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The present study investigated metabolic responses to fat and carbohydrate ingestion in lean
male individuals consuming an habitual diet high or low in fat. Twelve high-fat phenotypes
(HF) and twelve low-fat phenotypes (LF) participated in the study. Energy intake and macro-
nutrient intake variables were assessed using a food frequency questionnaire. Resting (RMR)
and postprandial metabolic rate and substrate oxidation (respiratory quotient; RQ) were
measured by indirect calorimetry. HF had a significantly higher RMR and higher resting
heart rate than LF. These variables remained higher in HF following the macronutrient chal-
lenge. In all subjects the carbohydrate load increased metabolic rate and heart rate significantly
more than the fat load. Fat oxidation (indicated by a low RQ) was significantly higher in HF
than in LF following the fat load; the ability to oxidise a high carbohydrate load did not
differ between the groups. Lean male subjects consuming a diet high in fat were associated
with increased energy expenditure at rest and a relatively higher fat oxidation in response to
a high fat load; these observations may be partly responsible for maintaining energy balance
on a high-fat (high-energy) diet. In contrast, a low consumer of fat is associated with relatively
lower energy expenditure at rest and lower fat oxidation, which has implications for weight gain
if high-fat foods or meals are periodically introduced to the diet.

Fat intake: Energy expenditure: Energy balance: Respiratory quotient: Dietary induced
thermogenesis

Stability of body weight and body composition requires
that, over a substantial time period, energy intake equals
energy expenditure and that intakes of protein, carbo-
hydrate and fat must equal the oxidation of each nutrient
(energy balance). Another way of stating this is that the
respiratory quotient (RQ), which is the ratio of CO2 pro-
duced to O2 consumed, must equal the food quotient,
which is the ratio of CO2 produced to O2 consumed if
the food were oxidised. If these conditions are not met
changes in body stores of protein, carbohydrate and fat
will occur, which will affect overall body weight.

Of all the possible causes of a positive energy balance
leading to weight gain, the excessive intake of fat has
been investigated extensively and has been repeatedly
implicated as a major risk factor for obesity. This is
because fat has been found to be the least satiating of all
nutrients, yet it has the greatest energy density, is oxidised
least preferentially and has an unlimited storage capacity.
A number of authors have recently reviewed the issue
(Westerterp, 1993; Blundell & Macdiarmid, 1997; Golay

& Bobbioni, 1997). However, the existence of many low
to normal weight individuals (allowing for age-related
changes in BMI) among those eating a high-fat diet
(Macdiarmid et al. 1996) suggests the possibility that
some high fat consumers may be protected from the
weight-inducing properties of a high-fat diet. This protec-
tion could be physiological (altered metabolic rate or fat
oxidation) or behavioural (physical activity). Our labora-
tory has undertaken a programme of research to investigate
lean high fat consumers by comparing them with individu-
als consuming a diet low in fat; these studies have revealed
differences in appetite control (Cooling & Blundell,
1998a), basal metabolism (Cooling & Blundell, 1998b),
physical activity patterns (Cooling & Blundell, 2000),
and circulating levels of leptin and triacylglycerols (Cool-
ing et al. 1998).

