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Abstract
A model for systematic changes in patterns of inter-individual variation in affective responses to physical activity of varying
intensities is presented, as a conceptual alternative to the search for a global dose – response curve. It is theorized that trends
towards universality will emerge in response to activities that are either generally adaptive, such as moderate walking, or
generally maladaptive, such as strenuous running that requires anaerobic metabolism and precludes the maintenance of a
physiological steady state. At the former intensity the dominant response will be pleasure, whereas at the latter intensity the
dominant response will be displeasure. In contrast, affective responses will be highly variable, involving pleasure or
displeasure, when the intensity of physical activity approximates the transition from aerobic to anaerobic metabolism, since
activity performed at this intensity entails a trade-off between benefits and risks. Preliminary evidence in support of this
model is presented, based on a reanalysis of data from a series of studies.
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Introduction

The dose – response relationship between the inten-

sity of physical activity and the accompanying

affective responses has become one of the prominent

research foci within exercise psychology in recent

years. In their review of this literature, Ekkekakis and

Petruzzello (1999) identified 31 studies that com-

pared the effects of multiple levels of intensity,

conducted over a period of 27 years, from 1971 to

1998. Since then, the production of new information

on this topic has accelerated dramatically, resulting

in at least 17 additional studies in less than 5 years

(citations available upon request). The primary

reason for this growing interest is the expectation

that this research will elucidate the mechanisms

underlying the negative relationship between inten-

sity and adherence (e.g. Cox, Burke, Gorely, Beilin,

& Puddey, 2003; Lee et al., 1996; Perri et al., 2002).

People generally tend to do what makes them feel

good and avoid what makes them feel bad, so it is

critical to understand how the intensity of physical

activity influences affective responses, as these

responses might reduce the intrinsic motivation for

physical activity, and thus lead to decreased adher-

ence and increased likelihood of dropout. According

to the text of the Healthy People 2010 programme in

the USA, ‘‘each person should recognize that starting

out slowly with an activity that is enjoyable . . . is

central to the adoption and maintenance of physical

activity behaviour’’ (US Department of Health and

Human Services, 2000, pp. 22 – 24). Yet, in actu-

ality, the hypothesized causal chain linking ‘‘starting

out slowly’’, enjoyment and the ‘‘adoption and

maintenance of physical activity behaviour’’ remains

poorly understood.

One of the most prominent obstacles in the

continued effort to increase our understanding of

this causal chain is the absence of an adequate

conceptual framework for the critical first link, the

relationship between intensity and affect. It appears

that the goal of most published dose – response

studies has been to identify a global dose – response

curve similar to the one that has been proposed for
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the biological outcomes of physical activity (Haskell,

1994). However, some reviewers have expressed the

concern that the relationship between the intensity of

physical activity and affective responses might not be

amenable to conventional or traditional (i.e. biome-

dical) dose – response models, whereby the

relationship can be represented by a single curve

with global or nomothetic applicability (Biddle &

Mutrie, 2001, p. 153; Ekkekakis & Petruzzello, 1999;

Rejeski, 1994). The reason is that affective responses

to physical activity are subject to a multitude of

interacting personal, social, physical and physiologi-

cal factors, to which individuals tend to respond ‘‘as

‘active’ rather than ‘passive’ agents’’ (Rejeski, 1994,

p. 1040). Although there is consensus that indivi-

duals differ in how they respond to varying intensities

of physical activity, deciphering the implications of

this observation for theory and practice poses a

challenge and opinions begin to diverge. For

example, one viewpoint is that, if we accept

individual differences and the ‘‘inevitable existence

of complex biopsychosocial interactions’’, then ‘‘it

follows that no single dose of activity will ever have

universal appeal’’ (Rejeski, 1994, p. 1053). Another

viewpoint is that, although ‘‘future research should

take both the individual’s psychological and physio-

logical profiles into account’’ and it would not make

sense to prescribe physical activity that is aversive to a

certain individual, it may still be ‘‘possible to defend

a single exercise prescription for all individuals (e.g.,

70% of V̇O2max)’’ (Morgan, 1997, p. 11). Here, we

(a) present an alternative conceptual model of the

relationship between the intensity of physical activity

and affective responses and (b) review data that

support this formulation.

A brief definition of affect

Affect is defined here as the most basic or elementary

characteristic component of all valenced (positive or

negative, pleasant or unpleasant) responses, includ-

ing, but not limited to, emotions and moods (for a

more detailed discussion, see Ekkekakis & Petruz-

zello, 2000). In that sense, affect is a broader concept

than emotion. The chief difference is that an emotion

(e.g. pride or shame) requires a cognitive appraisal of

a stimulus as having positive or negative implications

for one’s goals or well-being. On the other hand,

affect (e.g. pleasure or displeasure) may occur as one

of the components of an emotion (e.g. shame is

unpleasant) or independently, even in the absence of

a cognitive appraisal (e.g. the immediate, ‘‘auto-

matic’’ or cognitively unmediated displeasure

associated with pain). Although affect is commonly

defined in terms of both valence (pleasure – displea-

sure) and activation, emphasis here is placed on

valence as the dimension that is generally considered

of greater value for survival and adaptation (Caba-

nac, 1971, 1979; Panksepp, 1998a,b). Thus, an

‘‘affective response’’ is defined here as a change in

self-reported pleasure – displeasure.

Physical activity, affective responses and the

unshakable legacy of the inverted-U

As demonstrated in hundreds of studies to date,

bouts of physical activity can induce significant

affective responses (for reviews, see Tuson & Sinyor,

1993; Yeung, 1996). The most oft-cited assumption

in this literature regarding the shape of the dose –

response relationship between the intensity of phy-

sical activity and affect is that it approximates an

inverted-U or inverted-J (Figure 1). Specifically, it

has been assumed that moderately vigorous intensity

(not ‘‘too low’’, not ‘‘too high’’) optimizes the

conditions for positive affective changes, whereas

low intensity is insufficient to produce significant

changes in affect and high intensity is either

ineffective or experienced as aversive (Berger &

Motl, 2000; Kirkcaldy & Shephard, 1990; Ojanen,

1994).

There are two main problems with the inverted-U

or inverted-J. First, despite the popularity of these

models and associated assumptions, they are not

consistent with the extant evidence (Ekkekakis &

Petruzzello, 1999). For example, several studies have

shown that low-intensity activity, such as walking at a

self-chosen pace (less than 25% of heart rate

reserve), results in increased self-rated pleasure

among young participants (Ekkekakis, Hall, Van

Landuyt, & Petruzzello, 2000; Saklofske, Blomme,

Kelly, 1992; Thayer, 1987a,b; Thayer, Peters,

Figure 1. The inverted-J (solid part of the line) and inverted-U

hypotheses of the relationship between the intensity of physical

activity and affective benefits. An intensity that is ‘‘too low’’ is

believed to be ineffective in producing significant affective benefits,

whereas an intensity that is ‘‘too high’’ may be ineffective or

aversive. An intensity approximating 60 – 70% of maximal aerobic

capacity (i.e. not ‘‘too low’’ and not ‘‘too high’’) is believed to

provide the optimal stimulus for positive affective changes.
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Takahashi, & Birkhead-Flight, 1993). Moreover,

during a 30-min bout of cycle ergometry at 60% of

estimated maximal aerobic capacity (V̇O2max), a

mid-range intensity (not ‘‘too low’’, not ‘‘too high’’),

some participants reported a gradual improvement

but others reported a gradual decline (Van Landuyt,

Ekkekakis, Hall, & Petruzzello, 2000).

A second problem with global dose – response

models in general, and the inverted-U or inverted-J

in particular, is that they ‘‘espouse a stimulus –

response paradigm’’ (Rejeski, 1994, p. 1040) and, as

such, fail to account for patterns of inter-individual

variation. Yet, these patterns of inter-individual

differences appear to be systematic and might be of

considerable psychological significance. Despite

sporadic calls for increased attention to inter-

individual differences from within exercise psychol-

ogy (Ekkekakis & Petruzzello, 1999; Gauvin &

Brawley, 1993; Rejeski, 1994; Van Landuyt et al.,

2000) and similar calls in other areas, including

exercise science (Bouffard, 1993), general psychol-

ogy (Thorngate, 1986) and behavioural ecology

(Bennett, 1987), neither concepts nor methods in

the study of the exercise – affect relationship have

changed in any substantive way in the last 35 years. A

possible reason for this apparent unwillingness to

treat inter-individual differences as a phenomenon

worthy of systematic psychological study is the

absence of a conceptual framework for approaching

and interpreting this variability.

Two methodological pitfalls

Two crucial methodological problems pertaining to

dose – response investigations became apparent in

Ekkekakis and Petruzzello’s (1999) review of this

literature. Both can critically distort the outcomes of

dose – response studies and, therefore, warrant scru-

tiny.

The first problem, which can be dubbed the ‘‘now

you see it, now you don’t’’ illusion, relates to the

timing of assessments of affective responses. In most

published studies, affective changes were assessed

from before to various time points after the activity,

based on the apparently false assumption that any

change in the interim would be linear. However,

assessments of affective responses during the activity

bout have shown that, as intensity increases, there

are consistent decreases in self-rated pleasure and,

eventually, increases in displeasure during the

activity (Acevedo, Kraemer, Haltom, & Tryniecki,

2003; Acevedo, Rinehardt, & Kraemer, 1994; Bixby,

Spalding, & Hatfield, 2001; Ekkekakis, Hall, &

Petruzzello, 2004; Hall, Ekkekakis, & Petruzzello,

2002; Hardy & Rejeski, 1989; Parfitt & Eston, 1995;

Parfitt, Eston, & Connolly, 1996; Parfitt, Markland,

& Holmes, 1994). Upon cessation of the intense

activity, the typically negative changes are followed

by rapid positive changes, leading to a post-activity

state that is more pleasant than the pre-activity one

(Bixby et al., 2001; Hall et al., 2002). Thus, the

consequence of this problem is that a dose – response

pattern that is apparent during the activity may

quickly dissipate as soon as the activity is terminated.

