, urban design, and workplace policy could
be improved by digital tools to ensure that measurement
translates into sustained behavioural change [68].

In summary, the future of precision prevention depends
on the convergence of biomedical engineering, computa-
tional modelling, the built environment, systems theory,
behavioural science, and cultural and contextual understand-
ing. This convergence represents enabling infrastructure
rather than a standalone solution, and its success will depend
on thoughtful implementation, evaluation, and governance.

4.1 Recommendations and Pathways Forward

To realise the promise of precision prevention, technologi-
cal infrastructure must evolve toward greater accessibility,
integration, and equity. The following actions are prioritised:

1. Develop interoperable and scalable technologies:
Standardise biosensor platforms, digital twin frame-
works, and Al models to support accurate, reliable, and
cross-compatible health monitoring, while prioritising
affordability and contextual adaptability.

2. Promote human-centred and inclusive design: Ensure
technologies are usable by non-experts and effective
across cultural and socioeconomic settings, leveraging
familiar devices such as mobile phones.

3. Validate and integrate digital twins: Support rigor-
ous clinical and population-level validation of digital
avatars for risk prediction and intervention modelling,
while addressing data quality, privacy, and contextual
sensitivity.

4. Expand mobile health (m-health) interventions: Use
SMS, video, and interactive content to deliver culturally
relevant behaviour change strategies, particularly in low-
resource settings.

5. Embed digital tools in supportive environments:
Pair digital interventions with access to safe physical
spaces, healthy food, and behavioural support to enable
sustained change.

6. Integrate traditional and digital approaches: Where
scientifically validated, traditional practices can be
incorporated alongside digital tools to enhance engage-
ment and adherence.

7. Ensure ethical and equitable implementation: Embed
digital health ethics, transparency, and equity considera-
tions into technology design, policy, and deployment.

5 Intervention Strategies for Precision
Prevention

Early intervention lies at the heart of precision prevention,
where conceptual frameworks are translated into practice,
data inform both prevention and care, and science inter-
rogates human behaviour in complex, real-world environ-
ments. The challenge is to move beyond generic lifestyle
advice and reactive treatments toward interventions tai-
lored to individual biology, behaviour, context, and life
stage (Table 4). The foundational premise is that human
health can be supported and enhanced through personalised
combinations of rest, physical activity and exercise, nutri-
tion, cognitive stimulation, environmental alignment, and
social connection. Precision prevention interventions are
inherently multidimensional, integrating key lifestyle and
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environmental factors to support personalised health out-
comes such as mental health, sleep, physical activity and
nutrition. These elements modulate inflammation, metabo-
lism, neural plasticity, and cellular repair, reflecting the prin-
ciple that biological systems adapt to repeated behavioural
and environmental exposures [85]. For instance, low-grade
inflammation disrupts structural plasticity in the brain, high-
lighting the importance of targeting inflammatory pathways
to preserve cognitive function through molecular and cel-
lular mechanisms [86, 87].

Physical activity and exercise are the cornerstone of this
model. Precisely calibrated physical activity and exercise
can function as both prevention and therapy, echoing Hippo-
crates’ observation that balanced nourishment and exercise
are central to health. This principle is now supported by
evidence demonstrating that exercise has been effectively
prescribed across at least 26 chronic diseases [88]. How-
ever, not all physical activity and exercise interventions are
equally effective, as outcomes depend on biological vari-
ability, individual motivation, and environmental context.
Accordingly, integrating exercise science with behavioural
psychology and urban design is essential to enhance effec-
tiveness, sustainability, and equity.

The European Federation of Sports Medicine Associa-
tions (EFSMA) ten-pillar framework [15] is presented here
as an illustrative implementation example demonstrating
how principles of precision prevention may be translated
into operational public health and sports medicine struc-
tures. The model highlights ten inter-related domains: the
consequences of change through exercise; the interaction
between genetics and environment; the health effects of
sedentary lifestyles; reasons for physical inactivity and
pathways to becoming physically active; strategies for pro-
moting physical activity through personal motivation; use
of the Motivation Pyramid to support behavioural change;
general advice for effective intervention strategies; iden-
tification of barriers to exercise and methods to overcome
them; the role of wearable technologies and other novel
motivational tools; and the benefits of physical activity
counselling in clinical practice. Together, these domains

Table 4 Life-stage specific intervention strategies (not limited)

provide a structured and practical approach for implement-
ing personalised physical activity and exercise interven-
tions across healthcare and community settings.

