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ABSTRACT

Hominin evolution made physical activity obligatory for survival. Modern environments decoupled effort from ecological

returns, generating an evolutionary mismatch that favors energy conservation over voluntary movement. This review distin-
guishes between subsistence-based physical activity, the ancestral condition directly coupled to survival, and discretionary
exercise, a voluntary behavior performed in the absence of immediate metabolic necessity. It delineates a neuro-evolutionary

framework characterizing discretionary exercise as the functional repurposing of neural systems originally shaped for sub-

sistence, operating through evolutionarily conserved effort-reward valuation circuitry that computes context-dependent cost-

benefit trade-offs. Three complementary evolutionary pathways mediate this process: homeostatic compensation, where ex-

ercise reinstates ancestral physiological maintenance signals; costly signaling, where exercise functions as an honest phenotypic
display of quality; and reward recoding, where human mesocorticolimbic circuitry attributes abstract significance and reward to
physical exertion. These mechanisms explain how neurobiological exaptation and cultural mediation enable sustained

voluntary effort in contemporary populations despite the absence of ecological necessity.

1 | Introduction

Two million years of hominin evolution established physical
activity (PA) as an essential requirement for daily energy ex-
penditure and survival [1, 2]. Selective pressures associated with
foraging, persistence hunting, load carrying, and long-distance
travel forged a physiology capable of sustained aerobic en-
durance [3]. This physiology integrated specialized musculo-
skeletal adaptations and a high-throughput metabolic system
[4-6]. Ancestral environments tightly coupled the energetic cost
of movement to ecological returns including resource acquisi-
tion, predator avoidance, and social cooperation. This ecological
coupling marks a fundamental divergence between hominins
and extant great apes. While chimpanzees, gorillas, and
orangutans maintain relatively sedentary lifestyles and con-
servative energy budgets optimized for metabolic conservation

[7-9], the elevated PA levels in humans represent a derived trait
shaped by sustained directional selection. The transition to
bipedalism and the adoption of hunting and gathering subsist-
ence increased daily energy expenditure, which remained
functionally tethered to survival-related demands within a
landscape of energy unpredictability [2]. In sum, hominins
undertook PA primarily under conditions of metabolic necessity
or for immediate fitness dividends [10].

A hominin organism calibrated for high levels of obligatory PA
now operates in environments that require negligible move-
ment [11]. Technological and economic transformations in
industrialized societies severed physical effort from traditional
ecological functions. Thus, caloric abundance, mechanized
transport, and sedentary occupations diminished the require-
ment for sustained locomotion and generated a pronounced
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evolutionary mismatch [12]. This incongruity underlies both
the pandemic of insufficient PA and the paradoxical emer-
gence of discretionary exercise. Individuals voluntarily engage
in planned and structured forms of PA for health, pleasure, or
social status despite the absence of immediate survival
demands. This pattern requires an evolutionary explanation
because it involves the sustained engagement in energetically
costly behavior without direct ecological necessity [10]. Eth-
nographic evidence exhibits that subsistence populations
participate in ritual dances, long-distance running, and com-
petitive displays that exceed immediate energetic require-
ments. These behaviors provide social and reproductive
benefits such as status, cohesion, and mate attraction [13].
The Tanzanian Hadza perform all-night dances and long-
distance ritual runs, while Mexican Tarahumara forager-
horticulturalists routinely engage in ultra-distance running
[13, 14]. These examples show that energy minimization,
although continuously present as a restraining force, is not the
sole determinant of human movement behavior. The Hadza
spend approximately 9h per day in sedentary activity, paral-
leling the duration observed in industrialized populations.
However, much of this time involves active postures such as
squatting, which elicit significantly higher muscle activity
than chair-sitting [15]. This postural divergence underscores a
critical mismatch between ancestral and modern sedentary
behaviors, and may contribute to the lower cardiometabolic
risk observed in subsistence populations despite comparable
sedentary time [15, 16].

Analyzing this situation requires a distinction between
subsistence-based PA and discretionary exercise (Box 1). Sub-
sistence PA represents the ancestral condition linked to survival
and energy acquisition, whereas discretionary exercise con-
stitutes a voluntary and structured behavior performed in the
absence of immediate metabolic necessity [17, 19]. It en-
compasses multiple forms varying in intensity and duration,
which influence energetic costs and physiological responses
[20]. This difference may imply that common biological systems
support both forms of activity under divergent motivational
conditions. Spontaneous affective mechanisms such as play
promote PA across mammals without requiring explicit self-
regulatory control. In contemporary environments, analogous
neural systems are engaged through reward reinforcement,
social incentives, and executive regulation to support discre-
tionary exercise.

This review delineates a neuro-evolutionary framework to ex-
amine the phylogenetic foundations of human movement, fo-
cusing on the interaction between selection for energy
conservation and the mechanisms enabling sustained voluntary
effort in modern environments. The analysis integrates com-
parative evidence, evolutionary bioenergetics, and neuro-
biological models of effort valuation to address the neural
systems permitting energetically costly activity independent of
survival imperatives. Prior work has established the physio-
logical and biomechanical foundations of the human active
phenotype [6, 21] and identified exercise as a regulatory input
into somatic maintenance systems [19], yet the neurobiological
mechanisms permitting sustained voluntary effort in the
absence of survival demands remain undertheorized. The
present framework addresses this gap by integrating evolu-
tionary bioenergetics, effort valuation circuitry, and cross-
cultural behavioral evidence into a unified explanatory model.
Finally, we advance three evolutionary hypotheses interpreting
discretionary exercise as a derived behavioral outcome of sys-
tems originally shaped by subsistence demands, reward pro-
cessing, and social signaling.

2 | Evolutionary Bioenergetics and the Hominin
Metabolic Niche

Human evolutionary biology explores how metabolic energy
allocates among competing physiological functions. The homi-
nin metabolic profile embodies a series of trade-offs sculpted by
variable resource availability and ecological pressures. Patterns
of daily energy expenditure manifest the divergence between
humans and other extant hominids. Great apes typically display
low locomotor activity and limited daily travel distances,
aligning with an energy-conserving strategy adapted to stable
ecological niches. In contrast, hunter-gatherer populations in
tropical environments maintain substantially higher levels of
daily movement, often exceeding 10 km per day and accumu-
lating step counts several times higher than industrialized
populations [22]. Strikingly, daily PA levels in Western indus-
trialized populations approach those recorded in great apes
[23], underscoring the magnitude of the modern sedentary shift.
Humans evolved elevated levels of PA and expanded energy
expenditure to facilitate cooperative subsistence and extended
life history [7, 8]. This change in metabolic organization fueled
the energetic demands of encephalization while preserving

BOX 1 | Operational definitions of physical activity, inactivity, sedentary behavior, and discretionary exercise.

Physical activity

Physical inactivity

Sedentary behaviour

Discretionary exercise

Any bodily movement produced by the skeletal muscles that results in an increase in energy
expenditure above basal or resting levels [17].

Insufficient level of PA to accomplish the current PA recommendations (150 to 300 min of
moderate-intensity PA, or 75 to 150 min of vigorous-intensity PA per week) [18].

Any waking behaviour characterized by a reclining, sitting, or lying posture, and which requires an
energy expenditure of less than 1.5 metabolic equivalents (MET) [18].

A subcategory of PA that is planned, structured, repetitive, and purposeful, aimed at maintaining
or improving physical fitness [17].
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somatic function [24]. Together, these shifts established a high-
throughput metabolic niche that set the hominin lineage on a
fundamentally different energetic trajectory from all other ex-
tant primates.

Regulatory mechanisms governing total energy expenditure
(TEE) respond dynamically to variation in PA [25]. The additive
model proposes that increases in PA generate proportional
elevations in TEE without triggering substantial compensatory
adjustments [26]. The constrained model dictates that TEE
remains within a relatively narrow range where increases in PA
trigger metabolic reductions in other physiological processes
[27]. Empirical evidence supports elements of both models,
with the operative framework depending on ecological context.
Studies conducted under controlled conditions of caloric
abundance report additive effects of PA on TEE [8, 26, 28, 29],
whereas free-living populations, including those in Western
societies, frequently show partial metabolic compensation
consistent with the constrained model [28, 30-32].

Hominins operating in open habitats performed energetically
demanding behaviors such as persistence hunting that required
substantial energy expenditure interspersed with periods of
reduced activity [21]. This pattern of intermittent exertion and
recovery forged regulatory systems designed to balance energy
expenditure with conservation [33], establishing inactivity itself
as an adaptive strategy to reduce the risk of energy deficit in
unpredictable environments [15]. Long-standing selective
pressures embody these patterns of rest and activity. The
human phenotype integrates the capacity for sustained PA with
specific neurobiological mechanisms limiting unnecessary
metabolic expenditure [15, 34, 35]. The transition to industri-
alized environments altered the ancestral relationship between
energy expenditure and ecological return. Subsistence contexts
directly linked PA to resource acquisition and survival [36].
Modern environments, by contrast, provide consistent energy
availability independent of physical effort [37]. This decoupling
precipitates a pronounced mismatch between evolved regula-
tory systems and current ecological conditions [38]. Mecha-
nisms once promoting ancestral energy conservation contribute
to the reduced PA levels observed in sedentary populations [12].
Discretionary exercise thus operates in tension with ancestral
energy-allocation systems, requiring motivational and regula-
tory processes not reliably supported by evolved bioenergetic
defaults, except where spontaneous or habitual mechanisms
partially bridge this gap [35, 39].

3 | The Human Active Phenotype and the
Biological Imperative of PA

The divergence of the hominin lineage from sedentary great
apes signifies a fundamental shift in primate metabolic strategy,
requiring a reorganization of energy allocation to support an
active phenotype. Great apes operate within a hypometabolic
framework characterized by low locomotion levels and con-
strained energy throughput, whereas selection in the genus
Homo favored increased daily TEE [8]. Compared to other
primates, humans are exceptional long-distance runners, a
feature that emerged in the genus Homo approximately 2 Ma
and is classically attributed to anatomical, neurological,

metabolic and thermoregulatory adaptations such as an en-
larged gluteus maximus and improved heat dissipation [6, 40,
41]. This transition was also underpinned by specific molecular
shifts, most notably the ancestral loss of a key metabolic gene
(CMP-Neu5Ac hydroxylase) during the move to the open
savannah. This genetic deletion appears to have fundamentally
enhanced skeletal muscle capacity for oxygen use, resulting in
increased capillary density and greater fatigue resistance,
effectively priming the human lineage for high-performance
scavenging and persistence hunting [42]. This physiological
divergence is further reflected in the human heart, which
evolved to manage the volume stress of lifelong endurance PA
rather than the pressure stress characteristic of the short bursts
of activity seen in chimpanzees and gorillas. In modern sed-
entary environments, this derived physiology exhibits marked
plasticity, and the heart progressively reverts toward an ances-
tral, chimpanzee-like morphology [43].