The second problem, which can be dubbed the

‘‘what’s in a name?’’ imbroglio, relates to the

nomenclature used to describe different levels of

physical activity intensity. It is probably fair to say

that, on this topic, chaos and confusion reign

supreme, as there is no consistency in the methods

used to determine intensity levels or in the terms

used to describe them. One encounters methods as

diverse as a fixed number of watts, a fixed heart rate,

a fixed rating of perceived exertion, or various,

arbitrarily selected percentages of measured or

estimated maximal heart rate, heart rate reserve, or

maximal oxygen uptake. Or one may come across

terms as unspecific and enigmatic as low, mild, high,

vigorous, strenuous, and perhaps the most polysemous

of them all, moderate. It should be apparent that such

inconsistency renders the integration of findings an

essentially impossible task.

One possible solution would be to follow the

conventional classification scheme proposed by the

American College of Sports Medicine (ACSM,

2000, p. 150). In this scheme, for example,

‘‘moderate’’ intensity is conventionally defined as

between 40% and 59% of heart rate reserve, between

55% and 69% of maximal heart rate, or a rating of

perceived exertion of 12 or 13. However, new

problems soon become apparent. First, this solution

is based on convention, not physiology, and conven-

tions often change to reflect the spirit of the times.

For example, just 5 years earlier, the term ‘‘moder-

ate’’ was used by ACSM (1995, p. 162) to describe a

higher range of intensities, namely between 60% and

79% of maximal heart rate. Second, this solution

does not take into account the balance between the

underlying metabolic processes (aerobic and anae-

robic), which may differ between two individuals

exercising at the same percentage of their maximal

capacity, even if these individuals are of the same sex

and of similar age, health and activity status (e.g.

Dwyer & Bybee, 1983; Katch, Weltman, Sady, &

Freedson, 1978). Consequently, it does not provide

an adequate standardization of the exercise stimulus

across individuals, particularly if one considers the

multitude of cardiovascular, biochemical, neuroen-

docrine and, as we will show, affective changes that

take place as the organism transitions between the

aerobic and anaerobic modes of operation. There-

fore, in this paper, as will be explained later, we

follow a three-domain typology of intensity, the basis

of which was proposed as early as the 1950s (Wells,
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Balke, & Van Fassen, 1957) and which has since

been endorsed by experts in exercise physiology

(Gaesser & Poole, 1996; Wasserman, Hansen, Sue,

Casaburi, & Whipp, 1999).

Physical activity from an evolutionary and

adaptational perspective

A central thesis underpinning the proposed model is

that physical activity must be considered from an

evolutionary and adaptational perspective, a poten-

tially insightful conceptual vantage point that has been

all but ignored in exercise psychology. Physical activity

has been an integral part of life for the human species

throughout its evolutionary history (Åstrand, 1986,

1992a,b, 1994; Bortz, 1985; Cordain, Gotshall, &

Eaton, 1997, 1998; Eaton, Shostak, & Konner, 1988;

Malina, 1991, 1998). According to one assessment,

‘‘exercise is arguably the most important factor in

driving evolution’’ (Woakes, 1991, p. ii). Conse-

quently, locomotion and physical performance have

been focal areas of research in evolutionary biology,

physiology and anthropology for many years. The

knowledge base that has been developed as a result of

these efforts contains information of potentially

tremendous value for improving the current under-

standing of the dynamics of inter-individual variation

in affective responses to physical activity. Even though

direct empirical evidence is difficult to obtain, physical

performance capacity is believed to be closely related

to adaptation and Darwinian fitness, the relative

reproductive success of a genotype (Arnold, 1983;

Bennett, 1991; Bennett & Huey, 1990; Garland &

Lossos, 1994; Irschick, 2002; Irschick & Garland,

2001; Leonard&Ulijaszek, 2002; Plaut, 2001; Pough,

1989). According to Bennett and Ruben (1979, p.

206):

The selective advantages of increased activity

capacity are not subtle but rather are central to

survival and reproduction. An animal with greater

stamina has an advantage that is readily compre-

hensible in selective terms. It can sustain greater

levels of pursuit or flight in gathering food or

avoiding becoming food. It will be superior in

territorial defense or invasion. It will be more

successful in courtship and mating.

It is clear that certain aspects of the adaptational

significance of physical activity behaviour for humans

have changed over evolutionary time (e.g. in most

cases, it is no longer necessary to exert oneself to

obtain food or to fight off predators). It is also clear

that there is inherent risk in drawing analogies

between humans during the Pleistocene (i.e. the

period that shaped the evolution of Homo sapiens,

lasting approximately from 1.8 million to 10,000

years ago) and modern humans, who live much

longer and generally succumb to different causes of

death. Nevertheless, many of the adaptational

implications of physical activity appear to have

remained invariant. Importantly, human anatomy

and physiology have remained essentially unchanged

since the later palaeolithic era (which ended approxi-

mately 15,000 years ago).

Darwinian fitness consists of two major compo-

nents, namely survival and reproductive success, and

physical activity is relevant to both. First, physical

activity is relevant to survival, since activity can both

promote it and endanger it. In other words, as

hunters and gatherers (i.e. for approximately 99% of

their natural history), humans had to be active to stay

alive and stay alive while being active. On the one

hand, as numerous modern epidemiological studies

have demonstrated, regular moderate physical activ-

ity can protect against a wide range of chronic

diseases, significantly decreasing mortality rates,

whereas inactivity appears to constitute a harmful

disuse of the body (Balady, 2002; Booth, Chakra-

varthy, Gordon, & Spangenburg, 2002; Myers et al.,

2002). This evidence is consistent with findings from

other species (Holloszy, 1993; Holloszy & Smith,

1987). On the other hand, physical activity of

excessive intensity entails risk, leading to an in-

creased incidence of sudden cardiac death (e.g.

Albert et al., 2000; Cadroy et al., 2002), musculos-

keletal injuries (e.g. Hootman et al., 2001) and

suppression of immune function (e.g. Nieman,

1997). Second, with respect to reproductive success,

among contemporary men, physical activity has been

linked to enhanced sexual behaviour, such as

frequency of encounters and reliability of adequate

functioning (White, Case, NcWhirter, & Mattison,

1990), as well as maintenance of reproductive health

(Bacon et al., 2003; Derby et al., 2000). Similar

findings have come from the animal literature,

showing that chronic wheel running results in

enhanced copulatory behaviour among male rats

(Chambliss, Van Hoomissen, Holmes, Bunnell, &

Dishman, 2004; Yoo, Tackett, Crabbe, Bunnell, &

Dishman, 2000). Conversely, excessive physical

activity has been linked to reproductive problems in

both men (DeSouza, Arce, Pescatello, Scherzer, &

Luciano, 1994) and women (Jasienska, 2003). In the

following sections, we make links between the

adaptational significance of different levels of physi-

cal activity intensity and the patterns of affective

responses that accompany the activity.

Fundamental assumptions

Our conceptual formulation is based on a series of

core assumptions, drawing mainly from principles of

evolutionary theory and prominent views in evolu-
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tionary and affective psychology. First, we consider

physical activity to constitute an essential component

of the human Environment of Evolutionary Adapt-

edness (EEA; Tooby & Cosmides, 1990a), the

environment that shaped human evolution. Unlike

previous views of what the EEA encompasses, here

we place emphasis on the internal environment of the

body. Human physical performance, being a trade-

off between speed and endurance, is subject to

certain constraints, including morphological and

metabolic design features that have remained invar-

iant during human evolution (Conley, Kemper, &

Crowther, 2001).

Second, we consider affective responses as man-

ifestations of evolved psychological mechanisms,

selected for their ability to promote health and

well-being or to solve recurrent adaptational pro-

blems (Nesse, 1990) within the particular EEA of

physical activity. Thus, we view affective responses to

physical activity as analogous to affective responses

that accompany other activities of vital adaptational

importance (e.g. tasting foods, smelling odours,

engaging in sexual intercourse, etc.). Furthermore,

we accept that physical activity is unique among

survival-critical activities, as it can induce bidirec-

tional changes in affect (i.e. pleasure or displeasure).

We consider pleasure to signify utility and displea-

sure to signify danger (Cabanac, 1971, 1979, 1995;

Panksepp, 1998a,b). As summarized earlier, differ-

ent levels of physical activity intensity may entail

either utility or danger. Following Bartley (1970),

Cabanac (1971, 1995), Damasio (1995, 1999,

2000), Schulze (1995) and others, we believe that

pleasure and displeasure are tied to the maintenance

of homeostasis. We follow the rationale expressed in

Schneirla’s (1959, 1965) seminal theory of approach-

withdrawal motivation, adopting the belief that both

the absence of stimulation and the presence of

intense stimulation are stressful. Based on this,

Schneirla proposed that, at least for organisms at

an early ontogenetic stage, low intensities of species-

specific, survival-important stimulation tend to evoke

approach reactions, whereas high intensities tend to

evoke withdrawal reactions with reference to the

source of the stimulation. In his words, ‘‘the high

road of evolution has been littered with the remains

of species that diverged too far from these rules’’

(Schneirla, 1959, p. 3). Presumably, approach

responses are accompanied by pleasure and with-

drawal responses by displeasure (Tobach, 1970).

Third, consistent with emerging evidence from

affective psychology and neuroscience, we assume

that affective responses, including those that origi-

nate in the body (Craig, 1996, 2002, 2003; Damasio,

1995, 1999), depend on a hierarchically organized

system involving multiple layers of control. This

system ranges from oligosynaptic, subcortical and

evolutionarily primitive pathways that underlie sur-

vival-critical, automatic or obligatory responses at the

bottom and polysynaptic, evolutionarily recent,

cortical pathways producing complex, flexible and

highly individualized responses at the top (Berntson,

Boysen, & Cacioppo, 1993; Berntson & Cacioppo,

2000; Damasio, 1995; LeDoux, 1986; Toates,

2002). Based on this, we accept that some types of

affective responses can be induced directly by

somatic afferent cues and some require cognitive

elaboration (Cacioppo, Berntson, & Klein, 1992).

This view is also consistent with Schneirla’s (1959,

1965) position that, in adult organisms, approach

towards or withdrawal from stimuli (and, presum-

ably, pleasure or displeasure, respectively) are driven

by two interacting forces: (a) the fundamental

tendency to approach weak and avoid intense

stimuli, and (b) an increasingly influential super-

imposed component that reflects the learning and

experience accumulated over the course of one’s life.