The model introduces tools such as the Motivation Pyr-
amid (Fig. 3) and the FITT principle (Frequency, Intensity,
Time, and Type) to support physical activity and exercise
prescription and behavioural adherence. These tools align
with the core tenets of precision prevention, personali-
sation and contextualisation of behaviour change strate-
gies. In clinical settings, Exercise Prescription for Health
based on the 10-Pillar Model proposes one example of a
structured implementation pathway. Physicians are encour-
aged to assess physical activity and exercise levels as a
vital sign and to provide written, individualised prescrip-
tions [19]. Consistent with guidance from the American
College of Sports Medicine, (para)medical practitioners
across specialties are encouraged to assess physical activ-
ity as a vital sign, helping to normalise exercise as a clini-
cal standard [89]. The 10-Pillar Model also underscores
the importance of medical education reform, calling for
greater integration of sports and exercise science and med-
icine into undergraduate and postgraduate curricula [15,
90]. These elements provide practical pathways to scale
physical activity and exercise interventions, address bar-
riers to engagement, leverage digital tools for motivation,
and support longer-term adherence. The EFSMA10-Pillar
Model is included not as a definitive model, but as one
potential implementation pathway aligned with the broader
conceptual aims of precision prevention.

Alongside the 10-Pillar Model and the Motivation Pyra-
mid, the adapted Information—Motivation-Behavioural
Skills (IMB) model (Fig. 4) proposes a foundational behav-
ioural framework. Its application is enhanced through the
integration of person-generated health data (PGHD), includ-
ing physical activity, sleep, and physiological metrics from
wearables and mobile applications. While clinical encoun-
ters can deliver information and motivation, behaviour
change occurs in real-world settings where individuals apply
behavioural skills and generate continuous data streams.

Life stage Key risks Recommended interventions Expected outcomes

Toddlers Nutritional deficiencies, delayed mile- Balanced diet, early stimulation, active Improved development, growth, and
stones, impaired motoric activity playing immune health

Childhood Developmental issues, obesity, osteo- Nutrition, physical activity within school — Healthy growth, disease and obesity
porosis prevention, impaired learning, and during free time, active playing, low  prevention, resilience, bone health
impaired motoric learning screen use

Adulthood Metabolic syndrome, stress, cardiovascu-  Precision exercise, mental health support ~ Disease prevention, productivity, heart
lar disease health, metabolic health

Older Adults Cognitive decline, frailty Sleep optimisation, critical nutrients, Brain and metabolic health, physical

strength training, mobility programmes

independence
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powerful

1. group.

Motivational Interviewing
Motivational interviewing is a
method to motivate
people to exercise
However, this is time consuming
but can also be conducted in a

regularly.

Exercise Prescription
Every patient should receive a written exercise
prescription according to FITT-VP rules with some
2- practical information (hand out).

a short break, etc.

Detailed Counselling
Start with physical activity, move in daily use, use staircases instead of elevators or
3 moving stairs, walk for (short) distances, interrupt sitting activities every 30 minutes for

Short Advice
4 Short advice as intervention to be physically active as a tool for prevention, treatment and rehabilitation. Advice
= | should be given at every visit by all physicians regardless of their specialty.

Vital Sign
Every doctor in every patient’s contact or visit should assess physical activity levels (vital sign) with two simple questions:
1.'On average, how many days per week do you engage in moderate or vigorous physical activity?'
1 « | 2.'0On those days, how many minutes do you engage in activity in this level?

