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This study aims to critically re-evaluate classical definitions of physical fitness
proposed by leading institutions such as the American College of Sports Medicine
(ACSM), the World Health Organization (WHO), and the National Academy of
Sports Medicine (NASM). Despite their physiological robustness, these definitions
no longer capture the multidimensional determinants of human functionality
in modern life. The paper introduces a multidimensional fitness paradigm that
reframes fitness as a biopsychosocio-emotional capacity integrating physical,
mental, social, occupational, and digital dimensions. A narrative critical review of
transdisciplinary literature was conducted across the fields of behavioral science,
social epidemiology, occupational health, and digital medicine. Conceptual,
methodological, and operational gaps in existing frameworks were identified and
critically appraised. Drawing from the biopsychosocial model, self-determination
theory, behavior change frameworks (COM-B), and digital ethics literature, the
study synthesized theoretical foundations and proposed measurable indicators
for five interacting dimensions of fitness. Cross-cutting themes such as equity,
ethics, data governance, and cultural variability were analyzed to ensure applica-
bility across diverse populations. The review reveals that traditional physiological
metrics—such as cardiorespiratory endurance, strength, and body composition—
are necessary but insufficient to account for overall human functioning. Evidence
demonstrates that cognitive control, emotion regulation, social connectedness,
occupational balance, and digital literacy substantially influence wellbeing, resil-
ience, and sustainable performance. The proposed multidimensional model
operationalizes fitness through integrated indicators and suggests a validation
roadmap encompassing reliability, validity, feasibility, and fairness. Furthermore,
illustrative applications in clinical, workplace, and municipal contexts demon-
strate how multidimensional fitness can guide personalized interventions and
policy innovations. The multidimensional fitness paradigm expands the concep-
tual boundaries of fitness from a purely physiological construct to an integrative
biopsychosocio-digital framework. By embedding ethical, cultural, and techno-
logical considerations, it offers a roadmap for 21st-century health promotion
and sustainable performance. The study concludes with a 10-point research
and policy agenda emphasizing equity, data ethics, and cross-sectoral integra-
tion, positioning fitness as both a scientific construct and a societal compass for
human flourishing. The framework is presented as a conceptual proposal: its
structure, indicators, and applications remain to be empirically validated.
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1 Introduction

1.1 Why the fitness concept needs
reframing

For more than half a century, classical definitions of physical fit-
ness have dominated the field. The frameworks codified by the
American College of Sports Medicine’s Guidelines for Exercise Testing
and Prescription, currently in its 12th edition (1), the World Health
Organization’s global action plans (2, 3), and the National Academy of
Sports Medicine’s practice manuals (4) have made substantial contri-
butions to the advancement of exercise science, clinical practice, and
public health. Their enduring strength lies in operationalizing physi-
ological components—such as cardiorespiratory endurance, muscular
strength and endurance, flexibility, and body composition—through
standardized protocols. Furthermore, these definitions have clarified
the role of modifiable behaviors in reducing cardiometabolic disease
risk and enabled the development of testable and scalable prescrip-
tions (3, 5, 6).

Nevertheless, contemporary health and performance extend far
beyond physiological indicators. Today, individuals’ functionality and
flourishing are significantly shaped by intertwined factors such as
stress management, emotion regulation, identity formation, social
networks, job design, and digital environments (7, 8). Consequently,
fitness has often been equated with exercise capacity, while sustainable
daily functioning depends on a much broader set of biopsychosocial
resources. The limitation is not that traditional definitions are “incor-
rect;” but rather that they are “incomplete” for 21 first century contexts
characterized by knowledge work, ubiquitous connectivity, and the
accelerating integration of human and technological systems (9, 10).

Against this backdrop, the present narrative critical review
advances a reframing of fitness as a multidimensional, dynamic, and
ethically grounded capacity. Specifically, the review aims to (a) analyze
the limitations of legacy definitions, (b) propose a multidimensional
fitness model consisting of five interacting dimensions—physical,
mental, social, occupational, and digital fitness, (c) outline mecha-
nisms and measurement approaches for each dimension, (d) inter-
rogate cross-cutting issues such as equity, ethics, and cultural
variability, and (e) articulate a research and policy agenda to evaluate
and implement a holistic fitness paradigm across individuals, organi-
zations, and populations.

1.2 Review approach

This article is a narrative critical review, not a systematic review,
and no claim of exhaustive or fully reproducible coverage is made.
Literature was retrieved through iterative searches of PubMed/
MEDLINE, Scopus, Web of Science, and Google Scholar, combining

» « » «

fitness-related terms (e.g., “physical fitness,” “mental fitness,” “social
7 “eHealth literacy”)

with terms describing measurement, behavior change, recovery, and

fitness,” “occupational health,” “digital health,

ethics. Sources were purposively selected on the basis of conceptual
relevance, methodological quality, and disciplinary breadth,

Frontiers in Public Health

prioritizing meta-analyses, consensus statements and guidelines,
and seminal theoretical works; backward and forward citation
searching supplemented database queries. Because the aim was con-
ceptual synthesis rather than quantitative aggregation, no formal
inclusion/exclusion protocol, risk-of-bias assessment, or meta-ana-
lytic pooling was undertaken, and wording implying systematic-
review methodology has been removed throughout the revised
manuscript.

1.3 What traditional definitions get right—
and what they miss

1.3.1 Strengths of the classical paradigm

Classical definitions of physical fitness provide several enduring
strengths that have shaped exercise science and public health for
decades. First, they translate into operational components measurable
with standardized protocols—for instance, VO,max, one-repetition
maximum (1RM), and field-based performance tests—thus enabling
reliable surveillance and prescription across diverse populations (1, 6).
Second, these frameworks are underpinned by robust epidemiological
evidence linking physical activity to reduced incidence and mortality
from noncommunicable diseases, thereby confirming their public
health relevance (3, 5). Third, their use of common metrics facilitates
comparability across studies and programs, making them indispens-
able tools in both clinical practice and large-scale population health
monitoring. Collectively, these strengths explain why the classical
paradigm remains a cornerstone of exercise science (Figure 1).

1.3.2 Conceptual and methodological limitations

Despite these contributions, several critical limitations constrain
the explanatory power and applicability of the classical paradigm in
contemporary contexts (Figure 2):

« Psychological and emotional processes are marginalized.
Traditional accounts rarely integrate constructs such as self-regu-
lation, basic psychological needs, cognitive control, resilience, and
emotion regulation—factors that are central to adherence, recov-
ery, and performance sustainability (11-14).

Social context is under-specified. Although social relationships
strongly influence morbidity, mortality, health behaviors, and
stress buffering (15, 16), fitness continues to be operationalized
almost exclusively as an individual attribute, neglecting the struc-
tural and interactional determinants that shape opportunities for
health (7, 17).

o Occupational realities are overlooked. Work demands, job control,
reward structures, recovery opportunities, and burnout are pow-
erful determinants of long-term health and functionality (18-21),
yet they remain virtually absent in classical fitness frameworks.

Digital determinants are largely excluded. In the 21st century,
ubiquitous devices, platforms, and algorithms mediate movement,
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From Classical to Multidimensional Fithess
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R e
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FIGURE 1

Transition from classical to multidimensional fitness paradigms. This figure contrasts the traditional physiological model of fithess—focused on VO,max,
muscular strength, flexibility, and body composition—with the proposed multidimensional paradigm that integrates psychological resilience, social
connections, occupational balance, and digital health literacy as core determinants of holistic human functionality.

attention, sleep, and social interaction. Wearables and AI-driven sys-
tems hold potential to augment fitness behaviors but also raise risks
related to privacy, surveillance, and algorithmic inequities (9, 22, 23).

1.3.3 Why this matters

These limitations are not trivial omissions—they highlight a struc-
tural misalignment between traditional fitness models and contempo-
rary lived realities. Without incorporating psychological, social,
occupational, and digital determinants, the concept of fitness risks
being reduced to physiology alone, thereby failing to capture the com-
plex biopsychosocial and technological forces that shape health, per-
formance, and wellbeing in modern societies. Addressing these gaps
is therefore essential to developing a multidimensional paradigm that
maintains the scientific rigor of physiology while expanding its scope
to reflect the full spectrum of determinants that enable sustainable
human flourishing.

