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physical activity is a very broad construct that includes
almost all kinds of movement, but exercise is a much
narrower and more purposeful construct.

While physical activity, exercise and sport may be
classified as behaviours, physical fitness is classified as an
outcome and is related to the ability to achieve certain
performance standards or traits (Caspersen et al. 1985, 1998;
Caspersen, 1989; Biddle et al. 1998). Some fitness compo-
nents are related to sports performance while others are
considered health-related fitness outcomes. These health-
related physical fitness components include cardiovascular
endurance, muscular endurance or strength, body compo-
sition and flexibility, which, to varying extents, reflect genetic
inheritance and age, as well as levels of physical activity.

The dose of physical activity or exercise required to effect
a particular health benefit response varies along four basic
dimensions. Frequency is described as the number of activity
sessions per time period (e.g. day or week). Intensity describes
the measured or predicted energy cost associated with
physical activity and may be described in relative or absolute
terms. Duration may refer to a single bout of physical activity
or a cumulative time measure, while type of activity is a qual-
itative descriptor. The product of the frequency, intensity and
duration yields the total energy expenditure (TEE) associated
with physical activity and is a measure of the volume of
exercise performed.

In the present review physical activity refers to all loco-
motor physical activity, which involves large muscle groups
to move the body around and to apply force to objects. For
children this physical activity is mainly incurred through
non-structured and structured play and/or sport and/or
recreation, active transportation and part-time work
pursuits. Adult physical activity is mainly achieved through
occupational activity, active transportation, care-giving
responsibilities and leisure pursuits. Traditionally, physical
activity epidemiologists have been primarily concerned with
quantifying activity, whereas the quantification of inactivity
is often simply inferred from the absence of active pursuits.
However, given that the opportunities to be active are fast
disappearing, and that inactivity may exert effects on health,
which are independent of the effects of activity (Dietz,
1996), efforts to accurately characterize inactivity merit
much more attention than hitherto.

Measurement of physical activity

The accurate measurement of physical activity is fraught with
problems in adults (Melanson & Freedson, 1996), and more
especially children because they have more complex and
multi-dimensional activity patterns (Saris, 1986; Baranowski
& Simons-Morton, 1991; Welk et al. 2000). The optimum
epidemiological tool for assessing energy expenditure and/or
physical activity does not exist. Ideally, such a method should
be accurate, precise, objective, simple to use, robust, non-
reactive, cause minimal intrusion into habitual activity
patterns, socially acceptable, time-efficient, allow continuous
and detailed recording of usual activity patterns and, finally,
it should be applicable to large population groups.

Moreover, it should effectively measure the health-related
dimension(s) which is(are) the focus of concern in a particular
study. There are at least five dimensions of physical activity

that are associated with specific disease conditions and health
outcomes: (1) energy expenditure for assessment of energy
balance; (2) aerobic intensity for heart health; (3) weight-
bearing activity for skeletal health; (4) resistance and
endurance activity for muscular strength; (5) high-range
movement for flexibility (Caspersen et al. 1985; Caspersen,
1989). The dimensions of activity are fundamentally different
from each other and thus, by definition, each requires its own
assessment technique. It is also clear that not all dimensions
of health-related physical activity are given equal emphasis
or, indeed, covered completely in the vast majority of studies,
particularly in national surveys (Troiano et al. 2001). Rather,
most studies have been concerned with assessment of energy
expenditure and/or aerobic capacity, while strengthening and
flexibility have received much less attention.

The thirty or so different techniques for assessing free-
living physical activity can be grouped into two broad
categories: subjective, which include observation and ques-
tionnaires (including activity diaries, recall questionnaires,
interviews); objective, which include physiological indices
such as heart rate (HR), calorimetry, the doubly-labelled
water (DLW) method and electronic motion sensors. Each
of these methods has its strengths and limitations and can
fulfil one, or more, but rarely all the needs for epidemio-
logical studies of physical activity. Not surprisingly, the
need for improvements in methodology for assessing
physical activity is a recurring theme in the numerous
literature reviews of the subject area (Saris, 1985, 1986;
Pate, 1993; Livingstone, 1994; Melanson & Freedson, 1996;
Montoye et al. 1996; Armstrong & Welsman, 1997).

Observational procedures are only suitable for small and
medium sized samples when information on the specific types
and duration of activity in a variety of physical and social
settings is the primary focus of concern. Because they are not
biased by recall or self-reporting ability, these procedures are
particularly suitable for young children (Bailey et al. 1995).
However, the methodology can be time-consuming, labour
intensive and interfere with spontaneous activity patterns and
to be effective it requires extreme diligence and control of
observer reliability.

For reasons of feasibility and cost, the instruments of
choice in both small-scale and large-scale studies of habitual
physical activity in adolescents (Riddoch et al. 1990; Sallis
et al. 1993; Gregory & Lowe, 2000) and adults (Jacobs et al.
1993; Philippaerts et al. 1999; Livingstone et al. 2001)
are standardized questionnaires (interview administered or
self-reported) or diaries. However, diaries and recalls rely
on memory, are subject to misrepresentation, particularly
socially-desirable responding, and are inconsistent in
reliability and validity (Westerterp, 1999a). Accuracy in
recalling physical activity may also vary by gender and
weight status (Sallis et al. 1985). The utility of these
instruments is especially problematic in children < 10 years
of age (Pate, 1993; Sallis & Owen, 1999) because of
cognitive limitations (Harter, 1988), and because their
activity patterns tend to be sporadic in terms of intensity and
duration (Simons-Morton et al. 1987; Armstrong & Bray,
1991).

Overall, questionnaires are most useful for assessing
patterns, frequency, type and the context of physical
activity. In particular, they are probably most effective for
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assessing easily-recalled, structured and time-delineated
activities such as participation in sport and routine activities
such as walking to school. However, as pointed out by
Wareham & Rennie (1998), the undue emphasis in many
questionnaires on sport and other recreational activities has
been disproportionate to their true importance. On the other
hand, activities of light-to-moderate intensity such as
playing out of the home, occupational activities and a range
of household tasks are no less important, but are difficult to
define, and are even more difficult to recall accurately
(Sallis et al. 1985; Hopkins et al. 1991; Ainsworth, 2000). In
addition, lower-intensity activities may display a great deal
of intra-individual variation, and even if they are included in
a survey, their usual patterns may not be characterized fully
with just a single time-point assessment. The time frame of
activity questionnaires can vary enormously, but in general
the shorter the time frame the easier it is to recall, particu-
larly for young children. However, this approach may be at
the expense of capturing information about habitual activity
patterns, particularly if there are marked seasonal differ-
ences in activity patterns.

Currently, the most socially acceptable and powerful
technique for providing an objective measure of TEE is the
DLW method. As the technique is non-intrusive and
measurements are performed over longer periods than with
other techniques, typically ≥ 1–2 weeks, it is more likely to
provide a representative estimate of TEE (Schoeller &
Racette, 1990; Murgatroyd et al. 1993). When combined
with estimates of BMR, the energy cost of physical activity
(TEE – BMR) can be calculated. This approach is of
particular importance given that the accurate measurement of
this component of TEE has traditionally been elusive under
free-living conditions (Stager et al. 1995). However, because
its application in large-scale studies is constrained by cost
and technical complexity, one of its main uses is as a
reference standard against which to assess the validity of
other measures of physical activity. Furthermore, in epidemi-
ological studies it may not even be the most appropriate
method to apply since it provides no assessment of the
patterns of physical activity (type, frequency, duration,
intensity), which are important functional indicators of health
status.

During the last decade the development of new-generation
motion sensors and HR monitors have greatly enhanced
the ability to objectively characterize the frequency, duration
and intensity of physical activity over extended periods of
time. Motion sensors include simple pedometers for counting
steps and accelerometers, which quantify either vertical
movement (uniaxial) or movement in several planes
(triaxial). Pedometers, because they are insensitive to non-
locomotor forms of movement, are best reserved for those
studies that aim to document relative changes in physical
activity or for ranking subjects into activity levels (Trost,
2001).

Although accelerometers offer considerable promise for
providing valid assessments of intermittent activity of both
low and high intensity (Eston et al. 1998; Welk et al. 1998),
they are relatively new and their definitive validity under
field conditions remains to be established (Bouten et al.
1996; Westerterp & Bouten, 1997; Johnson et al. 1998;
Ekelund et al. 2001). In particular, their validity for

assessment of resistance exercise and cycling is debatable.
At present there is an ongoing debate as to whether triaxial
accelerometers provide comparable (Janz, 1994; Welk &
Corbin, 1995), or better (Eston et al. 1998; Westerterp,
1999b) profiles of physical activity than uniaxial accelero-
meters. Aside from these issues of validity and precision, the
relative size of the most popular accelerometers remains an
important practical consideration, particularly for smaller
children (Westerterp, 1999a). Moreover, the current cost of
accelerometers has, to date, limited their application in large
epidemiological studies. The enhanced precision afforded
by a combination of HR monitoring and accelerometry
holds promise for the future (Treuth et al. 1998).