Fig.3 Motivation Pyramid illustrating the hierarchical organisation
of motivational influences on behaviour and physical activity partici-
pation. The model highlights how foundational motivational factors

Information

Behavioural
skills

Motivation /

3

PGHD

(Wearables, LS Behaviour
Apps, Diaries)

—>

Real-world
Environment

Fig.4 Adapted Information—-Motivation—Behavioural Skills (IMB)
model incorporating Person-Generated Health Data (PGHD). The
model illustrates how information, motivation, and behavioural skills
interact to modify behaviour, while also integrating bidirectional
feedback loops from PGHD (e.g., wearables, apps, diaries) and real-
world environmental influences. Based on the conceptual framework
proposed by Fisher et al. [91]

may support sustained engagement in physical activity and inform
personalised prevention strategies within the proposed Global Alli-
ance framework. Adapted from Lollgen et al. [15]

PGHD functions as a feedback mechanism, enabling
personalised reinforcement, early identification of adher-
ence barriers, and real-time adjustment of goals. Through
this process, information becomes personalised, motivation
is sustained through feedback, and behavioural skills are
reinforced through self-monitoring and adaptive goal set-
ting. Within this conceptual model, integration of PGHD
strengthens the linkage between episodic clinical care and
continuous behaviour support [91].

Reducing sedentary time, particularly prolonged sitting,
has been independently associated with improved metabolic,
cardiovascular, and mental health outcomes, even among
individuals meeting physical activity guidelines [18, 92].
Explicit inclusion of sedentary behaviour strategies would
enhance the relevance and scalability of intervention frame-
works for diverse populations.

Nutrition represents another core intervention domain.
Evidence suggests that physical activity and diet are com-
plementary health behaviours, and that integrated interven-
tions targeting both may be more effective than addressing
either in isolation [92]. However, gaps in nutrition training
among (para)medical professionals persist and warrant atten-
tion through expanded education [21]. Precision nutrition
focuses on optimising interactions between diet, metabo-
lism, and gene expression. Tailored dietary strategies can
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modulate immunity, oxidative stress, and metabolic regula-
tion, influencing pathways related to neurodegeneration and
ageing [82, 93-95]. Real-time tracking using digital tools
now informs personalised dietary guidance [96]. Cultural
food systems, fasting traditions, socio-economic constraints,
and adverse food reactions must also be considered within
integrative models [97].

Sleep and circadian regulation are foundational to health.
Precision sleep interventions aim to restore biological
rhythms through behavioural modification, light exposure,
temperature control, and acoustic stimulation. Advances in
wearable monitoring allow earlier detection of sleep disrup-
tion, mood disorders, and cognitive decline. Circadian align-
ment plays a critical role in brain function and overall health
by synchronising biological rhythms with environmental and
cultural cues [98, 99].

Well-being in all dimensions (mental, health, psyche) is
central to precision prevention because human well-being
relates to physical health and behaviour. Emerging technol-
ogies enable monitoring health and mental states through
biometric feedback and affective computing which should
support the individual. Wearable neuro-technologies, includ-
ing transcranial direct current stimulation (tDCS), have been
promoted for supporting emotional regulation and cogni-
tive control [100]. Recent developments in closed-loop sys-
tems allow adaptive responses to users’ emotional states in
real-world contexts [101, 102]. These approaches remain
adjunctive and require the utmost careful evaluation, with
personalisation, cultural sensitivity, and ethical oversight
remaining essential.

The environment, including urban design, green and blue
spaces, housing quality, transport networks, and community
infrastructure, acts as an active enabler of health behaviours.
These features reduce barriers to movement, support sleep
quality, and shape dietary choices. Precision prevention must
therefore integrate behavioural enablers such as social pre-
scribing, architectural audits, and policy interventions that
foster health-promoting environments [103].

Addressing upstream determinants such as poverty, edu-
cation, and inequality remains critical, as these factors shape
context and opportunities for sustained behaviour change
[104]. Interventions must also be life-stage sensitive. In this
context, expanding the traditional sports medicine pre-par-
ticipation evaluation (PPE) beyond athletic populations may
provide an entry point for preventive counselling in youth
and young adults [103]. Youth engagement strategies should
emphasise co-design and participatory approaches.