The relationship between PA and encephalization highlights
the complexity of evolutionary pressures shaping human
physiology. Selection for endurance capacity in early Homo
increased access to energy-dense resources and elevated overall
energetic throughput, relaxing metabolic constraints and facili-
tating subsequent encephalization [44]. This interpretation is
consistent with comparative analyses across mammalian taxa
showing a broad positive correlation between maximal aerobic
capacity and relative brain size [45]. This relationship is not
deterministic, as felids and chimpanzees exhibit relatively large
brains despite limited endurance capacity, whereas migratory
birds and large ungulates display high endurance with compar-
atively modest encephalization quotients [8, 45, 46]. High en-
durance in lineages with small encephalization quotients
indicates that metabolic throughput alone does not drive brain
expansion, but rather that endurance capacity created the ener-
getic conditions permitting it in the hominin lineage [47, 48].

The present framework defines PA as a regulatory input into
physiological maintenance systems rather than a behavioral
output. The Adaptive Capacity Model proposes that repeated
bouts of PA generate signals such as increased cerebral perfu-
sion and peripheral metabolic byproducts for the organism to
interpret as cues for maintenance and repair [49]. Key aspects of
human physiology evolved to expect recurrent PA as a
requirement for normal operating conditions. An ultimate
evolutionary explanation for this architecture is provided by the
Active Grandparent Hypothesis, proposed by Lieberman and
colleagues, where selection for extended lifespan and continued
reproductive value through kin support favored mechanisms
linking PA to somatic maintenance [19]. Exercise, particularly
endurance training that improves cardiorespiratory fitness,
constitutes a potent neuroprotective intervention against age-
related cognitive decline. These benefits are mediated through
an integrated cascade of systemic and molecular mechanisms,
including the upregulation of neurotrophic factors, enhanced
cerebrovascular function, and attenuation of neuroinflamma-
tion. By promoting neurogenesis and synaptic plasticity,
regular PA helps preserve structural brain integrity and limits
the pathological accumulation of molecular damage, thereby
reducing the risk of neurodegenerative disease and supporting
functional capacity across the lifespan [44, 50]. Through an
evolutionary lens, these neuroprotective effects may represent
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an extension of the same maintenance-on-demand logic,
whereby somatic investment in neural integrity is prioritized
when PA signals the continued ecological relevance of the
organism [51]. In the absence of such signals, these pathways
may be downregulated, contributing to progressive declines in
physiological function [52]. From this perspective, modern
sedentary environments represent a deviation from the condi-
tions under which human regulatory systems evolved rather
than a neutral biological baseline.

This evolutionary tension is further complicated by individual
genetic architectures shaped over millennia that now interact
with environments for which they were never selected. Specific
genomic loci may modulate dopaminergic signaling or the
affective response to exertion [53, 54]. Heritability estimates
for PA are not fixed biological constants, but context-dependent
parameters reflecting the extent to which genetic variation is
expressed within a given population and environment [55]. The
capacity of environmental conditions to override shared genetic
predispositions is perhaps best illustrated by monozygotic
twins, who can exhibit substantial differences in cardiorespi-
ratory fitness as a consequence of divergent behavioral habits
[56]. Understanding how these genetic predispositions interact
with motivational and neurobiological systems requires ex-
amining the neural architecture underlying effort valuation and
reward processing.

4 | Neurobiological Regulation of Effort: From
Ancestral Foraging to Modern Discretionary
Exercise

Neural systems have regulated the allocation of physical effort
throughout human evolution, calibrating behavior to persistent
energetic constraints. These mechanisms favored effort ex-
penditure when expected fitness benefits outweighed metabolic
costs [57]. This pattern suggests that human behavior is orga-
nized around effort optimization rather than simple effort
minimization. Although our species evolved to favor mechani-
cal efficiency, this bias does not preclude engagement in highly
demanding tasks. Evidence from subsistence and social contexts
instead indicates that substantial effort is readily expended
whenever perceived rewards justify the energetic cost [58, 59].
Ancestral humans performed energetically demanding activities
including persistence hunting, long-distance travel, and ritual-
ized displays despite its associated metabolic costs [10, 14, 60].
In return, these actions yielded critical returns in resource
acquisition, social cohesion, status, and reproductive opportu-
nities [13].

The functional distinction between ancestral PA and discre-
tionary exercise is not merely behavioral but neurobiological.
Selection targeted the neural systems governing effort allocation
alongside biomechanical and metabolic adaptations [40, 44, 61].
Such architecture operates through the hedonic regulation of
behavior, wherein affective responses function as a common
currency for biological decision-making [62, 63]. Ancestral ex-
ertion was coupled with survival payoffs, but the modern
absence of these pressures renders physical effort an
uncompensated metabolic cost. This generates a negative
hedonic valence that triggers conserved energy-saving

mechanisms and repositions discretionary exercise as a cogni-
tively demanding exaptation rather than a reflexive drive.

Cognitive and contextual factors modulate the subjective cost of
physical effort. Experimental evidence reveals that combining
physical exertion with cognitively demanding tasks elevates
perceived effort. Consistently, individuals with higher executive
capacity exhibit reduced perceived costs under comparable
conditions [64]. The coordination between motor and executive
systems possibly evolved within a cognitively demanding for-
aging niche. Many forms of modern exercise lack the ecological
and cognitive structure characterizing ancestral activities. For
some individuals, exercise yields immediate benefits, such as
acute affective enhancement, stress attenuation, and improved
cognitive function, which may serve as potent intrinsic
reinforcers [65]. In the absence of these immediate hedonic
returns, the perceived metabolic cost remains uncompensated,
requiring sustained prefrontal engagement to override the
evolved drive for energy conservation.

4.1 | Neural Circuits of Effort Valuation

Neural systems involved in effort valuation regulate the allo-
cation of costly behavior under energetic constraints within an
evolutionary framework. These systems compute context-
dependent cost-benefit trade-offs to inform adaptive decision
making rather than promoting effort inherently [66]. The val-
uation of effort is supported by interactions between salience-
related and reward-related neural systems [67]. The salience
network integrates interoceptive and task-related information
to modulate perceived effort through the anterior insula and the
anterior cingulate cortex (ACC) [68]. The anterior insula en-
codes internal physiological states, and the ACC contributes to
the regulation of effort allocation and behavioral persistence
[69]. These integrated processes facilitate effort discounting
where rewards demanding greater effort suffer subjective
devaluation [70]. This bias may reflect selective pressure for
mechanisms preventing unnecessary energy expenditure under
resource uncertainty, and is countered by effort justification,
where the investment of energy paradoxically increases the
subjective worth of an outcome [71]. In this context, exertion is
no longer appraised solely as a metabolic cost, but as a behavior
endowed with motivational value, strengthening the association
between physical effort and reward [72, 73].

The ACC interacts with dopaminergic structures, including the
ventral striatum and nucleus accumbens, while receiving input
from the ventral tegmental area [70, 74]. These circuits integrate
expected rewards with effort costs to determine the allocation of
goal-directed behavior [75]. Neuroimaging studies reveal that
activity in the ventral striatum decreases as effort requirements
increase [76, 77]. This inverse relationship highlights the role of
dopamine in motivating behavior toward outcomes justifying
energetic investment [78]. Clinical evidence indicates that
dopamine depletion amplifies perceived effort costs, while
dopaminergic enhancement increases the willingness to exert
effort [79, 80]. Mice selected for high levels of voluntary wheel
running exhibit dynamic changes in brain monoamine systems
alongside an increased behavioral propensity for activity [81].
These findings indicate that specialized neural circuitry
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modulates the reward and valuation of physical effort to un-
derpin the active phenotype and provide a comparative physi-
ological framework for understanding human variability in
exercise motivation.

These valuation processes operate within broader decision
systems evolved in foraging contexts. The neural computation
of effort involves the dorsal ACC, which tracks environmental
value and search costs, and ventromedial prefrontal regions,
which adjudicate between specific behavioral alternatives
[33, 82]. Despite the largely automatic nature of these processes,
humans possess higher-order control systems. Executive func-
tions supported by the prefrontal cortex allow individuals to
override effort-avoidance tendencies under specific conditions.
The associated metabolic costs make these control systems an
unlikely default mode of behavioral regulation [27, 59]. The
resulting neurobiological interaction explains the gap between
intentions and behavior in modern environments [83, 84].
Understanding this gap requires consideration of how the same
valuation circuitry processes motivational signals under fun-
damentally different ecological conditions.

This architecture might operate as a single domain-general
valuation system. The functional distinction between
subsistence PA and discretionary exercise likely reflects a
hierarchical shift in the motivational signals processed by the
same effort-arbitration circuitry, rather than separate neuro-
anatomical pathways. Recent neurophysiological evidence
supports this domain-general architecture, showing that both
voluntary, endogenously-driven choices and forced decisions
rely on identical evidence-accumulation and motor-preparatory
mechanisms [85]. During subsistence PA, the ACC-ventral
striatum axis may receive high-value signals directly coupled to
primary biological rewards, including caloric return, predator
avoidance, and immediate survival or reproductive outcomes.
Under these conditions, the cost-benefit computation yields a
strongly positive valuation of physical effort, facilitating
behavioral engagement without requiring sustained top-down
intervention. In contrast, discretionary exercise in post-
industrial environments presents the same circuitry with a
fundamentally altered signal structure. Effort costs remain
metabolically concrete and immediately encoded, whereas an-
ticipated rewards are abstract, delayed, or socially constructed.
This valuation process is not static but subject to recalibration
through repeated behavioral experience. The brain can learn to
find intrinsic pleasure in the exertion itself, shifting the
behavior from a conscious choice to a habitual reflex. Once this
bond is formed, environmental cues can trigger the behavior
automatically, circumventing the requirement for continuous,
higher-order cognitive control.

The system performs the same valuation computation, but under
conditions where ancestral reward signals are absent. This de-
coupling places disproportionate regulatory demand on prefrontal
executive systems, which must supply top-down revaluation to
override the cost-dominant response of the ACC-striatal axis
[86, 87]. The result is a neurobiological asymmetry in which
subsistence PA is sustained by bottom-up reward signals em-
bedded in the ecological context, whereas discretionary exercise
requires the active recruitment of higher-order cognitive systems
[88-90] to assign value to effort in the absence of those signals.

This functional distinction might explain why discretionary
exercise behavior is both possible and behaviorally constrained
in modern populations, given that the conserved valuation
circuitry remains intact and responsive but operates under
motivational conditions that differ fundamentally from those
shaping its evolutionary origin.