These omissions carry concrete costs, and those costs are unevenly
distributed. In public health, surveillance systems and national guide-
lines that operationalize fitness as physiology and activity volume
alone create a monitoring blind spot: population data capture moder-
ate-to-vigorous activity minutes and, increasingly, sedentary time, but
not social isolation, work strain, recovery deficit, or digital exclusion.
Priorities and budgets follow what is measured, so programs are
designed to move the indicators that surveillance reports; the plateau
in global inactivity over two decades of sustained guideline promotion
suggests the limits of that strategy (24, 25). The economic scale of the
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shortfall is substantial: physical inactivity alone was estimated to cost
health-care systems approximately INT$53.8 billion in 2013 (26)—a
figure that captures none of the productivity and care costs attribut-
able to burnout, isolation, or recovery failure, which a broader framing
would render visible and therefore actionable.

In fitness technology design, the physiological framing is encoded
directly into products. Consumer wearables and applications are opti-
mized around what classical models define as fitness—steps, heart
rate, estimated VO,max, energy expenditure—and consequently treat
recovery, social connectedness, work demands, and the user’s own
digital literacy as lying outside the design space rather than as legiti-
mate targets. The predictable results are high non-adherence and early
abandonment (9, 27); engagement mechanics that intensify self-sur-
veillance among users already vulnerable to it (28); and default designs
that presume discretionary time, disposable income, and confident
device use, thereby widening rather than narrowing the digital divide
(29). Naming digital and occupational capacities as constituents of
fitness makes these design decisions explicit, auditable, and empiri-
cally testable rather than incidental.

In healthcare, exercise referral and lifestyle prescription built on
physiological targets alone routinely fail for reasons the underlying
model cannot represent. A patient whose binding constraint is rotat-
ing shift work, an absence of recovery opportunity, caregiving load, or
the loss of a single supportive tie receives a dose prescription and is
subsequently recorded as non-adherent—a misattribution of a struc-
tural constraint to individual motivation that then justifies further
individual-level exhortation. Emerging referral models that target
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FIGURE 2

Interacting pathways linking occupational, mental, social, and digital fitness dimensions. This diagram illustrates how increased workload can trigger
stress and poor sleep, leading to reduced motivation and cognitive fatigue that diminish physical activity. These changes progressively weaken social
connections and heighten reliance on digital platforms, thereby revealing interdependent vulnerabilities across mental, social, and digital fitness

dimensions within the multidimensional fitness framework.

social connection directly illustrate both the promise of acting on
these determinants and the current immaturity of the evidence for
doing so (30).

The burden of this misalignment falls predictably: on shift and
precarious workers, unpaid caregivers, older adults with contracting
social networks, low-income and rural populations with limited
device or broadband access, and people with disabilities for whom
standard test batteries and application interfaces were never designed.
For these groups a physiology-only definition of fitness does not
merely omit relevant information; it systematically renders their prin-
cipal constraints invisible to assessment and therefore ineligible for
intervention, while attributing the resulting outcomes to per-
sonal choice.

Section 1.7 (Implementation in Practice: Examples and Use Cases)
makes these implications concrete. It works through a lifestyle clinic
that adds recovery, social-network, work-ability, and eHealth-literacy
screening to standard intake and routes each finding to a distinct
referral pathway; a knowledge-work firm that redesigns job demands
and decision latitude instead of exhorting individual resilience; and a
municipality that pairs built-environment change with device lending
and digital-literacy provision in the neighbourhoods carrying the
highest inactivity burden. In each case the decisive intervention is one
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that a physiology-only model would not have recognized as a fitness
intervention at all.

1.4 Theoretical foundations for a
multidimensional model

1.4.1 The biopsychosocial tradition

A substantial body of research in behavioral medicine and social
epidemiology demonstrates that health emerges through the interac-
tion of biological processes, psychological states, and social environ-
ments. This tradition underscores that human functioning cannot be
reduced to physiology alone. Transdisciplinary calls have further
emphasized the integration of environmental and cultural determi-
nants into physical activity promotion, reinforcing the need for a
broader, systems-level view of fitness (8, 31).

1.4.2 Behavior change science

Long-term adoption of fitness behaviors depends on the interplay
of capability, opportunity, and motivation (COM-B framework) (32).
Likewise, self-determination theory (11) highlights the necessity of
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fulfilling psychological needs for autonomy, competence, and related-
ness to ensure sustained engagement. Programs that fail to explicitly
address these levers often yield short-lived or unsustainable gains (14),
highlighting the importance of embedding motivation science into
fitness interventions.

1.4.3 Cognitive control and resilience

Fitness also requires robust executive functions, such as shifting,
updating, and inhibitory control, which support self-regulation, skill
acquisition, and decision-making under stress (33, 34). In parallel,
psychological resilience (35) and adaptive emotion regulation (13) act
as moderators that determine whether stressors translate into con-
structive action or functional impairment. These processes are there-
fore central to sustaining performance and recovery across diverse
contexts.

1.4.4 Social integration and support

Meta-analytic evidence demonstrates that social connection pre-
dicts survival to a degree comparable with well-established biomedical
risk factors (15). Moreover, social identities and networks shape
norms, resource access, and habit formation, all of which directly
influence movement patterns, recovery processes, and long-term
health trajectories (16, 36). Thus, social fitness emerges as a determi-
nant on par with physical activity itself, requiring explicit integration
into any multidimensional model.

1.4.5 Work design and recovery

Occupational frameworks such as the job demands-control
model (18) and the effort-reward imbalance model (20) demonstrate
how work structures shape health outcomes, particularly through
chronic stress, fatigue, and burnout. Recovery science further empha-
sizes that opportunities for detachment and restoration are essential
for sustained energy, productivity, and wellbeing (21, 37). Without
addressing occupational contexts, fitness frameworks risk overlooking
one of the most pervasive determinants of adult health.

1.4.6 Digital health and ethics

In the digital era, technologies such as wearables, mobile applica-
tions, and Al-driven platforms have the capacity to scale personalized
feedback and coaching. However, they simultaneously introduce risks
concerning privacy, algorithmic bias, and governance. WHO guidance
stresses the need for safety, equity, and human oversight in the use of
Al for health (23), while ethical frameworks further highlight trans-
parency and accountability (22). Given this landscape, digital liter-
acy—the ability to critically evaluate and manage digital health
information—must be considered a fundamental dimension of
modern fitness (38).

1.4.7 A multidimensional fitness paradigm

We propose that fitness be redefined as a dynamic capacity to
mobilize and sustain physical, mental, social, occupational, and digital
resources in order to meet the evolving demands of daily life and soci-
etal participation, in ways that are both ethical and sustainable across
the lifespan. This paradigm highlights five interacting dimensions,
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which together provide a more comprehensive understanding of
human functionality in contemporary contexts (Figure 3).

The selection of these five dimensions—and no others—was not
arbitrary. Each dimension satisfies three conditions simultaneously:
(a) theoretical salience, i.e., an independent, well-documented evi-
dence base linking the underlying capacities to health and functional
outcomes (physical: consensus exercise-science guidelines; mental:
executive-function, emotion-regulation, and resilience research;
social: meta-analytic evidence linking social connection to mortality;
occupational: the demand-control and effort-reward traditions; digi-
tal: eHealth literacy and digital-divide research); (b) measurement
maturity, i.e., availability of validated individual-level instruments;
and (c) intervenability, i.e., documented responsiveness to structured
intervention. The formal inclusion criteria, and the constructs
excluded by them, are specified in the Conceptual Boundaries subsec-
tion below (Figure 4).

1 Physical fitness. Defined as the energetic and efficient execu-
tion of daily activities and the capacity to respond protectively
to physical stressors. It encompasses cardiorespiratory endur-
ance, neuromuscular strength, motor control, and body com-
position (1, 3).

2 Mental fitness. Encompasses cognitive and affective capacities
such as executive control, attentional regulation, emotion
regulation, and resilience, which enable adaptive functioning
under uncertainty and stress (12, 13, 35).

3 Social fitness. Refers to the ability to cultivate, mobilize, and
sustain supportive, diverse, and reciprocal social ties, and to
effectively participate in community structures—determinants
strongly linked to morbidity, mortality, and wellbeing (15, 16).

4 Occupational fitness. Denotes sustainable performance and
wellbeing in work contexts, grounded in healthy job design,
recovery practices, skills for focus and collaboration, and the
alignment of demands with available resources (18, 20, 21).

5 Digital fitness. Refers to the competent, ethical, and health-
promoting use of digital tools—such as wearables, platforms,
and Al-driven coaches—combined with digital literacy skills
(e.g., information appraisal, privacy self-management) to miti-
gate risks and maximize benefits (9, 23, 38).