Delivering this conceptual framework and vision requires
a professional ecosystem that includes clinicians and allied
health professionals trained in behavioural coaching, systems
thinking, and cultural competence. The American Heart
Association’s “Life’s Essential 8” framework [104] proposes
a useful example of how core lifestyle and cardiovascular

risk factors can be integrated into precision prevention strat-
egies. These include smoking status, physical activity, body
weight, diet quality, sleep duration, blood pressure, blood
lipids, and blood glucose. Within the American Heart Asso-
ciation’s Life’s Essential 8 cardiovascular health framework,
these domains may provide a practical foundation for cardio-
vascular health assessment and prevention, helping to guide
risk assessment, behavioural counselling, monitoring, and
preventive interventions across diverse populations [104].
Combining behavioural factors such as physical activity,
sleep, and diet with physiological markers such as blood
pressure, lipid levels, and glycaemic control supports a more
comprehensive and context-sensitive approach to health pro-
motion and chronic disease prevention [104]. Early iden-
tification and quantification of cardiovascular risk factors
remain central to cardiovascular disease prevention and the
promotion of optimal cardiovascular health [104]. Scalable
impact will depend on continuous, community-integrated
care supported by aligned incentives and sustained policy
commitment.

While general dietary guidance remains important, evi-
dence supporting specific dietary patterns, such as the Medi-
terranean diet, suggests that more explicit recommendations
may offer added benefit [105, 106]. Similarly, BMI (body
mass index) has recognised limitations, particularly in physi-
cally active individuals, and waist circumference may pro-
vide additional predictive value when combined with activ-
ity measures [107]. Furthermore, reliance on biomarkers,
such as HbA lc, highlights the need for globally accessible
and standardised indicators, including emerging continuous
glucose monitoring approaches.

In summary, precision prevention interventions must
be multidimensional, scientifically grounded, culturally
informed, and embedded within real-world contexts. This
section presents an implementation-oriented synthesis rather
than prescriptive clinical guidelines, emphasising adaptabil-
ity, evaluation, and equity.

5.1 Recommendations and Pathways Forward

Precision prevention interventions must be holistic, tailored,
and life-stage specific. To achieve scalable impact, the fol-
lowing priorities are proposed:

1. Adopt structured physical activity frameworks:
Integrate the principles of the 10-Pillar Model as an
implementation tool for personalised physical activity
and exercise promotion, with ongoing evaluation across
settings.

2. Prescribe physical activity as a clinical standard:
Encourage routine assessment of physical activity as a
vital sign and support clinicians and allied professionals
with evidence-based tools.



Precision Prevention for Health: Global Alliance Framework

3. Expand medical education: Strengthen training in
exercise science, nutrition, behavioural health, and moti-
vational interviewing.

4. Prioritise multidimensional, life-course approaches:
Integrate physical activity, nutrition, sleep, mental
health, social connection, and environmental design.

5. Enhance nutrition literacy: Improve training in preci-
sion nutrition and culturally responsive dietary counsel-
ling.

6. Address mental and circadian health: Incorporate per-
sonalised sleep and mental well-being strategies sup-
ported by digital tools.

7. Address environmental and socioeconomic barriers:
Embed interventions within health-promoting environ-
ments and address structural inequities through policy
and community co-design.

6 Necessary Next Steps

As precision prevention evolves from concept to opera-
tional reality, structured, scalable, and collaborative action
becomes essential. Scientific breakthroughs alone are insuf-
ficient; they must be integrated into cure and care systems,
education, industry, and governance. Accordingly, preci-
sion prevention is framed here not as a single intervention,
but rather as a coordinated systems-level strategy. A global
agenda is needed to position precision prevention as a pillar
of sustainable health and societal resilience [6]. A critical
first step is establishing an international research initiative
prioritising interdisciplinary, systems-level health enhance-
ment studies. Large-scale, longitudinal studies are required
to harmonise diverse datasets, define dynamic health base-
lines, and map ageing and disease trajectories under varying
contextual conditions [26]. Emphasis should be placed on
populations at the extremes of resilience and vulnerability,
including outlier populations demonstrating exceptional
resilience or longevity, as comparisons with general popu-
lations, and across species, can uncover conserved mecha-
nisms of resilience [108].