4.2 | PA-Dependent Neuroplasticity and
Recalibration of Effort Valuation

Regular engagement in PA induces neuroplastic adaptations
that modify effort valuation and reward processing. Neural
systems governing effort remain dynamic and responsive to
repeated behavioral experience [91]. Higher levels of PA and
cardiorespiratory fitness associate with structural and func-
tional changes in the ACC, including increased grey matter
volume and altered connectivity with limbic regions [92-95].
Such structural modifications correlate with reduced perceived
effort and improved regulation of affective responses during
physical exertion [96, 97]. Repeated activity modulates dopa-
minergic signaling in the ventral striatum and ventromedial
prefrontal cortex [98, 99]. Thus, individuals who engage regu-
larly in exercise show increased willingness to invest effort,
aligning with a recalibration of reward valuation [96]. However,
direct cross-cultural comparisons between WEIRD and non-
WEIRD populations on this neuroplastic process remain absent,
a gap that limits the generalizability of these findings to the
diverse ecological contexts in which human effort-valuation
systems originally evolved.

Signaling pathways linking peripheral activity to central pro-
cesses support these adaptations. Brain-derived neurotrophic
factor contributes to synaptic plasticity and learning in murine
models [100, 101]. Muscle-derived signals including myokines
provide a mechanism for communication between peripheral
metabolic activity and brain function [102]. Endogenous opioid
and endocannabinoid systems also contribute to the affective
properties of exertion [61, 103, 104]. In this regard, mu-opioid
receptor signaling in the nucleus accumbens causally promotes
high levels of voluntary wheel running in selectively bred
rats [105].

These integrated systems increase the rewarding value of PA to
reduce the subjective cost of effort over time. Such plasticity
likely enhanced the ability of humans to adapt to environments
requiring sustained or repeated physical effort. These neuro-
plastic mechanisms thus constitute a biological bridge between
ancestral effort-valuation systems and the motivational
demands of discretionary exercise, providing the experiential
substrate through which voluntary PA can become self-
sustaining in the absence of immediate ecological necessity.

5 | Evolutionary Hypotheses Explaining
Discretionary Exercise in Modern Humans

The preceding analysis defines discretionary exercise as a
derived behavioral outcome of multiple evolved systems inter-
acting within novel environmental contexts rather than a direct
evolutionary adaptation. Ancestral environments embedded PA
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within subsistence, social, and reproductive behaviors instead
of performing effort for its own sake. The presence of sustained
voluntary exercise in modern societies requires a mechanistic
explanation regarding the redeployment of these systems out-
side their original adaptive context. To this end, we propose
three complementary evolutionary hypotheses that differ in
their current empirical standing. The homeostatic compensa-
tion hypothesis draws on the most direct evidence, combining
cross-population energetic data, molecular signaling studies,
and life history theory. The costly signaling hypothesis is
grounded in robust cross-cultural behavioral and anthropolog-
ical evidence, though its neurobiological substrates await direct
empirical testing. The reward recoding hypothesis integrates
prefrontal neuroscience and intrinsic motivation research, but
remains the least directly tested in exercise-specific contexts
across ecologically diverse populations. Together, they are best
understood not as competing accounts but as complementary
pathways that may operate simultaneously and interact in ways
that future research should seek to disentangle (Figure 1).

5.1 | Homeostatic Compensation Hypothesis

Humans, like other animals, evolved to be physically active only
when the behavior is either necessary (survival, energy balance
and somatic maintenance) or rewarding [10]. Insufficient PA in
industrialized societies constitutes an evolutionary mismatch that
fails to trigger repair and maintenance mechanisms, thereby

Behavioral exaptation of
ancestral motivational
systems

Direct fitness payoffs
(survival and reproduction)

ANCESTRAL ENVIRONMENT MODERN ENVIRONMENT
L I
=
N !1 AN
i °
* Energetic constraints * Energy abundance
(limited energy availability) * Labor-saving technologies
» Foraging-based resource * Reduced necessity for
acquisition movement
OBLIGATORY
PHYSICAL ACTIVITY DISCRETIONARY EXERCISE

accelerating aging and increasing disease risk [26]. Empirical data
across populations illustrate the magnitude of this transition, as
evidenced by Rwandan subsistence farmers, who sustain some of
the highest recorded levels of PA, with a mass-corrected Activity
Metabolic Quotient 2.6 times higher than that of urban office
workers [106]. These findings confirm that humans readily per-
form energetically costly activity when survival necessitates the
expenditure or when the behavior yields immediate social or
reproductive returns [10]. In contemporary environments, the lack
of these demands precipitate a mismatch between evolved bio-
logical requirements and actual behaviors. Discretionary exercise
therefore constitutes a compensatory behavior reinstating the
metabolic and physiological stimuli historically provided by
subsistence PA. This compensatory logic is further illuminated by
a life history perspective. The Active Grandparent Hypothesis
proposes that selection favored mechanisms linking PA to somatic
maintenance specifically during post reproductive years, when
continued physical capacity enhanced inclusive fitness through
kin provisioning [19]. From this perspective, the age-related
increase in health-motivated discretionary exercise observed in
industrialized populations may reflect the reactivation of mainte-
nance pathways that obligatory subsistence PA once engaged
automatically. The absence of ecological necessity does not erase
the evolved architecture underlying these mechanisms, but rather
removes the proximate cues that ancestrally activated them.

This hypothesis predicts that discretionary exercise will be more
prevalent in populations with low obligatory PA, whereas

EVOLUTIONARY HYPOTHESES FOR

DISCRETIONARY EXERCISE
e 5 - 2
Homeostatic compensation
Reinstating ancestral signals for somatic
L maintenance and cellular repair )
( Costly signaling )
Honest signaling of vigor, discipline, and social
L reliability )

Reward recoding
Reframing metabolic cost as incentive value
through symbolic rewards

FIGURE 1 | The evolutionary transition from obligatory physical activity to discretionary exercise.
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subsistence populations will exhibit minimal structured exercise
despite high total energy expenditure. Furthermore, it posits that
the molecular machinery underlying somatic maintenance will
reflect this compensatory logic. Repair-related pathways such as
brain-derived neurotrophic factor and myokine signaling will be
preferentially upregulated during bouts of voluntary exercise in
sedentary environments, where these essential maintenance sig-
nals are otherwise chronically understimulated.

5.2 | Costly Signaling Hypothesis

Discretionary exercise functions as a form of costly signaling
through which individuals engage in energetically expensive
activity to display desirable traits including physical formida-
bility, dominance, and reproductive quality [107]. Costly sig-
naling theory posits that such behaviors remain evolutionarily
stable because high energetic costs ensure honesty. This meta-
bolic investment makes signals difficult to fake and establishes
them as reliable indicators of underlying phenotypic quality
[108]. In non-industrial societies, the physical demands of
hunting and defense serve as fundamental drivers of both intra-
and intersexual selection [109, 110]. In contemporary industri-
alized societies, physical fitness persists as a primary indicator
of physiological resilience, long-term health, and perceived
social value [111]. In contrast, physical inactivity and sedentary
behavior are frequently associated with stigma and shame
[112], as they might be perceived as signals of low phenotypic
quality or a lack of self-regulatory discipline.

Theoretical models define sport as a culturally elaborated
mechanism for status display and inter-sexual assessment [113],
with sporting prowess correlating positively with attractiveness
and reproductive indicators in industrialized populations
[114, 115]. Experimental evidence shows that individuals per-
form cardiovascular exercise with greater intensity and cover
greater distances in the presence of potential mates. This
behavioral shift occurs predominantly when individuals remain
single or motivated to compete for mating opportunities [116].
Ethnographic evidence from hunter-gatherer societies supports
these patterns. Ritual runs, dances, and competitive feats
remain embedded within social and reproductive contexts
despite substantial energetic costs [13]. Cross-cultural data
indicate that men frequently engage in exercise to enhance
muscularity and perceived dominance, while women often en-
gage in exercise targeting body-composition and endurance
traits associated with health and vitality, patterns that evolu-
tionary frameworks have interpreted as signals of phenotypic
quality across both sexes [117-119]. These evolutionarily
grounded patterns coexist with motivations rooted in health,
competence, and psychological well-being that operate inde-
pendently of reproductive signaling [120].

Together, these findings suggest that discretionary exercise
represents the exaptation of ancestral signaling systems origi-
nally shaped in subsistence and social contexts. Costly physical
performance in these environments reliably conveyed infor-
mation about individual quality. Competitive sports, endurance
events, and structured training constitute culturally amplified
expressions of this mechanism in modern environments. Con-
temporary social norms associating physical effort with

discipline, virtue, and self-control enhance the signaling value
of exercise, increasing motivational salience through social
evaluation and identity processes [121].

This hypothesis predicts that exercise behavior will increase
under conditions of social visibility and audience presence.
Furthermore, it posits that individuals will preferentially engage
in status-enhancing forms of exercise, such as competitive
sports, where the display of vigor and discipline is most effec-
tively communicated to others.

5.3 | Reward Recoding Hypothesis

Reward systems evolved to reinforce behaviors that enhanced
fitness, including food acquisition, cooperation, and reproduction.
Discretionary exercise recruits these systems in modern environ-
ments when physical effort becomes associated with intrinsic
rewards related to the subjective experience of meaningfulness
[122] or extrinsic rewards [123]. Humans exhibit an enhanced
capacity to assign value to abstract and delayed outcomes through
expanded prefrontal systems. These systems permit individuals to
pursue exercise for culturally constructed goals such as health,
identity, and achievement even in the absence of direct survival
benefits. Humans may exhibit enhanced prefrontal integration
with conserved reward systems that differentiates the species from
great apes. This derived circuitry may support the activation of
mesocorticolimbic and thalamic pathways during goal achieve-
ment and socially valued behaviors, including athletic accom-
plishment, and enables the assignment of pleasure and
motivational value to abstract and socially meaningful activities in
the absence of instantaneous fitness returns [124, 125].

Such neural specializations may allow the subjective experience
of discretionary exercise as inherently rewarding through feel-
ings of mastery, identity, flow, or communal significance. This
process substitutes for the direct fitness payoffs that once mo-
tivated ancestral PA. Repeated engagement recalibrates physi-
cal effort from a perceived cost to a source of personal
significance and self-worth. External rewards or social status
may facilitate initial engagement, but sustained voluntary ex-
ercise typically requires that the activity itself be experienced as
inherently meaningful.

This hypothesis predicts that initial exercise engagement may
rely on external rewards, but long-term adherence depends on
satisfying basic psychological needs through intrinsic rewards
and personal meaningfulness, such as enjoyment, flow, or the
conviction that the effort matters. Furthermore, reward-related
regions like the ventral striatum and nucleus accumbens will
show increased activation to exercise cues specifically when the
activity is perceived as meaningful. Consequently, interventions
enhancing the intrinsic value of exercise will yield superior
long-term maintenance compared to those focused exclusively
on extrinsic rewards or health outcomes.