Although HR can only measure response to activity, and
not activity per se, it remains the method of choice for object-
ively assessing patterns of moderate- and vigorous-intensity
activity in small-scale studies. However, at low levels of
physical activity the interpretation of HR data is confounded
by the fact that HR responses reflect not only physical activity
but also the site, kind and intensity of muscle activity, posture,
prandial status, state of hydration, ambient temperature,
humidity and emotional status (Riddoch et al. 1991; Living-
stone, 1997). The relationship between HR and physical
activity is more secure at moderate-to-high intensity activity
and it is possible to quantify TEE from individually derived
HR v. O2 uptake regression equations, (Livingstone et al.
1990, 1992; Lovelady et al. 1993; Racette et al. 1995; Ekelund
et al. 2000) and/or bouts of exercise that might be considered
to confer a health benefit (Saris, 1986; Riddoch et al. 1991;
Armstrong, 1998). The feasibility of HR for assessing both
the pattern and total level of energy expenditure in the
epidemiological context has been explored and confirmed by
Wareham et al. (1997). However, since individual calibration
adds another layer of complexity to the method, an alternative
strategy is to apply an arbitrary HR threshold, which is
believed to approximate the threshold for health-promoting
activity. In this context, a cut-off of 140 beats/min is often
adopted for children (Armstrong, 1998).

The measurement of such a highly complex and variable
behaviour as physical activity is difficult, but feasible. In
particular, a major challenge will be to develop an instrument
capable of accurately characterizing the unique, sporadic and
diverse activities of children. Unfortunately, definitive
reliability and validity studies for many of the methods are
lacking. Inevitably, the choice of the most appropriate
method to use (aside from considerations of precision and
validity) will be dictated largely by practical, financial and
logistical considerations. Since each of the methods is
deficient in at least one respect, a combination of different
techniques should be considered within the context of the
available resources, the numbers to be surveyed and the focus
of concern of the study.

Why be active?

Adults

Epidemiological and experimental evidence has now
conclusively demonstrated a strong, independent and
inverse relationship between physical activity and/or fitness
and a range of health outcomes. Physically-inactive adults
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are at increased risk of CHD (Powell et al. 1987; Berlin
& Colditz, 1990), hypertension (Paffenbarger et al. 1983;
Arroll & Beaglehole, 1992), stroke (Wannamethee &
Shaper, 1992), non-insulin-dependent diabetes mellitus
(Helmrich et al. 1991), osteoporosis (Cummings et al. 1985;
Wickham et al. 1989), site-specific cancers (Albanes et al.
1989; Lee et al. 1991; Martínez et al. 1997), anxiety and
depression (Taylor et al. 1985; Stephens, 1988), as well as
all-cause mortality (Paffenbarger et al. 1986; Blair et al.
1989). Compared with an active lifestyle, inactivity doubles
the risk of developing CHD and confers a level of risk
similar to, and independent of, the other main risk factors,
hypertension, dyslipidaemia and cigarette smoking (Powell
et al. 1987; Berlin & Colditz, 1990). However, given that
the prevalence of inactivity is much higher than that of the
other three risk factors, the public health burden it imposes
has much greater importance. At the same time, the reversal
and prevention of a sedentary lifestyle offers one of the
greatest opportunities for public health improvement.

Overall, while there is an inverse and generally linear
relationship between levels of physical activity and rates of
all-cause mortality, total cardiovascular disease incidence
and mortality and the incidence of non-insulin-dependent
diabetes mellitus, the evidence for a graded dose–response
relationship for other health outcomes is less securely based
(Haskell, 1994; Kesaniemi et al. 2001). In many of the
studies the most favourable health outcomes are associated
with light-to-moderate intensity physical activity, under-
taken on a more intermittent, rather than a continuous, basis,
and including such activities as walking (Paffenbarger et al.
1986; Leon et al. 1987), stair-climbing (Paffenbarger et al.
1986) and gardening (Leon et al. 1987). The magnitude of
the health benefit of physical activity appears to be inversely
associated with baseline activity levels, with the greatest
health benefits accruing when chronically-inactive indi-
viduals become moderately active (Jennings et al. 1986;
Nelson et al. 1986; Paffenbarger et al. 1986; Leon et al.
1987; Reaven et al. 1991; Blair et al. 1992; Blair &
Connelly, 1996). Thereafter, with the exception of some
clinical and biological indices, the magnitude of the dose
response appears to diminish with further increments in the
intensity and amount of activity. Consequently, there may
exist an optimum level of activity for a given health
outcome, beyond which there are few further benefits,
although this level has yet to be defined. Similar relation-
ships between physical fitness and health outcome have also
been observed (Blair et al. 1989).

In an effort to reconcile the evolving scientific evidence
with levels of physical activity that are realistically achievable
by the majority of the population, there has been increasing
recognition of the need to expand (but not replace) earlier
guidelines that only addressed the amount and type of exercise
needed to improve physical fitness (American College of
Sports Medicine, 1978). Given that such guidelines are
incompatible with the lifestyles and motivation of many of
the population and, in any case, are not required to improve
the majority of dimensions of health (Blair et al. 1992; Blair &
Connelly, 1996), the emphasis has shifted in favour of health-
promoting physical activity (Table 1). Consequently, the key
message of recent recommendations is the accumulation of
30 min moderate-intensity activity (equating to brisk walking

for most individuals) on at least 5 d/week, and preferably
every day of the week (American College of Sports Medicine
1990; Pate et al. 1995; Department of Health and Social
Services, 1996; US Department of Health and Human
Services, 1996; US Department of Agriculture, Agricultural
Research Service, Dietary Guidelines Advisory Committee,
2000). Furthermore, because the total accumulated amount
of activity is more important than its intensity or duration
(Ebisu, 1985; DeBusk et al. 1990; Murphy & Hardman,
1998), the benefits can be achieved by undertaking inter-
mittent bouts of a variety of structured and unstructured
activities. At the same time, it should be noted that the current
guidelines, with their emphasis on a generally active lifestyle,
are not intended to replace the earlier advice to undertake
vigorous activity for 20 min on at least three occasions per
week in order to enhance or maintain aerobic capacity.
Moreover, there is currently insufficient knowledge to specify
what is an optimal or hazardous level of physical activity.

From a public health point of view, therefore, it makes
sense to promote activity that can be readily incorporated
into the lifestyle of the least active segment of the popu-
lation since they are the greatest health risk and have the
most to gain. This shift in emphasis has important public
health implications since it provides more flexibility in
designing and implementing physical activity programmes.
However, achieving this shift is not likely to be easy.

Children

Although there is now an extensive and compelling liter-
ature documenting the health benefits of regular physical
activity in adults, the relationships between activity and
health in children are far from clear-cut, even though
conventional wisdom might suggest otherwise (Vaccaro &
Mahon, 1989; Baranowski et al. 1992; Barnard & Wen,
1994; Bar-Or, 1994; Sallis & Patrick, 1994; Borer, 1995;
Chilibeck et al. 1995; Rowland, 1996). Thus, at present
there is no firm scientific underpinning to the recommend-
ations about the amounts and types of physical activity
necessary for the promotion and maintenance of health
during childhood and adolescence. Rather, because of
methodological and conceptual constraints, current guide-
lines borrow heavily from the evidence gleaned from studies
of the health benefits of activity in adults.

Blair et al. (1989) have hypothesized the possible
relationships between activity levels, health and stage in the
lifespan, leading to three possible benefits during the
paediatric years: (1) to enhance physiological and psycho-
logical development, which will have immediate and direct

Table 1. Recommendations for health-related physical activity in
adults (from Department of Health, 1996)

Take 30 min moderate-intensity physical activity on at least 5 d/week
Ideally these 30 min should be one of sustained activity, but shorter 

bouts of 15 min are also beneficial
Examples of moderate-intensity physical activities are: brisk walking, 

climbing stairs, swimming, social dancing, exercises, heavy DIY, 
heavy gardening and housework

Table 3. Average food availability (g or mL / person per day) by quintyiles of the food expenditure ratio* (data from the Greek household budget survey 1998–99.) (Mean solves with there standard erors)

DIY, ‘do-it-yourself’ task.
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spin-offs for childhood health status and quality of life;
(2) to delay or retard the evolution of health risk factors in
order to minimize risks of future degenerative disease in
adulthood; (3) to establish and maintain adequate levels of
physical activity throughout life.

Unfortunately, the evidence to demonstrate the beneficial
health effects of childhood activity, over inactivity, is far
from convincing. In fact, this outcome is hardly surprising
because disease and mortality resulting from inappropriate
activity and/or dietary patterns are rare in children, with the
result that it is difficult to demonstrate any deleterious effects
from these behaviours (with the exception of obesity). In
contrast to adults where disease end points are commonly
used to establish activity–health relationships, in children
disease risk markers are typically used. Even then, the
relationships between inactivity and disease risk end points
may be subtle and escape detection, particularly if there has
been insufficient time for inactivity to adversely impact on
risk indices.