The present study measures fat oxidation (via RQ) and
energy expenditure in two components of total energy
expenditure: resting metabolic rate (RMR) and dietary
induced thermogenesis (DIT). DIT was measured in
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response to both a high-fat and high-carbohydrate equi-
energetic nutrient load in order to investigate differences
between high and low fat consumers in the ability to deal
with the nutrient challenge. Any differences arising could
of course be due to pre-existing biological dispositions or
to an adaptation resulting from long-term exposure of the
body to large quantities of consumed fat. Whatever the
mechanism, such differences should be expected since a
study in human subjects designed to determine the contri-
bution of various determinants of basal lipolysis found that
percentage fat intake was the variable with the highest cor-
relation with basal lipolysis, which alone explained 32 % of
variation (Calles-Escandon & Driscoll, 1995); additionally,
animal studies have indicated distinct changes in oxidative
metabolism (Mayes & Felts, 1967) and specific metabolism
of fat (Reed et al. 1991) in rats fed high-fat diets. An aspect
that must be considered in the processes leading to obesity
is a metabolic difference between subjects in the handling
of fat. A large volume of evidence has been presented to
show that high-fat diets promote obesity. However, in
studies on rats given ad libitum access to a high-fat diet,
although most rats readily become obese some avoid obes-
ity; the rats remaining lean were found to have a lower
daily RQ than obese rats suggesting that the obesity-resist-
ant rats increased fat oxidation in response to increased fat
intake more than the obese rats (Chang et al. 1990). It can
be proposed that there are individual differences in the
extent to which a high intake of fat results in increased
fat oxidation and body-fat gain, and thus there are differ-
ences in the susceptibility of individuals to the effects of
fat in the development of obesity. In a study by Thomas
et al. (1992) both lean and obese subjects were able to
match carbohydrate oxidation to carbohydrate intake fol-
lowing a 7-d high-carbohydrate diet but lean individuals
were found to be more efficient than obese in matching
fat oxidation to fat intake following a high-fat diet
(although both groups were in a positive fat balance).
Restrained eating subjects have similarly shown a
decreased fat oxidation compared with unrestrained eaters
in response to a high-fat diet, resulting in a positive fat bal-
ance for restrained-eating subjects, possibly explaining
their higher susceptibility to becoming obese (Verboeket-
van de Venne et al. 1994).

DIT can account for about 10 % of total energy expendi-
ture, and an impaired dietary thermogenic response is
implicated in the pathogenesis of obesity (Saris, 1996).
The impact of DIT on energy balance and obesity in man
is still controversial, however. Studies of DIT show wide
variations in methodology in terms of the meal preload
(differences in DIT have been observed depending on the
energy, volume and macronutrient (MAC) content, and
between solid or liquid food (Young, 1995)), the duration
of DIT measurement (usually ranging from 60–360 min),
the types of subjects used (differences are observed
between males and females and between young and old
subjects, even when controlling for body composition
(Visser et al. 1995)), and, because of the time-consuming
nature of the experiments, subject numbers are often low,
and so the high variations in DIT measurement lead to
low statistical power in studies with a sample size ,10.
It is not surprising, therefore, that conflicting data exist;

in a review by D’Alessio et al. (1988) fifteen papers are
cited reporting a reduced DIT in obese subjects compared
with lean subjects and twelve papers reporting no differ-
ences between the groups.

The present study has measured RQ in the fasted state
and DIT in individuals habitually consuming different
diets. The study was designed to disclose whether the
metabolic responses to fat and carbohydrate differ and
whether habitual high and low fat consumers (phenotypes)
have distinct responses to each nutrient.

Methods

Experimental design

The purpose of the present study was to assess resting
metabolic rate via indirect calorimetry and heart rate in
high and low fat consumers, and to monitor postprandial
thermogenesis and fuel oxidation in response to a high-
fat or high-carbohydrate challenge.

The present study was a repeated measures 2 £ 2 design;
both high and low fat consumers participated in two
experimental conditions. The challenge took the form of
a milkshake drink: condition A (high-fat challenge); con-
dition B (high-carbohydrate challenge).

Subjects

Twenty-four healthy, non-obese males were recruited from
the student and staff population of Leeds University. All
volunteers who responded to advertisements were asked
to complete a food frequency questionnaire (FFQ)
(Margetts et al. 1989). Analysis of the FFQ was used to
determine the habitual diets of each volunteer. High fat
consumers were defined as eating .43 % energy from
fat, and low fat consumers ,33 %; additionally, any high
fat consumer with a particularly low absolute (i.e. g/d)
intake of fat or low fat consumer with a high absolute
intake was excluded such that there was no overlap in
absolute fat intake between the groups.

All subjects were non-smokers, in the age range 19–25
years and had a BMI ,26 kg/m2.