5.4 | Integrative Perspective

For most of human history, natural environments shaped our
biology, but the rapid pace of industrialization has now created
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a mismatch that outpaces our adaptive capacity [111]. We have
proposed three hypotheses suggesting that discretionary ex-
ercise is not a direct evolutionary adaptation but a derived
behavioral outcome rooted in the distinctive bioenergetic
strategy of the hominin lineage. Humans evolved a high-
throughput metabolic engine capable of sustaining elevated
TEE while retaining a strong ancestral bias toward energy
conservation whenever PA is not directly linked to survival or
reproductive payoffs. This dual legacy of additive metabolic
capacity and constrained regulatory mechanisms provides the
mechanistic foundation for all three hypotheses, each capturing
a distinct pathway through which evolved systems are re-
purposed in post-industrial environments.

In sum, PA evolved as a means to support survival and repro-
duction rather than as an end in itself. In post-industrial en-
vironments, discretionary exercise represents a culturally
scaffolded behavior that recruits and repurposes the neural and
physiological systems originally shaped to regulate effort under
conditions of ecological necessity and uncertainty. Homeostatic
compensation drives the deliberate activation of ancestral
somatic repair signals that remain dormant in modern seden-
tary environments. Costly signaling suggests that social and
reproductive payoffs can outweigh metabolic costs. Reward
recoding illustrates how intrinsic and culturally constructed
valuations, shaped by prefrontal modulation and experience-
dependent plasticity, can recalibrate effort perception to permit
sustained voluntary exertion without immediate adaptive
incentives. The three hypotheses proposed here are not mutu-
ally exclusive, but convergent explanations for a single phe-
nomenon, namely the capacity of an evolutionarily active
organism to sustain voluntary physical effort under conditions
in which ancestral survival demands no longer require it.

6 | Conclusion

This review presents a neuro-evolutionary framework for
understanding the transition from subsistence PA to discre-
tionary exercise. Throughout hominin evolution, PA served as
an instrumental behavior strictly coupled to survival
success. Technological and economic transformations in post-
industrial societies severed this ancestral link between phys-
ical effort and ecological return, generating a profound evo-
lutionary mismatch that current biology was not shaped to
resolve. Under these novel conditions, discretionary exercise
emerges as a culturally mediated behavior that recruits the
same neural and physiological systems originally shaped to
regulate obligatory movement. The framework proposed here
is primarily theoretical and invites systematic empirical vali-
dation across ecologically diverse populations. Future
research would benefit from cross-cultural studies examining
the neurobiological correlates of effort valuation in both
subsistence and industrialized contexts, and from longitudi-
nal designs capable of tracking the recalibration of reward
systems with exercise experience.

Sustained discretionary exercise in contemporary societies
constitutes a derived behavioral phenomenon that depends on
the unique human capacity to assign abstract significance and
intrinsic reward to energetically costly actions. Through this

capacity, the three mechanisms outlined in this review, namely
homeostatic compensation, costly signaling, and reward re-
coding, allow humans to maintain voluntary physical effort
despite the absence of immediate ecological necessity. In doing
so, discretionary exercise illustrates how neurobiological ex-
aptation and cultural mediation have enabled the persistence of
the human active phenotype in a world that no longer
demands it.

Acknowledgments

We would like to thank Professor David A. Raichlen for his valuable
help and involvement during the initial stages of the manuscript.

Funding

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Declarations of AI Use

Artificial intelligence-based tools were used solely to assist with lan-
guage editing, clarity, and stylistic refinement of the manuscript. No AI
system was used to generate original scientific content, data, analyses,
interpretations, or conclusions. The authors retain full responsibility for
the content, accuracy, and integrity of the work.

Statements Relating to Ethics and Integrity Policies

This article is a theoretical and narrative review based exclusively on
previously published literature. It does not involve the collection of new
data, experiments with human or animal participants, or the use of
identifiable personal information. As such, no ethical approval or in-
formed consent was required. The authors declare that the work com-
plies with the ethical and integrity policies of the journal.

Data Availability Statement

Data sharing not applicable to this article as no datasets were generated
or analysed during the current study.

References

1.S. B. Eaton and S. B. Eaton, “An Evolutionary Perspective on
Human Physical Activity: Implications for Health,” Comparative
Biochemistry and Physiology Part A: Molecular & Integrative
Physiology 136 (2003): 153-159, https://doi.org/10.1016/s1095-
6433(03)00208-3.

2. L. Cordain, R. Gotshall, S. Eaton, and S. Eaton, “Physical Activity,
Energy Expenditure and Fitness: An Evolutionary Perspective,”
International Journal of Sports Medicine 19 (1998): 328-335, https://doi.
0rg/10.1055/5-2007-971926.

3.E. Morin and B. Winterhalder, “Ethnography and Ethnohistory
Support the Efficiency of Hunting Through Endurance Running in
Humans,” Nature Human Behaviour 8 (2024): 1065-1075, https://doi.
0rg/10.1038/541562-024-01876-X.

4. M. P. Mattson, “Evolutionary Aspects of Human Exercise — Born to
Run Purposefully,” Ageing Research Reviews 11 (2012): 347-352, https://
doi.org/10.1016/j.arr.2012.01.007.

5.S. C. Anton, R. Potts, and L. C. Aiello, “Evolution of Earlyhomo: An
Integrated Biological Perspective,” Science 345 (2014): 1236828, https://
doi.org/10.1126/science.1236828.

8 of 12

Evolutionary Anthropology: Issues, News, and Reviews, 2026

85UB017 SUOLIIOD 381D 3(gedljdde 8y Ag peussnob afe sejole VO ‘88N JO S8|ni 1oy Afiq1T8UlUQ A8]I/W UO (SUOTHPUD-PUE-SLLBY WO AS | 1M AlR1q | U [UO//SANY) SUORIPUOD PUe swis 1 8y} 89S *[9202/20/c0] Uo ARiqiauljuo 8|1 ‘soueld 8ueIyo0D AQ 8E00, UeAS/Z00T OT/I0P/W0 A8 | IMAtelq iUl |uoy/sdny Wouy papeojumod ‘Z ‘9202 ‘S0S902ST


https://doi.org/10.1016/s1095-6433(03)00208-3
https://doi.org/10.1016/s1095-6433(03)00208-3
https://doi.org/10.1055/s-2007-971926
https://doi.org/10.1055/s-2007-971926
https://doi.org/10.1038/s41562-024-01876-x
https://doi.org/10.1038/s41562-024-01876-x
https://doi.org/10.1016/j.arr.2012.01.007
https://doi.org/10.1016/j.arr.2012.01.007
https://doi.org/10.1126/science.1236828
https://doi.org/10.1126/science.1236828

6.D. E. Lieberman, “Human Locomotion and Heat Loss: An Evolu-
tionary Perspective,” Comprehensive Physiology 5 (2015): 99-117,
https://doi.org/10.1002/cphy.c140011.

7. H. Pontzer, M. H. Brown, D. A. Raichlen, et al., “Metabolic Accel-
eration and the Evolution of Human Brain Size and Life History,”
Nature 533 (2016): 390-392, https://doi.org/10.1038/naturel17654.

8.A. K. Yegian, S. B. Heymsfield, E. R. Castillo, M. J. Miiller,
L. M. Redman, and D. E. Lieberman, “Metabolic Scaling, Energy
Allocation Tradeoffs, and the Evolution of Humans’ Unique Metabo-
lism,” Proceedings of the National Academy of Sciences 121 (2024):
€2409674121, https://doi.org/10.1073/pnas.2409674121.

9. H. Pontzer, D. A. Raichlen, A. D. Gordon, et al., “Primate Energy
Expenditure and Life History,” Proceedings of the National Academy
of Sciences 111 (2014): 1433-1437, https://doi.org/10.1073/pnas.13169
40111.

10. D. E. Lieberman, Exercised: Why Something We Never Evolved to Do
Is Healthy and Rewarding (Knopf Doubleday Publishing Group, 2021).

11.N. Owen, P. B. Sparling, G. N. Healy, D. W. Dunstan, and
C. E. Matthews, “Sedentary Behavior: Emerging Evidence for a New
Health Risk,” Mayo Clinic Proceedings 85 (2010): 1138-1141, https://doi.
0rg/10.4065/mcp.2010.0444.

12. M. D. Gurven and D. E. Lieberman, “Weird Bodies: Mismatch,
Medicine and Missing Diversity,” Evolution and Human Behavior 41
(2020): 330-340, https://doi.org/10.1016/j.evolhumbehav.2020.04.001.

13. G. Brill and M. Dyble, “The Fitness Costs and Benefits of Hunter-
Gatherer Locomotor Engagement,” Evolutionary Human Sciences 7
(2025): 36, https://doi.org/10.1017/ehs.2025.10025.

14. B. Balke and C. Snow, “Anthropological and Physiological Obser-
vations on Tarahumara Endurance Runners,” American Journal of
Physical Anthropology 23 (1965): 293-301, https://doi.org/10.1002/ajpa.
1330230317.

15. D. A. Raichlen, H. Pontzer, T. W. Zderic, et al., “Sitting, Squatting,
and the Evolutionary Biology of Human Inactivity,” Proceedings of the
National Academy of Sciences 117 (2020): 7115-7121, https://doi.org/10.
1073/PNAS.1911868117/-/DCSUPPLEMENTAL.

16. D. A. Raichlen, H. Pontzer, J. A. Harris, et al., “Physical Activity
Patterns and Biomarkers of Cardiovascular Disease Risk in Hunter-
Gatherers,” American Journal of Human Biology 29 (2017): 22919,
https://doi.org/10.1002/ajhb.22919.

17. C. J. Caspersen, K. E. Powell, and G. M. Christenson, “Physical
Activity, Exercise, and Physical Fitness: Definitions and Distinctions for
Health-Related Research,” Public Health Reports (Washington, D.C.:
1974) 100 (1985): 126-131.

18. M. S. Tremblay, S. Aubert, J. D. Barnes, et al., “Sedentary Behavior
Research Network (Sbrn) - Terminology Consensus Project Process and
Outcome,” International Journal of Behavioral Nutrition and Physical
Activity 14 (2017): 75, https://doi.org/10.1186/s12966-017-0525-8.

19.D. E. Lieberman, T. M. Kistner, D. Richard, I.-M. Lee, and
A. L. Baggish, “The Active Grandparent Hypothesis: Physical Activity
and the Evolution of Extended Human Healthspans and Lifespans,”
Proceedings of the National Academy of Sciences 118 (2021):
€2107621118, https://doi.org/10.1073/pnas.2107621118.

20. T. Garland, H. Schutz, M. A. Chappell, et al., “The Biological Con-
trol of Voluntary Exercise, Spontaneous Physical Activity and Daily
Energy Expenditure in Relation to Obesity: Human and Rodent Per-
spectives,” Journal of Experimental Biology 214 (2011): 206-229, https://
doi.org/10.1242/jeb.048397.

21. D. M. Bramble and D. E. Lieberman, “Endurance Running and the
Evolution of Homo,” Nature 432 (2004): 345-352, https://doi.org/10.
1038/nature03052.