Importantly, these dimensions are not siloed. Instead, they operate
interdependently: social norms and workplace culture influence
opportunities for movement and recovery; mental fitness supports
motivation, adherence, and risk management; and digital tools can
either augment or erode capacities across all dimensions. This sys-
temic integration underscores the value of a multidimensional para-
digm that transcends classical physiological models and aligns more
closely with real-world determinants of health, performance, and
wellbeing.

1.4.8 Conceptual boundaries: what qualifies as a
dimension of fitness—and what does not

To prevent the framework from becoming an unbounded relabel-
ing of biopsychosocial determinants, we specify four conceptual cri-
teria that a construct must jointly satisfy to qualify as a dimension of
fitness: (a) it must denote a capacity of the person—an ability that can
be mobilized to meet task and environmental demands—rather than
a feature of the environment itself; (b) it must be trainable, that is,
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FIGURE 3

™ Muyltidimensional
Fithess

Social

Interconnected dimensions of the multidimensional fitness paradigm. This schematic represents the five interdependent dimensions—physical, mental,
social, occupational, and digital fitness—illustrating their bidirectional relationships. Each dimension dynamically influences and supports the others,
forming an integrated biopsychosocial framework essential for sustaining holistic health, performance, and well-being across the lifespan.

modifiable through structured practice or intervention; (c) it must be
measurable at the individual level with validated instruments; and (d)
it must demonstrably predict functional performance and health out-
comes. Constructs that fail any criterion are treated as determinants,
moderators, or outcomes of fitness—not as fitness dimensions.

This capacity-based definition distinguishes multidimensional
fitness from adjacent frameworks. The biopsychosocial and social-
ecological models describe determinants and levels of influence on
health; multidimensional fitness, by contrast, specifies trainable
capacities of persons. Wellbeing and quality-of-life frameworks
emphasize subjective, evaluative states—outcomes—whereas fitness
denotes the functional capacities that help produce such outcomes.
Health is the broader end-state to which fitness contributes. In short,
fitness stands to functioning as capability stands to achievement: it is
a modifiable, assessable capacity, not a determinant, a context, or an
outcome.

On these criteria, occupational and digital fitness are retained as
dimensions because each denotes an individual capacity exercised
within a context, not the context itself. Occupational fitness refers to
trainable capacities such as recovery skills, boundary management,
workload self-regulation, and focused collaboration under demand;
job design, decision latitude, and reward structures are treated as con-
textual determinants that enable or constrain this capacity, and they
enter the framework as moderators rather than as constituents.
Analogously, digital fitness refers to competencies such as eHealth
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literacy, critical information appraisal, privacy self-management, and
intentional device use; infrastructure, platform design, and the digital
divide are contextual determinants rather than components of the
construct.

Applying the same criteria, several candidate constructs were
deliberately excluded. Nutrition, sleep, and socioeconomic position
operate as cross-cutting determinants or resources that influence sev-
eral dimensions simultaneously rather than as distinct trainable
capacities; “financial fitness” and “spiritual fitness” currently lack suf-
ficiently validated, cross-culturally robust measurement models; and
environmental quality is a property of settings rather than of persons.
These boundaries preserve the discriminant validity of the framework
while acknowledging that the excluded constructs remain important
covariates in empirical work.

1.5 Dimension by dimension: concepts,
mechanisms, measures, and caveats

1.5.1 Physical fitness
1.5.1.1 Concept and mechanisms
Physical fitness reflects integrated adaptations across cardiovascu-

lar, respiratory, neuromuscular, metabolic, and motor systems.
Mechanistic pathways include enhanced endothelial function,
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Example Radar Chart of Multidimensional Fitness Scores
(illustrative data)
Physical
100
80
40
Digital Mental
20
Occupational Social
—— Participant A —— Participant C
FIGURE 4
Example of multidimensional fitness profiling using radar visualization. This figure depicts individual differences in fitness across five dimensions—
physical, mental, social, occupational, and digital. Participant A and Participant C exhibit distinct multidimensional profiles, illustrating how composite
fitness assessment can identify relative strengths and vulnerabilities across interacting biopsychosocial and digital capacities.

mitochondrial biogenesis, neuromuscular coordination, and anti-
inflammatory effects.

1.5.1.2 Candidate measures

VO,max or validated submaximal proxies; functional field tests
(e.g., 6-min walk, shuttle run); strength and power tests (1RM, iso-
metric dynamometry, vertical jump); muscular endurance (sit-to-
stand, plank time); mobility and balance (timed up-and-go, gait speed,
stance tasks); and body composition (DXA, anthropometry).
Ecological metrics from wearables (e.g., step counts, active minutes,
gait variability) hold promise, though validity varies across devices
and populations (9).

1.5.1.3 Interventions

Multicomponent programs combining aerobic, resistance, and
neuromotor training remain the gold standard (1, 6). WHO (3)
emphasizes the principle of “move more, sit less,” with resistance train-
ing across all age groups.

Caveats. Overemphasis on performance can obscure motivational
and psychological barriers (39, 40). Sedentary exposure interacts with
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physical activity dose: high levels of moderate-to-vigorous activity
may offset sitting risks, but inactive individuals remain particularly
vulnerable (5). Moreover, equity concerns persist in contexts lacking
safe public spaces and accessible facilities (8).

1.5.2 Mental fitness
1.5.2.1 Concept and mechanisms

Mental fitness encompasses executive functions (updating, shift-
ing, and inhibition), emotion regulation, stress appraisal, and resil-
ience—capacities central to attention, learning, and behavior under
stress (12, 13, 34, 35). Exercise itself enhances cognition and mood
through neurotrophic, vascular, and psychosocial mechanisms (41).

1.5.2.2 Candidate measures

Executive tasks (e.g., n-back, Stroop, task switching); validated
questionnaires of emotion regulation (ERQ) and resilience
(CD-RISC); indices of perceived stress, sleep quality, and cognitive
fatigue; and ecological momentary assessment for affect and
self-regulation.
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1.5.2.3 Interventions

Self-determination theory (SDT)-informed coaching that fosters
autonomy, competence, and relatedness (14); cognitive-behavioral
strategies (implementation intentions, planning, self-monitoring);
mindfulness and reappraisal training; structured recovery and sleep
protocols; and graded exposure to challenge.

1.5.2.4 Caveats

Assessments are sensitive to learning effects and context; cross-
cultural validity must be confirmed. Popular “quick fixes” risk trivial-
izing complexity, as durable improvements often require structural
changes in environments, not just skill training.

1.5.3 Social fitness
1.5.3.1 Concept and mechanisms

Social fitness reflects both the quantity and quality of rela-
tional ties—family, peers, coworkers, community—as well as the
skills required to build and sustain them. Mechanisms include
social control of health behaviors, emotional support, informa-
tional and instrumental aid, and identity-based motivation (15,
16, 36).

1.5.3.2 Candidate measures

Social network indices (Berkman-Syme, Lubben); perceived sup-
port surveys (MOS-SS); group participation and prosocial activity;
loneliness scales; and digital sociality metrics (with privacy
safeguards).

1.5.3.3 Interventions

Group-based physical activity; community and urban design fos-
tering walkability and incidental encounters (8); peer mentorship and
identity-based health messaging; workplace social architecture that
values psychological safety and active breaks.
1.5.3.4 Caveats

Social capital is unequally distributed, and interventions risk rein-
forcing exclusion where access barriers persist (17). Not all ties are
health-promoting (e.g., norms discouraging activity). Ethical consid-
erations in mapping social networks are essential.
1.5.4 Occupational fitness
1.5.4.1 Concept and mechanisms

Occupational fitness denotes the capacity to perform, learn, and

thrive in work environments. Mechanisms include the balance of
demands and resources, job control, reward structures, and recovery
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opportunities (18, 20, 21). Chronic imbalance can lead to fatigue, pre-
senteeism, and burnout (19).

1.5.4.2 Candidate measures

Work Ability Index; Job Content Questionnaire; effort-reward
imbalance scales; burnout inventories; Recovery Experience
Questionnaire; workload assessments; and metrics of focus versus
interruptions.

1.5.4.3 Interventions

Job redesign to increase autonomy and fairness; “right to discon-
nect” norms; workload leveling; leadership training in sustainable
performance; movement micro-breaks; and sleep-supportive

scheduling.
1.5.4.4 Caveats

Placing responsibility on individuals (e.g., resilience workshops)
without systemic reform is ineffective and ethically problematic.
Interventions should be co-designed with employees, with sensitivity
to equity and caregiving demands.

