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Gain in body weight over a number of years could be achieved through cumulative positive
energy balances. These positive balances could come about through adjustments in the various
components of energy expenditure or fuel utilization, together with shifts in food selection or
eating patterns leading to adjustments in macronutrient intake. This means that many combina-
tions of intake and expenditure could lead to a positive energy balance; these combinations can be
called routes to body weight gain. However, these routes are difficult to trace by studying random
samples of individuals. Previous investigations have found a clear association between high fat
consumption and the occurrence of obesity, and although a high fat intake is a strong behavioural
risk factor for weight gain, the relationship does not constitute a biological inevitability. Some
normal-weight and lean individuals appear to eat a high-fat diet. To investigate reasons for this we
have studied individuals initially defined by particular clusters of dietary characteristics related to
fat and carbohydrate consumption. Habitual high-fat (HF) and low-fat (LF) consumers have been
termed phenotypes. Various aspects of energy expenditure (physiological and behavioural) and
energy intake were measured in these individuals with contrasting profiles. HF phenotypes had
high intakes of fatty foods and an overall higher energy intake than LF. However, these groups of
young adult males had similar BMIs and percentage body fat. The HF had a significantly higher
resting metabolic rate (RMR) and a lower RQ, together with high plasma fasting leptin levels, and a
higher sleeping heart rate. In HF individuals the physical activity level was somewhat lower and
they had significantly more periods of sedentary behaviour than LF subjects. Although HF
individuals appear to be more vulnerable to developing obesity, both phenotypes carry particular
risk factors and protective factors for weight gain. The use of phenotypes has allowed the
identification of different potential routes to weight gain. Different strategies are required to
prevent age-related increase in body weight in these quite different individuals.

Obesity: Phenotypes: High-fat: Low-fat

Food choices, dietary intake and obesity

There is currently a debate concerning the role played by
macronutrients in the development of a positive energy
balance and obesity. Most of the argument concerns dietary
fat. On one hand, there is considerable evidence that high-
fat foods either have a disproportionally weak control over
appetite, or actually stimulate appetite and lead to a positive
energy balance (Lawtonet al. 1993). It has been noted that
‘there is evidence to indicate that the consumption of a high
fat diet undermines the normal mechanisms regulating
energy balance in humans’ (Prentice & Jebb 1995). In
contrast, it has been stated that ‘Diets high in fat do not
appear to be the primary cause of the high prevalence of
excess body fat in society, and reductions in fat will not be a
solution’ (Willett, 1998).

Some reviewers have argued that, in considering the
reasons underlying a positive energy balance, low levels
of physical activity are more important than a high energy

intake. Some evidence even suggests that mean daily energy
intake has been declining in recent years in some countries,
but this is not universally true (Kuczmarskiet al. 1994).
Moreover, the average intake of a population may fail to
indicate the behaviour of individuals in various states of
energy balance or at different levels of body weight. Even
with a declining mean value, some individuals could be
markedly increasing their energy intake. Secondly, it is
known that food intake records cannot be regarded as a
reliable estimate of food actually consumed (Macdiarmid &
Blundell, 1998). For example, using the energy intake : basal
metabolic rate (EI : BMR) ratio as an indicator of the
acceptability of daily food diary records, it has been
calculated that in one dietary survey in the UK (Gregory
et al. 1990) reported energy intakes were unacceptably low
in 40 % of women and 30 % of men. Moreover, among the
obese under-reporting reached 60 % in men and 70 % in
women (Macdiarmidet al.1998). Since the degree of under-
reporting has increased over the years in some countries
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(Fogelholm et al. 1996), probably due to people being
sensitized by a dieting culture, it is often hard to accept
that food intakes have genuinely fallen. Thirdly, it has now
been demonstrated that a defect in a particular single gene
can lead to obesity through a dramatic increase in food
intake characterized as a form of hyperphagia (Montagueet
al. 1997; Farooquiet al. 1999). Taken together, these
findings suggest that a major contributor to the frequency
of obesity is a high energy intake brought about by an
obesigenic environment (Egger & Swinburne, 1997) in the
face of a permissive physiological system (Blundell & King,
1996). It should also be recognized that the effects of
‘obesity’ genes do not always act via metabolism but
generate vulnerable behaviour or behavioural risk factors.

