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It is clear that, despite their natural tendencies, children have become less physically active in recent decades,
with children today expending approximately 600 kcal ´day-1 less than their counterparts 50 years ago. Although
the health consequences of a reduced energy expenditure in adults is well documented, there is little direct
evidence linking sedentariness with health in children. However, three main bene® ts arising from adequate
childhood physical activity have been postulated. The ® rst is direct improvements in childhood health status;
evidence is accumulating that more active children generally display healthier cardiovascular pro® les, are leaner
and develop higher peak bone masses than their less active counterparts. Secondly, there is a biological carry-
over eþ ect into adulthood, whereby improved adult health status results from childhood physical activity. In
particular, childhood obesity may be a precursor for a range of adverse health eþ ects in adulthood, while higher
bone masses in young people reduce the risk of osteoporosis in old age. Finally, there may be a behavioural carry-
over into adulthood, whereby active children are more likely to become more active (healthy) adults. However,
supporting evidence for this assertion is weak. Given this background, recent health guidelines suggesting that
children should accumulate 60 min of moderate-intensity physical activity every day ±  supplemented by regular
activities that promote strength ¯ exibility and bone strength ±  appear to be justi® ed. Future developments
should include the implementation of large-scale, longitudinal studies spanning childhood and young adult-
hood, the further re® nement of tools for measuring physical activity accurately in young people, and research
into the relative strength of association between ® tness ±  as well as activity ±  and health in children.
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Introduction

Observe any school playground full of 7-year-olds and
you will see a study in perpetual motion. Children are
invariably running, jumping, throwing and kicking in
a spontaneous m® lée of physical activity, untutored
and unstructured. Clearly, they are doing what comes
naturally and they are enjoying themselves. Contrast
these images with those of children sitting passively in
the car for the `school run’, watching television for up
to one-third of their waking day, participating in less
and less school physical education as other curriculum
pressures take precedence, and mounting evidence
that even our youngest children are becoming more
obese (Reilly et al., 1999). Clearly, there are paradoxes
in the lifestyles of children today that raise important
questions. First, if our children enjoy physical activity,
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why are they apparently doing less of it? Part of the
answer lies in the environment within which children
now ® nd themselves, an environment full of what
Leonard Epstein and co-workers (1995) have called
`sedentary alternatives’ . In the USA, children watch an
average of 3.5± 4.0 h of television per day. Cycling and
walking to school have become unusual behaviours and
playing in the street has been curtailed by safety
concerns. Reports that children’s energy intakes over
the past 50 years have fallen by 600± 700 kcal ´day-1

(Durnin, 1992) appear to be well founded. An average
child walking to and from school for a total of 45 min
and playing actively after tea for 60 min would incur an
additional daily energy expenditure of approximately
525 kcal (assuming an average exercise energy cost of
5 kcal ´min-1 for a 50 kg child). Thus, many of the
current health concerns relating to children’s physical
activity and their sequels may be seen as normal
physiology within a pathological environment.

Although we instinctively feel that physical activity is
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bene® cial to children, what is the scienti® c evidence to
support this hypothesis? Surprisingly, and in contrast
to adults, relatively little empirical research exists to
help answer this question. Certainly, concern has been
expressed about the rising prevalence of lifestyle-related
chronic diseases in developed nations (DHSS, 1992)
and the well-documented decline in physical activity
among adults (Blair et al., 1989b; DHSS, 1996) and
children (Reiþ  et al., 1986; Armstrong, 1989). How-
ever, the established causal links between health and
habitual physical activity in adults are yet to be con-
® rmed in children (Riddoch, 1998). Nevertheless,
evidence is growing and, in an attempt to provide a
conceptual framework for existing and future research,
Blair et al. (1989a) have proposed a model for the
health consequences of childhood physical activity. The
hypothesized relationships within this model suggest
that three main bene® ts arise from adequate childhood
physical activity:

1. The direct improvement of childhood health status
and quality of life.

2. The direct improvement of adult health status by,
for example, delaying the onset of chronic disease in
adulthood.

3. An increased likelihood of maintaining adequate
activity into adulthood, thus indirectly enhancing
adult health status.

Although it is true to say that the most convincing
evidence links adult physical activity with adult health
status, evidence is mounting to support all three rela-
tionships involving childhood physical activity. The aim
of this review is to present some of the more compelling
evidence in the area of ® tness, activity and health as
it relates to childhood, to highlight current weaknesses
and omissions in the literature and, ® nally, to suggest
implications for further research.

Activity and health in adults

To understand the relationships between activity and
health in children, it is ® rst necessary to examine the
equivalent relationships in adults, where the consensus
is more established. In fact, the evidence that activity
is bene® cial to health comes almost exclusively from
studies with adults. The question that arises is: `What
are the implications of the adult data ±  which clearly
demonstrate that physical activity promotes health ±  to
children?’

