Appetite 183 (2023) 106482

Contents lists available at ScienceDirect

Appetite

Appetite

d Drinking

journal homepage: www.elsevier.com/locate/appet

ELSEVIER

Check for

The complex pattern of the effects of prolonged frequent exercise on ol
appetite control, and implications for obesity

John E. Blundell ', Kristine Beaulieu

Appetite Control and Energy Balance Research Group (ACEB), School of Psychology, Faculty of Medicine and Health, University of Leeds, Leeds, UK

ARTICLE INFO ABSTRACT

Handling Editor: M.M. Hetherington From a public health perspective, much of the interest in the relationship between exercise and appetite rests on

the implications for energy balance and obesity. Energy balance reflects a dynamic 2-way interaction between

Ke}’“{” ds: o energy expenditure (EE) and energy intake (EI). Physical activity and exercise, and appetite are the behavioural
EhyS‘Fal activity components of EE and EI, respectively. Beyond EE, exercise is a powerful and complex physiological stimulus
xercise

acting on several bodily systems. There are multiple effects of frequent and prolonged exercise on appetite which
include inter alia an increase in fasting hunger, an enhancement of post-prandial satiety, a modulation of the
hedonic responses to food and improvements in eating behaviour traits. These lead to variable adjustments in EI
and in a reduction in the susceptibility to overconsumption. Frequent and prolonged physical activity and ex-
ercise behaviour can strengthen and sensitise the appetite control system, whilst physical inactivity and sed-
entariness (low level of EE) fails to downregulate EI and can permit overconsumption. Not all of the effects of
exercise operate uniformly to drive appetite in the same direction. The complexity of the interaction between EE
and EI means that the effects of prolonged exercise are characterised by substantial individual heterogeneity.
This leads to variable effects on energy balance and body mass.

Appetite control
Energy balance
Obesity

1. Orientation

The late Henry Taylor proposed that ‘energy intake is in exact homeo-
stasis with energy expenditure under conditions of high energy expenditure ...
(but) ... there is a failure of homeostasis in a sedentary lifestyle because of its
accompanying low energy expenditure’. He postulated that ‘body signals go
awry in sedentary lifestyles; when a person does no physical work, the body
will not recognise that it is being overfed. Sedentary persons may lose their
innate ability to compensate for inactivity by reducing their eating’ (cited by
Jacobs, 2006).

2. What is the issue?

The brief for this commentary is to present a critique of the effect of
prolonged periods of physical activity (exercise) on the expression of
human appetite. This requires a few words to define the scope and na-
ture of the work, and to anticipate what can and cannot be concluded
from such bio-behavioural and cultural complexity. From a public
health perspective, much of the interest in the relationship between
exercise and appetite rests on the implications for energy balance and
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obesity. Therefore, to be meaningful, we include in our task situations in
which physical activity is naturally incorporated into habitual daily
routines (leading to changes in total EE) and where it is deliberately
imposed for a specific experimental purpose (to test a hypothesis, for
example).

The task also requires entering the debate about the value of exercise
for the control of body mass and obesity. This commentary therefore
goes beyond the reporting of experimental studies of exercise and will
examine in addition the habitual or long-term relationship between
physical activity and body mass. For clarity, we use the term appetite to
include the totality of processes that influence food consumption, and
which therefore includes sensations of hunger, fullness and a desire to
eat, eating patterns, food selection, food hedonics and satiety. Appetite
is therefore a complex phenomenon that is best regarded as an emergent
property of a complex system (UK Goverment’s Foresight Programme,
2007). EI is one quantifiable component of appetite which is 100%
behaviour but with very variable topography (humans are omnivores
and eating varies markedly between different cultures on the planet).

Exercise is also a multifaceted form of behaviour and varies in in-
tensity and duration as well as in its modality (running, walking, cycling,
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swimming for example) and the manner in which it is performed in
different human groups varying in ethnicity and culture. Given the
complexity of this field of enquiry, it is unlikely that there will be a single
statement that can describe the interrelationships between prolonged
exercise and appetite, and it would be wise to avoid trying to reach all-
embracing conclusions. Limited, specific, and modest conclusions may
be possible; and, of course, people are most interested in an answer to
the limited question of the impact of exercise on food (energy) intake.
This question can be most clearly addressed through a planned and
controlled experimental study. However, what people really want to
know is: what happens under free-living real-world situations? For this,
the outcomes of studies need to be interpreted in the light of additional
information.