Of all the associations between health outcomes and
physical activity, it is reasonable to expect that the physical
activity–obesity association would be high. Although some
cross-sectional studies have found an inverse relationship
between physical activity and BMI or skinfold measure-
ments, others have found no relationship (Bar-Or &
Baranowski, 1994; Riddoch, 1998). In any case, even if an
inverse relationship has been established, it is not possible to
determine the direction of the association (i.e. is a low level
of physical activity a cause or consequence of increased
adiposity?). The escalating rates of paediatric obesity
(Troiano et al. 1995; Livingstone, 2000; Chinn & Rona,
2001) are now a major public health concern since childhood
obesity tends to track into adulthood (Serdula et al. 1993;
Whitaker et al. 1997) and is associated with a range of short-
and long-term deleterious physiological and psychological
consequences (Schonfeld-Warden & Warden, 1997;
Vanhala et al. 1998; Must & Strauss, 1999). Irrespective of
adult weight status, adults who were obese as children
experience increased morbidity and mortality (Must et al.
1992). Thus, while the exact role of a sedentary lifestyle in
the aetiology of childhood obesity has not been clarified,
there are compelling arguments why a physically-active life-
style should feature prominently in its treatment and
prevention.

Similarly, in relation to the modifiable risk factors for
cardiovascular disease, there is no strong empirical evidence
to show that physical activity or fitness will result in a more
favourable blood lipid profile (Armstrong & Simons-Morton,
1994; Webber et al. 1996; Boreham et al. 1997). It has also
been concluded that in normotensive children exercise
training is only weakly related to blood pressure (Alpert &
Wilmore, 1994), although aerobic training has a lowering
effect on blood pressure in hypertensive adolescents
(Hagberg et al. 1983; Danforth et al. 1990; Hansen et al.
1991).

While physical activity is an essential stimulus for
bone structure, knowledge about the long-term effects of
childhood physical activity on bone accretion is incomplete.
Weight-bearing physical activity is an important predictor
of bone mineral density (Bailey & Martin, 1994; Bailey
et al. 1996), although weakly beneficial effects have also

been noted for low impact activities. Thus, while activity
can enhance a range of variables related to skeletal devel-
opment in children, the critical period(s) within childhood,
as well as the optimal type and volume of activity required
to optimize bone accretion, have yet to be defined.

One widely held perception is that active children
become active adults, that there is an inoculation that leads
individuals to pursue a lifetime of physical activity. This
issue is discussed in detail later in the present review (see
p. 693) but, in summary, the existing data do not strongly
support the contention that adult physical activity patterns
are established during childhood (Malina, 1996). In fact, the
majority of the tracking data show only weak carry-over
effects.

In contrast to the inconclusive and weak evidence that
physical activity benefits the physical health of children, the
evidence for psychological and social benefits is more
securely based and these may far outweigh those of
diminishing risk for future disease. Physical activity has been
shown to enhance psychological well-being (Steptoe &
Butler, 1996; Gordon & Grant, 1997), reduce symptoms of
depression and anxiety (Calfas & Taylor, 1994) and offer
opportunities for promoting self-esteem, particularly in
children who are dis- advantaged and with low initial
self-regard (Gruber, 1986). However, undue emphasis on
competitive performance could negate some of these
potential benefits (Shields & Bredemeier, 1994).

Given the tenuous nature of the existing evidence in
support of the beneficial health effects of activity in childhood
and adolescence, it is not surprising that researchers and
public health policy makers have struggled to find a
compelling rationale on which to base definitive activity
recommendations for children. Although this situation is not
encouraging, as pointed out by Riddoch (1998), the weak-
nesses of the existing data can be rationalized from a
combination of biological, epidemiological, behavioural and
conceptual perspectives. First, the associations that do exist
generally advocate in favour of the beneficial role of physical
activity. Second, even if no relationship can be demonstrated,
this position should not necessarily be interpreted that such a
relationship does not exist, or that exercise will not prevent
the development of risk factors in due course. Third, direct
proof of a cause–effect relationship should not always be
deemed a necessary prerequisite for making certain assump-
tions about health outcomes, or for adopting a laissez-faire
attitude. Aside from these issues, intuition and common sense
dictate that there are many reasons, beyond those of present
and future physical health, for promoting an active lifestyle
in children. As Blair et al. (1989) have argued, the primary
focus of exercise promotion should be to establish a
commitment to an active lifestyle, which will persist across
the lifespan. There are few researchers and policy makers who
would contest the logic and appeal of this argument and,
moreover, it circumvents the need to define and justify
recommendations based on insecure associations between
activity and health risk indicators.

Consequently, current US (Sallis & Patrick, 1994; US
Department of Health and Human Services, 1996) and
UK (Biddle et al. 1998) recommendations for activity by
children and adolescents now reinforce the concept of
health-related activity, in contrast to earlier criteria that
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prioritized the development of cardiovascular fitness based
on adult fitness training guidelines. It is now recognized that
meeting the latter criteria may not be necessary for
achieving a direct health benefit and, additionally, they are
likely to be incompatible with the exercise motivations and
patterns of many children (Cale & Harris, 1993; Riddoch &
Boreham, 1995). Instead, the need to be physically active on
a regular basis is now stressed and the primary recommend-
ation is for children and adolescents to accumulate 1 h of
moderate-intensity activity per d, such activities to include
those that promote muscle strength, flexibility and bone
health (Table 2). However, given the escalating problem of
paediatric obesity, the importance of total activity energy
expenditure, (i.e. the totality of physical activity) may need
to be given greater priority in future recommendations. The
guidelines represent the clearest international consensus on
this issue to date and take cognizance of the wide range of
forms and settings in which physical activity can be
performed.

How active are we?

Adults

During the course of the last century, major changes in life-
style have had a profound impact on patterns of energy
expenditure and physical activity in affluent countries.
Increased mechanization in the workplace has markedly
reduced the need for moderate- and high-intensity activity, to
the extent that > 80 % of the men and > 90 % of the women
are now engaged in sedentary occupations. In the home the
energy cost of housework has also been minimized, while at
the same time television viewing and related pursuits now
monopolize much of the available leisure time of a
substantial proportion of the population. As a result of this
modern technology and increased affluence, predominantly
sedentary populations can achieve energy equilibrium at a
level of energy expenditure below that considered optimal
for health.

Population studies: self-report. Population level data
on self-reported patterns of physical activity now exist for
several countries. However, while physical activity is a
complex behaviour that encompasses activity arising from
work, household tasks, self-care and care-giving tasks,
transportation and discretionary leisure time, it is apparent
that not all these aspects of physical activity are given equal
emphasis or covered comprehensively in national surveys.

The over-riding focus in many of the studies has been on the
assessment of leisure-time activity, often to the exclusion of
occupational activity and other activities of daily living.
Even when the focus is on leisure-time activity, the data
can be highly variable in both detail and completeness.
Furthermore, inactivity is often not measured direct, rather
sedentariness is simply inferred as the absence of active
pursuits.

Thus, while it is possible to generalize about leisure-time
practices at national and subgroup level, definitive state-
ments about the prevalence (or lack of) beneficial physical
activity are precluded in many studies.

In England the most recent data on both leisure and
occupational activity habits have been obtained by merging
the baseline data from the Allied Dunbar National Fitness
Survey and the Health Education Authority National Survey
of Activity and Health (Fentem & Walker, 1995) to give a
database on approximately 6500 adults aged 16–74 years.
Activities that were excluded from the analysis included
light housework, care-giving tasks and stair climbing. Using
a criterion measure for sedentary activity of less than one
30 min period of moderate-intensity activity per week, the
survey revealed the high prevalence of a sedentary lifestyle
in men (29 %) and women (28 %). A further 36 % of the men
and 24 % of the women were regularly active at moderate
intensity (active for at least 30 min per occasion on five or
more occasions per week in the previous 4 weeks), while
only 16 % of the men and 5 % of the women achieved the
activity target for vigorous physical activity.

In the USA physical activity surveillance data and trends
are collected as part of three major national surveys on
health and health behaviour: the National Health Interview
Survey (US Department of Health and Human Services,
1996; Jones et al. 1998); the Behavioral Risk Factor
Surveillance System (Remington et al. 1988; Centers for
Disease Control, 1995); the National Health and Nutrition
Examination Survey (Crespo et al. 1996). Although, until
recently, these surveys have been primarily concerned with
providing data on leisure-time activity, they show that
inactivity is also a major public health problem in the USA.
While the prevalence estimates vary between surveys, it
appears that 23–40 % of the US adults are sedentary in their
leisure time. For example, the most recent national data
from the 1998 Behavioral Risk Factor Surveillance System
indicated that 30 % of the adults are inactive during leisure
time, a further 43 % participate in some activity, but of
insufficient intensity to achieve a health benefit, leaving
27 % who are physically active at recommended levels
(Macera & Pratt, 2000). Similar to the data from England,
about 13 % of the adults meet the recommended levels of
activity for the promotion of cardiovascular fitness
(≥ 20 min of vigorous intensity activity three or more times
per week).