In adults, both physical activity and physical ® tness
are inversely related to mortality (Paþ enbarger et al.,
1986; Blair et al., 1989b). A strong, independent, inverse
relationship between activity or ® tness and health has

now been established (Powell et al., 1987). Prospective
population studies of adults have shown that higher
® tness or physical activity leads to a reduced risk of
coronary heart disease (Powell et al., 1987; Berlin and
Colditz, 1990), stroke (Wannamethee and Shaper,
1992), hypertension (Paþ enbarger et al., 1983), non-
insulin-dependent diabetes mellitus (Helmrich et al.,
1991), osteoporotic fractures (Wickham et al., 1989),
depression (Stephens, 1988) and some cancers (Lee,
1994). Better ® tness may also aid recovery from major
surgery (S.K. Epstein et al., 1995). Meta-analyses of
data from more than 40 studies indicate that coronary
heart disease is 1.9 times more likely to develop in
physically inactive than active adults, independent of
other risk factors (Powell et al., 1987). This individual
risk is comparable with the risk associated with the other
main risk factors for coronary heart disease (hyper-
tension, cigarette smoking and cholesterol). Blair et al.
(1996) have reported similar results for low ® tness,
which carries a relative risk for all-cause mortality of
1.52 in men and 2.10 in women, whereas others (Blair
et al., 1995; Erikssen et al., 1998) have shown that
improving ® tness in middle age may reduce all-cause
mortality by more than 50%.

The public health burden of a sedentary lifestyle can
be quanti® ed by calculating the population attributable
risk. This estimates the proportion of the public
health burden caused by a speci® ed risk factor, in this
case a sedentary lifestyle. By calculating the population
attributable risk for physical inactivity, we can estimate
the proportion of mortality for chronic diseases such as
coronary heart disease that would be avoided if every-
one in a given population were suý ciently physically
active (Van Mechelen, 1997a). To calculate population
attributable risk, we need to know both the relative
risk and the prevalence of the risk factor in a given
population. Based on available information for these
parameters, Powell and Blair (1994) estimated the
population attributable risk of sedentary living to be
35%, 32% and 35% for coronary heart disease, cancer
of the colon and diabetes mellitus mortality respectively.
The scope for public health gains through decreased
sedentariness is, therefore, considerable.

Dose± response relationships

A graded dose± response relationship appears to exist
between activity and mortality, with mortality being
greatest at the lower end of the activity distribution and
lowest at the more active end (Paþ enbarger et al., 1986).
Crucially, increments of risk reduction are greatest
between activity groups at the low end of the activity
distribution with a l̀aw of diminishing returns’ as one
moves along the distribution from low activity to high
activity. There is also some evidence of a l̀evelling oþ ’
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of bene® t at a certain point, which is suggestive of an
optimum amount of activity, above which few further
health bene® ts are gained. However, this optimum may
vary ±  or not exist ±  depending on the health outcome
selected. Similar relationships can be identi® ed between
® tness and morbidity, with the greatest diþ erence in
cardiovascular risk being observed between individuals
in the least ® t groups and those who are slightly ® tter.
Increments of bene® t between these groups and sub-
sequent groups are smaller (Blair et al., 1989b).

At the upper end of the activity spectrum (charac-
terized by high-volume training loads), some body
systems can react adversely, even when the body has
been conditioned gradually to these physical stresses.
Musculoskeletal injuries, renal abnormalities, gastro-
intestinal disturbances, immune system suppression
and menstrual irregularities may accompany high
training loads. Although these conditions are mostly
reversible with reduced training, they are undoubtedly
troublesome and may partly oþ set any health bene® ts
accruing from greater activity. They may also have
an adverse eþ ect on exercise adherence, reinforcing
the likelihood of an optimal level of activity for health
purposes.

What might this optimal amount of physical activity
be? It is probable that, in evolutionary terms, we have
developed biologically for the lifestyle of a hunter-
gatherer, involving day-long intermittent activities of
varying intensity. However, we are now forced by
cultural, technological and environmental circum-
stances into a far more sedentary lifestyle. The current
epidemic of sedentary living is likely to be a signi® cant
contributory factor to the increased prevalence of
degenerative, lifestyle-related conditions, most notably
coronary heart disease and stroke in the developed
world (Boyd Eaton et al., 1988).

Changing our predominantly sedentary society will
not be easy. To inform and encourage people to espouse
a more active lifestyle, health-related activity guide-
lines have been published for adults (US Department
of Health and Human Services, 1996). Although still
subject to debate (Barinaga, 1997), the central recom-
mendation of these guidelines is the accumulation
of 30 min of moderate-intensity activity (`moderate’
equating to brisk walking for most people) at least 5 days
a week. The evidence that health bene® ts may be
accumulated from several relatively short bouts of
activity (Hardman, 1999; Boreham et al., 2000; Murphy
et al., 2000) may be particularly relevant to children, in
whom patterns of activity are invariably intermittent
rather than continuous (Bailey et al., 1995).

These guidelines balance what is known to be bene-
® cial to health and what is likely to be feasible for most
people. It should be noted that most health bene® ts
should accrue with regular moderate activity, but there

is some evidence to suggest that more vigorous activity
may be necessary for certain improvements to take
place, most notably normalization of blood pressure.
However, such high activity is not necessary to improve
most dimensions of health (White et al., 1993); the
previously widely held view that running three times a
week is in some way a health-related ̀ threshold’ has now
been largely abandoned.

We can conclude, therefore, that (a) avoiding the
low end of the activity or ® tness spectrum delivers the
greatest relative health bene® t and (b) high activity
is probably unnecessary for the achievement of most
health bene® ts. In this respect, examples of activities
that have been shown to confer a signi® cant reduction in
risk for coronary heart disease include gardening (Leon
et al., 1987), lawn mowing (Leon et al., 1987), walking
(Paþ enbarger et al., 1986; Leon et al., 1987) and stair
climbing (Paþ enbarger et al., 1986). Although such
activities may not be so attractive to children, these
results do support the view that total activity energy
expenditure, irrespective of the type, intensity, duration
or frequency, may be a key dimension of activity for the
improvement of health in a predominantly sedentary
population. The important question is, however, does
this adult data hold for children?