The importance of this area of research is given relevance and ur-
gency by the worldwide pandemic of obesity, and the potential role that
exercise can play in the management of a person’s body mass (and more
particularly, body fat). For this reason, we can translate the brief of this
commentary into an enquiry about the effect of chronic exercise, or
prolonged frequent periods of habitual physical activity, on the man-
agement of body mass. Given that a definition of physical activity is a
behaviour that is accompanied by the expenditure of energy and a
stimulation of skeletal musculature, it is reasonable to expect that pro-
longed frequent exercise will have beneficial effects on body composi-
tion and the management of obesity. This supposition is often viewed
negatively and has become a controversial issue.

3. What is the controversy?

First, it should be recognised that prolonged and habitual physical
activity is undertaken by various types of people and for a variety of
reasons. For example, lean individuals do exercise to maintain general
health and to retain leanness, athletes for fitness and performance and to
keep body fat low (but not desirable in all cases), people with over-
weight to prevent their BMI reaching and exceeding a value of 30 kg/m?,
people with obesity endeavouring to lose body fat, and people who have
lost body fat intending to prevent body fat regain. In all of these cases,
there is inevitably a relationship between the amount and intensity of
exercise carried out and body composition. It may be that the most
powerful effect of frequent and prolonged exercise is to allow people (of
whatever body mass) to maintain weight and therefore to prevent
weight gain (e.g. Jakicic, Marcus, Lang, & Janney, 2008), or to mitigate
weight gain in the face of weight-inducing dietary habits which promote
overconsumption. For example, in the UK, there is a calculated excess
daily intake of 195-320 kcal/day (Public Health England, 2018) which
contributes to the inexorable rise in the prevalence of adult overweight
and obesity in the country reaching 68% of men and 60% of women in
2019 (NHS Digital, 2019). This occurs simultaneously with an estimated
70% of the population of England being sedentary for at least 7 h per day
(Office for Health Improvement and Disparities, 2022) and some studies
showing that people spend approximately 11 h per day in sedentary
behaviour (67% of waking time) (Myers, Gibbons, Finlayson, & Blun-
dell, 2017). Under these circumstances, it is very difficult to detect
whether or not, in those individuals with a high physical activity
behaviour (but with an associated pattern of overconsumption), the
positive effect of exercise on body mass is being overridden by excessive
food consumption.

Although the maintenance of body mass or the prevention of body
mass gain are likely to be the most important ways in which physical
activity can influence the state of obesity, these are difficult to measure
and are not a main focus of attention. What people really want to know is
whether exercise training can produce body mass loss in people living
with obesity. Over the years, various journalists in the print media have
derided this possibility with headlines such as ‘Health warning: exercise
makes you fat’ (Telegraph, 2009), and ‘The myth about exercise: why
exercise won’t make you slim’ (Time Magazine, 2009). Academics have
also expressed negative views such as ‘Physical activity does little to
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control weight” (Pontzer, 2017). Are these views based on a fair and
objective analysis of the evidence?

4. Prolonged exercise and body mass

For years, one of the most respected scientific investigations remains
a position paper for the American College of Sports Medicine entitled
‘Appropriate physical activity interventions for weight loss and pre-
vention of weight regain for adults’ (Donnelly et al., 2009). This report
showed a clear dose-response relationship between the amount of ex-
ercise performed (minutes per week or energy expended per week) and
the reduction of body mass and the resistance to body mass regain after
loss. In 2003, a consensus meeting of physical activity experts published
an expert review of evidence with the conclusion that ‘moderate in-
tensity activity of 45-60 min per day is required to prevent the transition
to overweight and obesity’ (Saris et al., 2003). For individuals previ-
ously living with obesity, 60-90 min would be required. Later, a
Cochrane review concluded that ‘exercise has a positive effect on body
mass and cardiovascular risk factors in people with overweight and
obesity, particularly when combined with a diet’ (Shaw, Gennat,
O’Rourke, & Del Mar 2006). A further report concluded that ‘for people
starting an exercise programme, this leads to a negative energy balance
and a remarkably consistent loss of body fat in relation to the net cost of
exercise training’ (Elder & Roberts, 2007). Although these outcomes
may have been modest, they certainly did not support the view that
exercise interventions are futile for weight management. In addition, the
report of Public Health England (2013) has accepted the findings of the
Foresight Report (2007) that physical activity is a key contributor to
energy balance, helping to prevent obesity and excess body mass gain.
Moreover, in a study of obesity, physical activity and EI in US adults
between 1988 and 2010, the proportion of adults who reported no lei-
sure time physical activity increased from 19.1% to 51.7% and this was
associated with upward trends in BMI and waist circumference (Lada-
baum, Mannalithara, Myer, & Singh, 2014). Consequently, there is
considerable empirical evidence and opinion about an established link
between physical (in-)activity and obesity. However, we recognise the
possibility of reverse causality operating in some cases (e.g. Carra-
squilla, Garcia-Urena, Fall, Sgrensen, & Kilpelainen, 2022).