Strategic research should explore microgravity and immo-
bilisation as physiological analogues for ageing, providing
insight into mechanisms of disuse-related muscle atrophy,
metabolic decline, and inflammation [109]. Investigations
into brown adipose tissue biology have revealed its poten-
tial role in promoting metabolic health during ageing [110].
Additionally, non-traditional interventions such as whole-
body vibration therapy have shown early but still emerg-
ing promise in improving muscle mass and function among
older adults with sarcopenia [111]. These approaches are
presented as exploratory rather than definitive, underscor-
ing the need for further validation. Integrating epigenet-
ics and genotype—phenotype analyses across species and

human cohorts may yield valuable translational insights.
Population-level strategies for increasing physical activity
include media and education campaigns, school-based inter-
ventions, environmental design, policy mandates, economic
incentives, workplace programmes, and community-based
settings. Taken together, these elements reflect a systems-
based approach that extends beyond individual responsibility
and requires coordinated public health policy [47, 112, 113].

Investment in digital health infrastructure is essential
to advancing precision prevention globally. Technologies
such as biosensors, wearables, non-invasive diagnostics,
and artificial intelligence-driven modelling platforms must
be designed to be accurate, accessible, and culturally adapt-
able. Recent advances underscore the transformative poten-
tial of combining human insight with machine intelligence
to enhance diagnostic precision, predictive modelling, and
personalised cure and care delivery [78]. Building on this
foundation, there is growing recognition of the need for a
multidimensional, context-sensitive framework for evalu-
ating health, one that goes beyond traditional biomarkers
to incorporate psychosocial, economic, and environmental
factors, including access, affordability, motivation, cul-
tural norms, and belief systems. The development of such a
multidimensional “healthiness scale” is proposed here as a
research and policy priority rather than an established met-
ric. Developing such a comprehensive scale could support
equitable, person-centred health innovation across diverse
global contexts.

New institutional frameworks are needed to formally rec-
ognise emerging professional roles in health promotion, life-
style guidance, and personalised intervention delivery. These
professionals must be trained in biomedical science, behav-
ioural coaching, digital fluency, and cultural literacy to meet
the evolving demands of precision prevention. The WHO
has called for competency-based education, the expansion of
interdisciplinary training programmes, and strategic work-
force policies to build a fit-for-purpose health workforce
aligned with modern, person-centred care systems [114].
Academic programmes and certifications in precision health,
digital public health, and intervention design are therefore
identified as enabling mechanisms to equip professionals
with the tools needed to deliver scalable, context-sensitive
health promotion.

Education must also extend into communities, where
social networks, cultural norms, and daily routines play a
powerful role in shaping health behaviours. Community-
based initiatives delivered through schools, workplaces,
and digital platforms can reinforce health-promoting prac-
tices and foster sustainable behaviour change. Address-
ing the social determinants of health remains essential
for reducing inequalities and improving population out-
comes [55]. Similarly, international health system analyses
emphasise the importance of embedding education and
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behavioural support at the community level to enhance
public health and close equity gaps [113]. Policy and gov-
ernance must align with the goals of precision preven-
tion to ensure long-term impact. Intersectoral coalitions
spanning health, physical activity providers, technology,
finance, education, and urban planning are essential for
driving systemic change. To support policy adoption, deci-
sion-makers require clear evidence on long-term social
and economic benefits, including reduced healthcare
expenditure, improved productivity, reduced absentee-
ism, and enhanced quality of life [113]. Aligning payment
systems with these objectives requires a shift away from
volume-based care models toward value-based approaches
that incentivise prevention, early intervention, and long-
term health optimisation [113].

Equity and ethics must guide innovation. Open-source plat-
forms, ethical data governance, and public—private partner-
ships can promote global access and mitigate digital health
divides. Intellectual property frameworks should balance
innovation incentives with accessibility, particularly in low-
and middle-income countries. Educational systems, especially
physical education, represent foundational platforms for deliv-
ering early, context-sensitive interventions that promote life-
long physical activity and health literacy. Teachers and educa-
tors are positioned as critical local change agents.