1.5.5 Digital fitness

The concept of digital fitness represents an emergent multidimen-
sional construct situated at the intersection of technology, health
behavior, and data ethics. It involves the health-promoting use of
wearables, mobile applications, digital platforms, and Al-based coach-
ing systems—combined with individual competencies to evaluate
information quality, safeguard privacy, and navigate algorithmic envi-
ronments (38). Conceptually, digital fitness extends beyond physical
activity tracking to encompass cognitive and ethical literacies that
with  digital
Mechanistically, its operation depends on dynamic feedback loops,

enable sustainable engagement ecosystems.
habit scaffolding, and social reinforcement processes that mediate user
adherence and motivation; however, these same mechanisms may also
generate risks such as surveillance fatigue, data misuse, and inequi-
table access to digital infrastructures (9, 23, 29).

A clarification is warranted at this point, because digital fitness as
described above spans two analytically distinct objects: the competen-
cies of the person, and the properties of the technologies that person
uses. Only the first constitutes a dimension of fitness under the criteria
specified in Section 1.3.8 (Conceptual Boundaries). Digital fitness
proper denotes person-level, trainable, individually measurable capac-
ities: eHealth literacy and critical appraisal of health information; pri-
vacy and security self-management; the ability to calibrate trust in
algorithmic recommendations; intentional, boundary-managed
device use; and the capacity to convert digital feedback into sustained
behavior. Platform and device attributes—interface usability, sensor
validity and interoperability, algorithmic transparency and contest-
ability, default notification and data-sharing settings, accessibility pro-
vision, subscription cost, and the availability of human-in-the-loop
support—are properties of artifacts rather than of persons. They are
neither trainable within the individual nor measurable as individual
attributes, and they therefore fail criteria (a) and (c).

These technology attributes are nonetheless indispensable to the
framework, and they enter it in precisely the position that job design

frontiersin.org


https://doi.org/10.3389/fpubh.2026.1841661
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Erdem et al.

occupies for occupational fitness: as contextual determinants and
moderators, not as constituents of the person’s capacity. Three opera-
tional consequences follow. First, the digital fitness dimension score
is computed only from person-level indicators (e.g., eHEALS, privacy-
literacy items, indices of intentional use); platform attributes are
recorded on a parallel context register and are never aggregated into
that score. Second, the substantive prediction is interactional rather
than additive: the health return on individual digital capacity is
expected to depend on the design environment, such that high capac-
ity is partly wasted on opaque or extractive platforms, while transpar-
ent, well-designed, low-cost tools partially compensate for low
capacity. This person x platform interaction is directly testable and
would be obscured if both were folded into a single score. Third, the
two objects imply different intervention levers: individual capacity is
addressed through literacy training and coaching, whereas design is
addressed through procurement standards, transparency require-
ments, and technology governance (Section 1.10, Policy Implications
and Recommendations)—which is why the framework’s digital rec-
ommendations are directed at regulators, employers, and system pur-
chasers as well as at individuals. This separation is consistent with
established technology-acceptance research, which distinguishes user-
level expectancies from facilitating conditions supplied by the envi-
ronment (42), and with AI governance frameworks that assign
transparency and contestability obligations to system providers rather
than to users (22, 23).

Despite its growing relevance, digital fitness research faces pro-
found methodological challenges. Current measurement frameworks
rely heavily on trace data obtained from wearables and health-tracking
applications, raising concerns about data validity, standardization, and
ethical governance. The intertwined nature of online and offline
behaviors complicates the isolation of causal mechanisms and chal-
lenges the ecological validity of observed effects (43). Likewise, cross-
platform inconsistencies in sensor calibration and data fusion—as
illustrated in the Digital Fitness Connector architecture proposed by
Gupta and Jilla (44)—highlight persistent reliability and interoperabil-
ity issues (44).

Qualitative investigations further reveal the interpretive and expe-
riential complexity of digital fitness. Depper and Howe (28) demon-
strated that health and fitness apps can reshape adolescents’ embodied
self-regulation and surveillance perceptions, complicating the distinc-
tion between subjective experience and empirical observation.
Similarly, Gulati et al. (45) reported that young adult users express
ambivalence regarding device accuracy, motivational decline, and
digital dependence, which in turn undermines long-term adherence
and data continuity (45). At the conceptual level, definitional ambigu-
ity persists: Kossowski, Lenz, Heumiiller, and Richter (46) conceptual-
digital
transformation—encompassing digital expertise, innovation adop-

ized digital fitness as the target state of
tion, and adaptive capacity—yet acknowledged the absence of robust,
measurable indicators (46). Collectively, these findings underscore
ongoing methodological fragmentation and the need for transdisci-
plinary operationalization strategies (28, 43-46).

To advance empirical precision, candidate measures for digital fit-
ness assessment include eHealth literacy (eHEALS), privacy and secu-
rity literacy, device engagement quality (beyond mere frequency), Al
fairness and transparency audits, adoption and retention metrics, and
net behavioral change outcomes. Effective interventions should inte-
grate evidence-based wearable strategies—such as goal-setting, self-

monitoring, prompts, and social comparison—with transparent AI
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coaching systems that preserve autonomy and privacy. Moreover,
platform hygiene practices (notification control, data minimization),
human-in-the-loop safeguards, and equitable access initiatives are
indispensable to ensuring sustainable participation.

Applying this distinction to the measures just listed clarifies their
role in the model. eHealth literacy, privacy and security literacy, and
engagement quality index the person and contribute to the dimension
score. Al-coach transparency, opt-out availability, data-minimization
compliance, and the provision of accessibility features index the plat-
form and are recorded as contextual moderators. Adoption and reten-
tion metrics are joint products of person and platform and are best
modeled as outcomes rather than as inputs to either.

Nevertheless, empirical evidence indicates that effect sizes for
digital interventions remain highly variable. Benefits often diminish
without human facilitation or context-sensitive personalization.
Consequently, the long-term success of digital fitness initiatives
depends on ethical guardrails, inclusivity, accessibility, and the sus-
tained integration of human oversight within Al-driven environ-
ments (23).

1.5.6 Uneven maturity of the evidence base

The evidential status of the five dimensions is deliberately not
treated as equivalent. Physical fitness rests on established evidence:
decades of experimental and epidemiological research codified in con-
sensus guidelines (1, 3). The occupational constructs (demand-con-
trol, effort-reward imbalance, recovery) are likewise supported by
mature longitudinal evidence, although their integration into a fitness
framework is novel. Mental and social fitness are supported by robust
evidence for their component constructs (executive function, emotion
regulation, resilience, social connection) but by emerging evidence as
trainable, integrated fitness dimensions. Digital fitness remains largely
a conceptual proposition: its constituent literacies are measurable, but
the construct is heterogeneous and its predictive validity is untested.
Table 1 summarizes this gradient, and the strength of claims made
throughout the manuscript—and of the policy recommendations
below—is calibrated to it.

1.6 Cross-cutting issues
1.6.1 Equity and inclusion

Global surveillance data reveal persistent—and in some cases wid-
ening—inequities in physical activity participation, particularly by
income and gender (24, 25). These inequities are compounded by a
digital divide in access, literacy, and cultural relevance, which deter-
mines who can benefit from technology-enabled fitness interventions
(29). Accordingly, advancing a multidimensional fitness paradigm
must be pursued as an equity project, emphasizing universal access to
safe spaces for movement, culturally attuned program design, afford-
able tools, and inclusive participation across socioeconomic and
demographic groups. Without explicit equity safeguards, the para-
digm risks reinforcing existing health disparities (Figure 5).

1.6.2 Ethics, privacy, and governance
The rapid integration of Al-enabled fitness technologies raises

profound concerns regarding data ownership, consent, transparency,
and algorithmic bias. WHO guidance recommends principles of
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TABLE 1 The five proposed fitness dimensions: working definitions, key mechanisms, candidate measures, evidence maturity, and principal limitations.