22.D. A. Raichlen and D. E. Lieberman, “The Evolution of Human Step
Counts and Its Association With the Risk of Chronic Disease,” Current

Biology 32 (2022): R1206-R1214, https://doi.org/10.1016/j.cub.2022.
09.030.

23.T. Althoff, R. Sosi¢, J. L. Hicks, A. C. King, S. L. Delp, and
J. Leskovec, “Large-Scale Physical Activity Data Reveal Worldwide
Activity Inequality,” Nature 547 (2017): 336-339, https://doi.org/10.
1038/nature23018.

24. K. Isler, “Metabolic Acceleration in Human Evolution,” Cell
Metabolism 24 (2016): 5-6, https://doi.org/10.1016/j.cmet.2016.06.015.

25.J. T. Gonzalez, A. M. Batterham, G. Atkinson, and D. Thompson,
“Perspective: Is the Response of Human Energy Expenditure to
Increased Physical Activity Additive or Constrained?,” Advances in
Nutrition 14 (2023): 406-419, https://doi.org/10.1016/j.advnut.2023.
02.003.

26.D. E. Lieberman, A. K. Yegian, and S. B. Heymsfield, “Physical
Activity and Metabolic Rates in Humans,” Journal of Experimental
Biology 229 (2026): jeb251083, https://doi.org/10.1242/jeb.251083.

27. H. Pontzer, R. Durazo-Arvizu, L. R. Dugas, et al., “Constrained Total
Energy Expenditure and Metabolic Adaptation to Physical Activity in
Adult Humans,” Current Biology 26 (2016): 410-417, https://doi.org/10.
1016/j.cub.2015.12.046.

28. E. A. Willis, S. A. Creasy, P. F. Saint-Maurice, et al., “Physical
Activity and Total Daily Energy Expenditure in Older US Adults:
Constrained Versus Additive Models,” Medicine & Science in Sports &
Exercise 54 (2022): 98-105, https://doi.org/10.1249/MSS.000000000
0002759.

29. K. R. Howard, O. Prado-N6voa, G. Zorrilla-Revilla, et al., “Physical
Activity Is Directly Associated With Total Energy Expenditure Without
Evidence of Constraint or Compensation,” Proceedings of the National
Academy of Sciences 122 (2025): 2519626122, https://doi.org/10.1073/
pnas.2519626122.

30. H. Pontzer, D. A. Raichlen, B. M. Wood, et al., “Energy Expenditure
and Activity Among Hadza Hunter-Gatherers,” American Journal of
Human Biology 27 (2015): 628-637, https://doi.org/10.1002/ajhb.22711.

31. H. Pontzer and E. T. Trexler, “The Evidence for Constrained Total
Energy Expenditure in Humans and Other Animals,” Current Biology 36
(2026): 1013-1025.e4, https://doi.org/10.1016/j.cub.2026.01.025.

32. A. McGrosky, A. Luke, L. Arab, et al., “Energy Expenditure and
Obesity Across the Economic Spectrum,” Proceedings of the National
Academy of Sciences 122 (2025): €2420902122, https://doi.org/10.1073/
pnas.2420902122.

33.N. Kolling, T. E. J. Behrens, R. B. Mars, and M. F. S. Rushworth,
“Neural Mechanisms of Foraging,” Science 336 (2012): 95-98, https://
doi.org/10.1126/science.1216930.

34.]J. C. Selinger, S. M. O'Connor, J. D. Wong, and J. M. Donelan,
“Humans Can Continuously Optimize Energetic Cost During Walking,”
Current Biology 25 (2015): 2452-2456, https://doi.org/10.1016/J.CUB.
2015.08.016.

35. B. Cheval, E. Tipura, N. Burra, et al., “Avoiding Sedentary Behaviors
Requires More Cortical Resources Than Avoiding Physical Activity: An
EEG Study,” Neuropsychologia 119 (2018): 68-80, https://doi.org/10.
1016/J.NEUROPSYCHOLOGIA.2018.07.029.

36. H. Kaplan, K. Hill, J. Lancaster, and A. M. Hurtado, “A Theory of
Human Life History Evolution: Diet, Intelligence, and Longevity,”
Evolutionary Anthropology: Issues, News, and Reviews 9 (2000): 156-185,
https://doi.org/10.1002/1520-6505(2000)9:4%3C156::AID-EVAN5%3E3.
0.CO;2-7.

37. L. Cordain, S. B. Eaton, A. Sebastian, et al., “Origins and Evolution
of the Western Diet: Health Implications for the 21st Century,”
American Journal of Clinical Nutrition 81 (2005): 341-354, https://doi.
0rg/10.1093/ajcn.81.2.341.

38. T. S. Church, D. M. Thomas, C. Tudor-Locke, et al., “Trends over 5
Decades in U.S. Occupation-Related Physical Activity and Their

Evolutionary Anthropology: Issues, News, and Reviews, 2026

9 of 12

85UB017 SUOLIIOD 381D 3(gedljdde 8y Ag peussnob afe sejole VO ‘88N JO S8|ni 1oy Afiq1T8UlUQ A8]I/W UO (SUOTHPUD-PUE-SLLBY WO AS | 1M AlR1q | U [UO//SANY) SUORIPUOD PUe swis 1 8y} 89S *[9202/20/c0] Uo ARiqiauljuo 8|1 ‘soueld 8ueIyo0D AQ 8E00, UeAS/Z00T OT/I0P/W0 A8 | IMAtelq iUl |uoy/sdny Wouy papeojumod ‘Z ‘9202 ‘S0S902ST


https://doi.org/10.1002/cphy.c140011
https://doi.org/10.1038/nature17654
https://doi.org/10.1073/pnas.2409674121
https://doi.org/10.1073/pnas.1316940111
https://doi.org/10.1073/pnas.1316940111
https://doi.org/10.4065/mcp.2010.0444
https://doi.org/10.4065/mcp.2010.0444
https://doi.org/10.1016/j.evolhumbehav.2020.04.001
https://doi.org/10.1017/ehs.2025.10025
https://doi.org/10.1002/ajpa.1330230317
https://doi.org/10.1002/ajpa.1330230317
https://doi.org/10.1073/PNAS.1911868117/-/DCSUPPLEMENTAL
https://doi.org/10.1073/PNAS.1911868117/-/DCSUPPLEMENTAL
https://doi.org/10.1002/ajhb.22919
https://doi.org/10.1186/s12966-017-0525-8
https://doi.org/10.1073/pnas.2107621118
https://doi.org/10.1242/jeb.048397
https://doi.org/10.1242/jeb.048397
https://doi.org/10.1038/nature03052
https://doi.org/10.1038/nature03052
https://doi.org/10.1016/j.cub.2022.09.030
https://doi.org/10.1016/j.cub.2022.09.030
https://doi.org/10.1038/nature23018
https://doi.org/10.1038/nature23018
https://doi.org/10.1016/j.cmet.2016.06.015
https://doi.org/10.1016/j.advnut.2023.02.003
https://doi.org/10.1016/j.advnut.2023.02.003
https://doi.org/10.1242/jeb.251083
https://doi.org/10.1016/j.cub.2015.12.046
https://doi.org/10.1016/j.cub.2015.12.046
https://doi.org/10.1249/MSS.0000000000002759
https://doi.org/10.1249/MSS.0000000000002759
https://doi.org/10.1073/pnas.2519626122
https://doi.org/10.1073/pnas.2519626122
https://doi.org/10.1002/ajhb.22711
https://doi.org/10.1016/j.cub.2026.01.025
https://doi.org/10.1073/pnas.2420902122
https://doi.org/10.1073/pnas.2420902122
https://doi.org/10.1126/science.1216930
https://doi.org/10.1126/science.1216930
https://doi.org/10.1016/J.CUB.2015.08.016
https://doi.org/10.1016/J.CUB.2015.08.016
https://doi.org/10.1016/J.NEUROPSYCHOLOGIA.2018.07.029
https://doi.org/10.1016/J.NEUROPSYCHOLOGIA.2018.07.029
https://doi.org/10.1002/1520-6505(2000)9:4%3C156::AID-EVAN5%3E3.0.CO;2-7
https://doi.org/10.1002/1520-6505(2000)9:4%3C156::AID-EVAN5%3E3.0.CO;2-7
https://doi.org/10.1093/ajcn.81.2.341
https://doi.org/10.1093/ajcn.81.2.341

Associations With Obesity,” PLoS One 6 (2011): e19657, https://doi.org/
10.1371/journal.pone.0019657.

39. D. E. Lieberman, “Is Exercise Really Medicine? An Evolutionary
Perspective,” Current Sports Medicine Reports 14 (2015): 313-319,
https://doi.org/10.1249/JSR.0000000000000168.

40. D. E. Lieberman, D. A. Raichlen, H. Pontzer, D. M. Bramble, and
E. Cutright-Smith, “The Human Gluteus Maximus and Its Role in
Running,” Journal of Experimental Biology 209 (2006): 2143-2155,
https://doi.org/10.1242/jeb.02255.

41. F. E. Marino, B. E. Sibson, and D. E. Lieberman, “The Evolution of
Human Fatigue Resistance,” Journal of Comparative Physiology B 192
(2022): 411-422, https://doi.org/10.1007/s00360-022-01439-4.

42.J. Okerblom, W. Fletes, H. H. Patel, S. Schenk, A. Varki, and
E. C. Breen, “Human-Like Cmah Inactivation in Mice Increases Run-
ning Endurance and Decreases Muscle Fatigability: Implications for
Human Evolution,” Proceedings. Biological Sciences 285 (2018):
20181656, https://doi.org/10.1098/rspb.2018.1656.

43.R. E. Shave, D. E. Lieberman, A. L. Drane, et al., “Selection of
Endurance Capabilities and the Trade-Off Between Pressure and Vol-
ume in the Evolution of the Human Heart,” Proceedings of the National
Academy of Sciences 116 (2019): 19905-19910, https://doi.org/10.1073/
pnas.1906902116.

44.D. A. Raichlen and J. D. Polk, “Linking Brains and Brawn: Exercise
and the Evolution of Human Neurobiology,” Proceedings. Biological
Sciences 280 (2013): 20122250, https://doi.org/10.1098/rspb.2012.2250.

45.D. A. Raichlen and A. D. Gordon, “Relationship Between Exercise
Capacity and Brain Size in Mammals,” PLoS One 6 (2011): e20601,
https://doi.org/10.1371/journal.pone.0020601.

46. K. Isler and C. van Schaik, “Costs of Encephalization: The Energy
Trade-Off Hypothesis Tested on Birds,” Journal of Human Evolution 51
(2006): 228-243, https://doi.org/10.1016/j.jhevol.2006.03.006.

47.D. E. Lieberman, The Story of the Human Body: Evolution, Health
and Disease (New York: Pantheon Books, 2013).