Within this hierarchical system, control can shift

from more complex to simpler mechanisms and vice

versa, depending on which can provide the appro-

priate response to a given situation (Berntson &

Cacioppo, 2000; den Dulk, Heerebout, & Phaf,

2003; Toates, 1998, 2002). The occasional relega-

tion of control to the less flexible mechanisms at the

bottom of the hierarchy can confer an adaptive

advantage because the multivariate inferential (i.e.

cognitive) processes of the higher levels are slower

and, by intervening between direct perception and

response, may introduce options that are maladap-

tive. According to Griffiths (1990), ‘‘it is vital for an

organism to be able to accept data which contradict

even its most firmly held beliefs’’ (p. 186). This is

because ‘‘a condition for the reliability of perception

. . . is that it generally sees what’s there, not what it

wants or expects to be there. Organisms that don’t

do so become deceased’’ (Fodor, 1983, p. 68).

Although reliance on low-level pathways may lead to

some false positives, ‘‘false positive responses . . .

probably have more survival value than false negative

responses’’ (LeDoux, 1986, p. 241). According to

Cabanac (1995), ‘‘one great advantage of this

mechanism is that it does not take rationality or a

high level of cognition to produce a behaviour

adapted to biological goals’’ (p. 413).

In the particular case of the affective responses to

physical activity, the shifts between different levels of

control appear to be systematic and dependent

largely upon the intensity of the activity (Ekkekakis,

2003). Specifically, affective responses to high-

intensity activity have been shown to correlate closely

with indices of physiological strain, indicating a

direct link between somatic afferents and the

affective centres of the brain. On the other hand,

affective responses to physical activity performed at
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an intensity that may be challenging but does not

pose an imminent threat correlate primarily with

cognitive variables (such as physical self-efficacy),

suggesting cortical involvement.

Fourth, we assume that ‘‘more primitive phyloge-

netic structures and functions, being the successful

outcome of eons of adaptation, display less variation

from individual to individual’’ (Reber, 1993, p. 7),

whereas structures and functions that are evolutio-

narily recent show higher plasticity and are mostly

shaped by individual developmental histories (Geary

& Huffman, 2002). In general, within a particular

ecological niche, ‘‘natural selection is a process that

eliminates variation’’ (Tooby & Cosmides, 1990b, p.

37), whereas the presence of variation ‘‘generally

signals a lack of adaptive significance’’ (Tooby &

Cosmides, 1990b, p. 38). If a trait conferred a

consistent adaptive advantage, it would have spread

through the population, and thus it would exhibit

limited heritable variation. Conversely, if it proved

consistently maladaptive, it would have been elimi-

nated, and thus it would also show limited heritable

variation. According to Tooby and Cosmides

(1990b), ‘‘people display more diversity in their

preferences for hat color or in their beliefs about gods

and spirits than in their desire to continue breathing,

their attraction to sex, or their desire to avoid pain’’

(p. 58). Nevertheless, although there is a general

‘‘desire to avoid pain’’, there is also considerable

heritable variation in pain sensitivity and tolerance

(Mogil, 1999), as well as in the preferred level of

sensory stimulation (Eysenck, 1983; Fulker, Ey-

senck, & Zuckerman, 1980). Presumably, this

variability exists because these traits are, ultimately,

adaptively neutral, involving a trade-off between

benefits and risks. Consider Zuckerman’s (1990, p.

314) comments on the adaptational implications of

individual differences in sensation seeking:

Sensation seeking and sensation avoidance, as

extremes of a continuous behavioural trait dimen-

sion, may represent two different strategies for

adaptation to a dangerous environment in which

novel stimuli can be either sources of biological

reward or a threat to survival. The sensation seeker

among our hominid ancestors was probably more

exploratory and more adventurous than the

sensation avoider. This trait pattern would provide

the advantage of increased access to new potential

food sources and mates, but a disadvantage in

terms of the risks entailed in such activities. The

sensation avoider would tend to avoid the risks at

the expense of the loss of foraging and reproduc-

tive advantage.

Returning to the idea of pleasure as indicative of

utility and displeasure as indicative of danger, the

presence of variability in affective responses (i.e.

pleasure responses in some individuals, displeasure

in others) could be interpreted as an indication that

the situation entails neither definite benefit nor

definite danger (but perhaps a trade-off between

benefit and risk). On the other hand, whenever all or

most individuals respond in the same manner, either

with pleasure or with displeasure (within reasonable

quantitative variation), we assume that the situation

is likely one that has significant, either positive or

negative, implications for adaptation.

Physical activity intensity domains and their

adaptational significance

As noted earlier, in this paper, we follow a

classification of physical activity intensity based on

three domains with distinct metabolic requirements

(Gaesser & Poole, 1996). We presume that distinct

metabolic requirements also entail differences in

adaptational significance. In the following sub-

sections, we consider each domain in turn, followed

by a consideration of the adaptational significance of

the immediate post-activity phase.

Domain of ‘‘moderate’’ intensity

First, there is a broad range of intensity, characterized

as moderate, which encompasses the intensities below

the lactate threshold (i.e. this threshold being the

lowest workload at which the rate of lactate appear-

ance in the blood starts to exceed the rate of removal).

In this domain, aerobic metabolism is the predomi-

nant source of energy. This is enormously important

from an adaptational standpoint because the abun-

dant energy stores available for aerobic metabolism in

the human body (muscle and liver glycogen, fats,

proteins) entail that activities in the moderate domain

can be maintained for a long period of time while

permitting the maintenance of a physiological steady

state. Activities that typically fall in this range include

walking, gardening and moderate swimming. Most of

the hunting, scavenging and gathering activities

preponderant during human evolution (Cordain et

al., 1998) also fall within this range of intensity. An

excerpt from Åstrand (1994, p. 102), on his observa-

tions from a contemporary group of hunters and

gatherers, illustrates this point:

Some years ago, I visited the bushmen in the

Kalahari desert, probably the last remaining

Stone-Age people. They followed the lifestyle of

the true hunters and food gatherers. Gathering

sufficient food meant trudging long distances for

the men in their hunting efforts and for the women

and children in their collection of berries, melons,

roots, and various plants. This walking, stopping,
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and squatting to dig, and walking again, is

physically demanding. When the women gather

enough and return home, they still have to collect

and carry firewood for the cooking and the night

fire . . . To get enough to eat, the bushmen have to

exercise for hours almost every day . . . I never saw

an adult bushman out jogging, but the walking was

fast!

These anecdotal observations are supported by

several anthropological studies of hunter-gatherer

societies, including the Kung of the Kalahari Desert,

the Ache of Paraguay and others (Cordain et al.,

1998; Hill, Kaplan, Hawkes, & Hurtado, 1985;

Hurtado, Hawkes, Hill, & Kaplan, 1985; Leonard

& Robertson, 1997; Norgan, Ferro-Luzzi, & Durnin,

1974; Sorensen & Leonard, 2001). For example,

Leonard and Robertson (1997) reported that walking

and light work take up 6.8 and 5.5 h daily for Ache

men and women, and 5.0 and 5.5 h daily for Kung

men and women, respectively. The respective ranges

covered are 14.9, 9.1, 19.2 and 9.2 km. Even in

modern societies, activities in the moderate domain of

intensity, predominantly walking, are the strongest

predictors of total daily energy expenditure (Wester-

terp, 2001).

The amount of time and proportion of energy

resources invested in physical activity of moderate

intensity in primitive human societies are an indirect

indication of the importance of such activities for

promoting Darwinian fitness. Direct evidence link-

ing the ability for physical activity within the moderate

or aerobic range to survival and reproduction in

human populations is scarce and mostly anecdotal

(Carrier, 1984; Nabokov, 1981). In a preliminary

observational study of a population of contemporary

hunter-gatherers (the Ache of eastern Paraguay),

Kaplan and Hill (1985) found that, among males,

hunting ability (presumed to be a composite of skill

and the ability to pursue prey) was associated with

increased reproductive success, defined as survivor-

ship of offspring. Additional support comes from

animal research (Hayes & O’Connor, 1999; Jayne &

Bennett, 1990). Studies show that the amount of

time a constant speed can be sustained (i.e.

presumably within the moderate domain of intensity)

is predictive of (a) the amount of time an animal

spends moving in open-field conditions and the

distance covered (Garland, 1999), and (b) social

dominance (Robson & Miles, 2000; Sinervo, Miles,

Frankino, Klukowski, & De Nardo, 2000). Access to

large territories in conjunction with a dominant

social status eventually can lead to increased

encounters with potential mates and greater repro-

ductive success.

Although activity in animal and primitive human

societies, unlike modern societies, was motivated

mainly by the need to access food and mates,

considering the consequences of the (mostly theore-

tical then, all too real now) possibility of persistent

physical inactivity is still suggestive of the necessity of

activity for sustaining life. The modern sedentary

lifestyle essentially constitutes a vast natural experi-

ment for this. Regular participation in moderate

physical activity has consistently been shown to be

associated with reduced all-cause mortality, even

after controlling for other risk factors directly or

indirectly associated with the modern lifestyle, such

as smoking, obesity, adult-onset diabetes and hyper-

tension. In a study of retired men followed for 12

years, the all-cause mortality rate for those who

walked less than 1 mile per day was nearly twice that

of those who walked 2 or more miles per day (Hakim

et al., 1998). Data from human (Myers et al., 2002)

and animal (Jayne & Bennett, 1990) studies alike also

demonstrate that endurance capacity is a significant

predictor of mortality. Meyers et al. (2002) found

that the risk of death from any cause for participants

whose exercise capacity was less than 5 MET was

roughly double that of participants whose exercise

capacity was more than 8 MET. Moreover, every 1

MET increase in exercise performance was asso-

ciated with a 12% improvement in survival.

Be it due to starvation or disuse and decay, it is

clear that inactivity increases the risk of premature

death and decreases Darwinian fitness. This invites

an intriguing possibility: Could there be an evolved

mechanism that promotes regular, moderate-intensity

physical activity? Essentially, this proposition is an

extension of the widely accepted and uncontroversial

notion that the pleasure associated with eating tasty

food, smelling inviting odours or engaging in sexual

intercourse is a manifestation of precisely such

mechanisms. According to Panksepp (1998a), ‘‘plea-

sure is nature’s way of telling the brain that it is

experiencing stimuli that are useful – events that

support the organism’s survival by helping to rectify

biological imbalances’’ (p. 182). What we are

suggesting here is that the pleasure associated with

moderate-intensity physical activity is one such

example.