Dimension Working Key mechanisms Candidate Evidence Principal
definition measures maturity limitations

Physical Energetic, efficient Cardiorespiratory, VO2max or submaximal | Established Performance focus may
execution of daily neuromuscular, metabolic, proxies; grip strength; obscure motivational
activities; protective and motor adaptations sit-to-stand; gait speed; barriers; wearable
response to physical MVPA minutes; device- validity varies across
stressors measured sedentary devices and populations

time

Mental Cognitive-affective Executive control; emotion | n-back, Stroop, task Emerging (component Practice and context
capacities enabling regulation; stress appraisal; switching; CD-RISC; constructs established) effects; cross-cultural
adaptive functioning resilience ERQ; perceived stress; validity requires
under uncertainty and sleep efficiency confirmation
stress

Social Ability to build, Social support; social Berkman-Syme index; Emerging (component Unequal social capital;
mobilize, and sustain control of health behaviors; LSNS-6; MOS-SS; constructs established) not all ties are health-
supportive, reciprocal identity-based motivation loneliness scales; promoting; ethical issues
ties and participate in participation indices in network mapping
community structures

Occupational Sustainable Demand-resource balance; | WAL JCQ; ERL; REQ; Established constructs; | Individual-level focus
performance and job control; reward; burnout inventories novel as a fitness risks displacing systemic
wellbeing capacities in recovery and detachment dimension workplace reform
work contexts

Digital Competent, ethical, Feedback loops; habit eHEALS; privacy/ Largely conceptual; Definitional ambiguity;
health-promoting use scaffolding; social security literacy; heterogeneous trace-data validity;
of digital tools plus reinforcement engagement quality; digital divide; predictive
protective literacies adherence to device- validity untested

based goals

human oversight, safety, accountability, equity, and sustainability (23),
while independent AI ethics frameworks reinforce transparency and
procedural protections (22). Organizations should therefore adopt
privacy-by-design architectures, conduct algorithmic impact assess-
ments, and ensure that fitness technologies are never used for punitive
or coercive purposes. Ethical governance is not a peripheral issue but
a prerequisite for public trust and sustainable implementation.

1.6.3 Culture and environment

Fitness cannot be disentangled from the built environment and
cultural context in which individuals live. Walkability, green space,
and public transit infrastructure shape opportunities for movement,
while cultural norms influence motivation and participation (8).
Importantly, programs must be context-sensitive: interventions that
are effective in dense urban environments may be ineffective—or even
counterproductive—in rural or resource-limited settings. Embedding
cultural and environmental specificity into design is therefore central
to ensuring relevance, scalability, and adoption.

1.6.4 Lifespan perspective

Fitness capacities evolve and decline across the lifespan. Early-life
motor competence predicts later activity trajectories, while midlife
work and caregiving responsibilities shape recovery and stress expo-
sure. In older adulthood, priorities shift toward balance, muscle
power, and social connectedness as determinants of independence
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and wellbeing. Digital tools also require age-appropriate accessibility,
ensuring that both younger and older populations can benefit.
Adopting a lifespan perspective thus ensures that multidimensional
fitness frameworks remain responsive to developmental windows,
age-specific needs, and the changing determinants of health across the
human life course.

1.7 Operationalizing the multidimensional
paradigm

1.7.1 Construct specification
1.7.1.1 Latent structure

Multidimensional fitness can be conceptualized as a higher-order
latent construct reflected by five first-order dimensions: physical,
mental, social, occupational, and digital. While each dimension rep-
resents a distinct factor, correlated residuals are expected because
determinants such as sleep, recovery, and stress influence multiple
dimensions simultaneously.

1.7.1.2 Measurement model
To capture this multidimensionality, measurement must integrate
performance-based assessments, validated questionnaires, ecological

sensor data, and administrative indicators. A multi-method, multi-
informant design with harmonized metadata is preferable, as it
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Candidate Measurement Tools Across the Five Dimensions
of Multidimensional Fitness

Mental
Fitness

Physical
Fitness

Social
Fitness

Occupational
Fitness

Digital
Fitness

n-back / Stroop /
task switching

VOz2max /
submaximal tests

Resilience
(CD-RISC)

6-min walk &
HELRESS

Emotion regulation
(ERQ)

Grip strength,
sit-to-stand, gait speed

Perceived Stress
Scale

Wearable MVPA
minutes

Device-measured

Sleep efficiency &
sedentary time EM

I Established validation

FIGURE 5

Berkman-Syme
Network Index

Lubben Scale
(LSNS-6)

Perceived support
(MOS-SS)

Loneliness
scales

Digital sociality
A metrics

B Emerging validation

eHealth Literacy
(eHEALS)

Work Ability
Index (WAI)

Privacy & security
literacy

Job Content
Questionnaire (JCQ)

Effort-Reward
Imbalance (ERI)

Device engagement
quality

Recovery Experience
Questionnaire (REQ)

Al transparency &
opt-out rates

Adherence to
device-based goals

Focus / interruption
metrics

Conceptual / limited validation

Candidate measurement framework across the five dimensions of multidimensional fitness. This figure summarizes validated and emerging assessment
tools for physical, mental, social, occupational, and digital fitness dimensions. It integrates laboratory tests, self-report questionnaires, ecological sensor
data, and digital metrics—ranging from VO,max and resilience scales to eHealth literacy and device adherence—illustrating a multimethod approach for
operationalizing and validating holistic fitness in research and practice. Color coding denotes evidence maturity: established, emerging, or conceptual/

limited validation.

enhances construct validity and facilitates comparability across studies
and contexts.

1.7.2 Candidate Indicator set (illustrative)

An initial indicator framework could draw from validated tools
and ecologically valid measures across the five dimensions.

Instruments were mapped to dimensions using three explicit cri-
teria: (a) construct correspondence—each instrument operationalizes
a mechanism specified for its dimension (e.g., the CD-RISC captures
resilience within mental fitness; the LSNS-6 captures network struc-
ture within social fitness; the WAI captures perceived work capacity
within occupational fitness; the eHEALS captures eHealth literacy
within digital fitness); (b) psychometric evidence—published
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reliability and validity data, ideally across languages and age groups;
and (c¢) feasibility—brief administration time, low cost, and availability
of validated translations. Where several instruments met these crite-
ria, the most widely validated and freely available option was pre-
ferred. Figure 5 mirrors this allocation.

« Physical: VO,max (laboratory or submaximal proxies), grip
strength, sit-to-stand performance, gait speed, balance (e.g., eyes-
closed stance), weekly moderate-to-vigorous physical activity
(MVPA) minutes, and device-measured sedentary time.

o Mental: n-back accuracy, task-switching cost, Stroop interference,
resilience (CD-RISC), emotion regulation (ERQ: reappraisal/sup-
pression), perceived stress, and sleep efficiency.
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o Social: Berkman-Syme or Lubben Social Network scores, MOS-SS
subscales, weekly prosocial engagement, reported loneliness, and
group activity participation.

o Occupational: Work Ability Index, Job Content Questionnaire
(demands/control/support), effort-reward imbalance ratio,
Recovery Experience Questionnaire, burnout indices, and aggre-
gated focus/interruptions per hour (with privacy protections).

« Digital: eHealth literacy (eHEALS), privacy and security literacy,
Al-coach transparency and opt-out rates, adherence to wearable-
based goals, data minimization compliance, and usage of acces-
sibility features.

1.7.3 Why these indicators, what they cost, and
how much is enough

The set above is illustrative rather than prescriptive, and it is
deliberately weighted toward instruments that are free, brief, widely
translated, and already embedded in existing cohorts—properties
that matter more for a framework intended to be adopted than mar-
ginal gains in measurement precision. Each choice nevertheless
embodies a trade-off that implementers should make deliberately
rather than inherit, and the paragraphs below make those trade-offs
explicit.

1.7.3.1 Physical

Directly measured VO,max remains the criterion standard and
carries the strongest outcome evidence, but it requires a laboratory,
trained personnel, medical screening, and roughly an hour per par-
ticipant, which makes it infeasible for most intake settings and for all
population surveillance. Validated submaximal and field alternatives
(step tests, six-minute walk, shuttle run) reduce cost by an order of
magnitude at the price of wider individual prediction error; they are
generally adequate for detecting within-person change even where
they are inadequate for individual classification against normative cut-
points. Grip strength illustrates the opposite trade-off: a single two-
minute measure with documented prognostic value for cardiovascular
events and all-cause mortality across high-, middle-, and low-income
countries (47), yet a poor proxy for lower-limb function—which is
why sit-to-stand and gait speed are retained alongside it rather than
replaced by it. Device-measured activity and sedentary time are less
biased than self-report but introduce wear-compliance loss, device
heterogeneity, and non-random missingness; where devices cannot be
issued to everyone, a validated short questionnaire administered to all
is preferable to device data from a self-selected subsample.

1.7.3.2 Mental

Performance-based executive tasks (n-back, Stroop, task switch-
ing) have the strongest construct validity and are the least practical
component of the battery: they require standardized administration,
are sensitive to practice effects on repeated testing, lack population
norms in many languages, and correspond only modestly with every-
day self-regulation. Where the purpose is screening or change moni-
toring rather than cognitive phenotyping, validated self-report
instruments (CD-RISC, ERQ, perceived stress) deliver most of the
actionable signal at a fraction of the burden; the performance tasks
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are better reserved for research contexts and for cases in which
objectively verified cognitive change is the specific question
being asked.