Although cross-country comparisons are necessarily
tenuous because of methodological differences between
studies, broadly similar patterns of activity to England and
the USA have been observed in Australia and Canada
(Stephens & Caspersen, 1994). However, data from Finland
suggest that 50 % of the adult population are at least moder-
ately active, while 15 % are classified as highly active
(Stephens & Caspersen, 1994).

Table 2. Recommendations for health-related physical activity in
children and adolescents (5–18 years) (from Health Education

Authority, 1999)

 All children and adolescents should participate in physical activity of 
at least moderate intensity for 1 h/d

Children and adolescents who currently do little activity should 
participate in physical activity of at least moderate intensity for at 
least 30 min/d

At least twice per week, some of these activities should help to 
enhance and maintain muscular strength and flexibility, and bone 
health

Table 3. Average food availability (g or mL / person per day) by quintyiles of the food expenditure ratio* (data from the Greek household budget survey 1998–99.) (Mean solves with there standard erors)
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Unfortunately, there are no good longitudinal trend data
on physical activity. Examination of national trends in
leisure-time activity as measured by the Behavioral Risk
Factor Surveillance System and the National Health
Interview Survey suggested that there has been no major
downward shift in these patterns since 1986 (Caspersen &
Merritt, 1995; US Department of Health and Human
Services, 1996). Indeed, there is evidence to suggest that
there may have been an increase in moderate-intensity
activity in those who have been initially sedentary (Stephens
& Caspersen, 1994). Although these trends could be taken to
imply that certain sections of the population are responding
to exhortations about the health benefits of exercise, they
also need to be interpreted with caution. They may simply
be masking an overall decline in physical activity and
energy expenditure brought about by a concomitant
reduction in occupational and other types of physical
activity (Prentice & Jebb, 1995). While it is notoriously
difficult to measure accurately, all the indications are that
work-related activity, even in manual occupations, has
declined substantially over recent decades, and will
probably continue to do so. Data from Finland suggest that
the energy demands of work activity declined by 225 kJ/d
between 1982 and 1992 (Fogelholm et al. 1996). Thus, the
nature, intensity and duration of non-occupational physical
activity are likely to assume even greater importance in
dictating the overall pattern of energy expenditure in the
future. However, to date, the observed increases in leisure-
time energy expenditure may not be sufficient to offset the
decline in work-related energy expenditure.

Correlates of physical activity. The identification of
correlates of physical activity is important for helping to
shape public health policies and programmes to promote
physical activity. Overall, most surveys reveal that: (1) men
are more active than women; (2) activity levels decline with
increasing age; (3) activity levels are consistently higher in
those with higher education and income; (4) activity levels
are inversely associated with adiposity.

Although most surveys have concluded that men are
more active than women, it is important to emphasize that
this difference is usually in the context of levels of partici-
pation in sports and other leisure activities, particularly
those which are of vigorous intensity (Health Promotion
Agency for Northern Ireland, 1994; Fentem & Walker,
1995; Crespo et al. 1996; Jones et al. 1998; de Almeida
et al. 1999). It is conceivable, however, that the disparity
between the levels of physical activity of men and women
that have been observed in those studies that omitted assess-
ments of household activities may be more apparent than
real, simply because the instruments used have better
characterized the levels of physical activity of men (Cauley
et al. 1987; Weller & Corey, 1998; Ainsworth, 2000). More
all-inclusive studies of physical activity demonstrated that it
is not unusual for women to spend at least 2 h/d in household
and family-care tasks, compared with about 30 min for men
(Richardson et al. 1994). An additional explanation for why
the assessment of physical activity may have been more
accurate in men than women is that recall and measurement
error tend to be greater for light- and moderate-intensity
activity compared with vigorous activity, which tends to be
more time delineated (Richardson et al. 1994; DiPietro,

1995; Wareham & Rennie, 1998). Consequently, if women
perform activities that are mostly of lower intensity, errors
in the estimation of their physical activity patterns could
be magnified. Given the potential importance of household
activities to the overall energy expenditure of women, it
could be speculated that the proportion of women who meet
current activity recommendations is probably greater than
generally perceived. It may also be a possible explanation
for the observation that, in contrast to men, physical activity
in women is poorly associated with a reduced risk of
mortality (Blair et al. 1993; Mensink et al. 1996).

Cross-sectional population surveys of physical activity are
fairly consistent in reporting that inactivity increases with
age in both men and women (Health Promotion Agency for
Northern Ireland, 1994; Fentem & Walker, 1995; Crespo
et al. 1996; Jones et al. 1998; de Almeida et al. 1999). For
example, data from the merged Allied Dunbar National
Fitness Survey and Health Education Authority National
Survey of Activity and Health show that the prevalence of
inactivity increased from 15 % in men and 25 % in women
aged 16–24 years, to approximately one-third in 45–65 year
olds and > 50 % in those aged > 65 years (Fentem & Walker,
1995). On the other hand, data from Canada and Finland
suggest that patterns of physical activity may stabilize, or
even increase, in the oldest age-groups relative to the next-
youngest age-group (Stephens & Caspersen, 1994). In the
Behavioral Risk Factor Surveillance System surveys in the
USA, which have adjusted intensity of activity relative to
age, the age-related decline is no longer present and,
furthermore, there was evidence that activity levels increased
in the oldest age-groups.

However, it is likely that the impact of increasing age on
patterns of participation in physical activity may be more
subtle and complex than appreciated. Data on the activity
habits of a representative sample of approximately 1300
Irish adults suggest that men were twice as active women in
occupational and leisure-time activities, while women were
three times more active in household pursuits (Livingstone
et al. 2001). Unfortunately, the downward shift in the
occupational activity levels of the men with increasing age
was not compensated for by increased participation in
leisure or household activities. Indeed, leisure activities
declined at an even greater rate. On the other hand, the
activity levels of the women were more likely to be
sustained over time, through substitution of reduced occupa-
tional activity with increased inputs into household pursuits.
While increased reliance on technology may have substan-
tially reduced the energy demands of household activity,
nevertheless, the latter may still be an invaluable adjunct to
overall energy expenditure in the face of declining demands
of work activity.

A possible explanation for the observed decline in leisure-
time activity with increasing age in the men in the Irish study
might have been a shift in the type of recreational activities
pursued. The amount of time spent in vigorous recreational
activity decreased by 50 % after age 36 years, suggesting that
participation in higher-intensity recreational activities and
team sports at a younger age was subsequently displaced in
favour of less-physically-demanding recreational activity.
However, the stability over time in the leisure-time activities
in women, together with a less pronounced decline in
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vigorous activities (albeit from lower levels in the first
place), suggest that they may have adopted more lifetime and
individualized leisure pursuits from the outset, and were able
to sustain these over time.

While these data are not necessarily representative of the
time course of activity profiles in men and women, never-
theless, the data are used here to illustrate that the levels of
physical activity in which individuals engage at any point in
their lifespan reflect a complex interaction of biological,
psychological and sociological factors. Thus, to generalize
about age trends in physical activity solely on the basis of
leisure-time activity may be misleading.

Levels of leisure-time physical activity are consistently
higher in white Caucasian subjects and those with higher
education and income (Sallis & Hovell, 1990; Health
Promotion Agency for Northern Ireland, 1994; Fentem &
Walker, 1995; Crespo et al. 1996, 1999; Jones et al. 1998;
de Almeida et al. 1999). However, while education and
income reflect socio-economic status, the latter tends to be
less closely correlated with levels of physical activity
(Livingstone et al. 2001). This variance may be attributed
to the fact that since many surveys do not quantify
occupational activity, there is likely to have been some
misclassification of lower-income educated subjects who
have physically-demanding jobs, and who are not interested
in being active during their leisure time. For example, data
from the 1990 National Health Interview Survey in the USA
demonstrated that occupational activity was inversely
associated with leisure-time activity and, in contrast to
leisure-time activity, was higher in those with lower
education and minority ethnic groups. It could be argued
that if social class and educational status are proxy measures
of a cluster of factors (knowledge, time, social support,
perceived health status, access to facilities, neighbourhood
safety), known to impact on levels of physical activity, it
may be more instructive to directly assess the impact of
these factors on levels of physical activity.

In conclusion, the balance of the epidemiological
evidence suggests that there is a high prevalence of
inactivity, but whether or not the level is increasing cannot
be assessed from currently available data. Moreover, this
conclusion must be tempered with the caution that
many surveys have been limited to the measurement of
leisure-time physical activity. Given the complex and multi-
dimensional nature of physical activity, it seems most
unlikely that recreational activity is an appropriate marker
for overall activity patterns. Consequently, until more
holistic assessments of physical activity can be obtained, it
will be impossible to define the true extent of the problem of
inactivity.