One characteristic of the food supply which has been
identified as a likely promoter of a high energy intake and a
positive energy balance is the prevalence of high-fat foods
(Blundell et al.1996; Macdiarmidet al.1996), either of the
savoury variety (Coxet al. 1999) or of the sugar-fat type
(Drewnowskiet al.1992). A good deal of evidence has been
assembled on this issue from both epidemiological and
intervention studies. A meta-analysis has demonstrated
that high-fat diets are associated with gains in body
weight, and that change from a high-fat to a low-fat (high-
carbohydrate) diet is associated with modest weight losses
(Astrup et al. 1999).

One problem in assessing the relationship between diet-
ary fat and obesity on the basis of large-scale surveys is the
likelihood of selective under-reporting. There is evidence
that fat may be selectively under-recorded (Lissner &
Heitmann, 1995), that this is particularly true for obese
subjects (Goriset al. 1999), and that obese women selec-
tively under-report sweet, high-fat foods such as cakes,
pastries and biscuits (Macdiarmidet al.1998). Interestingly,
when subjects in surveys are later questioned, many volun-
tarily admit that they have altered their normal eating
behaviour (for convenience) or deliberately not written
down what has been eaten (Macdiarmid & Blundell, 1997).

However, although the presence of high-fat foods has
been identified as a major environmental ‘risk factor’ for
weight gain, it is clear that the relationship between a high-
fat diet and a high BMI is not a biological inevitability
(Blundell & Macdiarmid, 1997). Some individuals who
habitually consume a high-fat diet (at least at a certain
age) do not appear to be gaining weight and are not obese.

This issue poses a question about the relationship
between the habitual diet and the control of body weight.
A further question is whether a habitually consumed diet
(reflecting the operation of food choices) arises from a

physiological drive for specific foods (mediated via sensory
preferences or nutrient needs), or is a response to the impact of
environmental forces. Is dietary choice a biological or envir-
onmental phenomenon, and what are the implications? These
questions are important since the choice of a particular diet
(and the consumption of nutrients) constitutes a risk factor for
being in positive energy balance and subsequent weight gain.

Risk factors for obesity

Most researchers do not have any trouble accepting the idea
that the state of a person’s metabolism constitutes a major
risk for developing weight gain and becoming obese. How-
ever, as obesity develops, metabolic characteristics change
so that the state of obesity itself is associated with a different
metabolic profile to that accompanying the process of
weight gain. This makes it important to carry out longi-
tudinal studies (whilst weight is increasing) as well as cross-
sectional studies (comparing lean and obese subjects).
Recently, Ravussin & Gautier (1999) have drawn attention
to this issue and have outlined the metabolic and physio-
logical factors associated with weight gain and with the
achievement of obesity (Table 1).

The tendency to gain weight is associated with a low
basal metabolic rate, low energy cost of physical activity, a
low capacity for fat oxidation (relatively high RQ), high
insulin sensitivity, low sympathetic nervous system activity,
and a low plasma leptin concentration. In the state of obesity
itself many of these risk factors (or predictors of weight
gain) are reversed.

Just as certain metabolic variables (risk factors) can lead
to a positive energy balance, so we can envisage certain
behaviourally mediated processes which themselves consti-
tute the risk factors leading to hyperphagia or over-
consumption (high energy intake leading to a positive
energy balance). These processes may be patterns of
eating behaviour, the sensory or hedonic events which
guide behaviour, or sensations which accompany or
follow eating. For convenience, this cluster of events can
be referred to as behavioural risk factors. These events may
include a preference for fatty foods, weakened satiation (end
of meal signals), relatively weak satiety (post-ingestive
inhibition over further eating), strong oro-sensory preferences
(e.g. for sweetness combined with fattiness in foods), a binge
potential, and a high food-induced pleasure response. In turn,
these events may be subdivided to describe more specific
components leading to a risk of overconsumption.

