
Conventional wisdom gives rise to the adage ‘you are what you
eat’, both in terms of portions and composition.  When we think of
this axiom, we conjure visions of ample food portions, rich in ener-
gy, high in fat, and associated with persons of equally ample body
size proportions and body fat composition.  However, these rela-
tionships are more complex than they may appear at first glance.
The physical, physiological and behavioural manifestation of the
complex interaction between genetics and environment is known as
a phenotype.  The extent to which the environment can have an
impact on the expression of the phenotype is known as plasticity.
If the environment can strongly influence the phenotype, this is
regarded as a high level of phenotypic plasticity (Fig. 1).1

Therefore, for a given genotype, depending on environmental cues
and exposures, any number of phenotypes may develop.  As a
result the obesity ‘phenotype’ is likely to be, in fact, not one but
many phenotypes or subgroups, based on a number of interactions
between genotype and environment.

One such environmental determinant that has been implicated in
the aetiology of obesity is dietary fat intake.  There is substantial
epidemiological evidence to suggest that increased dietary fat
intake is positively associated with increased body fat composition
and the prevalence of obesity.  This has been shown in population-
based adult studies, in a variety of countries and settings, using
both cross-sectional and longitudinal study designs.2 The proposed
underlying mechanisms for this association have been the palatabil-
ity and energy density of the high-fat diet, leading to overconsump-
tion, which is not matched by increased fat oxidation.  Despite this,
there is also evidence to suggest that behavioural or dietary pheno-
types exist, reflected by persons who can select a diet that is rela-
tively high in fat, maintain a BMI within the normal range and suc-
cessfully increase whole body rates of fat oxidation.2,3

It has been argued that in order to remain weight stable, and to
prevent unhealthy weight gain, the substrate or fuel mix, in terms of
macronutrient intake, must be matched by levels of oxidation.3

Failure to match intake and oxidation is implicated in obesity.  This
line of reasoning is supported by studies that have demonstrated
an inverse association between body fat content and rates of fat
oxidation compared with carbohydrate (as measured by the respi-
ratory exchange ratio (RER).4 Moreover, a low ratio of fat-to-carbo-
hydrate oxidation has been shown to predict future weight gain in
a group of obese-susceptible individuals.5 In a study of over 150
non-diabetic Pima Indians, those who had an overall lower rate of
fat oxidation on entry into the study at year 1 were 2.5 times more
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likely to gain weight (> 5 kg) over a
3-year follow-up period.  Marra et al.6

found a similar association between
low ratios of fat-to-carbohydrate oxida-
tion and subsequent weight gain in
non-obese women followed up over a
3-year period.  Taken together, these
data suggest that the inability to
increase fat oxidation in response to
dietary fat predisposes individuals to
an increased risk of obesity.  At a
functional level, this observation has
been corroborated by studies in which
obese persons, under controlled condi-
tions, have been provided with ad libi-
tum access to high-fat foods.  These
subjects were unable to increase the
overall rate of fat oxidation over a 7-
day period, and were in positive ener-
gy and fat balance.7 Therefore, a mis-
match between fat intake and oxida-
tion in some people may be causative-
ly associated with obesity.

However, as mentioned above, several
cross-sectional studies in healthy, nor-
mal-weight, male university students
have described high- and low-fat
dietary phenotypes.  In the low-fat
group, < 35% of ingested energy was
comprised of dietary fat compared
with > 43% in the high-fat group.  It is
remarkable that those with the higher
fat intake have a significant and con-
comitantly higher resting energy
expenditure, a higher rate of fat oxi-
dation in the fasted state, and are bet-
ter able to oxidatively dispose of fat in
response to a high-fat meal (Fig. 2).8,9

These groups not only differed in their
oxidative metabolism, but also in their
behavioural response to feeding.  For
example, in terms of meal size, when
presented with ad libitum high-fat and
low-fat meals, the high-fat phenotype
group consumed a similar weight of
food each time, and therefore had a

higher energy intake with the high-fat
meal.  Conversely, the low-fat pheno-
type group ate according to energy
content, and as a result had less of the
more energy-dense, high-fat meals.
The high-fat group also experienced a
much higher hunger rating before eat-
ing, and eating resulted in a more
effective suppression of hunger in this
group.  The low-fat group, on the
other hand, had a very flat response
to appetite before and in response to
eating.

These studies provide only a cross-sec-
tional snapshot of what may be a
dynamic process of metabolic compen-
sation for a behavioural phenotype.
We do not know, for example, if these
individuals will be placed at increased
risk for obesity when exposed to a
high-fat diet over a period of time
(Table I).