However, until recently there was no comprehensive and objective
overview of all available reviews and studies in individuals with over-
weight or obesity. This has now been remedied with a series of seven
systematic reviews and meta-analyses on the impact of exercise training
interventions on body mass, body fat, and other variables of interest
conducted under the auspices of the European Association for the Study
of Obesity (EASO) Physical Activity Working Group in order to produce
guidelines for the obesity community (Oppert et al., 2021). These ana-
lyses have shown clearly that aerobic exercise training at moderate in-
tensity leads to loss of body mass, total fat, visceral fat, intra-hepatic fat,
and improvements in blood pressure, with an expected average body
mass loss of 2-3 kg. Resistance training at moderate-to-vigorous in-
tensity is recommended for preservation of lean mass during body mass
loss. Any type of exercise training is recommended for improvements in
metabolic and cardiorespiratory fitness.

Specifically, the overview of 12 systematic reviews and 149 studies
by Bellicha et al. (2021) of exercise training on body mass loss and
changes in body composition shows conclusively that exercise can
produce a reduction in the amount of body mass and body fat. However,
the reductions are quite modest (although this is partly a function of the
limited time periods of the training and low doses of exercise employed),
ranging from 1.5 to 3.5 kg body mass loss and 1.3-2.6 kg fat loss over a
period of 2 weeks-12 months. This outcome reflects a common view that
exercise alone appears to be less effective than theoretically expected on
the basis of the energy expended (Martin et al., 2019; Myers, Dalton,
Gibbons, Finlayson, & Blundell, 2019; Thomas et al., 2012). In turn, this
raises the possibility that effects of exercise on EI may offset the negative
energy balance brought about by physical activity EE. What is the
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evidence?
5. Exercise training and appetite control

In one of the EASO systematic reviews (Beaulieu et al., 2021),
meta-analysis highlighted that among 25 exercise groups, exercise
training (ranging 2-72 weeks; median 12 weeks) did not lead to a sig-
nificant post-intervention difference in EI compared to non-exercise
control groups. Meta-regression showed this was not affected by inter-
vention duration. However, due to the high number of poor-quality
studies (i.e. using self-reported food intake measures), sensitivity ana-
lyses were conducted in only fair/good quality studies (reduced to 5
exercise groups). This resulted in a 102-kcal post-exercise difference
between exercisers relative to controls. It is important to note that this
equated to a negligible effect size, and is an effect based on the average
which does not reflect inter-individual variability (discussed below).
Therefore, over time, on average, there may be small compensatory
increases in EI in response to the increased energy demands from greater
physical activity behaviour. Indeed, the review also found a small in-
crease in fasting hunger after exercise training (Beaulieu et al., 2021) as
demonstrated previously in a medium term (12-week) study (King et al.,
2009).

Nevertheless, as can be calculated from the energy expended during
exercise, this should still lead to a negative energy balance, some degree
of body mass loss, and favourable changes in body composition with
sufficient EE. Small positive changes were also observed in relation to
eating behaviour traits, with a reduction in disinhibition and an increase
in restraint (Beaulieu et al., 2021). Overall, the outcome of this sys-
tematic review shows that periods of exercise training give rise to quite
small average changes in EI. However, the average change in EI (a single
number) does not disclose the various components of the appetite sys-
tem that may be modulated by the powerful impact of prolonged exer-
cise on different physiological processes.