Activity and health in children

It is clear that young children enjoy active play. If
sedentary alternatives are not available (L.H. Epstein
et al., 1995), most young children will play or invent
active ways of passing time that involve physical activity.
Older children might play more organized sports, either
formally, in clubs and teams, or informally, in parks
and playgrounds. Generally, these forms of play pro-
vide a large volume of activity incorporating a wide
variety of movements and many muscle groups, thereby
promoting cardiorespiratory development, muscular
strength, muscular endurance, speed, power and ¯ exi-
bility. In the mid-teens, these relatively large amounts of
activity decline, particularly in girls. If activity becomes
very low ±  and we should remember that, in general,
activity among adults is undoubtedly too low ±  then
this may constitute a `problem in the making’. The
question is, therefore, `does children’s activity decline
over the teenage years to such an extent that either their
current or future health is compromised?’ To answer
this question, we must scrutinize the evidence relating
activity to indicators of health status in children.

Unfortunately, for children, a consensus of opinion
is yet to be reached on this question. Although there
are indications of bene® cial associations in some areas,
relatively little evidence unambiguously relates child-
hood physical activity or ® tness to childhood health, a
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more favourable childhood risk pro® le, or to later adult
health (Blair and Meredith, 1994; Rowland, 1996;
Riddoch, 1998). Despite this, there is a growing body of
literature on children’s activity, which is predicated on
the conventional wisdom that activity is bene® cial for
children. We should, therefore, examine more closely
the evidence relating to each of the three hypothesized
relationships suggested by Fig. 1.

Activity and current health status

It has been reported that strong relationships between
activity and various health parameters ±  bone health,
blood pressure, lipid pro® le and obesity ±  are hard
to ® nd in children (Riddoch, 1998). A summary of rele-
vant evidence follows.

Blood pressure and cholesterol. Armstrong and Simons-
Morton (1994) reported that data suggesting a bene-
® cial eþ ect of activity on lipids and lipoproteins are
minimal, although there is some evidence that high-
density lipoprotein cholesterol (HDL-C) concentra-
tions might be enhanced. Alpert and Wilmore (1994)
concluded that aerobic training had only a weak
relationship with blood pressure within the normal
range, but that such training consistently reduced both
systolic and diastolic blood pressure in hypertensive
adolescents. Riddoch (1998) reviewed more recent
studies and reported that, for lipids and lipoproteins,
six studies (Al-Hazzaa et al., 1994; de Visser et al.,
1994; Dwyer and Gibbons, 1994; Harrell et al., 1996;
Rowland et al., 1996; Webber et al., 1996) showed no
association with measures of activity, whereas another
six (Suter and Hawes, 1993; Bistritzer et al., 1995;
Craig et al., 1996; Gutin et al., 1996; Twisk et al., 1996;
Boreham et al., 1997) showed a limited association.
For blood pressure, one study (de Visser et al., 1994)
reported no association, while seven (Jenner et al., 1992;
Al-Hazzaa et al., 1994; Anderson, 1994; Dwyer and
Gibbons, 1994; Harrell et al., 1996; Webber et al.,
1996; Boreham et al., 1997) reported a bene® cial
association.

Overweight and obesity. Bar-Or and Baranowski
(1994) concluded that both controlled trials and cross-
sectional studies have indicated small but signi® cant
bene® cial eþ ects of activity for both non-obese and
obese adolescents. However, no eþ ect was observed in
prospective observational studies. Some weak associ-
ations were evident, but no threshold `dose’  of activity
could be identi® ed. In a review of more recent evidence,
Riddoch (1998) pointed out that only two studies
(Durant et al., 1994, 1996) observed no eþ ect, whereas
others (Durant et al., 1993; Robinson et al., 1993; Wolf
et al., 1993; Gutin et al., 1995; Boreham et al., 1997;

Gutin and Owens, 1999) observed some eþ ect. These
results must, therefore, be treated as highly suggestive
rather than de® nitive.

We can suggest four reasons why an increased preva-
lence of childhood obesity may be a major source of
concern. First, obesity is a major risk factor for insulin
resistance and diabetes, hypertension, dyslipidaemia,
poor cardiorespiratory ® tness and atherosclerosis
(Schonfeld-Warden and Warden, 1997; Berenson et al.,
1998; Vanhala et al., 1998; Boreham et al., 2001).
Secondly, obesity tends to track into adulthood (Clarke
and Lauer, 1993). Thirdly, adults who were obese as
children have increased morbidity and mortality,
irrespective of adult weight (Must et al., 1992; Gunnell
et al., 1998). Fourthly, overweight adolescents may
suþ er long-term social and economic discrimination
(Gortmaker et al., 1993). For these reasons, despite
the lack of compelling evidence, childhood obesity
should be a major target for intervention from both
primary prevention and treatment perspectives; physical
activity should feature strongly in this intervention.
This requirement is made all the more pressing
by recent reports of substantial secular increases in
paediatric obesity (Campaigne et al., 1994; Troiano
et al., 1995; Freedman et al., 1997; Reilly et al., 1999;
Chinn and Rona, 2001), despite apparent reductions in
daily energy intakes over the past 40± 50 years (Durnin,
1992).