Longitudinal studies are needed to deter-
mine whether the increased levels of fat
oxidation will protect this lean, high-fat
phenotype group from weight gain.
Similarly, it is unclear whether or not the
low-fat phenotype individuals would be
able to prevent weight gain in the face
of increased dietary fat intake or a
decrease in activity levels.

Dietary change

Dietary fat intake may be influenced,
in part, by external environmental fac-
tors such as the relatively low cost per

Fig. 1. Phenotypic plasticity suggests that environment can play a signifi-
cant role in the development of the phenotype.

High level of phenotypic plasticity

Low level of phenotypic plasticity

genotype environment

Phenotype Risk factors Protective factors Risk for weight gain
High fat High-fat diet ↑ RMR Further ↑ in  sedentary behaviour

↑ Total energy intake ↑ Night-time EE Maintenance of a high-fat diet
↑ Sedentary behaviour ↑ Fat oxidation

Low fat ↓ RMR Low-fat diet Introduction of high-fat foods or 
↓ Fat oxidation ↓ Daily energy intake occasional high-fat binges

↓ Daily activity Less active
RMR = resting metabolic rate; EE = enery expenditure

Table I. Behavioural or dietary phenotypes, protective factors and factors which may place them at
risk for obesity in the long term8,9
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MJ of foods rich in added fat and
sugar, which are energy-dense and
highly palatable.10 In addition, the
social norms for portion sizes have
steadily increased over the past 2
decades,11 with restaurants and fast
food outlets serving meals and a la
carte items that are 2 - 3-fold greater
in weight or energy than previously.
However, food energy intake as well
as dietary preferences and dietary

macronutrient selection may also be
influenced by genetic susceptibility.  It
has been said that ‘genes load the gun
and a permissive environment pulls the
trigger’.2

Exercise training
There is evidence that exercise and/or
endurance training is associated with
an increased fat oxidative capacity,
and for a given energy output there is
an increased rate of fat oxidation.12

On the other hand, there are data to
suggest that even well-trained individu-
als present with a wide range of meta-
bolic or substrate phenotypes, with fat
oxidation at rest accounting for as little
as 20% of overall energy expenditure
to as much as 80% of  oxidative
metabolism13 (Fig. 2).  Therefore, just
how mutable or changeable is the fuel
mix?

We know that the ratio of fat-to-carbo-
hydrate oxidation tends to aggregate
in families,14 is determined in part by
age, gender, dietary fat content,13,14

and indirectly by muscle glycogen con-
tent.13 In healthy, non-obese persons,
increased fat oxidation at rest has
been positively associated with
increased prevalence of type I muscle
fibres,15 as well as increased activity of
key enzymes involved in β-oxidation.16

Theoretically, exercise training should
increase the overall reliance on fat as
an oxidative fuel. However, in studies
of obese and post-obese individuals,
training results in little or no change in
24-hour fat oxidation.17 However, if
obese persons exercise in conjunction
with a high-fat diet, fat balance is
more readily achieved, probably in
response to reduced glycogen stores
and an overall increased rate of fat
oxidation.18 Thus, fat oxidation can
adjust to fat intake when glycogen
stores are reduced through prior
exhaustive exercise, even in the obese
phenotype.

Weight loss
Indirect evidence remains to suggest
that the metabolic phenotype is causal-
ly associated with obesity.  For exam-
ple, post-obese women and restrained
eaters have higher RERs (and thereby
lower ratios of fat-to-carbohydrate oxi-
dation) than either their lean or freely
eating counterparts.  Moreover, the
muscle enzyme profile of post-obese
women reflects a lower capacity for fat
oxidation compared with weight-
matched, never-obese women, and
similar to that of obese women before
weight loss.  Therefore, a lower capac-
ity for fat oxidation imparts risk for
obesity, particularly in the face of
increased dietary fat.

Fig. 3. Individual variability in fat and carbohydrate oxidation in the fast-
ed, rested state in well-trained cyclists is highlighted by this frequency dis-
tribution.13

Fig. 2. Resting metabolic rate and respiratory exchange ratio in high-fat
and low-fat consumers.  A lower respiratory exchange ratio denotes a
higher rate of fat oxidation.8,9
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There is compelling evidence that
there are specific metabolic sub-
groups, or dietary and metabolic phe-
notypes, seen in people whose diets
are relatively higher or lower in
dietary fat or who appear to have a
greater or lesser ability to oxidise
dietary fat.  The question remains as
to whether people with a high-fat diet,
without a concomitant increase in fat
oxidation, are predisposed to obesity.
Does this, or should this, change our
existing public health recommenda-
tions for prudent dietary guidelines?