6. Prolonged frequent exercise and appetite control

There is a number of research strategies to examine the effect of
frequent exercise on food consumption. Firstly, it is possible to examine
simultaneously the physical activity habits and the dietary intake pat-
terns of a specified and rather homogenous group of participants. Over
half a century ago, this type of study was conducted by Edholm, Wid-
dowson and colleagues on army cadets (Edholm, 1977; Edholm et al.,
1970; Edholm, Fletcher, Widdowson, & McCance, 1955). As the authors
reported, ‘the differences in the intakes of food (between individuals)
must originate in the differences in energy expenditure’ (Edholm et al.,
1955). The authors concluded that there was a relationship between EE
and EL and this formed the basis for appetite control itself. However, the
authors did not describe the nature of the mechanisms underlying the
relationship.

A similar research strategy had also been used on a randomly
selected group of individuals. This is the method employed in the now
classic work of Jean Mayer in the study of jute mill workers in Calcutta
(Mayer, Roy, & Mitra, 1956). The outcome of the study was that food
intake varied according to the degree of physical activity of the workers.
However, the relationship was not linear: daily occupational physical
activity and EI were closely matched in those performing physically
demanding jobs, whereas in those performing light or sedentary occu-
pational roles, this coupling was lost such that daily EI exceeded EE. This
prompted the interpretation that the level of EE (associated with
different degrees of labour at work) caused changes in the control of
food intake, illustrated by a J- or U-shaped relationship between phys-
ical activity and EI, with ‘non-regulated’ and ‘regulated’ zones of
appetite control seen across the physical activity spectrum (Beaulieu,
Hopkins, Blundell, & Finlayson, 2018; Blundell, 2011; Blundell, Gib-
bons, Caudwell, Finlayson, & Hopkins, 2015; Shook et al., 2015).

This type of study has also been carried out with concurrent
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meticulous measurements of quantified and objective physical activity
(heart rate flex procedure) and EI (weighed dietary intakes). Conducted
over varying periods of time and under free-living or semi free-living
conditions, this work has shown that frequent physical activity is
weakly but positively related to EI (Hopkins et al., 2019). Com-
plementing these observational studies, certain short-term intervention
studies which have incrementally increased the exercise dose have
indicated a proportionate increase in EI (Stubbs, Sepp, Hughes, John-
stone, Horgan, et al., 2002; Stubbs, Sepp, Hughes, Johnstone, King,
etal., 2002; Whybrow et al., 2008). A further medium-term intervention
study has demonstrated that aerobic exercise leads to a reduction in
body adipose tissue which can be partially compensated by an increase
in EI (Myers et al., 2019). Consequently, it can be concluded that pro-
longed daily physical activity does lead on average to a mild stimulation
of EI This effect would tend to offset some of the energy expended by the
physical activity. This perception of the role of exercise supports the idea
of dynamic energy balance (rather than static) in which there is a
two-way interaction between EE and EI (Hopkins & Blundell, 2022;
Piaggi et al., 2022).

Two other strategies have also been employed to examine the effect
of frequent exercise on food consumption. The first involves individuals
being part of controlled intervention of monitored periods of exercise
over varying periods of time, whilst measuring changes in daily patterns
of EI, hunger and satiety. This procedure — in the form of a clinical trial -
requires substantial control over the research environment in order to
achieve objective and repeatable outcomes. In a 12-week exercise
training study by King et al. (2009), two separate processes were
revealed that acted concurrently to influence appetite control: a signif-
icant but variable increase in fasting hunger that was offset by a parallel
increase in post-prandial satiety (as measured in response to a fixed
energy meal). The second strategy involves selecting and comparing
individuals on the basis of their degree of physical activity behaviour
without any intervention. These strategies are complementary but offer
different insights into the relationship of exercise and appetite. For
example, in a replication of the classic preload study by Long, Hart, and
Morgan (2002), we provided confirmatory evidence for enhanced
appetite  control in individuals objectively-classified = with
moderate-to-high physical activity behaviour who showed better
compensation following consumption of high-energy compared to
low-energy preloads (Beaulieu, Hopkins, Long, Blundell, & Finlayson,
2017). Individuals with greater physical activity behaviour reduced EI
to offset the difference in energy consumed from the preloads whereas
the individuals with lower physical activity behaviour were insensitive
to the nutritional manipulation, indicating a weaker satiety response to
food.