Indirect calorimetry

Subjects arrived at the Human Appetite Research Unit,
University of Leeds, at approximately 09.00 hours having
fasted for 12 h. The height of subjects was measured
using a stadiometer, and weight was measured, following
voiding, on a digital balance (Salter West Bromwich,
UK). Body fat was measured by the impedance procedure
(Spacelabs BC-300). After these measurements the sub-
jects lay supine on a bed in a thermoneutral environment
and remained at bed rest throughout the study period.
Heart rate was recorded every 15 s throughout the pro-
cedure (Polar sports tester PE4000, Kompele, Finland).
Resting O2 consumption and CO2 production were
measured by using a ventilated-hood indirect calorimetry
system (GEM; Nutren, Manchester, UK); the principle of
the ventilated hood system has been described previously
(Weststrate, 1993). After 30 min of steady baseline
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measurements the ventilated hood was removed and one of
the two milkshake drinks was given (the drinks were pre-
sented in a counterbalanced order); the drink was con-
sumed through a drinking straw and the subject was
asked to drink all of the milkshake within 5 min, after
which the subject was allowed to void if necessary. The
subject was then returned to the hood and indirect calori-
metry was continued for a further 180 min. Subjects were
instructed to remain awake but motionless throughout the
procedure; they were allowed to watch television.

RMR (calculated from the Weir (1949) equation) and
heart rate were taken as the average value of 30 min of
steady baseline measures; this was typically after 10–
15 min of the subject lying under the ventilated hood.
Thereafter (after the milkshake drink), results were aver-
aged over 20 min periods.

Macronutrient challenge

The high-fat or high-carbohydrate challenge comprised
milkshake drinks that were of equal volume and weight,
and of fixed energy, but differed in macronutrient compo-
sition (Table 1). The flavour of the milkshake (banana or
strawberry, Nesquik, York, UK) was determined by the
preference of the subject.

Data analysis

Metabolic parameters and heart rate were analysed using
repeated measures ANOVA using MAC and time
(TIME) as within-subject factors and high or low fat
status (GROUP) as a between-subjects factor. Individual
differences between conditions and groups were analysed
using paired and unpaired t tests. Analysis was performed
using SPSS software (version 9.0; USA).

Results

Subject characteristics

Details of the twenty-four recruited subjects, twelve high
fat and twelve low fat consumers, can be seen in Table 2.
The macronutrient variables and energy intake were
derived from analysis of the FFQ. Percentage body fat
was measured by the bioimpedance procedure. Independ-
ent t tests were carried out on each variable and significant
differences were found between the two groups on energy
intake, fat intake, percentage fat intake and percentage
carbohydrate intake. The high fat and low fat consumers
met the criteria for inclusion in the groups. High fat consu-
mers consumed significantly greater absolute amounts of fat
and a greater fat energy percentage but a smaller carbo-
hydrate energy percentage than low fat consumers did.
The intake of protein (percentage and absolute) did not
differ between high and low fat consumers. Although the
FFQ is not designed to provide a measure of daily
energy intake (i.e. kJ/d), this can be calculated and indi-
cates that high fat consumers have greater energy intakes
than low fat consumers. This observation is consistent
with findings from the analysis of the Diet and Nutrition
Survey of British Adults (Macdiarmid et al. 1996) and
the Leeds High Fat Study (Macdiarmid et al. 1995).

Basal physiology

RMR, resting O2 consumption and resting heart rate were
significantly higher in high fat consumers than low fat con-
sumers. The difference in RMR remained significant when
expressed per kilogram of lean body mass; calculated from

Table 1. Characteristics of the macronutrient challenge

Condition A* Condition B†

g % energy g % energy

Energy (kJ) 2092 2092
Volume (ml) 500 500
Fat content 43·8 78·8 0·7 1·3
Carbohydrate content 26·6 19·9 120·5 90·4
Protein content 1·6 1·3 10·4 8·3

* High-fat milkshake containing 92 g double cream (Safeway, Leeds, UK),
25 g milk-shake powder (Nesquik, York, UK), made up to 500 ml with
water.

† High-carbohydrate milkshake containing 305·3 ml skimmed milk (Safeway),
80·6 g (*Pur01921 glucose polymer (Cerestar, Manchester)), 25 g milk-
shake powder (Nesquik), made up to 500 ml with water.