These behavioural risk factors can be regarded as bio-
logical dispositions which create a vulnerability for weight
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Table 1. Metabolic factors related to obesity itself, or to the development of obesity (after
Ravussin & Gautier, 1999)

Metabolic factor Associated with obesity Predicting weight gain

Relative metabolic rate Normal or high Low
Energy cost of physical activity Normal Low
Fat oxidation Normal or high Low
Insulin sensitivity Low High
Sympathetic nervous system activity High Low
Relative plasma leptin concentration High Low
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gain and which manifest themselves through behavioural
acts, or through physiological processes which promote or
permit changes in behaviour. However, such risk factors
alone would be unlikely to lead to a positive energy balance
in a benign environment, i.e. one in which the food supply
and cultural habits worked against excessive consumption.
In most societies, the food environment exploits biologi-
cally based dispositions and this promotes the achievement
of a high energy intake (Table 2).

The concept of behavioural phenotypes:
high- and low-fat consumers

The combination of biological dispositions (behavioural
risk factors) and the presence of a conducive food environ-
ment will lead to particular patterns of consumption char-
acterized by the size of eating episodes, the frequency of
eating or the intake of particular macronutrients. Recently
some attention has been given to patterns of fat intake (e.g.
Baghurstet al. 1994; Macdiarmidet al. 1996), and criteria
for identifying individuals as high- or low-fat consumers
have been established. The level of fat consumption can be
determined through a food frequency questionnaire (e.g.
Margettset al. 1989). Identification can be confirmed by
using specific fat questionnaires (Roeet al.1994) and diary
recording. If these consumption patterns are robust, and may
be demonstrated using other criteria or tests, then they may
be termed ‘phenotypes’.

In the case of high- and low-fat phenotypes, individuals
are classified according to the type of diet habitually con-
sumed. Table 3 indicates the way in which young adult male
phenotypes differ according to the types of foods eaten. In

turn, these measurable differences in the types of foods
habitually selected poses the question whether the choices
are biologically driven (by particular tissue needs, physio-
logical requirements, or neurosensory characteristics) or
incidentally picked up from the food environment. In
either case, it will be necessary for the physiological
system to adapt to the ingestion of very large amounts of
specific macronutrients.

During a series of investigations of the impact of habitual
high- and low-fat consumption, a group of high-fat eaters
were identified who were lean despite consuming a large
amount of energy and fat. These groups of high- and low-fat
consumers exhibited differences in a number of nutritional
and physiological variables, which prompted the idea that
this clustering of variables defines a specific phenotype. Our
initial investigations examined two groups of young adult
males who consumed different diets associated with differ-
ent amounts of fat and carbohydrate (by definition), but
additionally had differing meal patterns, food choices,
control of appetite and expression of hunger (Cooling &
Blundell, 1998a). In identifying the phenotypes, a dual
criterion was used so that high-fat consumers ate a large
absolute amount of fat and also had a high percentage fat
energy. However, these phenotypes were indistinguishable
from each other in physical appearance, having similar body
weights, BMIs and percentage body fat. Clearly the groups
were not achieving a state of energy balance in the same
way. Subsequent studies found some evidence to confirm
this: high-fat phenotypes (HF) had a higher basal metabo-
lism and an increased ability to oxidize fat (lower RQ) than
low-fat phenotypes (LF) (Cooling & Blundell, 1998b) along
with higher levels of fasting plasma leptin (Coolinget al.
1998).

A particular behavioural and physiological profile has
been demonstrated from the study of HF and LF pheno-
types. The picture poses interesting questions, as these
particular cohorts of young adult male subjects displayed
markedly different intakes of dietary fat and energy. Despite
these large differences, subjects had almost identical body
weights, BMIs and fat masses. An obvious implication is
that some aspect of energy expenditure or metabolism is
balancing the high-energy intake so as to maintain body
weight. The observation that HF and LF differed in BMR is
consistent with this idea, although the absolute size of the
energy difference does not appear sufficient to preserve
energy balance.