Along similar lines, other authors have suggested

that humans and other animals may have an innate

propensity for moderate physical activity, evolved to

maintain a healthy balance between energy intake

and expenditure and to sustain overall health,

strength and mobility (Rowland, 1998; Thorburn &

Proietto, 2000). When we started developing the idea

for this article, we could only locate two opinion

pieces, in which the authors had taken the extra step,

highlighting the pleasure responses associated with

moderate-intensity physical activity as the psycholo-

gical mechanism that evolved to reward – and thus

promote – this behaviour (Eikelboom, 1999; Sher,
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1998). This situation has been changed by the

publication of two recent studies that were based

on the same rationale. Based on a long-term study

examining the adaptations associated with the

artificial genetic selection for high wheel-running

behaviour in mice, Rhodes, Garland and Gammie

(2003) set out to identify brain regions associated

with the motivation to run and the regulation of the

amount of running performed. Their hypothesis was

that, as a result of genetic selection, adaptations must

have evolved in the brains of runner-mice, specifi-

cally in areas known to be associated with reward.

Indeed, the researchers found several such areas,

including the nucleus accumbens (a part of the

dopamine reward system). In a study of two large

human cohorts, Simonen et al. (2003) investigated

the relationship between physical activity and a

polymorphism in a gene that encodes for the D2

type of dopamine receptor (DRD2). The rationale

for this study was again based on the fundamental

assumption that the amount of physical activity that

humans perform is associated with the pleasure

derived from the activity. Indeed, they found a link

(particularly consistent among White women) be-

tween the DRD2 polymorphism and physical activity

participation over the previous year. These studies

definitely help to legitimize what might have initially

appeared like an untenable or counterintuitive idea,

namely that there is a genetically determined

pleasure-based mechanism that has evolved to

reward and promote physical activity.

What makes the idea seem untenable or counter-

intuitive to some is one indisputable fact, namely

that an alarmingly high percentage of modern

humans, living in industrialized countries, are

physically inactive. Admittedly, this counter-argu-

ment seems compelling at first. However, we

submit that it might be somewhat misleading. What

we are proposing is only that pleasure responses to

moderate physical activity represent a psychological

adaptation that evolved to reward and promote such

activity. It is not logical to argue that the veracity of

this proposition hinges upon whether modern hu-

mans are physically active. Making such an

extrapolation neglects the fact that both modern

humans themselves (i.e. their unprecedentedly high

levels of obesity and low levels of weight-adjusted

physical fitness) and their living conditions have

changed dramatically over the last century and,

therefore, what they now do (which may be

maladaptive in an evolutionary sense) is not a

reliable indication of their genetic heritage. One

example, offered by Irons (1998), is the widespread

use of vasectomies and contraception in an effort to

lower lifetime fertility, certainly a strange behaviour

from the standpoint of Darwinian fitness! However,

this does not diminish our conviction that the

tendency to procreate is ‘‘in our genes’’ and that the

pleasure of intercourse has evolved to promote this

behaviour. We just accept the fact that there are

novel constraints (e.g. related to career or financial

planning) that alter behaviour.

As Irons (1998) notes, ‘‘the use of addictive drugs,

modern eating habits, and the sedentary nature of

urban life are other candidates for nonadaptive

behaviours’’ (p. 203). Exercise psychology research

has discovered several novel barriers that preclude

physical activity participation (e.g. perceived lack of

time, a low sense of self-efficacy and high social-

physique anxiety, all shaped by modern cultural

standards). Here, we add one other possibility.

Modern humans may not be willing to participate

in physical activity because they themselves have

changed in ways that make the activity unpleasant.

Unlike their ancestors who, based on skeletal

remains, were characterized by robust physical

abilities (Cordain et al., 1997, 1998; Eaton et al.,

1988), modern humans suffer from the unprece-

dented combination of low endurance and high body

weight. This combination has probably resulted in a

moderate domain of physical activity intensity whose

range is narrower now than it has ever been.

Consequently, maintaining the intensity of the

activity within the moderate domain, as this was

defined previously, might be difficult or even

unattainable for some. As an imaginary but not

unrealistic example, a middle-aged individual weigh-

ing 120 kg, with a peak oxygen uptake of

25 ml � kg71 �min71 and a level of aerobic – anaero-

bic transition at 50% of peak capacity, will likely

exceed the moderate domain of intensity very soon

after starting to walk, even at what most people

would consider a ‘‘slow’’ pace. Moreover, the

affective response of this individual to the activity

will be influenced not only by the cardiorespiratory

cues but also by muscular and skeletal aches and

pains, not to mention social-cognitive factors, such

as perceived physical inefficacy and social physique

anxiety. Therefore, the proposition that the pleasure

response to moderate physical activity represents an

evolutionary adaptation should not be judged by

whether or not modern humans are physically active,

but rather by whether this proposition holds up in

contexts that are free of the unprecedented peculia-

rities of modern humans and their lifestyles.

Here we focus on two pertinent examples: (a)

spontaneous activity in a wide range of animals,

including wheel running in rodents; and (b) loco-

motor play (as distinct from other forms of play, such

as object play, social play, or rough-and-tumble play,

which have additional attributes and, possibly,

functions) as a pervasive phenomenon across species,

including humans. The fact that both of these

phenomena lack an apparent immediate ‘‘function’’
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has caused legions of researchers to speculate about

their origins and significance (Martin & Caro, 1985;

Sherwin, 1998). However, the debate is over the so-

called ‘‘distal causation’’ (i.e. what their functions

are over the long haul) and not over ‘‘proximal

causation’’. Proximally, there is consensus that both

of these forms of physical activity are driven by the

fact that they are apparently pleasurable and thus

self-reinforcing.

In the following paragraphs, we discuss diverse

evidence from the literatures that deal with voluntary

running and play, in an effort to substantiate the

claim of an evolutionarily ancient inherent tendency

for physical activity in the moderate domain of

intensity. For both phenomena, we follow a similar

line of argumentation. We wish to show that: (a)

both voluntary running and play are ubiquitous

behaviours, at least among mammalian species; (b)

animals spend considerable proportions of their time

and energy budgets on these activities, despite the

cost and associated risks; (c) both activities pre-

dominantly involve aerobic metabolism; (d) the

distal function of both activities appears to be the

maintenance of health and the promotion of activity

capacity and, therefore, of Darwinian fitness; and (e)

both activities appear to be inherently pleasurable, as

evidenced by their successful application as rewards

in conditioning studies and the fact that they involve

brain mechanisms of established relevance to plea-

sure and reward.

According to a review of the voluntary wheel-

running literature by Sherwin (1998), most animal

species will use running wheels when these are

provided. Rodents, whose spontaneous running

behaviour has been studied more often than other

species, have been found to run several kilometres

per day (Koteja, Swallow, Carter, & Garland, 1999b;

Mather, 1981). The distances per 24-h period that

have been reported in the literature range from

3.5 km for weasels to 43 km for rats (Sherwin,

1998). This amount of activity entails substantial

investments of time and energy budgets. Although

the amount of running performed can differ drama-

tically (in one study, some individuals were found to

perform up to 37 times more revolutions per hour

than others; Premack & Schaeffer, 1963), the

tendency to engage in such activity seems remarkably

consistent across species and individuals.

Most wheel running ‘‘is presumed to be primarily

aerobic’’ (Houle-Leroy, Guderley, Swallow, & Gar-

land, 2003, p. R433), based on analyses of the

intensity and patterning of running and the type of

physiological adaptations that occur as a result

(Garland et al., 2002; Girard, McAleer, Rhodes, &

Garland, 2001; Houle-Leroy, Garland, Swallow, &

Guderley, 2000; Koteja et al., 1999b; Swallow,

Garland, Carter, Zhan, & Sieck, 1998; Zhan et al.,

1999). It is also of interest that animals that run more

as a result of artificial selection for high activity do so

by running faster and more intermittently (Girard et

al., 2001; Koteja et al., 1999b). The purpose of

pausing is to maintain the intensity near the high end

of the aerobic range and prevent fatigue by (a)

allowing the resaturation of myoglobin and haemo-

globin, (b) allowing the restoration of phosphate

stores, (c) limiting the depletion of glycogen stores

and (d) preventing the concentrations of lactate,

hydrogen ions and inorganic phosphates from rising

continuously (Edwards & Gleeson, 2001; Girard et

al., 2001; Kramer &McLaughlin, 2001; Weinstein &

Full, 1999).

The distal function of voluntary wheel running has

been debated extensively without a consensus being

reached (Mather, 1981; Sherwin, 1998). According

to Sherwin (1998), this activity appears to have a

proximal function (i.e. it is pleasurable and thus self-

reinforcing) but lacks an adaptive distal function and

its frequent excessiveness can only be an artifact of

the laboratory environment. However, others dis-

agree, offering explanations that focus on the

maintenance of health and greater access to re-

sources. Even Sherwin (1998) acknowledged that

running has several health benefits, including the fact

that animals appear to adjust their running to balance

caloric intake and expenditure. For Eikelboom

(1999), the health benefits of wheel running suffice

to substantiate the claim that its distal function is, in

fact, the promotion and maintenance of health. For

Mather (1981), wheel running represents a beha-

vioural analogue to ‘‘exploratory migration’’, a

reflection of the redirected drive to seek resources

in the wild. A variation of the same idea is also

supported by Koteja, Garland, Sax, Swallow and

Carter (1999a), who view running as being repre-

sentative of a tendency to travel distances and thus

encounter more resources. Although Sherwin’s

(1998) opinion that the aetiology of wheel running

is multifaceted is probably correct, the few examples

in which running develops into a maladaptive

behaviour cannot outweigh the evidence of health

benefits or eliminate the possibility of other impor-

tant gains in Darwinian fitness.

What is undisputed is that wheel running appears

to be a highly rewarding and self-reinforcing activity.

Wheel running has been used as an effective

reinforcer in numerous studies (e.g. Belke, 1997;

Iversen, 1993) and, as reported by Sherwin (1998),

the animals will alter other important behaviours,

even eating and drinking, in order to maintain access

to running. An intriguing new line of research shows

that wheel running can gradually replace the self-

administration of drugs of addiction, such as cocaine

(Cosgrove, Hynter, & Carroll, 2002), amphetamine

(Kanarek, Marks-Kaufman, D’Anci, & Przypek,
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1995) and ethanol (McMillan, McClure, & Hard-

wick, 1995). Like other apparently pleasurable and

self-reinforcing activities, wheel running has been

shown to involve the brain opioids (Boer, Epling,

Pierce, & Russell, 1990; Hoffmann, Terenius, &

Thorén, 1990; Lett, Grant, & Koh, 2001; Sisti &

Lewis, 2001) and the mesolimbic dopaminergic

network and nucleus accumbens (Sabol, Richards,

& Freed, 1990; Werme et al., 2002; Wilson &

Marsden, 1995).