Current public health guidelines contin-
ue to recommend that dietary fats
comprise less than 20 - 35% of energy
intake19 and that dietary carbohydrate
sources are rich in fibre, such as fruits,
vegetables and whole grains.  Even
though dietary fat is one of the factors
that may promote fat oxidation in
some individuals, this has not been
well demonstrated in obesity-prone
persons.  In fact, these persons present
with a mismatch between fat intake
and oxidation.  Therefore, the current
dietary recommendations make empiri-
cal sense.

These recommendations are, however,
further corroborated by results of inter-
vention studies in which dietary fat
intake was reduced, either alone or in
combination with an overall reduction
in energy intake.  In a recent meta-
analysis, an ad libitum, low-fat, high-
carbohydrate diet was effective in
inducing weight loss at an average
rate of ~ 1.8 kg/month.  Moreover,
the low-fat diet resulted in greater
reported satiety and less caloric com-
pensation, leading to an overall lower
food energy consumption.  It was esti-
mated that a 10% reduction in dietary
fat energy was associated with a
weight loss of 32 g/day,2 highlighting
this approach as an effective interven-
tion strategy.  If subjects who are pre-
disposed to obesity have some impair-
ment or reduced capacity to oxidise
fat compared with carbohydrate this
provides further impetus for a reduced
fat intake.

There is increasingly popular support
for diets, such as the Atkins diet,
which are generally low in carbohy-
drate and relatively higher in protein
and fat content.  Despite this, there is
little scientific evidence evaluating the
long-term success of these diets in con-
trolled clinical trials.  Recent studies
suggest that weight losses in the short
term may be better, but after 12
months the low-carbohydrate diets fare
no better than any other dietary
method, and are perhaps not as effec-
tive for long-term adherence compared
with their low-fat counterparts.  What
is often not considered is the fact that
nutritional individuality, or the pres-
ence of various obesity subgroups or
phenotypes, may contribute to the vari-
ability of responses to dietary and
exercise regimens.

Currently, there has been a tendency
to adopt a one-size-fits-all approach to
the management of obesity, without
consideration of the possible behav-
ioural and metabolic phenotypes that
underpin this condition.  Perhaps
another way of looking at the obese
state is to consider the concept of
metabolic flexibility, which has been
defined as ‘a clear capacity to utilise
lipid and carbohydrate fuels and to
transition between them’.21 Indeed,
dysfunction or failure in metabolic flex-
ibility leads not only to the obese
state, but also to the associated meta-
bolic consequences of insulin resist-
ance and the metabolic syndrome.
For example, a loss of metabolic flexi-
bility may be manifest by an absence
of the cephalic-phase insulin response
in anticipation of a meal.  This has
important implications for suppressing
the release of fatty acids from adipose
tissue or glucose output from the liver.
Another example of loss of metabolic
flexibility may be related to a reduced
mitochondrial size or density in the
obese, type 2 diabetic individual, with
an associated decrease in the capaci-
ty for oxidative disposal for fat and
reduced insulin sensitivity.

Both conservative management and
pharmacotherapy must take into con-
sideration potential targets such as
reducing dietary fat intake or increas-
ing energy expenditure and fat oxida-
tion, with the expressed purpose of
matching dietary intake with relative
oxidative disposal of macronutrients.
Moreover, characteristics of the obese
phenotype may not be reversed simply
as a result of weight loss, and thus
may further predispose an individual
to weight gain.  Finally, as an individ-
ual loses weight, changes his/her diet
or increases levels of physical activity,
he/she becomes a moving target from
a metabolic perspective, and as such,
treatment strategies may need to be
revised.
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A phenotype is the physiological,
structural and behavioural manifesta-
tion of a genetic and environmental
interaction.

There are likely to be many subgroups
or phenotypes of obesity, with many
predisposing environmental and
behavioural precedents.

There are some individuals, with a
lean phenotype, who consume a high
level of dietary fat, with a concomi-
tantly high level of fat oxidation.
However, obesity is in part due to a
mismatch between dietary fat intake
and fat oxidation.

There is evidence that obese individu-
als have a reduced capacity to oxi-
dise fat, and a reduced proportion of
type I muscle fibres, and tend to select
a diet higher in overall fat energy.

Exercise helps to restore fat balance
by increasing fat oxidation, in particu-
lar when glycogen stores are limited.

Current dietary recommendations for
a low-fat diet are still valid, even for
various obesity phenotypes.

A failure of metabolic flexibility, or a
capacity to utilise both lipid and car-
bohydrate fuels, and to move appro-
priately between them may be impli-
cated in obesity and associated mor-
bidity.

IN A NUTSHELL

IMPLICATIONS FOR
INTERVENTIONS

METABOLIC FLEXIBILITY AND
MANAGEMENT OF OBESITY
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