To summarise, in addition to the effects of exercise on the appetite-
related parameters reported from our systematic review above, it ap-
pears that exercise increases the sensitivity of the appetite control sys-
tem, reducing the susceptibility to overconsumption (Beaulieu, Hopkins,
Blundell, & Finlayson, 2016). There is good evidence that this is due to
the system operating at a higher level of energy turnover (Hagele et al.,
2019; Melby, Paris, Sayer, Bell, & Hill, 2019). The greater the physical
activity behaviour (and EE), the greater is the potential for healthy
control of appetite. It is worth noting in passing that physical activity
(and activity EE) have now been incorporated into a more general the-
ory on the influence of EE on EI (Blundell et al., 2020; Hopkins, Beau-
lieu, Myers, Gibbons, & Blundell, 2017).

7. Individual variability in the response to prolonged exercise

Under conditions of prolonged physical activity (exercise), people
respond very differently to the imposed energy demand and physio-
logical adjustment, and clear individual differences ensue. Similar in-
dividual variability is observed when an excess caloric intake is imposed
such as that in the Quebec over-feeding studies (Bouchard et al., 1988),
or the surplus calorie loading study (Levine, Eberhardt, & Jensen, 1999)
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which demonstrated that fat gain after overfeeding was variable and
opposed by varying high levels of physical activity energy expenditure
(activity thermogenesis). This important study is now often overlooked
in discussions of obesity, physical activity and diet. Other studies have
reported that after a prolonged exercise training period of 12 weeks or
more, large inter-individual differences in body mass and body fat can
be measured among participants (Church et al., 2009; Hammond et al.,
2019; King et al., 2009; King, Hopkins, Caudwell, Stubbs, & Blundell,
2008; Martin et al., 2019). These differences in body fat are accompa-
nied by differences in perceived hunger and EI (King et al., 2009; Martin
et al., 2019), and associated with pre-existing eating behaviour traits
(King et al., 2008). Usually in these studies, when the imposed physical
activity is monitored and measured, there is a clear average body mass
loss; whilst most individuals lose body mass, some actually gain body
mass. As noted by statisticians, the average is an abstraction, the reality
is variation (Blastland & Dilnot, 2008). This indicates that the cumula-
tive effect of daily EE (or the act of performing exercise itself) is affecting
the physiology and metabolism (and psychological state) of people in
different ways, as is also the case with prolonged overfeeding. The
observed changes in body composition represent neither true nor false
individual differences (e.g. Atkinson & Batterham, 2015), they are
simply biological facts that identify quantifiable differences between
people who show biological heterogeneity. This means that the effect of
exercise will vary from person to person; there will be good and poor
responders, and there is no single golden rule that can predict a specific
outcome.

What is the appropriate interpretation of this complex situation? Our
view is that prolonged periods of exercise training (or habitual daily
physical activity) in general sensitise the appetite system so that there is
better response to imposed energy perturbations. However, the physi-
ological demands of exercise can simultaneously adjust distinct com-
ponents of the system (fasting hunger, post-prandial satiety, response to
energy density of foods, hedonic response) which will not be identical in
every person. The patterns of appetite responses leading to adjustments
in daily EI, when set against the cumulative energy expended in pro-
longed exercise, generate differences in energy balance which lead to
differences in body composition (especially fat stores) over time.

8. The importance of debate

The role of physical activity for general health and to minimise the
damaging effects of obesity is of such importance that it is necessary to
counter those claims that physical activity is of little or no value. One
headline quote is that ‘you cannot outrun a bad diet’ (e.g. Malhotra,
Noakes, & Phinney, 2015). Such a claim completely distorts the framing
of the problem. The issue of obesity is not a question of diet OR inac-
tivity. It is both! Everyone can agree that overconsumption is a major
cause of weight gain (and more gain), but this should not entail a
disqualification (or denial) of the contribution of physical activity. The
excessive zeal of some commentators in denying a role for physical
inactivity and sedentariness in obesity is hard to understand; and is
misplaced. Such a slogan may cause huge damage to public health by
dissuading people from using physical activity as ONE tool to prevent
further body mass gain and the accumulation of body fat. We have
described how the relation between physical activity, appetite and
obesity is complex and the size and form of the outcomes are hard to
predict. But, urging people to refrain from exercise, remain physically
inactive, or to give up has huge consequences.