Bone health. Osteoporosis is a major public health
burden, aþ ecting more than 25 million people in the
United States, mainly women. As osteoporosis and the
fractures that are associated with it are largely a feature
of old age, the scale of the problem will inevitably
grow as the population ages. It is estimated, for example,
that the 6.26 million hip fractures currently recorded
annually on a worldwide basis will increase four-fold by

Fig. 1. Hypothetical relationships between physical activity
and health in children and adults. Reproduced with per-
mission from Blair et al. (1989a).
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the year 2050 (Cooper et al., 1992). Although osteo-
porosis is principally a condition of the elderly, the
optimal prevention strategy may be the attainment of a
strong, dense skeleton during the growing years (Bailey
et al., 1996; Vuori, 1996).

Peak bone mass, which is achieved in most people
by their late twenties (Theintz et al., 1992; Lu et al.,
1994), appears to be largely under the control of
genetic in¯ uences. Approximately 70± 85% of the inter-
individual variance in bone mass is genetically deter-
mined, with several candidate genes involved in the
regulation and metabolism of collagen (COLIA 1 gene),
vitamin D (VDR-gene), oestrogen (ER gene) and nitric
oxide (ec NOS gene) (Ralston, 1997). However, the
residual variance in bone mass is under environmental
in¯ uences that are amenable to early intervention. The
most important environmental factors appear to be
body mass, diet ±  notably calcium intake (French et al.,
2000; Heaney et al., 2000) ±  and the amount and type
of physical activity performed throughout childhood
and adolescence.

Investigations assessing the relationship between
physical activity in childhood and bone mineral acquisi-
tion have been reviewed in detail by Bailey et al. (1996).
Studies of representative populations have, in the main,
been conducted retrospectively (Tylavsky et al., 1992;
Ruiz et al., 1995; Teegarden et al., 1996), although lon-
gitudinal and prospective studies have been reported
recently (Slemenda et al., 1994; Gunnes and Lehmann,
1996; Morris et al., 1997). These studies have indicated
that weight-bearing physical activity in childhood and
adolescence is an important predictor of bone mineral
density, while non-weight-bearing activity ±  such as
swimming or cycling ±  is not (Grimston et al., 1993).
The size of the eþ ect of physical activity (diþ erence in
bone mineral density between high and low ® tness or
activity groups) is, typically, between 5 and 15%. In his
review, Vuori (1996) estimated that physical activity,
which is feasible for many young people, increases peak
bone mass by somewhat less than one standard devi-
ation, or 7± 8% approximately. However, more research
on the optimal type and volume of physical activity
required for bone health in young people is required.
Based on available information (Lanyon, 1996), it
is probable that activities that involve high strains,
developed rapidly and distributed unevenly throughout
the movement pattern, may be particularly osteogenic.
Thus, activities such as aerobics, disco dancing, volley-
ball, basketball and racket sports may be eþ ective and
need not necessarily be of prolonged duration, as
the osteogenic response to such movement appears to
saturate after only a few loading cycles (Lanyon,
1996). It is also interesting to note that the natural play
activities of young children, such as skipping, chasing
and climbing, do provide a signi® cant element of high-

impact movement and may be optimal ±  in type ±  for
health.

Further work also needs to be done to establish the
optimal period within childhood in which to perform
such activities to promote bone growth. While at one
end of the spectrum adult bone appears to be relatively
unresponsive to all but the most vigorous of exercise
regimes (Friedlander et al., 1995; Lohman et al., 1995;
Skerry, 1997), there is some evidence (Haapasalo, 1994;
Morris et al., 1997; Bradney et al., 1998) that physical
activity during the immediate pre-pubescent and
pubescent years may be crucial for maximizing peak
bone mass.

Physical activity, therefore, is an essential stimulus for
bone structure and has the potential to increase peak
bone mass in children and adolescents within the limits
set by genetic, hormonal and nutritional in¯ uences.
Such enhanced bone mass has considerable potential to
reduce the risk of osteoporosis and associated fractures
in later life, particularly if the increase can be main-
tained throughout adulthood by exercise.

Other risk factors. It may be of particular importance
to note those studies (Saito et al., 1992; Kahle et al.,
1996; Vanhala et al., 1998) that have shown a bene® cial
eþ ect of physical activity on parameters related to insu-
lin metabolism. `Metabolic syndrome’ or `syndrome X’
(Reaven, 1988), which encompasses obesity, hyper-
tension, hypertriglyceridaemia, depressed HDL-C and
glucose intolerance or hyperinsulinaemia, is now a
recognized clinical condition and it may be that this
clustering of metabolic parameters ±  in both adults and
children ±  will be an important focus for future physical
activity research. Finally, several studies (Sallis et al.,
1988; Hansen et al., 1991; Al-Hazzaa et al., 1994;
Boreham et al., 1999b) have noted consistent relation-
ships between habitual physical activity in children and
aerobic ® tness, the latter being a graded, independent
risk factor for coronary heart disease in adults.

From the above, it is clear that more research is
required into the relationships between physical activity
and health in children before de® nitive conclusions
can be drawn. However, the absence of evidence
may not indicate evidence of absence. In other words,
subtle relationships and eþ ects may exist, but we
may not currently be able to detect them. In particular,
there is a lack of well-conducted, large-scale studies,
especially longitudinal cohort studies, which may link
childhood risk with clinical outcomes in adulthood.