Moreover, the notion of individuals with different resting
metabolic rates (RMRs) is consistent with the concept of
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Table 2. Postulated interactions between behavioural risk factors and the obesigenic environment which generate a tendency for
over-consumption (after Blundell & Cooling, 1999)

Biological vulnerability
(behavioural risk factor) Environmental influence Potential for over-consumption

Preference for fatty foods Abundance of high fat (high energy-dense) ↑ fat intake

Weak satiation (end of meal signals) Large portion sizes ↑ meal size

Oro-sensory responsiveness Availability of highly palatable foods with ↑ amount eaten
specific sensory–nutrient combinations ↑ frequency

Weak post-ingestive satiety Easy accessibility to foods and presence ↑ frequency of eating
of potent priming stimuli ↑ tendency to re-initiate eating

Table 3. Anthropometric, dietary (n =15 per group) and metabolic
characteristics (n =8 per group) of male high- and low-fat phenotypes

Phenotype

Parameter High fat Low fat

Age (years) 21⋅3 21⋅1
BMI 22⋅1 23⋅1
Dietary fat intake

g/d 132⋅4 83⋅2*
% energy 44⋅8 29⋅5*

Basal metabolic rate (kcal/d) 1,624 1,455*
Resting RQ 0⋅84 0⋅89*
Plasma leptin (ng/ml) 2⋅92 1⋅79*

* Significant difference between high- and low-fat phenotypes (P , 0⋅05; two-
tail).
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‘energy-sparing’ and ‘energy-profligate’ individuals which
has been used to describe two distinct groups of women
(Goldberg, 1997). Interestingly, these two types are asso-
ciated with different habitual intakes – the marginally
nourished and the very well nourished. For years some
researchers in the field of obesity research have maintained
the idea that individuals exist who are capable of consuming
prodigious amounts of food yet remain lean. It is therefore
possible that the HF and LF phenotypes may constitute a
useful investigative approach for examining the relationship
between energy intake and energy utilization.

Phenotypes, energy intake and expenditure

It has been observed that individuals with contrasting
habitual diets differ in some fundamental aspects of phy-
siology and metabolism. One interpretation of the findings
so far is that the habitual consumption of a high-fat diet
(generating a high energy intake) leads to physiological
adaptations in the form of a raised BMR. However, the
converse could also be possible. This would imply that
individuals with a natural (genetically conferred) high BMR
select a high-energy diet. The two arguments can be for-
mulated as an environmentally driven diet selection leading
to physiological adaptations, or biologically driven energy
expenditure leading to an appropriate diet selection.

In addition, it is clear that energy balance can be achieved
via different combinations of forms of energy intake and
types of energy expenditure. To investigate this we have
measured intake and expenditure in cohorts of young male
high-fat and low-fat consumers. Expenditure was measured
in a number of ways. Heart rate was monitored continually
for three 24 h periods, and the minute-by-minute measures
converted to energy expended. This was achieved using the
flex heart rate method, after calibrating heart rate against
energy expenditure using indirect calorimetry during seven
stages of activity from resting to vigorous running (Spurr
et al. 1988). Physical activity energy expenditure was also
assessed using the factorial method (Bouchardet al. 1983).
The results indicated that LF phenotypes had somewhat
higher total energy expenditure than HF, but this was not

statistically significant. However both the heart rate and
factorial methods indicated that LF spent more time in
sedentary activities than did HF. However, the clearest
difference between HF and LF was apparent in the 24 h
profiles of heart rate which indicated that HF had markedly
higher rates than LF during the 7–9 h of sleep (Fig. 1).
During waking HF also showed three distinct peaks of heart
rate which appear to correspond to meal times and may
indicate the dietary induced energy expenditure (thermo-
genesis) associated with large meals. We have previously
shown that changes in heart rate can reflect meal size
(Hubertet al. 1998).

Different routes to weight gain

The comparison of HF and LF phenotypes has provided a
glimpse of how energy balance (and temporary weight
stability) could be achieved through mixed profiles of
patterns of behaviour (eating and physical activity) and
metabolism. The comparison has also indicated that dis-
tinctive patterns of food selection and eating behaviour can
be associated with particular features of physical activity.

For these groups of young adult males who are currently
maintaining a normal BMI, their apparent weight stability
appears to be achieved through different combinations of
behavioural and physiological factors. Each group can be
said to possess risk factors and protective factors. For
example, HF phenotypes have (by definition) a markedly
higher intake of fatty foods and a higher overall energy
intake. The cost of digesting and assimilating the fat is lower
than for protein or carbohydrate. A further risk factor for
the HF is their overall lower physical activity energy
expenditure, characterized by significantly greater periods
of sedentariness. However, these risk factors appear to be
compensated for by a relatively higher RMR, a lower RQ
and a much higher night-time metabolism (reflected in a
higher sleeping heart rate). It is possible that some of these
metabolic variables are mediated by the measured higher
plasma leptin values (Coolinget al. 1998).