Play is ubiquitous in mammals, evident in most

birds and, as Burghardt (1998) demonstrated, also

apparent in non-avian reptiles (ancestral to both

mammals and birds), suggesting a very long phylo-

genetic history. The physiological intensity of play

spans the entire range, including (a) brief (up to

30 s) periods of strenuous activity involving primarily

anaerobic metabolism, (b) slightly longer periods of

high-intensity activity (1 – 3 min) involving mostly

aerobic metabolism, and (c) prolonged periods of

activity (several minutes to an hour or more) of

submaximal intensity, also involving aerobic meta-

bolism (Fagen, 1976, 1981). Play of the first type is

associated with higher risk and cost than the latter

two types (Burghardt, 1984). This might explain why

play behaviour is not as common in reptiles, which

depend heavily on anaerobic metabolism, as it is in

mammals, which depend mostly on aerobic metabo-

lism. For example, by week 12, pronghorn fawns,

whose play consists primarily of running, average

approximately 600 m per bout of running (Miller &

Byers, 1991).

According to Burghardt (1984), all the postulated

functions of play can be classified into three

categories: motor training, socialization and en-

hanced cognitive abilities. However, importantly, of

these three, ‘‘locomotor play seems to be the most

physiologically based, widespread and ontogeneti-

cally earliest type of play’’ (p. 7). Locomotor play

involves running, jumping, kicking and so on and,

although it may be performed concurrently by

multiple animals, it is essentially an individual

activity, not directed towards other individuals of

the species. When the question about the distal

function of play focuses specifically on locomotor

play, then most theorists converge on variants of the

so-called ‘‘motor training’’ hypothesis, originally

proposed by Brownlee (1954). The core of this idea

is that play provides a stimulus for physical training,

which, in turn, has the deferred benefit of increasing

the chances of long-term survival (Bekoff, 1988;

Byers, 1984; Byers & Walker, 1995; Fagen, 1976,

1981; Pellegrini & Smith, 1998). Although it is clear

that ‘‘physical training alone cannot account for all

play behaviour’’ (Fagen, 1981, p. 307), ‘‘motor

training is the most plausible ancestral function of

play’’ (Byers, 1984, p. 60). According to Siviy and

Atrens (1992), ‘‘play may have evolved partly as a

means to ensure that the young of a species engage in

some form of exercise’’ (p. 146).

Progress in the search for the neuroanatomical

and neurophysiological substrates of play-induced

pleasure, which could strengthen the argument for

an inherent activity drive, is hindered by the fact

that studies have failed to distinguish between the

different types of play (locomotor, social, rough-

and-tumble, etc.). In fact, at this stage, most of the

information refers to social and rough-and-tumble

play and not locomotor play. With this caveat in

mind, it is still important to note that play (a)

appears to be pleasurable and rewarding, and (b)

involves the brain structures and neurotransmitter

networks known to regulate other apparently

pleasurable behaviours, including voluntary wheel

running. Evidence that play is pleasurable is

provided by studies showing that rats will readily

perform other tasks, such as learning to traverse a

maze, in order to earn the opportunity to play

(Calcagnetti & Schechter, 1992; Humphreys &

Einon, 1981; Normansell & Panksepp, 1990). Like

other self-rewarding behaviours, play has been

shown to involve the brain dopaminergic (Siviy,

1998) and opioid systems (Panksepp, Siviy, &

Normansell, 1984; Siviy, 1998; Vanderschuren,

Niesink, & Van Ree, 1997). Opioid agonists

generally increase play behaviour, whereas opioid

antagonists decrease it (Beatty & Costello, 1982;

Normansell & Panksepp, 1990). Importantly, it

appears that the neocortex is not necessary for the

initiation of play behaviour, as neonatal decortica-

tion does not affect its appearance or its vigour

(Murphy, MacLean, &Hamilton, 1981; Panksepp,

Normansell, Cox, & Siviy, 1994). On the other

hand, there is extensive evidence of subcortical

involvement, particularly of the amygdala (Meaney,

Dodge, & Beatty, 1981; Panksepp et al., 1984),

areas of the thalamus and brainstem (Siviy &

Panksepp, 1985, 1987), as well as the tectum,

periaqueductal gray and hypothalamus (Gordon,

Kollack-Walker, Akil, & Panksepp, 2002).

In summary, there are at least two phenomena,

voluntary wheel-running and play, that appear

consistent with the idea of an inherent tendency for

activity. Both types of activity entail substantial

energy costs and, therefore, some risk. Yet a wide

range of animals perform them, as they derive the

proximal benefit of pleasure and, presumably, the

distal benefit of gains in Darwinian fitness. In

humans, if one accepts the argument that physical

activity performed within the moderate domain of

intensity is consistently beneficial, the expectation is

that affective responses to such activity will exhibit

signs of homogeneity, with most individuals report-

ing increased pleasure.
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Domain of ‘‘heavy’’ intensity

The second range of physical activity intensity,

termed the domain of heavy activity, extends from

the lactate threshold to the highest work rate at which

blood lactate can be stabilized (also referred to as the

maximal lactate steady state). In this domain, lactate

appearance and removal rates can regain balance

over time, but at elevated lactate concentrations. As a

result of a continuous upward drift in oxygen uptake

that appears in this domain, the oxygen cost per unit

of work is increased compared with the moderate

domain. The activity cannot be continued indefi-

nitely, but it can be continued for a certain period of

time. From an adaptational standpoint, the physio-

logical events in this domain present a challenge, as

considerable changes must take place to allow the

maintenance of the work rate. Together with the rise

in lactic acid concentration, there is the beginning of

exponential increases in the frequency and depth of

ventilation, catecholamine concentration, rate – pres-

sure product and muscle fibre recruitment. These

changes generate a barrage of interoceptive informa-

tion that enters conscious awareness, alerting to the

potentially critical perturbation of homeostasis

(Craig, 1996, 2002, 2003).

Specifically, entering the anaerobic range is

accompanied by a rapid accumulation of lactate

and hydrogen ions dissociated from lactic acid.

These, in turn, have been linked to several

processes that contribute to fatigue, including the

accelerated breakdown of creatine phosphate

(McCann, Mollé, & Caton, 1995), the inhibition

of glycolysis and glycogenolysis (Spriet, Lindinger,

McKelvie, Heigenhauser, & Jones, 1989), the

inhibition of lipolysis (Boyd, Giamber, Mager, &

Lebovitz, 1974) and the interference with the

calcium triggering of muscle contractions (Favero,

Zable, Bowman, Thompson, & Abramson, 1995).

In addition, lactic acidosis stimulates the release of

catecholamines (Goldsmith, Iber, McArthur, &

Davies, 1990), and thus the lactate threshold has

been found to occur in close proximity to a

catecholamine threshold (Urhausen, Weiler, Coen,

& Kindermann, 1994; Weltman et al., 1994). In

turn, catecholamines have widespread effects that

further push the organism towards its functional

limits, including a breakpoint in the relationship

between the rate – pressure product and work rate

(Riley et al., 1997; Tanaka et al., 1997). The

intensity that exceeds the lactate threshold has also

been shown to be associated with the appearance of

abnormalities in left ventricular function in both

healthy untrained individuals (Boucher et al., 1985;

Tanaka et al., 1986) and in heart disease patients

(Koike, Itoh, Taniguchi, & Hiroe, 1989). Moreover,

to compensate for metabolic acidosis, above the

point of transition to anaerobic metabolism, there is

an increase in the frequency and depth of ventila-

tion (Wasserman, 1978). Finally, the transition to

anaerobic metabolism is accompanied by the

recruitment of low-efficiency fast-twitch muscle

fibres (Shinohara & Moritani, 1992), thus increas-

ing the oxygen cost of work and disrupting

coordination.

Presumably, like the ability to tolerate pain, the

ability to tolerate these bodily cues, which may

depend on individual differences in somatosensory

modulation or cognitive factors (e.g. physical self-

efficacy), would, on average, be adaptively neutral.

On the one hand, this tolerance could aid a hunter or

gatherer to perform more physical work or persist

under adverse environmental conditions. On the

other hand, the higher level of exertion would make

one more susceptible to injury or exhaustion.

Consistent with the hypothesis that individuals differ

in their responses when the situation entails neither a

consistent benefit nor a consistent threat, studies

with human twins have shown that there is more

heritable variation in participation in and preference

for physical activities of vigorous rather than mild

intensity (Beunen & Thomis, 1999; Lauderdale et

al., 1997; Maia, Thomis, & Beunen, 2002).

Data from animal studies appear consistent with

the notion of a trade-off between advantages and

risks in the case of vigorous activity. In one study,

physical endurance to the point of exhaustion, a trait

that shows reliable evidence of heritable genetic

variation and depends to a considerable extent on an

individual’s tolerance for fatigue, was found to be

associated with higher growth rates and lower

parasite loads in lizards, but also with high risk of

being injured by predators (Clobert et al., 2000). In

another study, male lizard morphs characterized by

high endurance and high activity were found to

defend large territories with many females, but also

suffer low survival rates (Sinervo et al., 2000) due to

the increased demands for energy intake or the

increased risk of succumbing to predators.

In humans, the research on individual differences

in tolerance for fatigue-related somatic cues has been

surprisingly limited. Nevertheless, it is reasonable to

assume that a higher level of tolerance for somatic

cues would enable one to perform more activity and

cover greater distances and, at the same time, expose

one to heightened risk not only from predatory

attacks, but also from one’s own body. As an

example, higher self-efficacy is associated with lower

ratings of perceived exertion (e.g. Pender, Bar-Or,

Wilk, & Mitchell, 2002; Rudolph &McAuley, 1996).

Although this might enable one to perform more

challenging activities, it might also lead to levels of

intensity that pose a danger for cardiorespiratory

problems (Ewart et al., 1986). For instance, the
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cognitive suppression or underestimation of the

seriousness of a situation are responsible for delaying

the call for medical assistance during cardiac epi-

sodes, often resulting in death (Burnett, Blumenthal,

Mark, Leimberger, & Califf, 1995; Meischke, Ho,

Eisenberg, Schaeffer, & Larsen, 1995).