Activity and future health status

It has been hypothesized that degenerative biological
processes are initiated during infancy and childhood
and that these processes will manifest themselves in
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chronic disease in later life. Indeed, there is evidence to
suggest that adult health status may be determined, at
least in part, by biological events that occur in utero
(Barker, 1990). This l̀ifecourse’ model of adult chronic
disease suggests that early biological events trigger a
morphological or functional change that subsequently
becomes a chronic condition. The individual is eþ ec-
tively `programmed’ for susceptibility to later disease
through an early biological event. Crucially, the bio-
logical event may itself be triggered by an environmental
in¯ uence (e.g. inadequate maternal or childhood nutri-
tion, smoking) and it is in this respect that adequate
physical activity may be important. These assertions
remain largely hypothetical, although recent evidence
(Van Lenthe et al., 2001) indicates that certain health
behaviours (e.g. physical inactivity, smoking and low
fruit consumption) are more prevalent in disadvantaged
adolescents, lending further credence to a l̀ifecourse’
approach to the understanding of socio-economic
patterns of disease in adult populations. Nevertheless,
suý cient evidence exists to indicate that childhood
physical activity may in¯ uence adult disease outcomes
in relation to obesity and osteoporosis.

It has been pointed out above that insuý cient
physical activity is a prime suspect in the aetiology of
childhood obesity. The adverse health eþ ects of child-
hood obesity may have further consequences for adult
health and well-being. For example, Must et al. (1992)
published the results of a large prospective study with 55
years of follow-up. Overweight in adolescence predicted
a wide range of adverse health eþ ects in adulthood that
were independent of adult weight. Similar ® ndings were
published by Gunnell et al. (1998). It is interesting to
note that risk factors for adult coronary artery disease,
such as obesity, accelerate atherogenesis in the teenage
years and their eþ ects are ampli® ed in young adult-
hood, some 20± 30 years before coronary artery disease
becomes clinically manifest (Berenson et al., 1998;
McGill and McMahon, 1998). Thus, being overweight
as an adolescent may be a more signi® cant predictor
of future chronic disease than being overweight as an
adult.

In relation to osteoporosis, the potential for physical
activity of the right type to increase peak bone mass in
children and adolescents was referred to in the previous
section. The postulated 7± 8% increase (Vuori, 1996)
would be suý cient, if maintained into old age, to reduce
substantially the risk of osteporotic fracture (Rubin
et al., 1993).

Activity as a habit

It is reasonable to assert that, if high activity in child-
hood increases the likelihood of being a more active
adult ±  which we know enhances health ±  then child-

hood activity can be considered to have an indirect
in¯ uence on adult health status. However, evidence to
support this assertion is rather sparse. The persistence
of a behaviour, or attribute, over time is called ̀ tracking’
and refers to the maintenance of a rank order position
over time compared to one’s peers. Our main con-
cern, therefore, might be whether inactivity in child-
hood leads to inactivity in adulthood and a subse-
quent elevated risk of adult disease. Conversely,
does high activity in childhood predict high activity
in adulthood?

Tracking through all stages of the lifespan has been
comprehensively reviewed by Malina (1996). He
concluded that activity tracks weakly to moderately
during adolescence, from adolescence into adulthood
and across various ages during adulthood. Although
evidence for tracking of activity from childhood to
adulthood is not strong, it could be that substantial
tracking should not be expected in the case of physical
activity. Many factors can in¯ uence this behaviour from
day to day, between seasons of the year and between
various stages of the lifecourse. Examples of major
life events that can disturb activity patterns include
changing schools, school-to-work transition, leaving
home, moving house, moving to a new neighbourhood,
biological and psychological development (especially
puberty and adolescence), illness, marriage and child-
rearing. Any one or a combination of these can signi® -
cantly aþ ect activity; therefore, it is to be expected that
activity will be rather discontinuous in nature within any
one individual over time. Of particular note is the role
of family and the concept of l̀eaving home’. Taylor et al.
(1994) described three components of family in¯ uences
on physical activity. The ® rst, `modelling’, represents
family members’  current or past physical activity
patterns as well as exercising with a family member. In a
modelling process, `the signi® cant others’  constitute
available and powerful models. Such modelling may be
apparent in the play activities of very young children
(Sääkslahti et al., 1999). The second component, ̀ social
in¯ uence’ , involves encouragement provided by the
family together with persuasion, pressure, expectations
and sanctions. The third, `social support’ , includes
providing information about physical activity and pro-
viding material, transport and emotional support. Upon
leaving home, such parental in¯ uences are lost and
other in¯ uences predominate.

Linked with this, active individuals are likely to
change the choice of activity they favour as they grow
older, moving from play, through sport, to social and
recreational activities. Finally, the `background’ or life-
style activity we do ±  for example, walking to work
and housework ±  confounds the overall picture. It is,
therefore, not surprising that tracking coeý cients are
weak or moderate at best.
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Prevalence of activity and inactivity

Cale and Almond (1992) reviewed 15 studies con-
ducted on British children and reported that children
seldom participate in suý cient activity to have a cardio-
vascular training eþ ect or a health bene® t. On the other
hand, Sallis (1993) examined nine studies and con-
cluded that the average child is suý ciently active to
meet the adult recommendations for conditioning
activities, with the exception of the average female in
mid- to late adolescence. It has been argued that young
children are highly and spontaneously active (Rowland,
1990; � strand, 1994). Blair (1992) has noted that
children are generally ® tter and more active than adults
and that most of them are active enough to receive
important health bene® ts from their activity.