Table 2. Characteristics of groups of high and low fat consumers on key variables

(Mean values and standard errors)

High fat consumers Low fat consumers

Mean SE Mean SE

Age (years) 20·7 0·48 21·6 0·7
BMI (kg/m2) 21·2 1·5 22·4 0·6
Body fat (%) 11·1 1·29 11·4 1·3
Energy intake (MJ/d) 12·29 0·983 9·47* 0·485
Protein intake (g/d) 109·9 9·7 87·2 6·1
Carbohydrate intake (g/d) 327·3 22·2 321·2 16·0
Fat intake (g/d) 145·8 13·9 79·4** 5·1
Protein intake (% energy) 15·0 0·4 15·3 0·7
Carbohydrate intake (% energy) 42·8 1·2 54·1** 1·8
Fat intake (% energy) 44·2 0·7 31·4** 0·9

Mean values were significantly different from those of the high fat consumers: *P,0·05 (t¼2·57);
**P,0·000 (t¼4·47).
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a regression equation derived from energy expenditure and
lean body mass (Ravussin & Bogardus, 1989). Resting RQ
was significantly lower in high fat than low fat consumers
(Table 3).

Postprandial physiology

The mean values taken across each experimental condition
can be seen in Table 4. Metabolic rate at rest (RMR)
remained consistently higher in high fat than in low fat
consumers (Fig. 1), although this was marginally non-
significant (P¼0·07). However, a strong effect of MAC
was observed (P¼0·008), with higher RMR values follow-
ing the carbohydrate load than in the fat load (Fig. 2).

Mean RQ over each condition demonstrated main effects
of GROUP (P¼0·0460) and MAC (P,0·000); high fat
consumers have consistently lower RQ values than low
fat consumers and RQ values are higher following the
carbohydrate load than the fat load (Fig. 3). Further ana-
lysis revealed that RQ in high fat consumers following
the fat challenge was significantly lower than in low fat
consumers ðP ¼ 0·038Þ; but following the carbohydrate
challenge the effect was much weaker and not significant.
Furthermore, when time is factored into the analysis it is
revealed that following the MAC challenge in high fat con-
sumers the time taken for the RQ to significantly differ
between the high-fat and -carbohydrate challenge was
approximately 40 min, whereas in low fat consumers the
time was 100 min.

Mean heart rate demonstrated a strong effect of GROUP
(P¼0·05), with heart rates among high fat consumers con-
sistently higher than low fat consumers. However, when
heart rate is expressed from baseline values a strong
effect of MAC is seen (P¼0·009), with heart rate higher
following the carbohydrate challenge than the fat chal-
lenge; the pattern of heart rate effects are consistent with
the pattern of metabolic rate shown in Figs. 1 and 2.

Discussion

The present study has revealed distinct physiological
responses to fat and carbohydrate loads in habitual high
and low fat consumers. Previous studies in high and low
fat consumers have reported differences in basal physi-
ology (Cooling & Blundell, 1998b) (replicated in the pre-
sent study), along with differing patterns of hunger and
appetite control (Cooling & Blundell, 1998a), and patterns
of physical activity (Cooling & Blundell, 2000). Taken
together the results suggest a possible mechanism respon-
sible for achieving energy balance, and preventing weight
gain on a high-fat diet.

The consumption of a diet high in fat will almost inevi-
tably lead to a high energy intake and the risk of a positive
energy balance. However, young adult males consuming
such a diet are virtually indistinguishable from low fat con-
sumers in terms of body weight, BMI, and body fat. There-
fore it appears that energy balance is achieved, and weight

Table 4. Postprandial physiological responses following fat and carbohydrate (CHO) challenge in high and low fat consumers*

(Mean values and standard errors)

High fat consumers Low fat consumers

Challenge. . . Fat CHO Fat CHO

Mean SE Mean SE Mean SE Mean SE

MR (MJ/d)† 7·519 0·21 7·795 0·28 6·786 0·28 7·138 0·31
MR (kJ/d above baseline)† 661 209 916 188 615 105 845 113
Respiratory quotient†‡ 0·85 0·01 0·92 0·01 0·89 0·01 0·94 0·02
Heart rate (beats/min)‡ 71·6 2·0 72·1 2·9 59·6 2·1 61·3 2·1
Heart rate (beats/min above baseline)† 3·5 0·8 6·6 1·0 2·9 0·9 5·7 1·1

CHO, carbohydrate; MR, metabolic rate.
* For details of subjects, see Table 2 and p. 126, and for details of challenges, see Table 1.
† ANOVA effect of macronutrient (F[1,22] ¼4·61, P,0·05).
‡ ANOVA effect of group (F[1,22] ¼8·26, P,0·05).