1.7.3.3 Social

Full social network interviews are the most informative and the
least deployable option. The LSNS-6 provides a six-item structural
index with established cut-points for network vulnerability, and the
three-item UCLA short form provides a validated loneliness measure
in under a minute (48). Administered together they take approxi-
mately 2 min and separate structural isolation from perceived isola-
tion—the distinction that determines whether the appropriate
response is network building or relational quality. Perceived-support
scales add depth but overlap substantially with both and are therefore
assigned to the extended rather than the core tier.

1.7.3.4 Occupational

The full Work Ability Index is comprehensive but long; the single-
item work ability score performs well as a screen and predicts dis-
ability and early exit from working life, making it the defensible
core-tier choice, with the Job Content Questionnaire, effort-reward
imbalance ratio, and recovery and burnout inventories reserved for
settings in which the results will actually inform job redesign (49).
Passive workplace telemetry (focus blocks, interruptions per hour) is
analytically attractive and ethically hazardous: it should be collected
in aggregate only, never at the individual level, and only where
employee representatives have agreed to its use in advance.

1.7.3.5 Digital

eHEALS remains the most widely validated eHealth literacy
instrument, but it predates conversational Al and algorithmic recom-
mendation and therefore under-covers appraisal of Al-generated
health advice and calibrated trust in automated coaching.
Implementers should expect to supplement it, and the development
and validation of an Al-era digital fitness measure is among the clear-
est measurement gaps in the framework (Section 1.9, A 10-Point
Research Agenda).

1.7.3.6 Matching the battery to the decision

The operative question in practice is not which measures are
best in the abstract, but which decision the measurement will
inform. A battery that exceeds the decision it serves imposes
burden without benefit and depresses completion, while a battery
that falls short of it generates data no one can act on. We therefore
propose a tiered structure (Table 2). Tier 1 is a core screen of
approximately 20-25 min requiring no laboratory and no propri-
etary instruments, sufficient to generate a five-dimension profile,
to flag which dimensions warrant attention, and to support
repeated measurement over time. Tier 2 adds dimension-specific
depth and is triggered selectively by Tier 1 results—a screen-and-
confirm logic that concentrates burden on those participants for
whom additional information will change management. Tier 3
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TABLE 2 Proposed tiered indicator structure: Core screen, triggered extension, and research-grade assessment, with the principal trade-off governing each dimension.

Dimension

Tier 1 — Core screen
(~20-25 min, no
laboratory)

Tier 2 — extended
(triggered by Tier 1)

Tier 3 — research/
laboratory

Principal trade-off

Physical Grip strength; 30-s sit-to-stand; | 7-day accelerometry; six- Direct VO,max; 1RM or Precision and outcome-
4-m gait speed; submaximal minute walk or shuttle run; isometric dynamometry; DXA | evidence strength versus cost,
step test; short activity/ balance battery; body equipment, screening burden,
sedentary questionnaire composition and clinical risk
Mental Perceived stress; CD-RISC Full CD-RISG; sleep diary or n-back, Stroop, task-switching | Construct validity of
short form; ERQ; single-item actigraphy-derived efficiency; | with standardized performance tasks versus
sleep quality brief computerized executive administration and norms practice effects, language
screen norms, and administration
burden
Social LSNS-6; three-item UCLA MOS-SS subscales; prosocial Full ego-network interview; Depth of relational
loneliness scale; single item on engagement log; network ecological momentary information versus interview
group participation diversity items assessment of interaction time and respondent fatigue
Occupational Single-item work ability score; Full Work Ability Index; Job Aggregate, consented Diagnostic value for job
brief demand-control and Content Questionnaire; workload telemetry; diary redesign versus survey length
recovery items effort-reward imbalance ratio; | studies of detachment and and, for telemetry, serious
Recovery Experience recovery privacy and power
Questionnaire; burnout asymmetries
inventory
Digital eHEALS; two privacy self- Privacy and security literacy Platform audit, algorithmic Availability of validated
management items; intentional- | scale; engagement-quality impact assessment, and instruments versus rapid
use item metrics; Al-advice appraisal validated Al-era digital technological change and the
items literacy instrument (to be person-platform distinction
developed) (Section 1.4.5, Digital Fitness)

comprises laboratory and research-grade assessment appropriate
to validation and mechanistic studies rather than to routine
practice.

1.7.3.7 Context-specific prioritization

In clinical and lifestyle-clinic intake, where consultation time is
the binding constraint and the output is a treatment plan, priority
belongs to indicators that are actionable within the clinic’s referral
repertoire and responsive to intervention: a submaximal cardiorespi-
ratory estimate, grip strength and sit-to-stand, a brief stress or resil-
ience screen, LSNS-6 with the three-item loneliness scale, the
single-item work ability score, and eHEALS—together achievable
within a single visit. Where a service cannot accommodate all five
dimensions, the ordering principle is actionability: a dimension
should be measured only where a referral pathway exists for a poor
result, since screening without a response pathway generates burden,
and occasionally harm, without benefit. In workplace programs, occu-
pational and recovery indicators carry the highest information value
and must be collected, analyzed, and reported in aggregate only, with
physical and digital components offered on an opt-in basis and never
linked to employment decisions. In population surveillance, only brief
self-report and device-based indicators are viable at scale, and the pri-
ority is comparability across waves rather than depth within them. In
validation research the full battery is warranted, but planned-missing-
ness designs allow the complete indicator set to be estimated at sample
level without administering it in full to any single participant.
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1.7.3.8 Status of this proposal and future work

We emphasize that the tiering presented here is a proposal to be
tested, not a validated protocol. The composition of the core tier, the
cut-points that trigger extended assessment, the incremental predic-
tive value contributed by each added indicator, and the acceptability,
completion, and cost of each configuration in real settings are all
empirical questions that this review cannot settle. Establishing a mini-
mum core set is properly the work of a formal consensus process—a
Delphi exercise involving clinicians, employers, community organiza-
tions and, critically, the people who will be assessed—conducted
according to established methodology for core outcome set develop-
ment (50) and followed by feasibility and burden testing in each target
context. This is specified as a priority deliverable of the research
agenda in Section 1.9 (A 10-Point Research Agenda).

1.7.4 Scoring, aggregation, and reporting

Indicators should be normalized to z-scores within age, sex, and
context strata. Dimension scores can then be computed as weighted
composites, with weights empirically derived from factor analytic
techniques. Reporting should include:

1 Absolute scores with confidence intervals;
Change over time (longitudinal sensitivity);
Equity-sensitive breakdowns (e.g., socioeconomic status,
gender).
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At the same time, reporting must be careful to avoid stigmatiza-
tion, ensuring that stratification informs equity-driven interventions
rather than labeling or penalizing vulnerable groups.

1.7.5 Measurement caveats: feasibility, invariance,
and the risk of over-quantification

Weighting and aggregation choices should themselves be treated
as empirical questions rather than settled features of the framework.
Unit-weighted composites are a defensible default until factor-analyt-
ically derived weights have been replicated across independent sam-
ples, and profile-based reporting (a five-dimension profile rather than
a single composite score) may be preferable wherever composite
scores would obscure meaningful within-person variation.

Several further caveats warrant emphasis. First, the full battery
imposes non-trivial participant burden; staged screen-and-confirm
designs and planned-missingness protocols can reduce testing time
substantially. Second, missing data—particularly from wearables—are
rarely missing at random and require principled handling (multiple
imputation, full-information maximum likelihood, and sensitivity
analyses). Third, cross-cultural comparability cannot be assumed:
formal tests of measurement invariance (configural, metric, scalar)
across language, age, sex, and socioeconomic groups are a precondi-
tion for any between-group comparison. Finally, over-quantification
is itself a risk: converting recovery, sociality, and digital life into per-
manent metrics may induce surveillance fatigue and instrumentalize
the very behaviors the framework seeks to support. Measurement
should therefore be time-limited, purpose-bound, and paired with
non-quantified, interpretive follow-up.

1.7.6 Validation roadmap

A systematic validation program is essential to establish credibility
and adoption of the paradigm:

o Reliability: Test-retest reliability for questionnaires, inter-device
reliability for wearables, and assessment of practice effects for cog-
nitive tasks.