Ultimately, precision prevention reframes healthcare as
a proactive humanitarian science to foster human potential,
particularly resilience and performance. Realising this vision
requires a deliberate shift in scientific culture, grounded in
methodological rigour, behavioural insight, cultural empa-
thy, and public trust. With sustained investment and global
collaboration, precision prevention can evolve from a prom-
ising concept into a transformative movement, one that
not only advances human health and prosperity, but also
addresses the growing mismatch between human biological
design and rapidly changing environments.

Sport is also a powerful and currently underutilised
platform for advancing the goals of precision prevention.
International Federations, National Federations, and the
IOC have a unique opportunity, and responsibility, to pro-
mote lifelong physical activity through their global reach
and influence. Beyond elite performance, sport should be
recognised and supported as a health-enhancing practice
across the lifespan [48]. This is especially important for
youth, who can be inspired through physical activity, fitness,
and sport programmes to maintain healthy behaviours into
adulthood. Initiatives that encourage continued participa-
tion after athletic careers end, particularly among women,
may help counter the decline in physical activity commonly
observed among former athletes.

Beyond its role in preventing non-communicable diseases
and promoting healthy habits, sport, fitness, and physical
activity contribute to holistic development, well-being, and

quality of life across the life course. To fully harness this
potential, it is essential to move beyond a narrow focus on
competitive sport and adopt a “sport for all” philosophy.
This inclusive approach recognises cultural diversity, social
context, and accessibility, ensuring that sport initiatives are
responsive to varied needs and preferences.

As a global leader in sport, the IOC plays a pivotal role
in advancing physical activity and health promotion at both
individual and population levels. Through strategic pro-
grammes, the IOC leverages sport to address physical inac-
tivity and health inequity via two complementary initiatives:

1. Athlete365: The IOC’s platform for elite athletes,
offering personalised health management tools, career
transition resources, and the Athletes’ Giving Back
programme, which empowers Olympians to lead com-
munity-based physical activity initiatives. In 2023, over
1,200 athlete leaders participated [50].

2. Olympism365: A systemic initiative embedding sport
within the UN Sustainable Development Goals, aligned
with the WHO Global Action Plan on Physical Activ-
ity. Launched under Olympic Agenda 2020+ 5, Olym-
pism365 supports over 550 sport-for-development ini-
tiatives across 176 countries [50], including strategic
partnerships and the allocation of USD 25 million annu-
ally through Olympic Solidarity.

Together, Athlete365 and Olympism365 reflect comple-
mentary elements of the I[OC’s broader commitment to health,
inclusion, and sustainable human development through sport.

At the community level, effective cross-sector collabora-
tion requires mapping existing stakeholders and services to
connect resources strategically rather than duplicate them.
The fitness and physical activity sector, through its venues,
professionals, and reach, already plays a substantial preven-
tive role by enabling daily engagement in health-enhancing
activity, though its full potential remains underutilised.

7 Concise Recommendations and Pathways
Forward

To advance precision prevention from concept to practice,
coordinated action is required across research, infrastructure,
workforce development, and policy. First, an international
research initiative should be established to focus on systems-
level health, resilience, and ageing across diverse popula-
tions, including the use of physiological analogues to better
understand trajectories of decline and adaptation. Parallel
investment is needed in equitable digital health infrastruc-
ture, including biosensors, wearables, and artificial intel-
ligence models that are interoperable, culturally sensitive,
and scalable across resource settings. To support a more
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holistic evaluation of health, the development of a multidi-
mensional “healthiness scale” is recommended, integrating
psychosocial, environmental, economic, and cultural indica-
tors alongside biological measures.

Effective implementation will also require workforce
transformation. New professional roles and training path-
ways in precision health should be developed, integrating
biomedical, behavioural, digital, and cultural competencies,
and extending beyond traditional clinician-centred mod-
els of care. Community-based health education should be
expanded through schools, workplaces, sport organisations,
and digital platforms to reinforce lifelong engagement in
physical activity and healthy behaviours. At the system level,
policy and payment mechanisms should be aligned with pre-
vention and long-term outcomes, including the adoption of
value-based care models that incentivise sustained health
rather than episodic disease treatment.