Children

At present there is a discernible feeling that children, and
adolescents in particular, are less active and fit today than in
the past. Indeed, the public perception of an increasingly
sedentary way of life among children is even more wide-
spread than it is for adults (Blair, 1992; Corbin & Pangrazi,
1992). This perception, in turn, has prompted concerns
about the impact of these declining levels of activity and
fitness on the present and future health status of children.

However, despite the extensive literature charting the
activity and fitness levels of children and adolescents, there
is surprisingly little hard evidence to substantiate the popular
perception that children have become habituated to sedentary
living. The various literature reviews on the subject all
concur that the available data on the levels of physical
activity of children and adolescents can be distinguished
more by its quantity than its quality (Cale & Almond, 1992a;
Sallis, 1993; Pate et al. 1994; Riddoch & Boreham, 1995;
Armstrong & van Mechelen, 1998).

First, the results of different studies are often difficult
to interpret and compare, because of the diversity of meth-
odological approaches used to assess physical activity,
differences in data analysis and reporting and the adoption
of varying definitions for what constitutes an appropriate
level of activity. It has been concluded that few, if any,
studies fulfil all the criteria required to adequately charac-
terize the status of children’s physical activity (Riddoch &
Boreham, 1995). Second, much of the data are cross-
sectional and often drawn from small and non-random
samples. Third, seasonal variability in patterns of physical
activity is rarely accounted for. With these caveats in mind,
a number of generalizations about activity levels can be
made from the more robust data sets.

Population surveys: self-report. There are relatively
few large-scale surveys of self-reported physical activity in
children and adolescents. These surveys have been carried
out in the USA (Ross & Gilbert, 1985), Canada (Canada
Fitness Survey, 1981); Northern Ireland (Riddoch et al.
1990) and Wales (Heartbeat Wales, 1986). To what extent
these surveys, which were conducted 15–20 years ago,
reflect current activity levels is debatable. In addition, while
numerous small-scale surveys have been conducted, it is
extremely difficult, for the reasons referred to earlier, to
distil the information into a coherent account of physical
activity behaviour. Overall, while the national surveys
reveal considerable variability in activity habits, 60–70 % of
the children were engaged in physical activity of sufficient
quantity and quality according to the activity criteria
applied. Given the similarity in the results it is probable that
there were no major differences, at that time, in the physical
activity patterns between children in the USA and Canada
and their European counterparts.

However more recent data from the UK National Diet and
Nutrition Survey of children and adolescents (Gregory &
Lowe, 2000) indicated that 30 % of the boys aged 7–10 years
and 56 % of the boys aged 15–18 years did not achieve the
current recommendation of moderate physical activity for l h
daily. The corresponding data for girls were 51 and 69 %. In
contrast, data from the Youth Risk Behavior Survey,
conducted periodically by the (US) Centers For Disease
Control on the physical activity patterns of US adolescents,
show that activity levels are quite high. Moreover, no
consistent changes have been observed in these patterns of
activity between 1991 and 1999 (Troiano et al. 2001). Given
the problems of comparing cross-sectional data sets based on
different survey methodologies, it is not possible to conclude
if there has been a secular trend towards increased sedent-
ariness. Moreover, self-report data must be interpreted with
caution since they are vulnerable to misrepresentation,
particularly exaggeration of the time spent in activity.
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Small-group studies: heart rate monitoring. In contrast
to self-reported accounts of activity, studies that have
objectively assessed physical activity patterns by HR
monitoring report much lower levels of activity, albeit these
studies are based on relatively small and often unrep-
resentative samples. However, the conclusions drawn from
these studies critically depend on how the HR data are
interpreted. Thus, if the accumulated time above HR
thresholds for low, moderate and vigorous activity is
accounted for, a very different picture about the prevalence
of beneficial physical activity emerges from that in which the
sustained amount of time above HR required to promote
cardio-pulmonary fitness is the criterion (Riddoch &
Boreham, 1995). When the former criteria are adopted, there
is considerable agreement between the results of different
studies. Typically, children spend 37–111 min/d in low-
intensity activity, l5–40 min/d in moderate-intensity activity
and 4–22 min/d in vigorous physical activity. In addition,
there are no apparent gender differences in the amount of
time engaged in low-intensity activity (Riddoch & Boreham,
1995). However, HR data at the lower end of the HR range
may not give a valid estimate of physical activity because of
the increased likelihood of confounding by other factors.
Thus, based on current activity guidelines for children and
adolescents, it would be reasonable to conclude that most
young people are active.

On the other hand, very different conclusions are drawn
from HR data when more stringent cardiovascular fitness
criteria are applied. The studies of Armstrong and colleagues
(Armstrong, 1998) were primarily concerned with the
number of 5, 10 and 20 min periods when HR was sustained
at > 139 and > 159 beats/min. These studies demonstrated
that 82 % of the boys and 63 % of the girls undertake only
short periods (5 min) of activity with HR sustained at
> 139 beats/min, while 38 % of the boys and 50 % of the
girls did not experience a single sustained 10 min period
with HR > 139 beats/min. Of the children, > 75 % did not
experience a single sustained 20 min period with HR at
> l59 beats/min. Thus, when the data are analysed in this
way it is impossible not to reach the opposite conclusion to
that stated earlier. Clearly, these discrepancies highlight
that, until consensus is reached about appropriate HR
thresholds, widely varying estimates of the prevalence of
beneficial physical activity will continue to be reported.

Small group studies: doubly-labelled water measurements.
The use of DLW provides the most accurate quantitative
assessments of TEE, but its application in physical activity
epidemiology is limited by financial and technical
constraints. In addition, no information is provided about
the specific activities performed, or about the behavioural
aspects of activity. TEE:BMR (measured or predicted),
referred to as the physical activity level (PAL), is widely
used to give an indirect measure of physical activity energy
expenditure. Although PAL values include the energy costs
of thermogenesis, most of the variance in PAL is attrib-
utable to variations in the energy turnover in physical
activity.

There is now a fairly extensive database of DLW TEE
measurements on children and adolescents, mostly from
the USA and the UK. In young children (1–5 years) the
PAL values typically lie within a relatively narrow

range (1·40–1·50). A consistent observation in most of
the DLW TEE studies is that children of < 7 years appear
to expend 20–30 % less energy than the level recommended
by Food and Agriculture Organization/World Health
Organization/United Nations University (1985). However,
the recommendations for the age-group 1–10 years were
based on published intake values, which had been inflated
by 5 % to accommodate ‘a desirable level of physical
activity’. The lower-than-expected energy cost of physical
activity in young children is probably explained by the fact
that, although they may be active, their activities are of low
intensity and, typically, are not sustained over extended
periods of time. Moreover, young children may spend
substantial periods of time sleeping.

In older children (6–11 years) the PAL values are more
variable, but most study mean values lie within the range
1·60–1·82 and are broadly compatible with the suggested
PAL for moderate-intensity (males, 1·75; females, 1·68)
activity (Torun et al. 1996). On average, there are no gender
differences in activity-related energy expenditure up until
11 years of age.

Unfortunately, there are relatively few DLW TEE data
sets for adolescents (12–18 years). Most study mean PAL
values for adolescent males lie within the range 1·65–2·0,
which is compatible with the PAL range (1·60–1·82) for
light-to-moderate-intensity activity. The PAL values for
adolescent females (1·60–1·85) show that they are meeting
the PAL value (1·66) for a moderately-active lifestyle
(Torun et al. 1996).

Thus, in contrast to the common perception that aspects
of modern lifestyles are threatening the opportunity to be
active, the available data for older children and adolescents
suggest that, on average, they are moderately active.
Whether these data are representative or not remains to be
verified and, meanwhile, firm conclusions about activity-
related energy expenditure based on these limited data are
not merited.

Patterns of participation in physical activity. One of
the most pervasive findings of both cross-sectional and
longitudinal studies of levels of physical activity in children
and adolescents is that although activity levels decline in
both males and females as they grow older, males are, on
average, more active than females at all ages (Pate et al.
1994; Malina, 1995; Armstrong & van Mechelen, 1998).
Activity levels generally peak at about 12–14 years and,
although the annual rate of decline varies, it is much greater
during adolescence than during adulthood (Caspersen et al.
2000).

However, examining only summary measures can obscure
a variety of underlying patterns of change with age. Two
rigorously-conducted longitudinal studies, the Amsterdam
Growth and Health Study (van Mechelen et al. 2000) and the
Cardiovascular Risk in Young Finns Study (Telema & Yang,
2000), have provided unique insights into the natural time-
course of physical activity behaviour. Contrary to the general
finding that the rate of decline in physical activity is greater
in girls, both these studies observed a greater decline in most
measures of physical activity in males. In the Amsterdam
Growth and Health Study the overall energy expenditure
score declined by 42 % in males and 17 % in females between
13 and 27 years of age, with the greatest decline taking place
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during the adolescent period. Moderate-intensity activity
increased markedly in both males and females, at the expense
of vigorous physical activity (males and females) and very
vigorous physical activity (males). Overall, throughout the
study the females were spending more time in moderate-
intensity activities than males. Time spent in non-organized
sporting activities declined the most, with the most
pronounced decrease occurring during the adolescent period
in males.