In summary, physical activity in the heavy domain,

although not uncommon and frequently necessary, is

probably neither consistently adaptive nor consis-

tently maladaptive. Exceeding the lactate threshold

and entering the range of intensity that requires

tapping into the limited resources available for

anaerobic metabolism could help one perform more

intense physical work but, at the same time, is not

without some potential risks. Consequently, given

the absence of consistent utility or danger, affective

responses within the domain of heavy intensity are

expected to vary from individual to individual, with

some reporting pleasure and some reporting dis-

pleasure.

Domain of ‘‘very heavy’’ or ‘‘severe’’ intensity

The final range of intensity, termed the domain of

very heavy or severe physical activity, extends from the

maximal lactate steady state to the level of maximal

exercise capacity. In this range, oxygen consumption

and blood lactate rise continuously until the activity

is terminated due to exhaustion. Energy supply relies

heavily on the limited resources available to anaero-

bic metabolism (mainly the phosphagen pool and

anaerobic glycolysis). This brings about an acceler-

ated accumulation of lactate, which, in turn, leads to

further complications by accelerating the breakdown

of creatine phosphate, inhibiting glycolysis and

lipolysis and interfering with the calcium triggering

of muscle contractions. If the intensity of the activity

is not reduced, the available energy stores will be

depleted and the muscles will go into rigour. What

prevents this from happening is the activation of a

protective mechanism that precedes the failure in

neuromuscular excitation and manifests itself as

powerful perceptions of fatigue and displeasure.

Several authors have noted that the primary means

by which critical disruptions in homeostasis enter

consciousness is through salient surges of displeasure

(Cabanac, 1971, 1979, 1995; Damasio, 1995, 1999,

2000; Panksepp, 1998a,b). According to Damasio

(1999), compared with our almost unlimited ability

to adapt to varied social conditions, our ability to

survive changes in physiological parameters is very

limited: ‘‘The permissible range is indeed so small

and the need to respect its limits so absolute for

survival that organisms spring forth equipped with an

automatic regulation system to ensure that life

threatening deviations do not occur or can be rapidly

corrected’’ (p. 141).

Affect is at the core of this life-preserving ‘‘auto-

matic regulation system’’. Emphasis should be

placed on the significance of the term ‘‘automatic’’.

Damasio (1995) makes an important distinction

between primary and secondary emotions. Primary

emotions are ‘‘synonymous to innate, preorganised,

or Jamesian emotions . . . Organisms, including the

human organism, no doubt are ready to respond with

emotion early in life, in preorganised fashion, when

certain features of external or internal stimuli are

perceived alone or conjunctively . . . The evaluative

component in primary emotions is rudimentary’’ (p.

21). According to Damasio, certain configurations of

the body’s internal state (such as during a heart

attack or, presumably, during severe-intensity exer-

cise) are characteristic examples of internal stimuli

that may induce primary emotional responses. On

the other hand, ‘‘the evaluative component is an

important aspect of secondary emotions’’ (p. 21).

When this notion is applied to affective responses to

physical activity, the ‘‘rudimentary evaluative com-

ponent’’ of ‘‘primary emotions’’ entails that these

responses probably depend on pathways that link

somatosensory afferents to the affective centres of the

brain (i.e. the amygdala, anterior cingulate and

insular cortex) directly, bypassing the cortex and

thus allowing little or no influence from top-down

cognitive factors (Ekkekakis, 2003). What this pre-

sumed reliance upon lower-level (i.e. subcortical)

networks implies is that there will be limited

variability in affective responses, with most indivi-

duals experiencing displeasure.

Immediate post-activity phase

The instantaneous reversal from displeasure to

pleasure that typically occurs immediately after

physical activity in the heavy or severe ranges is also

of interest from an adaptational standpoint. This

pattern of change (i.e. baseline – unpleasant phase –

pleasant phase – baseline) has the characteristics of

what Solomon (1980, 1991) described as the

‘‘affective contrast’’ phenomenon. According to

Solomon, this phenomenon is the manifestation of

an innate and automatic affective opponent-process

mechanism, which is ‘‘brought into play whenever

significant departures from affective equilibrium

occur’’ and whose function is to ‘‘suppress or reduce

all excursions from hedonic neutrality’’ (Solomon &

Corbit, 1974, p. 143). Keeping affect ‘‘in check’’ is

necessary if the individual is to regain a clear sense of

perspective and return to an ordinary prioritization of

goals.

What an individual experiences in response to a

bout of intense physical activity, according to the

opponent-process model, is the result of two

processes that carry opposite valence signs, one
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negative (associated with displeasure, called the

primary or a-process) and one positive (associated

with pleasure, called opponent or b-process). The a-

process ‘‘closely tracks the stimulus intensity’’

(Solomon, 1980, p. 710), whereas the b-process

‘‘has a long latency, a sluggish course of increase,

and a sluggish course of delay’’ (p. 710) after the a-

process is terminated. The nature and intensity of the

a- and b-processes are fed into a summing device,

which constantly computes j a - b j and determines

the quality and intensity of affective experience at any

moment. Solomon (1991) postulated that ‘‘oppo-

nent-processes are not tripped into action until the a-

process reaches a critical intensity’’ (p. 339).

Although Solomon did not discuss the biological

underpinnings of his theory in detail, he did note the

possibility of the opponent-process being driven by

endogenous opioids, primarily beta-endorphin (So-

lomon, 1980, p. 708). This speculation has since

been substantiated by research on the phenomenon

of stress-induced analgesia, first discovered in

animals in the mid-1970s and later confirmed in

humans (see Amit & Galina, 1986, for a review). It is

now known that descending opioidergic neurons,

originating mainly in the periaqueductal grey, can

exert an inhibitory effect on ascending sensory cues

from joints, muscles and viscera in response to

stressful or aversive stimuli (Yamada & Nabeshima,

1995). Furthermore, via connections with hypotha-

lamic nuclei and the ventrolateral medulla, activation

of the periaqueductal grey can also have cardiovas-

cular and respiratory effects that mimic those of the

parasympathetic system, slowing heart rate and

reducing blood pressure and ventilation (Keay et

al., 1997; Workman & Lumb, 1997). Strenuous

physical activity, in the form of forced swimming

(e.g. Mogil, Sternberg, Balian, Liebeskind, & Sa-

dowski, 1996) and forced walking (e.g. Nakagawasai

et al., 1999), has been found to induce stress-

induced analgesia, and artificial selection experi-

ments have shown that this phenomenon has a

genetic basis (Panocka, Marek, & Sadowski, 1986).

Interestingly, a hypothesis linking the exercise-

induced brain opioid response to the dampening of

cardiovascular and respiratory responses, and thus to

reduced perceptions of exertion and discomfort, was

proposed several years ago by Hatfield and Landers

(1987): ‘‘It appears that endorphin levels may reduce

the sense of physical effort and discomfort associated

with [perceived exertion] and thereby promote a

psychological effect’’ (p. 361). After a series of failed

attempts to demonstrate that opioids could signifi-

cantly influence exercise tolerance and perceived

exertion, Sgherza et al. (2002) recently showed the

administration of the opioid receptor blocker nalox-

one led to reduced exercise capacity and higher

ratings of perceived exertion than placebo. Although

post-exercise assessments of affective states were not

conducted, this finding is consistent with the

presence of an opponent process during exercise,

which was attenuated by opioid blockade.

If opioids, in fact, drive the b-process, then what

drives the a-process? In the case of exercise, the

primary factor underlying the a-process appears to be

metabolic acidosis (Taylor et al., 1994). Especially

important for the perspective of the present con-

ceptual model is the fact that, consistent with

Solomon’s speculation that a ‘‘critical intensity’’ of

the a-process must be reached for a b-process to be

elicited, Sgherza et al. (2002) observed that the

threshold for the release of endogenous opioids

coincided with the lactate and ventilatory thresholds

(p. 2025). In other words, it appears that, for an

opioid-mediated opponent-process to be elicited, the

intensity of physical activity must be within the heavy

or severe domains.

The adaptive significance of stress-induced an-

algesia has been discussed by several authors (Amit

& Galina, 1986; Gillman & Katzeff, 1988; Harris,

1996). In line with Solomon’s position on the need

to suppress departures from the affective equili-

brium, Amit and Galina (1986) wrote that ‘‘to act

appropriately and perhaps survive after exposure to

severe stress, the [individual] must focus [his or

her] attention on escaping the threat to [his or her]

integrity and not on dealing with the pain’’ (p.

1110). The affective opponent-process in the con-

text of intense physical activity might play a similar

role, allowing the rapid return of attention to

pressing matters of survival, such as developing an

alternative strategy for dealing with a predator or

trapping prey, and thus discontinuing the taxing

activity. If we accept that the rebound from affective

negativity to positivity that has been observed

during the minutes following the termination of

heavy or severe physical activity is under selection

pressure, it follows that it should be consistent

across individuals, showing little or no qualitative

variation.

An alternative model of dose – response: Basic postulates

Based on the fundamental assumptions and the

adaptational significance of the three-domain typol-

ogy of physical activity intensity described in the

previous sub-sections, we now summarize the basic

postulates of an alternative model of the dose –

response relationship between the intensity of phy-

sical activity and affective responses (see Figure 2).

First, during activity performed within the moderate

domain of intensity, affective responses are expected

to be primarily positive, with a relatively low inter-

individual variability. The reason is that activity

within this range is believed to be consistently
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adaptive, as it poses no substantial threat to home-

ostasis or the maintenance of a physiological steady

state, it draws from a vast reservoir of energy

resources and it provides the primary means of

promoting Darwinian fitness within the human

Environment of Evolutionary Adaptedness.

Second, during activity performed within the

domain of heavy intensity (i.e. approximating the

transition from aerobic to anaerobic metabolism),

affective responses are expected to exhibit marked

inter-individual variability, such that some indivi-

duals may report changes towards pleasure, whereas

others may report changes towards displeasure. The

reason is that physical activity performed within this

range probably entails neither definite benefit nor

definite danger but, instead, presents a trade-off

between potential benefits and potential risks.

Furthermore, at this level of intensity, affective

responses are expected to depend heavily on

individual-difference factors, such as cognitive para-

meters (e.g. self-efficacy) and personality dimensions

(e.g. somatosensory modulation).

Third, during activity performed within the

domain of severe intensity, affective responses are

expected to be negative in most individuals. The

reason is that physical activity at this level of intensity

poses a substantial threat to survival (e.g. cardiovas-

cular complications, risk of injury, suppression of

immune function) and can only be continued for a

relatively brief period of time, as it relies on a small

reservoir of energy resources.