Finally, intersectoral collaboration must be strength-
ened across health, sport, education, urban planning, and
finance to create supportive environments for active living.
Sport and fitness systems should be leveraged as strategic
platforms for lifelong physical activity participation, while
prevention should be embedded early within education and
public health infrastructure. Across all actions, ethical and
equitable innovation must be prioritised, including commit-
ments to open science, data stewardship, and meaningful
access for low- and middle-income countries.

8 Global Alliance for the Promotion
of Physical Activity—A Paradigm Shift

The GA @PA represents a coordinated, implementation-
oriented initiative to embed the principles of precision pre-
vention into global health policy and practice. In response
to alarming trends, such as approximately 28% of adults
and 81% of adolescents worldwide having physical activity
levels below recommended thresholds [115], and emerging
data showing that over 2.6 billion people are now affected
by overweight or obesity [1], the Alliance underscores the
urgent need to shift toward proactive, preventive strategies.
It addresses physical inactivity as a critical determinant of
chronic disease, reduced resilience, and escalating health-
care costs. By supporting the implementation of expert
strategies such as the WHO Global Action Plan on Physi-
cal Activity and forging partnerships that prioritise evi-
dence-based, locally adapted, and scalable interventions
[47], the Alliance seeks to operationalise prevention on a
global scale and provides a framework for implementa-
tion strategies (Fig. 2). Together, these efforts reflect a
proposed paradigm shift from treating disease to cultivat-
ing health through data-informed, equitable, and systems-
oriented approaches.

Bringing together over 130 institutions across medi-
cine, sport, fitness, physical activity, public health, and
governance, the Alliance promotes a unified, multisectoral
conceptual framework and related strategy aligned with
the core tenets of precision prevention [1]. Its mission is
to shift health systems from reactive treatment to proactive
health enhancement by embedding physical activity, sports
and exercise science and medicine, and personalised inter-
ventions into daily life and healthcare frameworks. Central
to the GA@PA'’s approach is the promotion of policies
that prioritise prevention, support healthcare providers and
allied health professionals in prescribing physical activ-
ity and exercise, and adapt physical activity and exercise
strategies to individual, cultural, and environmental con-
texts. This reflects precision prevention’s emphasis on per-
sonalised, context-sensitive interventions addressing both
biological and social health determinants.

The Alliance also leverages technology by collaborating
with technology developers, healthcare providers, and educa-
tors to integrate wearables, gamification, and digital tools into
health promotion strategies. Within this framework, continu-
ous monitoring, real-time data, and Al-supported analytics
are positioned as enabling tools to inform personalised care
rather than as standalone solutions. Moreover, the GA @PA
recognises that sustained behaviour change requires cultural
relevance and community engagement. By utilising athletes
and other role models as advocates and developing structured
advocacy platforms, it aims to foster broader societal shifts in
how physical activity and prevention are valued, consistent
with behavioural science principles. With a defined govern-
ance structure, performance indicators, and a roadmap involv-
ing global summits and stakeholder engagement, the GA@
PA offers a scalable implementation framework for advancing
precision prevention worldwide. Its vision extends beyond
reducing physical inactivity to embedding health-enhancing
behaviours into the fabric of society, with explicit attention to
equity, accessibility, and long-term sustainability.

In essence, the GA @PA seeks with this conceptual paper
to operationalise the principles of precision prevention by
bridging science, technology, culture, and policy to support
adaptive capacity, disease prevention, and population health.
At the Sports, Medicine and Health Summit (26-28 June
2025, Hamburg, Germany), members and partners of the
GA @PA renewed their commitment by endorsing the 2025
Hamburg Declaration on Precision Prevention and Personal-
ised Health Enhancement (see Supplementary Information).