Similarly, in the Cardiovascular Risk in Young Finns
Study the physical activity index declined 55 % in males and
20 % in females from 12 to 27 years of age, with most of the
decline occurring between 12 and 18 years in the males and
12 and 15 years in the females. However, the boys remained
more active overall, because while the time they spent on
physical activity decreased from 9·4 h at 13 years to 4·0 h at
18 years, the corresponding values for the girls were 5·9 and
3·7 h. Overall, both studies demonstrated that girls engaged
more regularly in moderate-intensity activity. However,
compared with the Amsterdam Growth and Health Study, it
appears that with increasing age, the males in the Cardio-
vascular Risk in Young Finns Study tended to split more and
more into two groups, those who were totally sedentary and
those who participated in fitness-related activity.

These two longitudinal studies present intriguing findings,
and it remains to be verified if they are representative of the
natural time-course of physical activity behaviour. Although
the findings are somewhat at variance with the popular
perceptions about gender differences in physical activity
behaviour, they also serve to highlight the misconceptions
that can arise by failing to fully characterize the different
dimensions of physical activity in such studies. The undue
emphasis that has been placed on sustained high-intensity
activity in many of the HR and self-report studies of physical
activity has probably favoured the physical activity profiles
of boys. Differences between the genders may be greatly
reduced when lower-intensity activity is also accounted for
(Shephard, 1986). Thus, it is not unreasonable to speculate
that the gender differences in levels of physical activity,
which have been observed in many studies, may have been
more apparent than real.

Indirect indices of physical activity. There is now sub-
stantial indirect evidence that children are increasingly being
habituated to a sedentary lifestyle. In particular, the time
devoted to television viewing and related media is one of the
best proxy measures of inactivity. Approximately 75 % of
the 11–16-year-old UK children watch television for 2 h/d,
with the remainder watching for > 4 h/d (Health Education
Authority, 1999). Data from the USA show that approxi-
mately one-quarter of US children watch television for > 4 h/d
and more than two-thirds watch television for at least 2 h/d
(Andersen et al. 1998). Related media such as computers also
take up a large amount of time, with 10 % of the 11–16 year
olds playing computer games for > 10 h/week (Health
Education Authority, 1999). Given that the majority of
physical activity takes place outside school, common sense
dictates that the sum of these passive leisure-time pursuits
must be encroaching heavily on the time available for
participation in active leisure-time physical activity.

At the same time, the opportunities to participate in
regular physical activity in schools are being lost. Secondary

schools in England and Wales now allocate less time to
physical education than anywhere else in Europe, with the
percentage of children spending ≥ 2 h/week in school sport
decreasing from 46 in 1994 to 33 in 1999 (Sport England,
2000). The amount of time allocated to physical education
in primary schools has also halved over the past 5 years
(British Heart Foundation, 2000), and the situation in the
USA is broadly similar (Kann et al. 1998).

Meanwhile, active transportation, particularly to and
from school has decreased. In the UK National Diet and
Nutrition Survey (Gregory & Lowe, 2000), approximately
half the children aged 4–10 years reported walking to
school, with the remainder relying on motorized transport.
However, by the age of 15–18 years the numbers of children
who walked to school had decreased to approximately one-
third. Another one-third travelled by bus and approximately
one-quarter by car. Undoubtedly, the increasing pressures
on children to be inactive, and particularly to spend more of
their leisure time inside the home, are partly a result of
parental concerns over children’s safety. At the same time,
however, it must be acknowledged that the desire to
maximize efficiency in the face of increasing demands on
everyone’s time has undoubtedly led to many lost oppor-
tunities to be active throughout the day. Depending on the
viewpoint taken, it seems that a physically-active lifestyle is
fast becoming a luxury, or anathema, for many.

Are children active enough? The extent to which the
activity levels of children are sufficient for promoting health
is almost impossible to gauge at present because of the many
contradictions and inconsistencies about this issue in the
existing literature. A number of examples serve to illustrate
the dilemma facing physical activity epidemiologists.

According to Blair et al. (1989), about 90 % of the US
children were deemed to be sufficiently active to achieve a
health benefit when the criterion applied was achievement of
an energy expenditure > 13 kJ/kg per d, and if even stricter
criteria were used (> 17 kJ/kg per d), 75 % of the children
achieved this standard. In contrast, when the threshold
required for developing cardio-pulmonary fitness is adopted,
children in a large number of studies were reported as having
unacceptably low activity levels (Gilliam et al. 1981;
MacConnie et al. 1982; Baranowski et al. 1987; Gilbey &
Gilbey, 1995; Armstrong, 1998). Those who have reviewed
this issue also hold contrasting views. For example, in the
opinion of Sallis (1993) the average child was sufficiently
active to meet the adult recommendations for conditioning
activities, an opinion not shared by Cale & Almond (1992b,c),
who concluded that primary and secondary schoolchildren
experienced only low levels of activity. These examples serve
to highlight one of the major obstacles in physical activity
epidemiology at present, i.e. the interpretation of the levels
of physical activity of children critically depend on the
criterion levels of activity adopted and whether accumulated
or sustained bouts of activity are included in the analysis.

The recent shift in emphasis to the value of accumulated
activity of moderate-intensity activity for achieving a health
benefit will impact markedly on future evaluations of
children’s activity levels. Applying this criterion, it seems
likely that more children than were previously thought are
meeting the minimum level of activity to achieve a health
benefit. Indeed, when older data sets are re-visited, the
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previous negative interpretations of activity levels (based on
sustained activity designed to promote cardio-pulmonary
fitness) are no longer tenable in many cases (Sleap &
Tolfrey, 2001).

In conclusion, as stated earlier, data on the levels of
physical activity of children can be distinguished more by
their quantity than their quality. Consequently, no definitive
conclusions are justified at present about either the levels of
physical activity of children, or whether these levels are
sufficient to maintain and promote health. In addition to the
emphasis now placed on accumulated activity of moderate
intensity, there is also the need to clearly identify the
quantity and type of activity that is appropriate for
promoting muscular strength, flexibility and bone health. At
the same time, data on temporal trends in physical activity
are virtually non-existent and unsubstantiated claims about
declining levels of activity are not justified. If these are
shown to be declining, it also needs to be established
whether there is a general decline at all levels of physical
activity, or whether the gap between sedentary and very
active children is widening. In this context, generalizations
about the levels of physical activity of children may be an
uninformative basis for public health policy, given the
undoubted variability in their patterns of activity. Priority
needs to be given to identifying those children who are so
inactive that their health may be compromised. Finally, in
relation to obesity, the prevalence and value of low-to-
moderate intensity needs to be established. Such activity
may not conform to classical activity guidelines but it
may markedly increase the overall energy expenditure of
children if sustained for sufficiently lengthy periods.

Do activity levels track? Blair et al. (1989) hypo-
thesized that an active child is more likely to become an
active adult, and by implication, the carry-over effect of
childhood physical activity could indirectly impact on adult
health status. Conversely, if levels of physical activity
exhibit stability over time, then children initially observed to
be inactive relative to their peers would presumably become
inactive adults who have an elevated risk of chronic disease
mortality and morbidity.

Tracking may be defined as the maintenance of relative
rank or position within an age–gender group over time, and
where initial measurements predict later levels in the same
individual. A high extent of tracking of physical activity
behaviour suggests that the primary prevention of the
chronic diseases that are associated with physical inactivity
should be initiated through interventions that are directed at
children from the outset. In addition to the health promotion
implications, the phenomenon of tracking should increase
understanding of the natural development of physical fitness
and physical activity as health-related behaviours.

However, the data to support the contention that adult
physical activity patterns are established during childhood
are not convincing (Malina, 1996). Unfortunately, there are
relatively few rigorously-conducted longitudinal studies of
sufficient duration to permit an informed evaluation of the
phenomenon (Raitakari et al. 1994; Twisk et al. 1997).
Overall, these longitudinal studies reveal low-to-moderate
inter-age tracking coefficients for estimates of physical
activity during adolescence (13–18 years), from adolescence
into adulthood (21–35 years), and across various ages during

adulthood (Andersen & Haraldsdottir, 1993; Raitakari et al.
1994; Frandin et al. 1995; Malina, 1996; Twisk et al. 1997).
In fact, although tracking of physical inactivity has received
far less attention, it appears that it may track better than
physical activity (Raitakari et al. 1994). As pointed out by
Dietz (1996), the adverse health consequences of inactivity
may be just as important as the health benefits of vigorous
activity. Thus, rather than being viewed simply as one end
of a continuum of activity in tracking studies, accurate
quantification and tracking of inactivity merits much more
attention than hitherto.