48. K. Isler and C. P. van Schaik, “The Expensive Brain: A Framework for
Explaining Evolutionary Changes in Brain Size,” Journal of Human
Evolution 57 (2009): 392-400, https://doi.org/10.1016/j.jhevol.2009.04.009.

49.D. A. Raichlen and G. E. Alexander, “Adaptive Capacity: An
Evolutionary-Neuroscience Model Linking Exercise, Cognition, and
Brain Health,” Trends in Neurosciences 40 (2017): 408-421, https://doi.
0rg/10.1016/j.tins.2017.05.001.

50. A. R. Tari, T. L. Walker, A. M. Huuha, S. B. Sando, and U. Wisloff,
“Neuroprotective Mechanisms of Exercise and the Importance of Fit-
ness for Healthy Brain Ageing,” Lancet 405 (2025): 1093-1118, https://
doi.org/10.1016/S0140-6736(25)00184-9.

51.Y. Qiu, B. Fernandez-Garcia, H. I. Lehmann, et al., “Exercise Sus-
tains the Hallmarks of Health,” Journal of Sport and Health Science 12
(2023): 8-35, https://doi.org/10.1016/.jshs.2022.10.003.

52. M. N. Silverman and P. A. Deuster, “Biological Mechanisms Underlying
the Role of Physical Fitness in Health and Resilience,” Interface Focus 4
(2014): 20140040, https://doi.org/10.1098/1sfs.2014.0040.

53. H. H. Lee, J. E. McGeary, S. Dunsiger, et al., “Affective Response to
Physical Activity as a Deep Phenotype in a Non-Randomized Pilot
Study,” Scientific Reports 12 (2022): 1-9, https://doi.org/10.1038/541598-
022-09662-3.

54. K. Flack, C. Pankey, K. Utholz, L. Johnson, and J. N. Roemmich,
“Genetic Variations in the Dopamine Reward System Influence Exercise
Reinforcement and Tolerance for Exercise Intensity,” Behavioural Brain
Research 375 (2019): 112148, https://doi.org/10.1016/J.BBR.2019.112148.

55.J. H. Stubbe, D. 1. Boomsma, J. M. Vink, et al., “Genetic Influences
on Exercise Participation in 37.051 Twin Pairs From Seven Countries,”
PLoS One 1 (2006): e22, https://doi.org/10.1371/journal.pone.0000022.

56. K. E. Bathgate, J. R. Bagley, E. Jo, et al., “Muscle Health and Per-
formance in Monozygotic Twins With 30 Years of Discordant Exercise
Habits,” European Journal of Applied Physiology 118 (2018): 2097-2110,
https://doi.org/10.1007/s00421-018-3943-7.

57.D. T. Kenrick, V. Griskevicius, J. M. Sundie, N. P. Li, Y. J. Li, and
S. L. Neuberg, “Deep Rationality: The Evolutionary Economics of
Decision Making,” Social Cognition 27 (2009): 764-785, https://doi.org/
10.1521/80¢0.2009.27.5.764.

58.J. W. Brehm and E. A. Self, “The Intensity of Motivation,” Annual
Review of Psychology 40 (1989): 109-131, https://doi.org/10.1146/
annurev.ps.40.020189.000545.

59. R. Kurzban, “The Sense of Effort,” Current Opinion in Psychology 7
(2016): 67-70, https://doi.org/10.1016/j.copsyc.2015.08.003.

60. D. L. Christensen, K. Westgate, L. Griffiths, et al., “Energy Ex-
penditure and Intensity of Ritual Jumping-Dancing in Male Maasai,”
American Journal of Human Biology 35 (2023): 23907, https://doi.org/
10.1002/ajhb.23907.

61.D. A. Raichlen, A. D. Foster, G. L. Gerdeman, A. Seillier, and
A. Giuffrida, “Wired to Run: Exercise-Induced Endocannabinoid Sig-
naling in Humans and Cursorial Mammals With Implications for the
‘Runner’'s High’,” Journal of Experimental Biology 215 (2012):
1331-1336, https://doi.org/10.1242/jeb.063677.

62. M. Cabanac, “Physiological Role of Pleasure,” Science 173 (1971):
1103-1107, https://doi.org/10.1126/science.173.4002.1103.

63. M. Cabanac, “Pleasure: The Common Currency,” Journal of
Theoretical Biology 155 (1992): 173-200, https://doi.org/10.1016/s0022-
5193(05)80594-6.

64.D. H. Aslan, L. Fenton, S. D. Han, et al., “Cognitive Correlates of
Human Endurance,” Proceedings of the National Academy of Sciences
122 (2025): 2512055122, https://doi.org/10.1073/pnas.2512055122.

65.C. L. Hogan, J. Mata, and L. L. Carstensen, “Exercise Holds
Immediate Benefits for Affect and Cognition in Younger and Older
Adults,” Psychology and Aging 28 (2013): 587-594, https://doi.org/10.
1037/a0032634.

66. P. L. Croxson, M. E. Walton, J. X. O'Reilly, T. E. J. Behrens, and
M. F. S. Rushworth, “Effort-Based Cost-Benefit Valuation and the
Human Brain,” Journal of Neuroscience 29 (2009): 4531-4541, https://
doi.org/10.1523/INEUROSCI.4515-08.2009.

67.N. André, M. Audiffren, and R. F. Baumeister, “An Integrative
Model of Effortful Control,” Frontiers in Systems Neuroscience 13 (2019):
79, https://doi.org/10.3389/fnsys.2019.00079.

68. W. W. Seeley, “The Salience Network: A Neural System for
Perceiving and Responding to Homeostatic Demands,” Journal of
neuroscience 39 (2019): 9878-9882, https://doi.org/10.1523/
JNEUROSCI.1138-17.2019.

69. M. C. Klein-Fliigge, S. W. Kennerley, K. Friston, and S. Bestmann,
“Neural Signatures of Value Comparison in Human Cingulate Cortex
During Decisions Requiring An Effort-Reward Trade-Off,” Journal of
neuroscience 36 (2016): 10002-10015, https://doi.org/10.1523/
JNEUROSCI.0292-16.2016.

70. C. Prévost, M. Pessiglione, E. Météreau, M. L. Cléry-Melin, and
J. C. Dreher, “Separate Valuation Subsystems for Delay and Effort
Decision Costs,” Journal of Neuroscience 30 (2010): 14080-14090,
https://doi.org/10.1523/INEUROSCI.2752-10.2010.

71. E. D. Klein, R. S. Bhatt, and T. R. Zentall, “Contrast and the Justi-
fication of Effort,” Psychonomic Bulletin & Review 12 (2005): 335-339,
https://doi.org/10.3758/bf03196381.

72. J. Stihler, M. Bieleke, W. Wolff, and J. Schiiler, “Different Functions
of Physical Effort in Physical Activity and Sports: A Scoping Review of
the Value of Physical Effort,” Motivation and Emotion 49 (2025):
259-283, https://doi.org/10.1007/s11031-025-10123-3.

10 of 12

Evolutionary Anthropology: Issues, News, and Reviews, 2026

85UB017 SUOLIIOD 381D 3(gedljdde 8y Ag peussnob afe sejole VO ‘88N JO S8|ni 1oy Afiq1T8UlUQ A8]I/W UO (SUOTHPUD-PUE-SLLBY WO AS | 1M AlR1q | U [UO//SANY) SUORIPUOD PUe swis 1 8y} 89S *[9202/20/c0] Uo ARiqiauljuo 8|1 ‘soueld 8ueIyo0D AQ 8E00, UeAS/Z00T OT/I0P/W0 A8 | IMAtelq iUl |uoy/sdny Wouy papeojumod ‘Z ‘9202 ‘S0S902ST


https://doi.org/10.1371/journal.pone.0019657
https://doi.org/10.1371/journal.pone.0019657
https://doi.org/10.1249/JSR.0000000000000168
https://doi.org/10.1242/jeb.02255
https://doi.org/10.1007/s00360-022-01439-4
https://doi.org/10.1098/rspb.2018.1656
https://doi.org/10.1073/pnas.1906902116
https://doi.org/10.1073/pnas.1906902116
https://doi.org/10.1098/rspb.2012.2250
https://doi.org/10.1371/journal.pone.0020601
https://doi.org/10.1016/j.jhevol.2006.03.006
https://doi.org/10.1016/j.jhevol.2009.04.009
https://doi.org/10.1016/j.tins.2017.05.001
https://doi.org/10.1016/j.tins.2017.05.001
https://doi.org/10.1016/S0140-6736(25)00184-9
https://doi.org/10.1016/S0140-6736(25)00184-9
https://doi.org/10.1016/j.jshs.2022.10.003
https://doi.org/10.1098/rsfs.2014.0040
https://doi.org/10.1038/s41598-022-09662-3
https://doi.org/10.1038/s41598-022-09662-3
https://doi.org/10.1016/J.BBR.2019.112148
https://doi.org/10.1371/journal.pone.0000022
https://doi.org/10.1007/s00421-018-3943-7
https://doi.org/10.1521/soco.2009.27.5.764
https://doi.org/10.1521/soco.2009.27.5.764
https://doi.org/10.1146/annurev.ps.40.020189.000545
https://doi.org/10.1146/annurev.ps.40.020189.000545
https://doi.org/10.1016/j.copsyc.2015.08.003
https://doi.org/10.1002/ajhb.23907
https://doi.org/10.1002/ajhb.23907
https://doi.org/10.1242/jeb.063677
https://doi.org/10.1126/science.173.4002.1103
https://doi.org/10.1016/s0022-5193(05)80594-6
https://doi.org/10.1016/s0022-5193(05)80594-6
https://doi.org/10.1073/pnas.2512055122
https://doi.org/10.1037/a0032634
https://doi.org/10.1037/a0032634
https://doi.org/10.1523/JNEUROSCI.4515-08.2009
https://doi.org/10.1523/JNEUROSCI.4515-08.2009
https://doi.org/10.3389/fnsys.2019.00079
https://doi.org/10.1523/JNEUROSCI.1138-17.2019
https://doi.org/10.1523/JNEUROSCI.1138-17.2019
https://doi.org/10.1523/JNEUROSCI.0292-16.2016
https://doi.org/10.1523/JNEUROSCI.0292-16.2016
https://doi.org/10.1523/JNEUROSCI.2752-10.2010
https://doi.org/10.3758/bf03196381
https://doi.org/10.1007/s11031-025-10123-3

73. M. Inzlicht, A. Shenhav, and C. Y. Olivola, “The Effort Paradox:
Effort Is Both Costly and Valued,” Trends in Cognitive Sciences 22
(2018): 337-349, https://doi.org/10.1016/J.TICS.2018.01.007.

74.T. W. Elston and D. K. Bilkey, “Anterior Cingulate Cortex Modu-
lation of the Ventral Tegmental Area in An Effort Task,” Cell Reports 19
(2017): 2220-2230, https://doi.org/10.1016/J.CELREP.2017.05.062.