9 Approach and Limitations

This article is presented as a narrative, practice-informed
conceptual framework rather than a systematic or scoping
review. The GA@PA framework was developed through
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an iterative process involving expert consultation, inter-
disciplinary dialogue, and synthesis of existing evidence
across physical activity, exercise science and medicine,
behavioural science, digital health, and public health pol-
icy. Evidence cited throughout the article is drawn from
peer-reviewed literature and selected to illustrate key con-
cepts relevant to precision prevention and physical activity
promotion, rather than to provide an exhaustive or quanti-
tatively weighted appraisal of all available studies.

As such, the framework reflects expert consensus and
integrative interpretation rather than formal evidence
grading, meta-analysis, or Delphi-based agreement. This
approach was intentionally chosen to support translation
across diverse global contexts, where rigid, single-disci-
pline models may lack feasibility or relevance.

Several limitations should be acknowledged. First,
the breadth of the framework necessitates variable depth
across domains, and some areas of precision prevention
remain supported by emerging rather than definitive evi-
dence. Second, implementation pathways and cost-effec-
tiveness will vary substantially across health systems, cul-
tures, and resource settings and require local adaptation
and empirical evaluation. Third, although the framework
emphasises global equity, the authorship and cited evi-
dence predominantly reflect high- and middle-income set-
tings, underscoring the need for expanded research capac-
ity and leadership in under-represented regions.

Accordingly, the framework should be viewed as a test-
able and adaptable foundation for future research, imple-
mentation studies, and policy development, rather than as
a prescriptive or finalised model of precision prevention.

10 Conclusions

Precision prevention marks a proposed shift in healthcare,
reframing it as a proactive, adaptive approach focused on
optimising resilience, personalising care, and preventing
disease across the lifespan. The core challenge remains
clear: global trends of declining physical activity, increas-
ing unhealthy body composition (including high body fat
and low muscle mass), and widening health inequities
continue to drive the burden of non-communicable dis-
eases. Without altering this trajectory, pressures on indi-
viduals, health systems, and economies are expected to
intensify. This paper has outlined a narrative, implemen-
tation-oriented conceptual framework integrating omics,
artificial intelligence, behavioural science, education, and
systems medicine into a unified, context-aware approach
to address this challenge. However, technological and bio-
logical advances alone are insufficient unless they enable

sustained behaviour change. Achieving this requires sys-
temic transformation across sectors, including education,
physical activity provision, infrastructure, policy, health-
care delivery, digital innovation, and economic incentives.
A durable paradigm shift depends on environments and
systems that make healthy behaviours accessible, sup-
ported, and rewarding for diverse populations.

At its core, precision prevention moves beyond generic
recommendations to support targeted interventions shaped
by dynamic health data, cultural relevance, and individual
needs. Tools such as digital twins, biosensors, and pre-
dictive analytics may support real-time health optimisa-
tion, while personalised strategies for physical activity
and exercise, nutrition, sleep, and mental well-being pro-
vide potentially scalable approaches grounded in existing
evidence.

However, the promise of precision prevention can only
be realised through systemic transformation. This involves
more than incremental improvement; it requires a re-exam-
ination of how health is defined, delivered, and priori-
tised across society. Such transformation includes shifting
from reactive, disease-centred models toward proactive
approaches emphasising health promotion and early inter-
vention. It also requires embedding personalised preven-
tion strategies into everyday settings, such as early child-
hood education, schools, workplaces, urban environments,
and public policy, so that prevention extends beyond clini-
cal contexts. Equity remains foundational, requiring that
innovations are accessible, culturally responsive, and ethi-
cally governed, particularly in underserved or resource-
limited communities.

The GA@PA exemplifies one pathway toward this
transformation by mobilising cross-sector collaboration to
embed health-enhancing behaviours into policy and daily
life. As the Alliance has renewed its commitment through
the 2025 Hamburg Declaration [116], the global health
community stands at a critical juncture. With sustained
investment, scientific rigour, cultural sensitivity, and
coordinated implementation, precision prevention can be
evaluated, refined, and potentially scaled as a global move-
ment to enhance human potential, reduce disease burden,
and support resilient health systems.
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