« Validity: Evidence for convergent validity (e.g., physical fitness
scores correlating with VO,max), discriminant validity (low
cross-loadings across dimensions), predictive validity (associa-
tions with disease incidence, sickness absence, or work perfor-
mance), and fairness (measurement invariance across
demographic groups).

« Feasibility: Practical considerations including participant burden,
financial and logistical cost, accessibility, user experience, and

compliance with data governance standards.

1.8 Implementation in practice: examples
and use cases

1.8.1 Clinical and community programs

A lifestyle clinic illustrates how the five dimensions of fitness can
be integrated into patient intake and longitudinal follow-up. Beyond
standard vitals and exercise testing, assessments include sleep quality,
stress and resilience (CD-RISC), social network vulnerability (LSNS-
6), work ability (WAI), and eHealth literacy (¢HEALS). Based on these
multidimensional profiles, patients receive personalized plans that
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combine progressive resistance training, autonomy-supportive coach-
ing, referral to walking groups, structured recovery protocols (e.g.,
protected time, detachment skills), and device-agnostic digital health
strategies with privacy-preserving settings and opt-in Al prompts.
Outcomes are monitored quarterly, enabling adaptive goal-setting in
response to life events. This model demonstrates the feasibility of
embedding multidimensional fitness assessment into routine clinical
and community care.

1.8.2 Workplace transformation

A knowledge-work firm pilots an “occupational fitness” initiative
to address employee health and performance. Using de-identified,
aggregate data from validated surveys (JCQ, ERI, REQ), high-
demand/low-control teams are identified and targeted for job rede-
sign interventions. Changes include clarified roles, expanded decision
latitude, meeting-free focus blocks, and a right-to-disconnect policy.
Leadership training emphasizes sustainable performance and model-
ing recovery practices. An optional wearable program provides
choice of devices (or none), transparent data use (with no individual
surveillance), weekly activity credits, and social challenges that
reward inclusion rather than competition. This case highlights how
occupational fitness can be operationalized through structural and
cultural reforms, rather than relying solely on individual-level behav-
ior change.

1.8.3 Municipal health equity

At the population level, a municipality implements a multidimen-
sional fitness strategy by pairing built-environment modifications
(safe crossings, shaded areas, improved lighting, mixed-use zoning)
with socially anchored programming, such as walking school busses
and intergenerational activity clubs, targeted to neighborhoods with
the highest inactivity burden. Community health workers facilitate
digital literacy workshops and provide access to wearables through
lending programs at libraries, ensuring equity in digital engagement.
Public dashboards report neighborhood-level progress without indi-
vidual tracking, fostering transparency and accountability while
respecting privacy. This example demonstrates how local governments
can advance fitness as a public good by integrating physical, social,
and digital resources within an equity framework.

1.9 Anticipating critiques
‘ “This is just rebranding general well-being”

The proposed paradigm is not a loose catch-all concept. Rather, it
defines fitness as a multidimensional capacity—operationalizable,
measurable, and trainable—comprising interacting subsystems that
enable sustainable performance and health. Importantly, the construct
is distinct from hedonic well-being and remains narrower than global
quality of life. Whereas well-being frameworks emphasize subjective
states, the fitness paradigm emphasizes functional capacities that can
be systematically developed, assessed, and evaluated.

“It is too complex to measure.”
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Complexity should not justify neglect. Many scientific domains
(e.g., mental health, organizational psychology, social epidemiology)
manage multi-level constructs with validated methods. The same
applies here: multimethod batteries and staged assessments (e.g.,
screen—confirm strategies) can keep burden manageable. Moreover,
numerous validated instruments already exist—including the Work
Ability Index (WAI), Job Content Questionnaire (JCQ), Effort-
Reward Imbalance (ERI) scale, Lubben Social Network Scale (LSNS-
6), and eHealth Literacy Scale (¢(HEALS)—while sensor-based passive
measures can further reduce respondent load when applied
judiciously.

“Digital fitness privileges the affluent”

This concern is valid. The paradigm explicitly addresses it through
strategies such as public provisioning (e.g., lending libraries for
devices), platform accessibility requirements, and non-digital pathways
to equivalent outcomes. Moreover, digital fitness extends beyond
device ownership: it encompasses the right to disconnect, to manage
one’s data, and to refuse data collection. These principles position digi-
tal fitness as an equity-sensitive construct, not a privilege of the affluent.

“Evidence for AT coaching is nascent.”

Indeed, current evidence for Al-enabled coaching is preliminary
and heterogeneous. This is precisely why the framework embeds ethi-
cal guardrails, transparency requirements, and human oversight
mechanisms, along with a structured research agenda to test efficacy,
safety, and equity across diverse populations. The goal is not to over-
state the evidence but to acknowledge emerging opportunities while
demanding rigorous evaluation before widespread adoption.

1.10 A 10-point research agenda

« Construct validation. Test hierarchical models of multidimen-
sional fitness in diverse cohorts; evaluate measurement invariance
across sex, age, culture, and socioeconomic strata.

« Causal mechanisms. Use longitudinal and experimental designs
(including micro-randomized trials) to map directional links
among dimensions (e.g., how recovery and social support amplify
training response).

o Behavior change optimization. Compare COM-B and SDT-
grounded strategies in pragmatic trials; identify moderators (iden-
tity, executive function, sleep status).

« Equity by design. Co-produce interventions with marginalized
communities; evaluate accessibility, affordability, and cultural fit.

« Built-environment natural experiments. Leverage urban design
changes to test population effects on movement, social interac-
tion, and safety.

« Workplace policy trials. Randomize units to right-to-disconnect
and workload-leveling policies; measure burnout, performance,
and retention.

« Digital guardrails. Develop and validate Al-ethics checklists and
algorithmic impact assessments specific to fitness contexts; assess
privacy-by-design implementations.

« Lifespan trajectories. Model developmental windows where inter-
ventions yield outsized returns (e.g., transitions into school, work-
force, parenthood, retirement).
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« Economic evaluation. Cost-effectiveness of multidimensional vs.
traditional programs; include productivity and social care offsets.

« Open science infrastructure. Shared ontologies, data standards,
and repositories to harmonize measures and enable replication
(Figure 6).

1.10.1 Sequencing the agenda: a staged roadmap
for validating and developing the model

These 10 priorities are neither equally urgent nor mutually inde-
pendent: several presuppose the others, and pursuing them in parallel
would produce intervention trials on instruments whose structure has
not been established. Because the framework is a conceptual proposal
rather than a validated instrument, its development should proceed in
a defined sequence with explicit deliverables at each stage and pre-
specified criteria for continuing, revising, or abandoning it. The indic-
ative timelines below assume conventional funding cycles and are
offered as a structure for coordination rather than as a schedule.

1.10.1.1 Stage 1 — Specification and harmonization (0—
12 months)

Deliverables: a published item bank mapping every candidate
indicator to the specific mechanism it operationalizes; a formal Delphi
consensus establishing the Tier 1 core set and its cut-points, following
established core outcome set methodology and including the popula-
tions to be assessed among the panelists (50); translated and culturally
adapted versions of the core instruments in at least four languages
spanning distinct linguistic families; and a pre-registered measure-
ment protocol with an open data dictionary and shared metadata
standard. No new primary data collection is required at this stage; the
immediate task is to harmonize instruments that already exist rather
than to create new ones.

1.10.1.2 Stage 2 — Structural and psychometric validation
(12-30 months)

A cross-sectional study in a demographically diverse sample of at
least 1,000 adults, powered for confirmatory factor analysis, testing the
proposed higher-order structure against competing specifications: a
single general factor, a three-factor biopsychosocial solution, and a
bifactor model. This stage must also establish test-retest reliability,
inter-device reliability for wearable-derived indicators, and configural,
metric, and scalar invariance across sex, age, language, and socioeco-
nomic strata (51). Discriminant validity against adjacent constructs—
subjective wellbeing, health-related quality of life, and general
self-rated health—must be demonstrated here; in its absence, the
‘rebranding’ objection addressed in Section 1.8 (Anticipating
Critiques) stands unanswered.