75.J. Schweimer and W. Hauber, “Dopamine D1 Receptors in the
Anterior Cingulate Cortex Regulate Effort-Based Decision Making,”
Learning & Memory 13 (2006): 777-782, https://doi.org/10.1101/LM.
409306.

76.J. Bernacer, 1. Martinez-Valbuena, M. Martinez, et al., “Brain Cor-
relates of the Intrinsic Subjective Cost of Effort in Sedentary Volun-
teers,” Progress in Brain Research 229 (2016): 103-123, https://doi.org/
10.1016/bs.pbr.2016.05.003.

77. M. M. Botvinick, S. Huffstetler, and J. T. McGuire, “Effort Dis-
counting in Human Nucleus Accumbens,” Cognitive, Affective, &
Behavioral Neuroscience 9 (2009): 16-27, https://doi.org/10.3758/
CABN.9.1.16.

78.J. D. Salamone and M. Correa, “The Neurobiology of Activational
Aspects of Motivation: Exertion of Effort, Effort-Based Decision Mak-
ing, and the Role of Dopamine,” Annual Review of Psychology 75 (2024):
1-32, https://doi.org/10.1146/annurev-psych-020223-012208.

79. J. Michely, S. Viswanathan, T. U. Hauser, L. Delker, R. J. Dolan, and
C. Grefkes, “The Role of Dopamine in Dynamic Effort-Reward Inte-
gration,” Neuropsychopharmacology 45 (2020): 1448-1453, https://doi.
0rg/10.1038/s41386-020-0669-0.

80. P. Padmanabhan, A. Casamento-Moran, A. Kim, et al., “Dopamine
Facilitates the Translation of Physical Exertion into Assessments of
Effort,” npj Parkinson'’s Disease 9 (2023): 51, https://doi.org/10.1038/
$41531-023-00490-4.

81.R. P. Waters, R. B. Pringle, G. L. Forster, et al.,, “Selection for
Increased Voluntary Wheel-Running Affects Behavior and Brain
Monoamines in Mice,” Brain Research 1508 (2013): 9-22, https://doi.
org/10.1016/j.brainres.2013.01.033.

82. N. Aridan, N. J. Malecek, R. A. Poldrack, and T. Schonberg, “Neural
Correlates of Effort-Based Valuation With Prospective Choices,”
NeuroImage 185 (2019): 446-454, https://doi.org/10.1016/j.neuroimage.
2018.10.051.

83. M. Bigliassi, D. F. Cabral, and A. C. Evans, “Improving Brain Health
via the Central Executive Network,” Journal of Physiology 604 (2026):
2375-2399, https://doi.org/10.1113/JP287099.

84. P. Sheeran and T. L. Webb, “The Intention-Behavior Gap,” Social
and Personality Psychology Compass 10 (2016): 503-518, https://doi.org/
10.1111/spc3.12265.

85.L. C. Fong, P. M. Garrett, P. L. Smith, R. Hester, S. Bode, and
D. Feuerriegel, “Tracing the Neural Trajectories of Evidence Accumu-
lation and Motor Preparation Processes During Voluntary Decisions,”
Imaging neuroscience (Cambridge, Mass.) 4 (2026): IMAG.a.1184,
https://doi.org/10.1162/IMAG.a.1184.

86. A. Diamond, “Executive Functions,” Annual Review of Psychology 64
(2013): 135-168, https://doi.org/10.1146/annurev-psych-113011-143750.

87. N. P. Friedman and T. W. Robbins, “The Role of Prefrontal Cortex in
Cognitive Control and Executive Function,” Neuropsychopharmacology
47 (2022): 72-89, https://doi.org/10.1038/s41386-021-01132-0.

88. E. McAuley, S. P. Mullen, A. N. Szabo, et al., “Self-Regulatory
Processes and Exercise Adherence in Older Adults,” American Journal
of Preventive Medicine 41 (2011): 284-290, https://doi.org/10.1016/].
amepre.2011.04.014.

89. B. Cheval, D. Orsholits, S. Sieber, D. Courvoisier, S. Cullati, and
M. P. Boisgontier, “Relationship Between Decline in Cognitive
Resources and Physical Activity,” Health Psychology 39 (2020): 519-528,
https://doi.org/10.1037/hea0000857.

90. C. Forestier, M. de Chanaleilles, R. Bartoletti, B. Cheval,
A. Chalabaev, and T. Deschamps, “Are Trait Self-Control and Self-
Control Resources Mediators of Relations Between Executive Functions
and Health Behaviors?,” Psychology of Sport and Exercise 67 (2023):
102410, https://doi.org/10.1016/J.PSYCHSPORT.2023.102410.

91. M. Audiffren, N. André, and R. F. Baumeister, “Training Willpower:
Reducing Costs and Valuing Effort,” Frontiers in Neuroscience 16 (2022):
699817, https://doi.org/10.3389/fnins.2022.699817.

92. K. Wittfeld, C. Jochem, M. Dérr, et al., “Cardiorespiratory Fitness
and Gray Matter Volume in the Temporal, Frontal, and Cerebellar
Regions in the General Population,” Mayo Clinic Proceedings 95 (2020):
44-56, https://doi.org/10.1016/J.MAYOCP.2019.05.030.

93.J. Bento-Torres, N. V. O. Bento-Torres, C. M. Stillman, et al., “As-
sociations Between Cardiorespiratory Fitness, Physical Activity, In-
traindividual Variability in Behavior, and Cingulate Cortex in Younger
Adults,” Journal of Sport and Health Science 8 (2019): 315-324, https://
doi.org/10.1016/J.JSHS.2019.03.004.

94. S. Maleki, J. Hendrikse, Y. Chye, et al., “Associations of Cardiorespira-
tory Fitness and Exercise With Brain White Matter in Healthy Adults: A
Systematic Review and Meta-Analysis,” Brain Imaging and Behaviour 16
(2022): 2402-2425, https://doi.org/10.1007/S11682-022-00693-Y.

95. K. Lin, B. Stubbs, W. Zou, et al., “Aerobic Exercise Impacts the
Anterior Cingulate Cortex in Adolescents With Subthreshold Mood
Syndromes: A Randomized Controlled Trial Study,” Translational
Psychiatry 10 (2020): 155, https://doi.org/10.1038/s41398-020-0840-8.

96.J. Bernacer, I. Martinez-Valbuena, M. Martinez, et al.,, “An
Amygdala-Cingulate Network Underpins Changes in Effort-Based
Decision Making After a Fitness Program,” Neurolmage 203 (2019):
116181, https://doi.org/10.1016/J. NEUROIMAGE.2019.116181.

97.R. G. Stein, N. C. B. S. Silva, L. F. T. Brinke, T. C. Handy,
G.-Y. R. Hsiung, and T. Liu-Ambrose, “Physical Activity Level Moder-
ates the Association Between Response Inhibition and Anterior Cin-
gulate Cortex Volume in Older Adults,” Alzheimer's & Dementia 18
(2022): €064734, https://doi.org/10.1002/alz.064734.

98. M. T. Treadway, J. W. Buckholtz, R. L. Cowan, et al., “Dopaminergic
Mechanisms of Individual Differences in Human Effort-Based Decision-
Making,” Journal of Neuroscience 32 (2012): 6170-6176, https://doi.org/
10.1523/INEUROSCI.6459-11.2012.

99.A. M. Knab and J. T. Lightfoot, “Does the Difference Between
Physically Active and Couch Potato Lie in the Dopamine System?,”
International Journal of Biological Sciences 6 (2010): 133-150, https://
doi.org/10.7150/1JBS.6.133.

100. B. Lu, G. Nagappan, and Y. Lu, “BDNF and Synaptic Plasticity,
Cognitive Function, and Dysfunction,” Handbook of Experimental
Pharmacology 220 (2014): 223-250, https://doi.org/10.1007/978-
3-642-45106-5_9.

101. H. C. Lei, K. E. Parker, C.-C. Kuo, C. M. Yuede, J. G. McCall, and
S. Imai, “Aging Reduces Motivation Through Decreased Bdnf Expres-
sion in the Ventral Tegmental Area,” Molecular Psychiatry 31 (2026):
1398-1408, https://doi.org/10.1038/s41380-025-03253-0.

102. B. K. Pedersen, “Physical Activity and Muscle-Brain Crosstalk,”
Nature Reviews Endocrinology 15 (2019): 383-392, https://doi.org/10.
1038/541574-019-0174-x.

103. T. Saanijoki, L. Tuominen, J. J. Tuulari, et al., “Opioid Release
After High-Intensity Interval Training in Healthy Human Subjects,”
Neuropsychopharmacology 43 (2018): 246-254, https://doi.org/10.1038/
npp.2017.148.

104. D. Matei, D. Trofin, D. A. Iordan, et al., “The Endocannabinoid
System and Physical Exercise,” International Journal of Molecular
Sciences 24 (2023): 1989, https://doi.org/10.3390/ijms24031989.

105. G. N. Ruegsegger, R. G. Toedebusch, M. J. Will, and F. W. Booth,
“Mu Opioid Receptor Modulation in the Nucleus Accumbens Lowers

Evolutionary Anthropology: Issues, News, and Reviews, 2026

11 of 12

85UB017 SUOLIIOD 381D 3(gedljdde 8y Ag peussnob afe sejole VO ‘88N JO S8|ni 1oy Afiq1T8UlUQ A8]I/W UO (SUOTHPUD-PUE-SLLBY WO AS | 1M AlR1q | U [UO//SANY) SUORIPUOD PUe swis 1 8y} 89S *[9202/20/c0] Uo ARiqiauljuo 8|1 ‘soueld 8ueIyo0D AQ 8E00, UeAS/Z00T OT/I0P/W0 A8 | IMAtelq iUl |uoy/sdny Wouy papeojumod ‘Z ‘9202 ‘S0S902ST