Finally, after heavy or severe activity, the predomi-

nant response is expected to be a robust rebound

towards pleasure. The reason, according to Solomon

(1991), is because of the adaptational benefit

associated with the removal or termination of a

noxious or aversive stimulus and the return to

affective equilibrium.

Supporting evidence: A reanalysis of data

To test the aforementioned postulates, the data from

a series of published investigations on the affective

changes associated with bouts of physical activity of

various levels of intensity were reanalysed. Specifi-

cally, two sets of studies were examined: one

involving bouts of activity of increasing intensity

performed by different groups of individuals (be-

tween-participant comparisons) and one involving

bouts of activity of increasing intensity performed by

the same individuals (within-participant compari-

sons). The participants in all of these studies were

young (average age 20 – 25 years), healthy and mostly

physically active volunteers. Except for the first study

mentioned below, all testing was done individually in

a laboratory. For further methodological details, the

readers are referred to the original sources.

All the data reported were collected using the

Feeling Scale (Hardy & Rejeski, 1989), an 11-point,

single-item measure of pleasure – displeasure. The

scale ranges from 7 5 to + 5. Anchors are provided

at 0 (‘‘neutral’’) and at all odd integers, ranging from

‘‘very good’’ ( + 5) to ‘‘very bad’’ (75). The analyses

focus on the percentages of participants that reported

an improvement, a decline, or no change in affective

valence (pleasure – displeasure).

In the between-participant set, changes in valence

were examined from baseline to immediately post-

exercise. The set included: (a) a 10-min bout of self-

paced walking performed outdoors at approximately

Figure 2. An alternative dose – response model based on the three-domain typology of physical activity intensity. Within the moderate domain

of intensity, there is a trend towards homogeneously positive affective changes. At intensities that approximate the heavy domain, variability

emerges, with some individuals reporting changes towards pleasure and some reporting changes towards displeasure. Within the severe

domain of intensity, the affective changes tend to be homogeneously negative. See text for definitions of the three intensity domains.
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15% of heart rate reserve (data from Study I of

Ekkekakis et al., 2000); (b) a 15-min bout of self-

paced walking performed on a treadmill at approxi-

mately 22% of heart rate reserve (data from Study III

of Ekkekakis et al., 2000); (c) a 30-min bout of cycle

ergometry at 60% of estimated maximal aerobic

capacity (data from Van Landuyt et al., 2000); (d) an

incremental treadmill test performed until volitional

exhaustion (data from Hall et al., 2002); and (e) a

bout of cycle ergometry performed at 75% V̇O2max

until exhaustion under conditions of dehydration in

the heat (data from Ekkekakis et al., 1997). Although

these studies did not include assessments of the

lactate or ventilatory thresholds, given the nature of

the tests and the recorded intensities, we assumed

that sessions (a) and (b) represented physical activity

near the low to mid-point of the moderate domain,

session (c) represented activity at an intensity

approximating the heavy domain, since the lactate

and ventilatory thresholds have been found to occur

at approximately 60% V̇O2max during cycle ergome-

try in samples similar to the one used in our study

(e.g. Sgherza et al., 2002), and sessions (d) and (e)

represented activity in the severe domain, as both

were terminated due to exhaustion. Based on our

model, we expected to find trends towards homo-

geneously positive changes in sessions (a) and (b),

variable changes in session (c) and trends toward

homogeneously negative changes in sessions (d) and

(e).

The within-participant set included two studies.

In the first study, we compared affective changes

across the phases of an incremental treadmill test

performed until volitional exhaustion (data from

Hall et al., 2002). Specifically, we examined: (a)

changes from baseline to the early part of the test

(after a 3-min warm-up walk at 4.8 km � h71 and

2 min of running at 8 km �h71); (b) changes from

the second minute of running to 1 min after the

participants exceeded their ventilatory threshold; (c)

changes from 1 min after the ventilatory threshold

to the fatigue-induced termination of the test; (d)

changes over the first minute of a cool-down walk at

4.8 km �h71; (e) changes over the second minute of

a cool-down walk at the same pace; and (f) changes

over a 20-min seated recovery. In this case, we

assumed that phase (a) represented activity near the

mid to high end of the moderate domain, phase (b)

represented activity at an intensity approximating

the entry into the heavy domain, phase (c)

represented activity in the severe domain, phase (d)

represented the immediate post-activity phase, and

phases (e) and (f) represented the gradual return to

baseline. Based on our model, we expected to find

some positive changes but also the first emerging

signs of variability in phase (a), variable responses in

phase (b), a trend towards homogeneously negative

responses in phase (c), an immediate and homo-

geneous affective rebound from negativity to

positivity in phase (d), and the gradual re-emer-

gence of variability in phases (e) and (f).

In the second study, we compared changes during

and following 15-min runs at three intensities

proximal to the ventilatory threshold: (a) one at

20% V̇O2max below the ventilatory threshold; (b) one

at the ventilatory threshold; and (c) one at 10%

V̇O2max above the ventilatory threshold (data from

Ekkekakis, Hall, & Petruzzello, unpublished). Spe-

cifically, we examined affective changes over: (i) 5-

min warm-up walks at 4.8 km �h71, (ii) the first

6 min of the runs, (iii) the last 6 min of the runs, (iv)

the entire 15-min duration of the runs, (v) 5-min

cool-down walks at 4.8 km �h71 and (vi) 20-min

seated recovery. Given the intensities involved and

the fact that there was upward drift in physiological

parameters (heart rate and oxygen uptake) during the

runs, we assumed that run (a) represented the

transition from the high end of the moderate domain

to the low end of the heavy domain, run (b)

represented the transition from the heavy to the

severe domain, and run (c) represented activity in the

low to mid point of the severe domain (i.e. without

reaching exhaustion, since none of the participants

stopped prematurely). Based on our model, we

expected to find the development of some variability

during run (a), the emergence of trends towards

homogeneously negative changes during runs (b)

and (c), rebounds from negativity to positivity during

the cool-downs following all three runs, but greater

rebounds with higher intensities and the re-emer-

gence of some variability during recovery.

The results are generally consistent with the

hypotheses. In the between-participant set (see Table

I), the 10-min and 15-min walks, which were

presumably in the moderate domain, led to improve-

ments in valence in 77% and 74% of participants,

respectively. Importantly, most of the remaining

participants reported no change and very few (only

two in one study) reported minor declines. On the

other hand, the two exhaustive exercise stimuli,

which were presumably in the severe domain, led to

declines in valence in 90% and 100% of the

participants, respectively. The 30-min bout of

cycling at 60% V̇O2max, the intensity of which

presumably approximated the heavy domain, despite

a negligible overall average change (mean+ s =

0.05+ 2.00), led to the most variable pattern of

responses at the individual level, with 48% of the

participants reporting improvements and 35% re-

porting declines.

In the first within-participant study (see Table II),

we examined changes over much shorter periods of

time, in response to increases in exercise intensity

that occurred every 2 min. In response to the 3-min
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warm-up walk and the first 2 min of running, 55% of

the participants reported improvements in valence

and 17% reported declines. Although this was not a

homogenous response, like the ones we found in the

previous set with longer bouts (10 and 15 min) of

just walking, we again found that the majority of

participants reported improvements. The fact that

fewer participants reported improvements and more

reported declines compared with the bouts of

walking may be attributed to both the shorter

duration and the higher intensity of this study. In

other words, it is possible that (a) a minimum period

of time of activity within the moderate domain is

necessary to induce a significant positive change and

(b) running (in this case, at 8 km �h71), although

still within the moderate domain of intensity, may

initiate a transition or approach to the heavy domain,

and thus elicit some variability. During the period of

time from the second minute of running to 1 min

after the ventilatory threshold, presumably corre-

sponding to the heavy domain of intensity, we found

variability (21% reporting improvements, 41% re-

porting no change and 38% reporting declines), but

also a growing trend towards displeasure. This trend

was transformed into a homogeneous (90%) change

towards displeasure as the participants entered the

severe domain (i.e. from 1 min after the ventilatory

threshold and until volitional exhaustion). Consis-

tent with an affective opponent process, within only

1 min of completing the test, 97% of the participants

reported improvements. Finally, variability gradually

re-emerged as the recovery progressed.

In the second within-participant study (see Table

III), we examined changes during three runs, all at

intensities proximal to the ventilatory threshold (one

just 20% V̇O2max below, one at and one just 10%

V̇O2max above it). In this case, we did not expect

clear patterns of homogeneity, as the three intensities

were closely spaced (with only 20 beats �min71

separating the average heart rate at the end of the

lowest- and highest-intensity runs) and we did not

have a stimulus at the early part of the moderate

domain or the late part of the severe domain. Instead,

we aimed to observe the shifting patterns of

variability in response to the transition from aerobic

metabolism to anaerobic supplementation. In the

Table I. Percentages of participants reporting an improvement, no change, or a decline in affective valence as measured by the Feeling Scale

in five studies

FS improved (n, %) by

mean+ s units

FS stable

(n, %)

FS declined (n, %) by

mean+ s units

10-min walk outdoors at self-se-

lected pace (n = 26)

20 (76.9%) by 1.95+ 1.10 units 4 (15.4%) 2 (7.7%) by 1.50+0.71 units

15-min walk indoors at self-selected

pace (n = 34)

25 (73.5%) by 2.16+ 1.34 units 9 (26.5%) 0 (0%)

30-min cycling at 60% V̇O2max

(n = 63)

30 (47.6%) by 1.73+ 0.74 units 11 (17.5%) 22 (34.9%) by 2.23+ 1.27 units

Incremental treadmill test to ex-

haustion (n = 30)

3 (10%) by 1.33+ 0.58 units 0 (0%) 27 (90%) by 4.15+ 1.94 units

Exhaustive cycling under dehydra-

tion (n = 8)

0 (0%) 0 (0%) 8 (100%) by 5.50+ 2.14 units

Table II. Percentages of participants reporting an improvement, no change, or a decline in affective valence as measured by the Feeling Scale

across the phases of an incremental treadmill protocol

FS improved (n, %) by

mean+ s units

FS stable

(n, %)

FS declined (n, %) by

mean+ s units

From baseline until after 3-min

warm-up walk and 2-min run

(n = 29)

16 (55.2%) by 1.75+ 1.18 units 8 (27.6%) 5 (17.2%) by 1.20+0.45 units

From min 2 of run to 1 min after

VT (n = 29)