Is it reasonable to expect that childhood and adolescent
activity would strongly predict physical activity habits in
adulthood? In the first place, the assessment of tracking is
fraught with methodological and conceptual constraints.
The levels of physical activity in which individuals engage
at any point in their lifespan reflect a complex interaction
of biological, psychological and sociological factors (Sallis
& Hovell, 1990). It is inconceivable, therefore, that the
physical activity patterns of any individual, in terms of
mode, frequency and intensity, will remain stable from
childhood into adulthood.

Consequently, it is most unlikely that self-report method-
ology, the most commonly used tool for assessing tracking,
could fully characterize secular changes in physical activity
patterns. This position is particularly likely in those tracking
studies in which overwhelming importance has been
attached to a relatively narrow range of activities, most
usually sports and other recreational activities. The retro-
spective estimation of physical activity is particularly
problematic since the extent to which there is differential
memory distortion and recall bias related to current physical
activity is unknown. In prospective studies of tracking, the
accuracy of self-reported physical activity may be compro-
mised by cognitive limitations on reporting ability in young
children, and by misrepresentation in older children,
adolescents and adults. Clearly, the use of more objective
methodology that avoids problems associated with recall or
subjective responding is desirable. Only one study to date
has investigated the phenomenon of tracking using HR
assessments of physical activity (Pate et al. 1996). Although
physical activity was measured for a limited period of
3 years, with only two to four observations per year, the
very high tracking coefficient provided strong evidence that
physical activity tends to remain stable in early childhood.
However, the high correlation may be due as much to the
close proximity of the measurements (Malina, 1996) as it is
to the objective measurement of physical activity.

Perhaps one of the most obvious reasons why physical
activity behaviour could not be expected to exhibit better
stability over time is due to the very well-documented
phenomenon of an age-related decline in physical activity
(Sallis, 2000). Age is inversely associated with physical
activity in studies of children (Sallis, 2000), children and
adolescents (King & Coles, 1992), and adults (Caspersen
et al. 1994), and although the phenomenon is well accepted,
it is not well understood. Longitudinal studies have
demonstrated that the decline is steepest between the ages of
13 and 18 years (Telema & Yang, 2000; van Mechelen et al.
2000) and is mostly attributable to a decrease in non-
organized sporting activities and vigorous physical activity
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(van Mechelen et al. 2000). However, in the absence of
comparable data on young children, it is not known if the
marked erosion in physical activity patterns during
adolescence is unique, or whether it is pervasive throughout
the whole of childhood and adolescence. Although less
pronounced, activity patterns continue to decline up until the
age of 30 years, after which cross-sectional data suggest a
stabilization of activity patterns during middle life (Caspersen
et al. 2000).

The remarkable consistency of the age-related decline in
physical activity raises a number of questions as to the mech-
anisms underlying its decline. Psychological, sociological
and physical factors undoubtedly help to explain this decline,
but not totally. The age-related decrease in physical activity
has also been observed in many animal species and strongly
supports the contention that there exists a primary biological
explanation for the trend (Ingram, 2000). A probable mech-
anism is the dopamine neurotransmitter system, which is
responsible for regulating the motivation for motion (Ingram,
2000). Thus, while the age-associated decline in levels of
physical activity is often viewed with dismay, it is to be partly
expected, and is not necessarily problematic unless the decline
is very pronounced. In the context of tracking, the issue that
should be addressed is how the amount or timing of a decline
in physical activity during childhood and adolescence
influences later activity.

In conclusion, there is at present very little evidence to
support the belief that physically-active children and
adolescents will become active adults. It may be that it is the
experiences related to participation in activity in childhood
and adolescence, rather than the participation itself, which
have a stronger influence on the predisposition to physical
activity in adulthood (Engstrom, 1986; Taylor et al. 1999).
This issue may be critical to a full understanding of the
tracking phenomenon and merits further exploration.

Physical inactivity and obesity:
cause and/or consequence?

Adults

The influence of regular physical activity on weight
regulation is complex. Obesity and a sedentary lifestyle are
two major interrelated health risks but, unfortunately, it is
very difficult to tease out the extent of overlap, interactions
and possible cause-and-effect associations between them in
most epidemiological studies.

Several methodological issues constrain attempts to accu-
rately determine the impact of physical activity on body
weight and obesity: (1) measurement error with regard to
the two key exposures, physical activity and dietary intake;
(2) inappropriate time frame of the assessments; (3) effect
modification by age and gender; (4) failure to adjust for
important confounding variables (DiPietro, 1995).

The measurement of physical activity and food intake
pose equally daunting challenges, given the tendency to
over-report the former and under-report the latter (Prentice
et al. 1986; Lichtman et al. 1992). Available techniques are
unlikely to be sufficiently sensitive to the small short-term
imbalances in each exposure, which ultimately lead to
obesity. In particular, sedentary activity is not assessed well

in most studies; rather, it is mostly inferred from an absence
of active pursuits. An additional difficulty in establishing
the relationship between weight gain and physical activity is
that the activity levels of mildly-overweight and normal-
weight individuals may be virtually indistinguishable
(Shah & Jeffery, 1991). Consequently, as a result of these
methodological issues, there is an enormous heterogeneity
between studies, which limits interpretation of the data.

On balance, the ecological trends in populations
suggest that declining amounts of physical activity have
contributed markedly to the increasing prevalence of obesity
(Prentice & Jebb, 1995; Jebb & Moore, 1999). Using data
from a diversity of sources, Prentice & Jebb (1995) have
demonstrated that the rising prevalence of obesity has
coincided with a fall in reported energy and fat intake, but
with marked increases in two proxy measures of hypo-
activity (time spent watching television and car ownership
per household).

Cross-sectional associations between physical activity, or
fitness, and body weight are stronger than those observed
in prospective studies. An inverse association has been
reported in many cross-sectional studies (for example, see
Folsom et al. 1985; Voorrips et al. 1991; Slattery et al.
1992; DiPietro et al. 1993; Fogelholm et al. 1996; Martínez-
González et al. 1999) and the baseline data in prospective
studies (French et al. 1994). Many of these studies also
report that high-intensity levels of self-reported physical
activity are associated with consistently lower weight or
body mass, but it is unclear if this association is simply due
to better accuracy in reporting activities, which tend to be
more structured and time delineated.

Data from approximately 19 000 adults who reported
they were trying to lose weight in the 1989 Behavioral Risk
Factor Surveillance System Survey (DiPietro et al. 1993)
suggest that the prevalence of obesity decreased markedly
with increasing levels of activity. Among subjects in all age-
groups, those who ran, jogged, performed aerobics or cycled
weighed less than those who undertook no activity. Walking
also produced marked weight loss in subjects after age
40 years. All differences were independent of height, race,
education, smoking habit and energy restriction. However,
this study shares the same limitation as many other cross-
sectional studies, which have compared differences in risk
exposure between lean and obese, i.e. there is a high
probability of post hoc changes in lifestyle (including
physical activity behaviour) as a consequence of obesity.

The major limitation of any cross-sectional analysis is that
the directionality of the physical activity–weight gain
relationship cannot be determined. It is also impossible to
assess the influence of weight status on activity level or,
indeed, whether these associations are coincidental to
genetic, behavioural or other factors that pre-dispose some
individuals to leanness and a higher activity level, and others
to obesity and inactivity.

In this context there are data to suggest that inactivity
tends to cluster with other health behaviours such as less
healthy dietary practices (Lytle et al. 1995; Simoes et al.
1995), cigarette smoking and alcohol use (Dannenberg et al.
1989; Raitakari et al. 1994; Lytle et al. 1995), which may
have an adverse effect on both the quantity and distribution
of body fat. Since smoking and alcohol increase visceral fat
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deposition (Troisi et al. 1991), and inactivity is associated
with increased body fat, the net effect of the covariance of
inactivity with other health behaviours is to increase the risk
of morbidity and mortality associated with obesity.

Prospective studies provide the most robust data on the
impact of physical activity on risk, or development, of
excessive weight gain over time, because by definition the
key exposures must precede the outcome. Unfortunately,
there is a paucity of prospective data sets that measure the
two key exposures: physical activity; dietary intake. These
data sets can be broadly divided into those that have used
single time-point measurements to predict subsequent
weight change (Rissanen et al. 1991; Klesges et al. 1992;
Lissner et al. 1997; Maffeis et al. 1998), and those that have
examined the change in weight status relative to changes in
the key exposures based on baseline and follow-up measure-
ments (French et al. 1994; Coakley et al. 1998; Paeratakul
et al. 1998; Twisk et al. 1998). Although the evidence is far
from conclusive, most of these studies show some support
for the role of physical activity in attenuating weight gain
over time.