A second theme that has been heavily promoted in the last few years
is that the effects of physical activity on EE are ‘constrained’ (e.g.
Pontzer, 2015; Pontzer et al., 2016). This argument places physical ac-
tivity in the context of a metabolic system and claims that as physical
activity is increased, it does not generate a proportional increase in EE
(due to metabolic savings elsewhere), and therefore this will minimise
an effect on negative energy balance. This analysis is based on complex
and extensive data sets from different populations in various parts of the
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world, including rural and urban groups, and primitive and modern
societies; but on the basis of these computations, it is claimed that
‘physical activity has little effect on body weight’. The data analyses are
complicated and the data are subject to various transformations. How-
ever, it is difficult to identify how similarities in the average total EE of
different nation states can be used to infer that there is no effect of
physical activity on body mass at the individual level of people within
those national groups.

More particularly, the Pontzer argument has recently been subjected
to a detailed critical analysis, including the statistical treatment of the
data (Ward, 2022). Ward, an internet scientific blogger, concludes that
although energy compensation exists (as Pontzer claims), a high volume
of exercise can still increase total daily EE in most exercisers and will
promote body mass loss. This is indeed confirmed in the study of Careau
et al. (2021) in which it is estimated that on average 72% of the energy
cost of physical activity leads to true EE and therefore contributes to
negative energy balance. This is clearly sufficient to bring about body
mass loss (in the absence of any compensatory increase in EI). The value
for those individuals beyond the 90th centile for BMI was about 50%. It
is also worth drawing attention to the work of Westerterp and Plasqui
(2009) in which a significant decline in physical activity EE and physical
activity level (PAL) over a 10-year period in the same individuals is
accompanied by a significant increase in BMI. There was also an inverse
relationship between the change in PAL and rate of change of fat mass.

In composing this commentary, we would encourage researchers to
adopt a sceptical approach to heavily promoted polemical claims about
the futility of physical activity as a factor in body mass control. Our view
is that, in reaching for all-embracing explanations of the relationship
between physical activity (or activity EE) and obesity, some researchers
have placed too much emphasis on the average of large populations (of
some nation states) to the exclusion of the huge heterogeneity existing in
those populations.

9. Future prospects

There is no doubt that the issue of exercise and body mass loss is an
area of contention between advocates and deniers, and this state of af-
fairs is likely to continue. What is surprising is the zeal and conviction of
the deniers; the case against is made with forceful certainty as if it is a
moral duty to disabuse people of the idea that exercise can be useful as
an aid to body mass loss. Even when there is grudging acceptance of the
significance of the average, it is claimed that it is of little meaning
clinically. This is misplaced since the benefits of weight loss brought
about by exercise are accompanied by all the other benefits due to ex-
ercise itself.

However, the real problem here is to focus on the average of a dis-
tribution to the exclusion of variation. For too long differences between
means have been the main criterion when judging the value of a sci-
entific experiment. As noted earlier by statisticians, the average is an
abstraction, reality is variation. Exercise is a forceful physiological
stimulus with a broad spectrum of effects; the interaction of this with the
wide physical, anatomical and metabolic heterogeneity of individuals
will result in a range of different individual outcomes. This is to be ex-
pected. People respond to exercise (and to various other interventions)
in different ways because of their personal bio-psychological profiles. It
therefore seems important to try to determine those biomarkers and
individual characteristics which differentiate between responders and
non-responders to exercise-induced weight loss, and to find strategies in
addition to exercise to help non-responders achieve their weight man-
agement goals. This seems to us to be a more fruitful avenue than to
assert that physical activity is futile thus deterring people from the un-
dertaking and therefore preventing many from achieving the health
benefits.

It is worth noting that the widespread physical inactivity and sed-
entariness in many societies (in addition to lowering EE) allows over-
consumption to occur readily and is a probable contributing cause of
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weight gain and obesity. Carrying excess fat in the body is usually a
deterrent to performing physical activity (some sports such as rugby are
an exception to this rule) but having obesity does not deter people living
with obesity from overconsuming. Importantly, the relationship be-
tween physical activity and adiposity is bi-directional, as noted by Myers
et al. (2017) and recently confirmed by a study using the strategy of
Mendelian randomisation (Carrasquilla et al., 2022); increasing body
fatness induces sedentariness, whilst low physical activity leads to the
accumulation of fat. The great hazard to our health is physical inactivity.
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