6 (20.7%) by 1.67+ 0.41 units 12 (41.4%) 11 (37.9%) by 2.09+ 0 .54 units

From 1 min after VT to end (n = 29) 0 (0%) 3 (10.3%) 26 (89.7%) by 3.65+1.81 units

From end to min 1 of cool-down

(n = 30)

29 (96.7%) by 4.45+ 2.01 units 1 (3.3%) 0 (0%)

From min 1 to min 2 of cool-down

(n = 30)

8 (26.7%) by 1.38+ 0.74 units 18 (60%) 4 (13.3%) by 1.50+0.58 units

From end of cool-down to 20 min

post-exercise (n = 29)

16 (55.2%) by 1.31+ 0.60 units 7 (24.1%) 6 (20.7%) by 1.00+0.00 units

Note: VT = ventilatory threshold.
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two runs that depended on substantial anaerobic

contributions, namely the runs at and above the

ventilatory threshold, we found that 76.7% and

80.0% of the participants, respectively, reported

declines in affective valence. By comparison, in

response to the run that started at an intensity

slightly below the ventilatory threshold, the pattern

was more variable, with 43.3% reporting declines,

50.0% reporting no change and 6.7% reporting

improvements. In the same study, the changes in

valence during the 5-min cool-down walks were

increasingly less variable with higher intensities, with

56.7%, 66.7% and 86.7% of participants reporting

improvements after the runs below, at and above the

ventilatory threshold, respectively. The correlations

between the changes in affective valence during the

runs and those during the cool-downs were all highly

significant (70.83, 7 0.82 and 7 0.82), suggesting

a possible functional link.

These data enable us to issue some important

caveats and make refinements to the model. First,

some deviations from perfect homogeneity are to be

expected given the role of powerful individual

differences as well as response sets (e.g. self-

presentational bias or response carry-overs in assess-

ment protocols involving frequent sampling).

Second, there are transition zones between the three

intensity domains rather than immediate pattern

shifts from homogeneity to variability and vice versa.

Thus, some variability in affective responses may

begin to develop near the high end of the moderate

domain and a trend towards homogeneous displea-

sure may begin to appear within the heavy domain.

Third, there are some indications of what Cacioppo,

Gardner and Berntson (1997) named a ‘‘negativity

bias’’, namely a stronger propensity towards dis-

pleasure than pleasure. This is supported by two

observations: (a) the more homogeneous and larger-

magnitude displeasure responses in the severe do-

main than the pleasure responses in the moderate

domain, and (b) the higher percentage of participants

reporting displeasure when the overall response

pattern was variable (i.e. in the high end of the

moderate domain and low end of the heavy domain).

From an adaptational standpoint, this negativity bias

can be explained by the fact that, in most cases,

displeasure (and withdrawal) have a stronger and

more direct connection to survival than pleasure

(and approach).

Recapitulation and conclusions

In this paper, we propose a new conceptualization of

the dose – response relationship between the intensity

of physical activity and affective responses, as an

alternative to traditional models postulating a single,

global dose – response curve (e.g. an inverted-U).

The proposal is based on a series of assumptions

drawing primarily from the knowledge bases of

evolutionary psychology and biology:

a physical activity is an integral part of the human

Environment of Evolutionary Adaptedness, the

context in which human behaviour evolved;

Table III. Percentages of participants reporting an improvement, no change, or a decline in affective valence as measured by the Feeling

Scale during 15-min runs below the ventilatory threshold ( 5VT), at the ventilatory threshold (@VT) and above the ventilatory threshold

( 4VT) (n = 30)

Period of change

FS improved (n, %) by

mean+ s units

FS stable

(n, %)

FS declined (n, %) by

mean+ s units

5-min warm-up 11 (36.7%) by 1.36+ 0.50 units 18 (60.0%) 1 (3.3%) by 1.0+0.00 units

First 6 min 5VT 3 (10.0%) by 1.00+ 0.00 units 17 (56.7%) 10 (33.3%) by 1.50+0.97 units

Last 6 min 5VT 3 (10.0%) by 1.33+ 0.58 units 18 (60.0%) 9 (30.0%) by 1.11+0.33 units

Entire run 5VT 2 (6.7%) by 1.50+0.71 units 15 (50.0%) 13 (43.3%) by 1.69+1.11 units

5-min cool-down 17 (56.7%) by 1.71+ 0.96 units 11 (36.7%) 2 (6.7%) by 2.00+0.00 units

20-min recovery 3 (10.0%) by 1.00+ 0.00 units 18 (60.0%) 9 (30.0%) by 1.56+1.00 units

5-min warm-up 11 (36.7%) by 1.27+ 0.65 units 19 (63.3%) 0 (0.0%)

First 6 min @VT 4 (13.3%) by 1.75+ 0.96 units 7 (23.3%) 19 (63.3%) by 1.58+0.90 units

Last 6 min @VT 5 (16.7%) by 1.20+ 0.45 units 11 (36.7%) 14 (46.7%) by 1.43+0.85 units

Entire run @VT 4 (13.3%) by 2.75+ 2.06 units 3 (10.0%) 23 (76.7%) by 2.17+1.27 units

5-min cool-down 20 (66.7%) by 2.00+ 1.08 units 8 (26.7%) 2 (6.7%) by 2.00+0.00 units

20-min recovery 10 (33.3%) by 1.20+ 0.63 units 15 (50.0%) 5 (16.7%) by 1.40+0.99 units

5-min warm-up 8 (26.7%) by 1.38+ 0.74 units 19 (63.3%) 3 (10.0%) by 1.00+0.00 units

First 6 min 4VT 3 (10.0%) by 1.67+ 0.58 units 9 (30.0%) 18 (60.0%) by 1.50+0.73 units

Last 6 min 4VT 4 (13.3%) by 1.25+ 0.50 units 7 (23.3%) 19 (63.3%) by 2.16+1.12 units

Entire run 4VT 3 (10.0%) by 2.00+ 1.73 units 3 (10.0%) 24 (80.0%) by 3.17+1.90 units

5-min cool-down 26 (86.7%) by 3.08+ 1.98 units 3 (10%) 1 (3.3%) by 1.00+0.00 units

20-min recovery 10 (33.3%) by 1.20+ 0.63 units 11 (36.7%) 9 (30%) by 1.56+ 1.20 units
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b affective responses to physical activity are the

manifestations of psychological mechanisms that

evolved due to their ability to provide effective

solutions to recurrent adaptational problems,

with pleasure signifying utility and displeasure

signifying danger;

c affective responses depend on a hierarchically

organized control structure, with oligosynaptic,

inflexible and obligatory responses at the bottom

and complex, flexible and highly individualized,

cortically mediated responses at the top; and

d homogeneity of responses reflects adaptational

significance and control by evolutionarily older

mechanisms, whereas variability reflects lack of

consistent adaptational significance and control

by evolutionarily recent mechanisms.

This framework places the issue of the dose –

response relationship between the intensity of phy-

sical activity and affective responses under a new

light. The cornerstone of the new approach is the

following question: What are the issues of adapta-

tional significance associated with physical activity

performed within the three domains of intensity (i.e.

moderate, heavy and severe)? Based on a review of

diverse literatures, we suggested that (a) physical

activity within the moderate domain of intensity is

consistently adaptive, (b) physical activity within the

heavy domain of intensity is neither consistently

adaptive nor consistently maladaptive, as it entails

both potential benefits and potential risks, and (c)

physical activity within the severe domain of intensity

is consistently maladaptive. Consequently, the alter-

native dose – response formulation presented here

consists of the following postulates. First, a trend

towards homogeneous responses of pleasure is

expected when physical activity is performed within

the moderate domain of intensity. Second, variability

of responses, with some individuals reporting

changes towards pleasure and some reporting

changes towards displeasure, is expected when the

intensity of physical activity approximates the heavy

domain. Third, a trend towards homogeneous

responses of displeasure is expected when physical

activity is performed within the severe domain of

intensity. Finally, during the period immediately

after intense activity that brings about changes

towards displeasure, a rapid, homogeneous reversal

from displeasure to pleasure is expected (but, as

recovery from exercise progresses, variability similar

to that at baseline should gradually re-emerge).

We submit that a model that (a) considers the

intensity of physical activity in terms of domains with

distinct metabolic significance rather than arbitrarily

selected percentages of maximal capacity and (b)

acknowledges and incorporates the element of inter-

individual variability holds more promise than

traditional (i.e. single-curve, global) dose – response

models. Nevertheless, the supporting data presented

here are preliminary and, as such, are limited in

scope and merely descriptive. Future research should

examine the reliability of the reported patterns across

diverse populations, including different cultural

groups (to establish that the postulated patterns

constitute human universals). Importantly, extensive

work remains to be done on elucidating the

mechanisms underlying the shifting trends between

homogeneity and variability. Our initial hypothesis is

that homogeneity reflects primarily subcortical me-

chanisms of affect generation, and thus the relative

absence of cognitive mediation. Conversely, varia-

bility is hypothesized to reflect primarily cortical

mechanisms, and thus the strong influence of

cognitive factors (see a review of relevant data in

Ekkekakis, 2003).

From a practical, public health standpoint, the

model suggests that a revision of the current

exercise prescription practices may be in order. A

prescribed intensity based on an arbitrary percen-

tage of maximal capacity may result in an individual

exercising in the heavy or severe domains, with

negative affective and motivational consequences.

Instead, more effort should be directed at under-

standing the self-selection of physical activity

intensity. Some evidence suggests that individuals

will intuitively adjust their pace to optimize pleasure

(Cabanac, 1985, 1986; Cabanac & LeBlanc, 1983).

If the intensity is prescribed, the decision regarding

whether higher intensity (e.g. within the heavy

domain) should be applied should depend on

assessments of individual differences (e.g. in self-

efficacy or in preference for, and tolerance of, such

intensities and the associated somatosensory cues).

Consequently, the present limited knowledge base

on the role of individual-difference variables that

account for the variability in affective responses

must be expanded. Finally, practitioners should

note that, although here we have assumed that the

shifts in the patterns of variability are prompted

mainly by the cardiorespiratory cues associated with

exercise within the three domains of intensity, these

may not be the determining factors in individuals

suffering from activity-limiting conditions (e.g. knee

osteoarthritis, asthma, angina, COPD, intermittent

claudication). In such cases, it will be symptom

thresholds specific to these conditions that will be of

primary importance.
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