Saris et al. (1990) reported daily physical activity
values (total energy expenditure/resting metabolic rate)
of 1.95 in 9-year-old boys and 1.71 in 8-year-old girls;
Davies et al. (1991) reported values of 1.84 in 9-year-
old boys and 1.65 in 9-year-old girls. Using energy
intake as an indirect measure of activity, Boreham et al.
(1993) reported energy intakes for 12- and 15-year-
old British children equating to average daily physical
activity values of 1.8± 1.9. These results compare
favourably with de® ned values of 1.7 (moderately active)
and 1.9 (very active) (Department of Health, 1991).

As previously mentioned, however, there is some
indirect evidence that activity may be falling, because
children now have a lower daily calorie intake than pre-
vious generations (Durnin, 1992) and yet appear to be
getting fatter in both the USA and the UK (Campaigne
et al., 1994; Chinn and Rona, 1994, 2001; Troiano et al.,
1995; Freedman et al., 1997; Reilly et al., 1999). The
only logical explanation for this phenomenon is that
activity has declined in children to a greater extent
than the reported decline in energy intake. Compared
with the compelling evidence suggesting an increase in
children’s fatness, that relating to energy intake is more
suspect. However, we do have supporting evidence from
adult studies (Prentice and Jebb, 1995).

From the above, it is clear that we are currently
undecided about (a) how much activity children take,
(b) whether children’s activity is falling and (c) whether
children’s activity is suý cient to promote health. To
exemplify this, Armstrong et al. (1991) reported an
extremely low prevalence of activity that equates to the
intensity, frequency and duration recommended for
developing cardiopulmonary ® tness. In their study,
no girls and only 2% of boys achieved three 20 min
sessions of sustained activity at a heart rate above 139
beats ´min-1. In contrast, Blair et al. (1989a) reported
that 94% of boys and 88% of girls achieve an energy
expenditure greater than 3 kcal ´kg-1 ´day-1, which is
known to be related to health in adults.

How is it that such diverse conclusions can be
reached by experienced researchers on the basis of
well-conducted studies? There are various explanations,
including measurement error, diþ erent measurement
methods, population diþ erences, age-group diþ erences
and the measurement of diþ erent dimensions of physical
activity. In addition, there is currently no universal con-
sensus as to what criterion of physical activity should
be adopted. For example, the criteria for developing
cardiovascular ® tness might be very diþ erent from those
for health promotion.

To further demonstrate this important point, Welk
(1994) reported that only 17% of children achieved
a single activity session with a heart rate above 140 beats ´
min-1. However, when the same results were re-analysed
according to health-related criteria (i.e. achieving an
activity energy expenditure of 4 kcal ´kg-1 ´day-1), 99%
of children complied. This demonstrates vividly how the
selection of diþ ering experimental criteria for a health-
related threshold can lead to substantial variations in the
estimates of how much activity children take part in and
whether they are suý ciently active.

Guidelines for activity

As the result of two international consensus conferences
(Sallis and Patrick, 1994; Biddle et al., 1998), guide-
lines for health-related activity in children have recently
been formulated. Despite the lack of unequivocal evi-
dence suggesting that activity is related to health status
in children (Boreham et al., 1997) and that children
are insuý ciently active (Riddoch and Boreham, 1995),
there are intuitive biological and behavioural arguments
in favour of promoting physical activity for all children.
Guidelines tend to reinforce the concept of a health-
related threshold, but it is very diý cult to ascertain the
amount and type of physical activity during childhood
that are appropriate for optimal health.

Early criteria, or thresholds, were generally based on
the amount of activity required for the development of
cardiovascular ® tness. However, they may not only have
been too stringent for most children to achieve, but also
have been unrelated to the amount of activity needed to
achieve a health bene® t. Cale and Harris (1993) noted
that, from a behavioural perspective, physical activity
needs to be seen by children as an achievable and
positive experience; adult ® tness training guidelines,
emphasizing continuous bouts of vigorous exercise,
do not ful® l this. In this respect, recent guidelines
(Sallis and Patrick, 1994; Biddle et al., 1998) are based
more upon the existing evidence of relationships
between activity and health in children and the richer
adult database. They also incorporate the behavioural
issues of activity adoption and maintenance. The most
recent guidelines (Biddle et al., 1998) propose the
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accumulation of 60 min of moderate-intensity activity
each day, including activities that promote strength,
¯ exibility and bone health.

Physical activity and risks to the child

In addition to its bene® ts, physical activity carries inher-
ent risks to both adults and children. Van Mechelen
(1997b) has highlighted the potential for childhood
injury when free play in various physical activities is
replaced by competitive participation in just one or two
sports. Whereas all activities carry an increased risk of
traumatic (acute) injury, a strong focus on training for
competition in a limited range of activities can result in
the additional risk of overuse (chronic) injury. Whereas
both types of injury normally heal without permanent
disability, the costs must be considered ±  activity time
lost, school time lost, predisposition to re-occurrence,
the risk of permanent damage and the ® nancial cost of
treatment. Among elite child athletes, Baxter-Jones et al.
(1993) reported an estimated 1 year incidence rate of
40 injuries per 100 children, equating to less than one
injury per 1000 h of training. In these young athletes,
about one-third of injuries were overuse injuries, which
were, in turn, more severe than the traumatic injuries
(20 vs 13 days lay-oþ  respectively).