https://doi.org/10.1016/J.TICS.2018.01.007
https://doi.org/10.1016/J.CELREP.2017.05.062
https://doi.org/10.1101/LM.409306
https://doi.org/10.1101/LM.409306
https://doi.org/10.1016/bs.pbr.2016.05.003
https://doi.org/10.1016/bs.pbr.2016.05.003
https://doi.org/10.3758/CABN.9.1.16
https://doi.org/10.3758/CABN.9.1.16
https://doi.org/10.1146/annurev-psych-020223-012208
https://doi.org/10.1038/s41386-020-0669-0
https://doi.org/10.1038/s41386-020-0669-0
https://doi.org/10.1038/s41531-023-00490-4
https://doi.org/10.1038/s41531-023-00490-4
https://doi.org/10.1016/j.brainres.2013.01.033
https://doi.org/10.1016/j.brainres.2013.01.033
https://doi.org/10.1016/j.neuroimage.2018.10.051
https://doi.org/10.1016/j.neuroimage.2018.10.051
https://doi.org/10.1113/JP287099
https://doi.org/10.1111/spc3.12265
https://doi.org/10.1111/spc3.12265
https://doi.org/10.1162/IMAG.a.1184
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1038/s41386-021-01132-0
https://doi.org/10.1016/j.amepre.2011.04.014
https://doi.org/10.1016/j.amepre.2011.04.014
https://doi.org/10.1037/hea0000857
https://doi.org/10.1016/J.PSYCHSPORT.2023.102410
https://doi.org/10.3389/fnins.2022.699817
https://doi.org/10.1016/J.MAYOCP.2019.05.030
https://doi.org/10.1016/J.JSHS.2019.03.004
https://doi.org/10.1016/J.JSHS.2019.03.004
https://doi.org/10.1007/S11682-022-00693-Y
https://doi.org/10.1038/s41398-020-0840-8
https://doi.org/10.1016/J.NEUROIMAGE.2019.116181
https://doi.org/10.1002/alz.064734
https://doi.org/10.1523/JNEUROSCI.6459-11.2012
https://doi.org/10.1523/JNEUROSCI.6459-11.2012
https://doi.org/10.7150/IJBS.6.133
https://doi.org/10.7150/IJBS.6.133
https://doi.org/10.1007/978-3-642-45106-5_9
https://doi.org/10.1007/978-3-642-45106-5_9
https://doi.org/10.1038/s41380-025-03253-0
https://doi.org/10.1038/s41574-019-0174-x
https://doi.org/10.1038/s41574-019-0174-x
https://doi.org/10.1038/npp.2017.148
https://doi.org/10.1038/npp.2017.148
https://doi.org/10.3390/ijms24031989

Voluntary Wheel Running in Rats Bred for High Running Motivation,”
Neuropharmacology 97 (2015): 171-181, https://doi.org/10.1016/j.
neuropharm.2015.05.022.

106. A. R. Harris, A. K. Yegian, B. E. Sibson, et al., “Comparing Physical
Activity Levels and Metabolic Quotients to Quantify the Physical
Activity Transition in Rwanda,” American Journal of Human Biology 37
(2025): €70142, https://doi.org/10.1002/ajhb.70142.

107. A. C. Davis and S. Arnocky, “An Evolutionary Perspective on
Appearance Enhancement Behavior,” Archives of Sexual Behavior 51
(2022): 3-37, https://doi.org/10.1007/s10508-020-01745-4.

108. F. T. McAndrew, “Costly Signaling Theory.” in Encyclopedia of
Evolutionary Psychological Science, eds. T. K. Shackelford and V. A.
Weekes-Shackelford (Cham: Springer, 2021), 1525-1532, https://doi.
0rg/10.1007/978-3-319-19650-3_3483.

109. D. Longman, J. C. K. Wells, and J. T. Stock, “Can Persistence
Hunting Signal Male Quality? A Test Considering Digit Ratio in En-
durance Athletes,” PLoS One 10 (2015): 0121560, https://doi.org/10.
1371/journal.pone.0121560.

110. C. L. Apicella, “Upper-Body Strength Predicts Hunting Reputation
and Reproductive Success in Hadza Hunter-Gatherers,” Evolution and
Human Behavior 35 (2014): 508-518, https://doi.org/10.1016/].
evolhumbehav.2014.07.001.

111. D. P. Longman and C. N. Shaw, “Homo Sapiens, Industrialisation
and the Environmental Mismatch Hypothesis,” Biological Reviews 101
(2026): 580-601, https://doi.org/10.1111/brv.70094.

112. O. Hawes, B. Rigby, M. Flemons, T. Matias, and J. Piggin, “Beyond
Movement Alone: Rethinking Health Implications of Purposeful Phys-
ical (In)Activity, Stillness, and Rest,” Journal of Physical Activity and
Health 23, no. 2 (2026): 147-150, PMID: 41027570, https://doi.org/10.
1123/jpah.2025-0564.

113. P. Furley, “What Modern Sports Competitions Can Tell Us About
Human Nature,” Perspectives on Psychological Science 14 (2019): 138-
155, https://doi.org/10.1177/1745691618794912.

114. A. L. Schulte-Hostedde, M. A. Eys, and K. Johnson, “Female Mate
Choice Is Influenced by Male Sport Participation,” Evolutionary
Psychology 6 (2008): 147470490800600113, https://doi.org/10.1177/
147470490800600113.

115. E. Postma, “A Relationship Between Attractiveness and Perform-
ance in Professional Cyclists,” Biology Letters 10 (2014): 20130966,
https://doi.org/10.1098/1sbl.2013.0966.

116. M. D. Baker, M. E. Nabell, N. Thomas, et al., “Going the Distance,
Going for Speed: Honest Signaling and the Benefits of Exercising With
An Opposite-Sex Partner,” Evolution and Human Behavior 40 (2019):
167-175, https://doi.org/10.1016/j.evolhumbehav.2018.10.004.

117. K. Koscinski, “Attractiveness of Women's Body: Body Mass Index,
Waist-Hip Ratio, and Their Relative Importance,” Behavioral Ecology 24
(2013): 914-925, https://doi.org/10.1093/beheco/art016.

118. D. A. Frederick, G. M. Buchanan, L. Sadehgi-Azar, et al., “Desiring
the Muscular Ideal: Men's Body Satisfaction in the United States, Uk-
raine, and Ghana,” Psychology of Men & Masculinity 8 (2007): 103-117,
https://doi.org/10.1037/1524-9220.8.2.103.

119.P. K. Durkee, P. Polo, J. A. Mufioz-Reyes, et al, “Men's Bodily
Attractiveness: Muscles as Fitness Indicators,” Evolutionary Psychology 17
(2019): 1474704919852918, https://doi.org/10.1177/1474704919852918.

120. S. Claes, S. De Wit, B. Le Clercq, and L. Annemans, “What Moves
You? The Relation Between Exercise Motivation and Well-Being Using
a Person-Centered Approach,” BMC Public Health 26 (2026): 497,
https://doi.org/10.1186/s12889-025-26028-2.

121.J. B. Celniker, A. Gregory, H. J. Koo, P. K. Piff, P. H. Ditto, and
A. F. Shariff, “The Moralization of Effort,” Journal of Experimental
Psychology: General 152 (2023): 60-79, https://doi.org/10.1037/
xge0001259.

122. A. V. Campbell, G. J. Depow, S. Agarwal, and M. Inzlicht, “Effortful
Leisure Is a Source of Meaning in Everyday Life,” Communications
Psychology 3 (2025): 112, https://doi.org/10.1038/s44271-025-00292-9.

123. K. Strohacker, O. Galarraga, and D. M. Williams, “The Impact of
Incentives on Exercise Behavior: A Systematic Review of Randomized
Controlled Trials,” Annals of Behavioral Medicine 48 (2014): 92-99,
https://doi.org/10.1007/s12160-013-9577-4.

124. K. Blum, M. Gondré-Lewis, B. Steinberg, et al., “Our Evolved
Unique Pleasure Circuit Makes Humans Different From Apes:
Reconsideration of Data Derived From Animal Studies,” Journal of
Systems and Integrative Neuroscience 4 (2018): 1-7, https://doi.org/10.
15761/JSIN.1000191.

125. E. E. Macdonald, J. Ma, D. Liu, et al., “A Synaptic Mechanism
for Encoding the Learned Value of Action-Derived Safety,” Nature
Communications 17 (2026): 4916, https://doi.org/10.1038/s41467-
026-73906-3.

12 of 12

Evolutionary Anthropology: Issues, News, and Reviews, 2026

85UB017 SUOLIIOD 381D 3(gedljdde 8y Ag peussnob afe sejole VO ‘88N JO S8|ni 1oy Afiq1T8UlUQ A8]I/W UO (SUOTHPUD-PUE-SLLBY WO AS | 1M AlR1q | U [UO//SANY) SUORIPUOD PUe swis 1 8y} 89S *[9202/20/c0] Uo ARiqiauljuo 8|1 ‘soueld 8ueIyo0D AQ 8E00, UeAS/Z00T OT/I0P/W0 A8 | IMAtelq iUl |uoy/sdny Wouy papeojumod ‘Z ‘9202 ‘S0S902ST


https://doi.org/10.1016/j.neuropharm.2015.05.022
https://doi.org/10.1016/j.neuropharm.2015.05.022
https://doi.org/10.1002/ajhb.70142
https://doi.org/10.1007/s10508-020-01745-4
https://doi.org/10.1007/978-3-319-19650-3_3483
https://doi.org/10.1007/978-3-319-19650-3_3483
https://doi.org/10.1371/journal.pone.0121560
https://doi.org/10.1371/journal.pone.0121560
https://doi.org/10.1016/j.evolhumbehav.2014.07.001
https://doi.org/10.1016/j.evolhumbehav.2014.07.001
https://doi.org/10.1111/brv.70094
https://doi.org/10.1123/jpah.2025-0564
https://doi.org/10.1123/jpah.2025-0564
https://doi.org/10.1177/1745691618794912
https://doi.org/10.1177/147470490800600113
https://doi.org/10.1177/147470490800600113
https://doi.org/10.1098/rsbl.2013.0966
https://doi.org/10.1016/j.evolhumbehav.2018.10.004
https://doi.org/10.1093/beheco/art016
https://doi.org/10.1037/1524-9220.8.2.103
https://doi.org/10.1177/1474704919852918
https://doi.org/10.1186/s12889-025-26028-2
https://doi.org/10.1037/xge0001259
https://doi.org/10.1037/xge0001259
https://doi.org/10.1038/s44271-025-00292-9
https://doi.org/10.1007/s12160-013-9577-4
https://doi.org/10.15761/JSIN.1000191
https://doi.org/10.15761/JSIN.1000191
https://doi.org/10.1038/s41467-026-73906-3
https://doi.org/10.1038/s41467-026-73906-3

	Why Do Humans Exercise? A Neuro-Evolutionary Framework for Discretionary Physical Effort
	1 Introduction
	2 Evolutionary Bioenergetics and the Hominin Metabolic Niche
	3 The Human Active Phenotype and the Biological Imperative of PA
	4 Neurobiological Regulation of Effort: From Ancestral Foraging to Modern Discretionary Exercise
	4.1 Neural Circuits of Effort Valuation
	4.2 PA-Dependent Neuroplasticity and Recalibration of Effort Valuation

	5 Evolutionary Hypotheses Explaining Discretionary Exercise in Modern Humans
	5.1 Homeostatic Compensation Hypothesis
	5.2 Costly Signaling Hypothesis
	5.3 Reward Recoding Hypothesis
	5.4 Integrative Perspective

	6 Conclusion
	Acknowledgments
	Funding
	Conflicts of Interest
	Declarations of AI Use
	Statements Relating to Ethics and Integrity Policies
	Data Availability Statement
	References