After adjustment for confounding factors, marked weight
gain across baseline categories (frequently, occasionally or
rarely) of self-reported leisure-time physical activity showed
a modest dose–response relationship in both men and
women (Rissanen et al. 1991). French et al. (1994) also
observed that walking and high-intensity activities were
independently associated with lower weight among men and
women in the cross-sectional analysis at baseline, but that
sustained activity of moderate-to-high intensity was a
prerequisite for attenuated weight gain over time. However,
in two studies these associations were seen only in women
(Klesges et al. 1992; Paeratakul et al. 1998). In the women’s
study in Gothenberg, Sweden (Lissner et al. 1997), sedentary
leisure activity appeared to be a risk factor only in those
consuming a high-fat diet. In the Health Professionals
Follow-up Study in the USA (Coakley et al. 1998), the
prevalence of obesity in middle-aged men was lowest at
follow-up among those who undertook relatively high levels
of vigorous physical activity compared with their more
sedentary counterparts. There was also a direct association
between television and video cassette recorder viewing and
body weight.

Further support for these observations is provided by
those studies that have measured physical activity, but not
diet, in relation to weight change. After 2 years of follow-
up, higher baseline levels of physical activity and lower
levels of television and video cassette recorder viewing
remained independently related to a lower risk of becoming
overweight in a large cohort of male health professionals
(Ching et al. 1996). The Aerobics Center Longitudinal
Study also demonstrated that improvements in fitness were
associated with a reduction in risk of weight gain of > 5 kg
over a period of 7–8 years (DiPietro et al. 1998). Finally,
Williamson et al. (1993) demonstrated that low recreational
activity levels in the National Health and Examination
Follow-Up Study were associated with both risk of weight
gain over a 10-year period as well as the prevalence of
obesity at the start and end of the study. Of interest,
however, no significant relationship was found between
baseline levels of physical activity and subsequent weight

gain among either men or women, suggesting that sedentary
activity may be both a cause and a consequence of weight
gain.

The totality of the evidence from these prospective
studies, although inconclusive, suggests that physical
activity or fitness plays more of a role in attenuating age-
related weight gain and preventing marked weight gain,
rather than promoting weight loss where the effects are more
modest (Wing, 1999). However, there is also a suggestion
from both prospective (Coakley et al. 1998; DiPietro et al.
1998) and cross-sectional (Williams, 1997) studies that
increased amounts of physical activity may be required to
effectively stabilize body weight with increasing age.

Overall, firm conclusions from these prospective studies
are precluded because of methodological flaws in the
assessment of the risk exposures and the infrequency with
which they are assessed, which may in turn have led to a
substantial underestimate of the relative importance of levels
of physical activity in weight regulation (Wong et al. 1999).
What is indisputable, however, is that individuals who are
concerned with overweight and obesity, and especially their
prevention, should increase their levels of physical activity.

Children

Assessment of the relationship between levels of physical
activity and adiposity in children and adolescents is even
more constrained than it is in adults, because any possible
relationship is heavily confounded during the pubertal years
by normal physiological changes in body composition.
Hence, it has been difficult to demonstrate anything more
than a weak relationship between inactivity and increase in
fatness in children (Bar-Or & Baranowski, 1994).

Although some cross-sectional studies in adolescents
have found an inverse relationship between physical activity
and BMI or skinfold measurements (Tell et al. 1988; Macek
et al. 1989; Kemper et al. 1990), other studies could not
confirm the association (Andersen et al. 1989; Marti &
Vartiainen, 1989; Sallis et al. 1989). Two large cross-
sectional studies, which reported data on both activity and
diet, noted only a weak association between lower levels of
activity and higher levels of adiposity (Sunnegardh et al.
1986; Shannon et al. 1995), but in both studies confounding
variables could not be fully excluded. Children of parents
with lower levels of income and education were fatter and
this outcome was also associated with television viewing
and sedentary pursuits.

Using DLW estimates of TEE, a negative association
between two indices of physical activity (TEE – BMR and
PAL) and percentage body fat has been demonstrated in
preschool children aged 1·5–4·5 years (Davies et al. 1995).
Given that this population was not selected to be obese, the
data suggest that either a decline in activity energy expend-
iture precedes the development of obesity, or accompanies
it. In contrast, Goran et al. (1997) could not demonstrate any
association between activity energy expenditure and body
fatness, whereas time devoted to recreational activity, as
assessed by questionnaire, was inversely related to fat mass.
The authors suggested that the time devoted to physical
activity, rather than activity energy expenditure per se, may
be the most important factor in energy regulation.
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The outcome of prospective studies has also been incon-
sistent. Two studies have reported an inverse relationship
between physical activity and indices of body fatness
(Klesges et al. 1995; Moore et al. 1995). On the other hand,
Aaron et al. (1992) could find no association between physical
activity and weight gain in the Adolescent Injury Control
Study, after controlling for confounding factors. Similarly,
Beunen et al. (1992) reported no relationship between
separate skinfold thickness and self-reported participation in
sports in matched groups of active and less active Belgian
adolescents. Unfortunately, no account was taken of activities
other than sports activities in this study. Finally, Maffeis et al.
(1998) found that physical activity and/or television viewing
(as a proxy measure for inactivity) were unrelated to change
in relative BMI in a 4-year longitudinal study.

To date, stronger relationships have been observed
between patterns of sedentary living, most notably time
spent watching television and related pursuits and obesity,
than with physically-active pursuits. Most studies (Dietz &
Gortmaker, 1984, 1985; Tucker, 1986; Pate & Ross, 1987;
Wong et al. 1992; Gortmaker et al. 1996; Hernández et al.
1999; Crespo et al. 2001), but not all (Robinson et al. 1993;
Wolf et al. 1993; Robinson & Killen, 1995), have found that
the amount of time children and adolescents spend watching
television was associated with increased obesity, less
physical activity and lower physical fitness. Among the
possible reasons cited for the failure to demonstrate an
association are unrepresentative sampling and inability to
correctly characterize television viewing behaviour. It has
also been noted that in younger children aged 3–4 years
(DuRant et al. 1994), those who watched more television
were less physically active, but this lower activity did not
manifest itself in greater adiposity. However, this outcome
may simply be a result of the fact that the impact of tele-
vision viewing on adiposity is insidious, but ultimately it
can lead to obesity. This possibility is confirmed by the fact
that stronger relationships between watching television and
obesity have been found in older (12–17 years) children
compared with younger (6–11 years) children (Dietz &
Gortmaker, 1985).

The most compelling evidence for the existence of a dose–
response relationship between the prevalence of obesity and
number of hours of television viewing is provided by the
longitudinal study (1986–1990) of Gortmaker et al. (1996)
on a representative sample of 746 US adolescents. After
adjusting for potential confounding factors, the relative risk
of obesity was 5·3 times greater for approximately one-third
of the adolescents who watched television for > 5 h/d, com-
pared with those who watched television for 0–2 h/d. Over
the 4 years the prevalence and incidence of obesity were
positively associated with the time spent watching television,
while remission was negatively associated, and by the same
order of magnitude. The authors proposed that efforts to
reduce the time spent in television viewing may be effective
in preventing some of the incidence of obesity and there is
some experimental support for this viewpoint (Epstein
et al.1995, 2000). It should also be noted that not only is a
reduced energy expenditure associated with television
viewing (Dietz et al. 1994), but the increased opportunities
for hyperphagia while doing so may be as important as
reduced activity in the genesis of obesity. This explanation is

consistent with other observations that suggest covariance
between sedentary behaviour and other behaviours such as
smoking, fat intake and alcohol consumption (Escobedo
et al. 1993; Lytle et al. 1995).

On balance, there is clear evidence that low levels of
physical activity are associated with an increased risk of
weight gain and obesity, but causality remains to be estab-
lished. Surprisingly, the potential interactions between
physical activity and dietary intake behaviours have largely
been ignored in epidemiological studies. From a policy
standpoint, a number of issues should also be resolved. It
would be particularly useful to know whether increasing
the proportion of active individuals (and decreasing the
proportion of inactive individuals) in the population would
reduce the prevalence of obesity, and/or the incidence of
chronic diseases associated with obesity, as well as those
associated with a sedentary status. It could also be queried
whether reducing the proportion of obese individuals would
bring about a more active population.

Conclusion

Advice aimed at promoting physical activity should be
based on actual evidence concerning how individuals spend
their time. However, given the conceptual complexities and
measurement difficulties associated with physical activity,
few researchers would argue that it is difficult to detect
trends and draw meaningful conclusions from the existing
evidence. Future research should focus on refining physical
activity assessment methodology to make it more sensitive
to the different dimensions and contexts of physical activity
in different groups. Activity recommendations now
emphasize the importance of accumulated activity of
moderate intensity. Consequently, future surveys will need
to incorporate assessment of activities ranging from occu-
pation, household tasks, other activities of daily living and
transportation in order to capture all activity of moderate
intensity as well as vigorous intensity. In the context of
children’s activity patterns a more ecological perspective,
with emphasis on objective assessment of total activity in
natural settings, should be prioritized. Research is also
required to develop valid rather than proxy measures of
sedentary behaviours in both children and adults. In
summary, while all the indications are that the activity levels
of both children and adults are under threat, the challenge is
to find compelling evidence in support of this.
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