1.10.1.3 Stage 3 — Predictive and incremental validity
(24-60 months)

Prospective follow-up, conducted wherever possible by appending
the core set to ongoing cohorts rather than launching new ones, test-
ing whether the five-dimension profile predicts hard outcomes: inci-
dent non-communicable disease, sickness absence, disability pension,
decline in work ability, and all-cause mortality. The decisive analysis
is incremental rather than overall association—whether the mental,
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Roadmap of the 10-Point Research Agenda
for Multidimensional Fitness

1. Construct
Validation

Hierarchical models,
measurement invariance

6. Workplace
Policy Trials

Right-to-disconnect,
workload leveling

2. Causal
Mechanisms

Longitudinal &
micro-randomized designs

Guardrails

Al ethics checklists,
impact assessments

3. Behavior Change
Optimization

COM-B and SDT
pragmatic trials

8. Lifespan
Trajectories

Developmental windows
and transitions

4. Equity by
Design

Co-production with
communities

9. Economic
Evaluation

Cost-effectiveness,
productivity offsets

5. Built-Environment
Natural Experiments|

Urban design and
population effects

10. Open Science
Infrastructure

Shared ontologies,
data standards

FIGURE 6

Ten-point research and implementation agenda for the multidimensional fitness paradigm. This framework outlines the sequential priorities required to
operationalize and evaluate holistic fitness, including construct validation, causal mechanism testing, behavior change optimization, built environment
interventions, workplace policy trials, digital ethics guardrails, economic evaluation, and open science infrastructure. Collectively, these components
provide a roadmap for advancing evidence-based, equitable, and ethically governed fitness research and policy.

social, occupational, and digital dimensions add predictive informa-
tion beyond physical fitness and standard demographic and socioeco-
nomic covariates. A dimension that does not is not earning its place
in the model.

1.10.1.4 Stage 4 — Intervention and optimization (36—
72 months)

Once measurement is established, the framework’s causal claims
become testable. Factorial and micro-randomized designs conducted
within an optimization framework are better suited than two-arm
trials to identifying which dimension-specific components contribute,
for whom, and in what combination (52), while workplace and munic-
ipal policies are more appropriately evaluated through cluster-ran-
domized designs and natural experiments. Economic evaluation
should be embedded from the outset rather than appended at the end,
since the case for a more expensive assessment model rests on dem-
onstrating offsets in productivity, sickness absence, and social care.

1.10.1.5 Stage 5 — Implementation, equity audit, and
governance (ongoing)

Feasibility, acceptability, and completion rates in routine clinical,
workplace, and municipal settings; algorithmic impact assessment and
independent audit of any Al-enabled component; explicit evaluation
of whether use of the framework narrows or widens measured inequi-
ties relative to standard care; and open repositories for instruments,
analysis code, and de-identified data to permit replication and
reanalysis.
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1.10.1.6 Falsifiability and stopping rules

A conceptual framework that cannot fail is of limited scientific
value, and we therefore specify in advance what would count as
disconfirmation. The framework should be substantially revised
or abandoned if (a) the five-dimension structure does not fit
better than more parsimonious alternatives across independent
samples; (b) scalar invariance cannot be established across major
demographic groups, since between-group comparison would
then be uninterpretable and equity-sensitive reporting unsafe; (c)
the non-physical dimensions add negligible incremental predic-
tion of functional and health outcomes; or (d) dimension scores
prove insensitive to interventions already known to change the
underlying capacities. Digital fitness carries the highest risk of
failing conditions (a) and (c), consistent with its status as the least
mature dimension, and should therefore be the first subjected to
these tests; if it fails them, the appropriate response is to demote
it to a contextual determinant rather than to preserve it by relax-
ing the criteria set out in Section 1.3.8 (Conceptual Boundaries).

1.11 Policy implications and
recommendations

Translating the Multidimensional Fitness Paradigm into
actionable policy requires coordinated reforms across public
health, education, workplace regulation, technology governance,
and urban planning. Recent advances within this paradigm dem-
onstrate that fragmented applications—such as digital tracking
models, cognitive control and reserve training, job design and
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recovery strategies, and social integration programs—achieve the
greatest impact when strategically integrated. Accordingly, a mul-
timodal integration approach is proposed, unifying these previ-
ously independent components into a single, interactive ecosystem.
This approach enables the creation of personalized, adaptive, ethi-
cally grounded, and sustainable fitness systems that operate across
physical, cognitive, occupational, and social dimensions.
Embedding such systemic integration into national and institu-
tional policies can foster transdisciplinary coherence and long-
term sustainability.

To avoid overstating the evidence, the recommendations below
are explicitly graded. Recommendations concerning physical activity,
sedentary behavior, and resistance training are evidence-based, con-
sistent with WHO guidelines and meta-analytic evidence.
Recommendations on job design, recovery, and right-to-disconnect
policies combine established occupational-health evidence with
expert opinion regarding implementation. Recommendations on Al
governance, algorithmic auditing, and digital equity are primarily nor-
mative and precautionary, grounded in ethical frameworks rather than
in outcome trials. Readers should weigh each recommendation

accordingly.

1.11.1 Public health

Align national guidelines with WHO (3) while broadening their
scope to explicitly incorporate resistance training across all age
groups, sedentary behavior reduction, social participation, recovery
literacy, and digital literacy. Invest in community connectors, equita-
ble access initiatives, and safe public spaces that promote inclusive
physical and social engagement.

1.11.2 Education and training

Embed multidimensional fitness concepts into curricula for
coaches, clinicians, educators, and organizational leaders. Integrate
behavioral science frameworks such as the COM-B model and Self-
Determination Theory (SDT), alongside modules on recovery, emo-
tion regulation, data rights, and digital hygiene to ensure cross-sectoral
competence.

1.11.3 Workplace regulation

Encourage or mandate “right-to-disconnect” policies, incentivize
equitable job design that enhances decision latitude and fairness, and
enforce transparent data governance for workplace wellness technolo-
gies. Ban any form of individual-level surveillance or coercive data use
in employment contexts, ensuring that well-being initiatives remain
voluntary and ethical.

1.11.4 Technology governance
Require independent impact assessments, algorithmic bias test-
ing, and clear informed consent procedures for all AI-enabled fitness

applications. Promote interoperability and data portability standards,
while supporting device-lending programs, subsidies for low-income
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users, and minimum accessibility requirements to reduce the digi-
tal divide.

1.11.5 Urban planning

Recognize walkability, green infrastructure, public transit, and
shade as essential health assets. Integrate community-based social
programming and intergenerational activity design within urban
renewal projects to maximize utilization and promote inclusive
participation.

1.12 Limitations

This review has several limitations. First, it is a narrative and criti-
cal—not systematic—synthesis: despite broad multidisciplinary cover-
age, source selection was purposive, may be subject to selection bias,
and involved no formal quality appraisal or meta-analytic pooling.
Second, the multidimensional fitness framework remains largely con-
ceptual. The proposed higher-order factor structure, indicator weights,
and interpretive thresholds have not been empirically validated, and
discriminant validity against adjacent constructs (wellbeing, quality
of life, work ability) must be demonstrated rather than assumed.
Third, the evidence base is uneven across dimensions—strong for
physical and occupational constructs, emerging for mental and social
fitness as integrated capacities, and largely propositional for digital
fitness.

Fourth, most of the cited evidence originates from high-
income, Western, industrialized contexts; cross-cultural generaliz-
ability and measurement invariance remain untested. Fifth, the
proposed indicator set, although grounded in validated instru-
ments, has not been examined as a battery with respect to feasibil-
ity, respondent burden, or redundancy. Finally, several policy
recommendations extend beyond current outcome evidence and
should be read as expert or precautionary positions pending
empirical evaluation.

2 Conclusion

The framework advanced here should be read as a conceptual
proposal—a hypothesis-generating map rather than a validated
instrument—whose value will ultimately be determined by the
empirical program outlined above. With that caveat, the adoption of
a multidimensional fitness paradigm has the potential to reshape the
trajectory of science, clinical practice, and policy over the next
decade. For the scientific community, it invites a paradigm shift
from reductionist models toward integrative frameworks that can
more accurately capture the complexity of human functioning in
real-world contexts. For clinical and rehabilitation practice, it prom-
ises more personalized, equitable, and ethically grounded interven-
tions that move beyond physiology to include psychological
resilience, social participation, occupational sustainability, and digi-
tal literacy as core determinants of health. At the policy level,
embracing multidimensional fitness could catalyze reforms in public
health guidelines, workplace regulations, and technology gover-
nance, aligning them with the realities of 21 first century life.
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Ultimately, positioning fitness as a biopsychosocio-digital capacity
not only broadens the scope of prevention and intervention but also
charts a forward-looking agenda in which individual flourishing,
organizational resilience, and societal wellbeing are mutually rein-
forcing. Pending such empirical validation, this vision positions the
multidimensional paradigm as a promising candidate framework—
rather than an established standard—for guiding research, practice,
and policy toward healthier, more adaptive, and more inclusive
futures.
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