It should be emphasized that all sports and active
recreational pursuits carry an increased risk of injury.
In both adults and children, the risks and bene® ts must
be carefully balanced. However, we should not forget the
moral issue of when, or at what age or stage of develop-
ment, a child is capable of making such important
judgements. The roles and responsibilities of teachers,
parents, sports governing bodies and coaches in this
matter are considerable.

Fitness and health in children

Before examining relationships between children’s
® tness and health, it is worth de® ning and delimiting
the two terms. Although several dimensions of physical
® tness have been identi® ed, the component that is
most strongly associated with health is cardiovascular
endurance, de® ned as `the ability to sustain moderate
intensity, whole-body activity for extended time periods’
(Baranowski et al., 1992). It can be measured objectively
in the laboratory using a variety of ergometers (cycle,
treadmill, etc.) with or without respiratory gas analysis,
or more simply in the ® eld by maximal running tests
or submaximal cycle or step tests. Health is also multi-
factorial but, possibly owing to its pre-eminence as a
cause of mortality in the developed world, coronary
heart disease (CHD) and the risk factors predisposing
to CHD are the most extensively studied in relation to

physical ® tness. Many studies of associations between
® tness and health have been large-scale, cross-sectional
population surveys of adults, using multivariate analysis
to adjust for potential confounding variables. More
powerful evidence for causal links between ® tness and
health come from less common longitudinal population
studies, or from long-term training studies in which
changes in the two variables can be compared over time.
Irrespective of study design, one important distinction
between adult and child studies is that the former have
the advantage of examining associations between ® tness
and mortality, whereas children’s studies in this ® eld are
restricted to examining risk factors for CHD rather than
death arising from the disease. Finally, recent work on
the genetics of ® tness (Montgomery et al., 1998) may
improve our understanding of how ® tness and health are
predetermined and interrelated, particularly if aspects
of ® tness and health appear to share genetic in¯ uences.

Several adult population studies (Cooper et al., 1976;
Gibbons et al., 1983; Blair et al., 1989b; Van Saarse
et al., 1990; Sandvik et al., 1993; Farrell et al., 1998)
have shown strong and consistent relationships between
cardiovascular ® tness and mortality from CHD and all-
cause mortality, independent of potential confounding
variables. Even more convincing is the evidence from
prospective studies (Blair et al., 1995) that have indi-
cated that risk of mortality may be reduced substantially
in middle-aged men who improve their ® tness over
several years.

The relationships for children appear to be less clear-
cut, partly because the outcome measure ±  `health’  ±
cannot, for obvious reasons, be judged by mortality
statistics. Rather, the investigator must rely upon risk
factors for CHD mortality, such as high blood pressure,
elevated blood lipids and fatness. However, such risk
factors may only account for 50% of eventual coronary
mortality and are, therefore, a relatively crude yardstick
for coronary health (Thompson and Wilson, 1982).
Furthermore, as a result of maturation, these biological
risk factors are perturbed during adolescence and
may or may not relate to adult values (Raitakari et al.,
1994). Finally, `new’  risk factors are being discovered
on a regular basis, some of which may have a bearing
on relationships between ® tness, activity and health
status. Despite these complications, some population
studies have shown an independent relationship
between cardiovascular ® tness and risk factors for CHD
in children (Tell and Vellar, 1988; Hofman and Walter,
1989). Further evidence of a causal relationship
between ® tness and coronary risk status in children
comes from long-term ® tness training studies that have
reported concomitant improvements in individual risk
factors (Eriksson and Koch, 1973; Hansen et al., 1991).

One consistent ® nding in children’s studies is the
strong relationship between cardiovascular ® tness and
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fatness (Gutin et al., 1994; Hager et al., 1995; Boreham
et al., 1997). It is thus not surprising that several studies
have indicated that fatness is a major confounding
variable in the relationship between ® tness and other
CHD risk factors. In at least ® ve population studies
(Fripp et al., 1985; Sallis et al., 1988; Hansen et al.,
1990; Bergstrom et al., 1997; Boreham et al., 2001),
robust associations between cardiovascular ® tness
and risk disappeared once fatness was accounted for
statistically; one further study (Tell and Vellar, 1988)
reported much weaker relationships. It is worth noting
that this feature has also been observed in a study
of adults (Haddock et al., 1998) investigating ® tness
and coronary risk factors; therefore, the confounding
in¯ uence of body fatness on coronary risk does not
appear to be con® ned to children.

Although a strong relationship has been shown to
exist between cardiovascular ® tness and CHD risk
status in children, it appears to be largely mediated by
fatness. Thus, any initiative to improve the health of
children should ideally involve measures that simul-
taneously improve ® tness and lower fatness, namely
increased physical activity and dietary control.

Activity vs ® tness for improved children’s health?

It has been argued (Haskell et al., 1985; Cureton,
1987; Seefeldt and Vogel, 1987) that physical training
adaptations may not be directly related to, or necessary
for, good health. The evidence linking both activity and
® tness to health has been discussed, but the interesting
question of whether physical activity or ® tness is most
strongly related to health status remains unresolved. For
example, does an individual who has genetically high
® tness but who is inactive achieve health bene® ts from
the high ® tness? Conversely, can the genetically low-® t
individual gain health bene® ts through being active?

In adults, a reduction in the risk of coronary heart
disease (CHD) is associated both with higher physical
® tness (Peters et al., 1983; Sobolski et al., 1987; Blair,
1989b; Sandvik et al., 1993) and physical activity
(Paþ enbarger et al., 1986; Leon et al., 1987; Powell et al.,
1987; Berlin and Colditz, 1990). Interestingly, the
relationship appears to be stronger for ® tness than for
activity, but it is unclear whether this is a result of
greater misclassi® cation in activity measurement than in
® tness measurement (Blair, 1994).