In contrast, LF phenotypes are protected by their low-fat
(low-energy) diet and by a relatively higher level of physical
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Fig. 1. 24 h profile of heart rate in high-fat (HF) and low-fat (LF) phenotypes. Average heart
rate was completed for every 30 min period. Time point 1 corresponds to 12 noon.
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activity-induced energy expenditure, characterized by a
smaller amount of time spent in sedentary behaviours.
This could mean that LF phenotypes display higher levels
of non-exercise activity thermogenesis (Levineet al.1999).
It remains to be demonstrated whether HF or LF would
respond more sharply to large supplementary energy loads.

It is paradoxical that LF phenotypes who display judi-
cious forms of food choices and physical activity apparently
possess metabolic risk factors such as relatively low RMR,
high RQ and high insulin sensitivity, which are regarded as
predictors of weight gain. This mixed profile of high
metabolic risk but strong behavioural protection means
that habitual consumers of low-fat diets are likely to resist
weight gain as long as their behaviour does not change.
However, in the short term LF phenotypes could be vulner-
able to the effects of occasional high-fat eating episodes
which are known to occur even in consumers of low-fat
foods (e.g. Blundell & Macdiarmid, 1997) and which do not
normally induce a corresponding level of fat oxidation.
Indeed, it takes 3–5 d of high-fat feeding before a significant
rise in fat oxidation occurs (Schrauenet al. 1997). Post-
obese subjects also display low levels of fat oxidation
(Astrupet al.1997), which is possibly due in part to recently
acquired low-fat dietary habits.

The identification and comparison of two groups of
individuals with contrasting habitual dietary habits has
indicated how different combinations of behavioural and
physiological profiles can produce apparent energy balance
(at least in the short term) and weight stability.

On the basis of the descriptions of these phenotypes it
can be deduced that there exist various routes to weight
gain according to the particular combinations of physio-
logical and behavioural variables present, and the extent to
which these change over time. This is important, as it is
often overlooked that age is the best predictor of BMI, and
that the prevalence of obesity and average BMI increases
with age over a very large portion of the life span. This
conceptualization is set out in Table 4.

A review of the literature (epidemiological and experi-
mental) indicates that the total amount of fat consumed
stands as the single most potent food-related risk factor for
weight gain. However, some experts have nominated satu-
rated fat rather than total fat or high energy density rather
than fatper se, or foods generating a high glycaemic index.
It is clear that in the domain of nutrition and body-weight

regulation we are not dealing with a ‘biological inevitability’;
people can achieve a positive energy balance on a range of
diets which stimulate energy intake to overtake energy
expenditure.

The identification of specific phenotypes has exposed and
contrasted clear differences in physiological and beha-
vioural variables. Table 4 indicates the way in which
different factors could lead to weight gain or protect against
age-related weight increases. Since it is known that physio-
logical variables such as RMR and fat oxidation (Melanson
et al. 1997) decline with age, specific behavioural change
must occur in order to compensate for these age-related risk
factors.

The concept of different routes to obesity through a
variety of nutritional scenarios can be integrated with the
notion of individuals varying in susceptibility to different
dietary inputs. Whether by genetic determination, physio-
logical adaptation or nutrient–gene interactions, some indi-
viduals will be better equipped physiologically to deal with
a high-fat, high-energy diet. Although we maintain that a
diet replete with fatty foods remains the single most promi-
nent food-related risk factor, it is clear that some individuals
can remain lean on such a diet – at least for a certain period
of time.

This approach gives an equal weighting to food choice
and appetite control, physical activity (deliberate and inci-
dental), and physiological factors, in the maintenance of
energy balance and in departures from balance. It follows
that there will be different combinations of these variables
(risk factors) which allow individuals to maintain energy
balance, and which permit the attainment of a positive
energy balance. Some individuals will be vulnerable
because of genetically based risk factors, others because
of the potency of environmentally based factors. It will thus
be easier to achieve control over certain risk factors than
over others. The combination of different routes to obesity
puts the emphasis on individual patterns (of physiology and
behaviour) and seems more realistic than the idea of a single
regulator of body weight.
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