High cardiorespiratory ® tness may be directly related
to improved health status. The morphological and
functional condition of the heart and circulatory system,
as well as aspects of fuel metabolism, may lead directly
to a reduced risk of, for example, CHD. This may in
part be genetically based, in that a high-® t individual
would automatically be blessed with better health
status. Recent studies on the relationship between

polymorphisms of the angiotensin-converting enzyme
and cardiovascular ® tness (Montgomery et al., 1998)
provide some support for this hypothesis. Also, some
recent evidence (Boreham et al., 1999a) has linked
low birthweight, which may be partly genetic, with low
cardiovascular ® tness in adolescence. Low birthweight
has previously been shown to be associated with a
host of CHD risk factors in adults (Barker et al., 1993;
Martyn et al., 1995; Phillips, 1996) and, more recently,
with blood pressure in 3-year-olds (Whincup et al.,
1999). Thus, low ® tness in children and later chronic
disease may partly share common origins. An alterna-
tive, but not mutually exclusive, explanation might
be that ® tness acts as a marker for high activity. This
activity might not only improve cardiovascular func-
tion, but might also promote other biochemical and
haemodynamic changes (lower blood pressure, higher
HDL cholesterol, lower triglycerides, improved glucose
tolerance, modi® ed clotting factors and post-prandial
lipaemia), which are the underlying mechanisms for
improved health. This `spin-oþ ’  eþ ect of activity might
be termed `metabolic ® tness’ . It is entirely possible that
this type of ® tness is the true health-related dimension
of the generic term ̀ ® tness’ .

The jury is undoubtedly still out on all of this, but the
implications are of crucial importance because, until
we obtain a more fundamental understanding of the
mechanisms and the eþ ects of diþ erent types of activity
upon those mechanisms, it is diý cult to establish
appropriate and eþ ective activity messages.

Conclusions

Although the evidence for causal relationships between
activity or ® tness and health status in children is rela-
tively weak, this is largely due to (1) a lack of large-scale
longitudinal studies and (2) diý culties in measuring
health, ® tness and activity in children. This might
be particularly true of the adolescent period, when
naturally occurring shifts in blood pressure, lipids,
activity patterns and adiposity can confound relation-
ships. It is of particular note that no prospective study
has linked, with any degree of certainty, health in the
adult years with childhood activity patterns. However,
it is intuitively logical that preventive measures ±  that is,
the fostering of active lifestyles ±  should be lifelong
objectives, commencing in early life (Sääkslahti et al.,
1999).

Implications

There are some important implications that can be
drawn from this review. First, there is a need for more
accurate measurement. Whereas ® tness and physio-
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logical health status can be accurately quanti® ed using
laboratory procedures, this is not the case with physical
activity Physical activity is a complex, multi-dimen-
sional behaviour, which is extremely diý cult to quantify
using recall methods. The problems of measurement
are greatly exacerbated when studying children. It is
possible that meaningful results can be obtained from
children using self-report methods in very large studies,
but measurement error is likely to be unacceptably high.
Such results could possibly be used to demonstrate the
existence and direction of associations between physical
activity and other outcomes but, to translate such
® ndings into health policy, a higher order of results is
required. Wareham and Rennie (1998) suggested that,
to achieve greater accuracy, researchers need to clearly
identify the dimensions of the physical activity to be
measured and estimate the potential eþ ect size or target
diþ erence more precisely. This will, in turn, enable
cross-cultural comparisons to be made, temporal trends
in activity to be identi® ed and the sometimes subtle
eþ ects of interventions to be assessed. This cannot be
achieved through gross self-report estimates of activity.

Secondly, the limited relationships between activity or
® tness and health identi® ed in this review are of the
same importance as those reported for smoking and diet
in children. It is clear that both children’s smoking and
eating habits are matters of considerable public health
concern, even in the face of limited evidence. This
may be largely because the strong adult relationships
have been interpolated backwards through the lifespan
and applied to children. We could argue that the same
should be the case for ® tness and physical activity. How-
ever, we require more information and more research
should be devoted to identifying evidence for the early
biological programming eþ ects of physical activity and
® tness.

Thirdly, there should be an increased focus on
children’s ® tness. To date, physical activity has been
the focus of health-related research in children. How-
ever, there appears to be a growing awareness that the
role of cardiorespiratory ® tness should not be under-
estimated. The evidence that ® tness is related to health
itself, without being mediated by physical activity,
is becoming increasingly persuasive. To tease out the
relative importance of activity and ® tness, further
studies accurately assessing both variables in children
will be required.

In conclusion, given the strong and consistent rela-
tionships between activity or ® tness and health in adults,
it is probable that ensuring adequate activity and ® tness
in children will be of ultimate bene® t. However, this
judgement is based largely on limited paediatric data, a
richer adult database, educated guesswork and basic
physiological principles. This emerging paradigm must,
in future, be supported by more substantial evidence.

Finally, it should not be forgotton that physical
activity is our evolutionary heritage. We were ̀ designed’,
as a species, for physical activity, and yet we are now
living in an environment in which the opportunities
to be physically active are quickly disappearing. Only
enlightened public policy regarding school curricula,
school transportation, play opportunities and youth
sports clubs can improve matters for tomorrow’s adults.
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