Table 3. Resting physiological data*

(Mean values and standard errors)

High fat consumers Low fat consumers

Mean SE Mean SE

RMR (MJ/d) 6·866 0·12 6·230† 0·20
BMR (kJ/kg lean mass per d) 107 2·5 97·9† 2·1
O2 consumption (ml O2/kg per min) 3·24 0·09 2·93† 0·05
Resting respiratory quotient 0·839 0·007 0·877† 0·013
Resting heart rate (beats/min) 66·8 1·7 56·2† 1·7

* For details of subjects, see Table 2 and p. 126.
Mean values were significantly different from those of the high fat consumers: †P,0·05 (t¼2·26)

(independent t test).
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gain prevented, by a combination of physiological and
behavioural factors.

Results from the present study confirm previous findings
that high fat consumers have a higher RMR than low fat
consumers, with high fat consumers displaying a RMR
approximately 10 % (about 630 kJ (150 kcal)/d) higher
than low fat consumers. Taken at face value 630 kJ/d is
not a large amount of energy, however over time this
difference is equivalent to 4400 kJ (1050 kcal)/week or
230 MJ (55 000 kcal)/year. The mechanism for this may
involve the recently discovered human uncoupling
protein-3, which has been shown in mice to increase
energy expenditure and normalise body weight in high-fat
hyperphagic conditions (Clapham et al. 2000). In addition,
a high-fat diet has been shown to increase the expression
of uncoupling protein mRNA in skeletal muscle of human

subjects (Schrauwen et al. 2001). Highlighted in the present
study is the finding that high fat consumers show a consist-
ently lower RQ (in the fasted and postprandial state) than
low fat consumers and therefore oxidise more fat, which
helps to maintain fat balance (which approximates to
energy balance). In the fasted state the RQ in high fat con-
sumers approximated to 53 % of energy expenditure derived
from fat oxidation; in low fat consumers this figure was
39 %. Following the MAC challenge high and low fat con-
sumers demonstrated a similar response to carbohydrate by
increasing carbohydrate oxidation (increasing RQ). How-
ever, following the high-fat challenge high fat consumers
showed a significantly lower RQ than low fat consumers,
indicating greater fat oxidation in high fat consumers.
Additionally the metabolic response to the ingestion of fat
was quicker in high fat consumers: following fat intake

Fig. 1. Profile of metabolic rate responses to fat, (—V—, —O—) and carbohydrate
(—B—, —£—) challenges in high (—V—, —B—) and low (—O—, —£—) fat
consumers.

Fig. 2. Profile of metabolic rate responses to fat (—V—, —O—) and carbohydrate
(—B—, —£—) challenges in high (—V—, —B—) and low (—O—, —£—) fat con-
sumers expressed relative to baseline values.
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RQ in high fat consumers was significantly lower than
values following carbohydrate ingestion within 40 min; in
low fat consumers the time for this response was, on aver-
age, within 100 min. In summary, following a high fat
load high fat consumers oxidise more fat than low fat con-
sumers and commence this oxidation 60 min before low
fat consumers.

It would appear that the high fat consumers seen in the
present research were not genetically predisposed to obesity,
at least at this particular age: the ability to match fat oxi-
dation to fat intake, as seen in the cohorts of high fat
consumers used here, is absent in individuals genetically
predisposed to obesity and in post-obese subjects (Astrup
et al. 1996). This, along with other adaptive or naturally
occurring mechanisms to maintain energy balance,
suggests that the cohorts of high fat consumers used in
these studies are protected, to some degree, from weight
gain, at least at their present age. This does not mean, how-
ever, that high fat consumers are immune to weight gain
and obesity. The large increase in obesity over the last
50 years or so has occurred over a period of time that is
too short to be caused by changes in the frequency of
obesity genes or susceptible alleles (Bouchard, 1996);
this increase can only be due to a large number of indi-
viduals in chronic positive energy balance. Although
apparent protective mechanisms have been observed
among high fat consumers in studies of high and low fat
consumers there has been no prospective study to monitor
the body weight of high and low fat consumers over a long
period of time. It has been hypothesised that the high fat
consumers (phenotypes) are slowly gaining weight despite
protective mechanisms (without which they may already
have become obese) (Blundell & Cooling, 2000). It
should be stressed here that a high-fat diet is not the
only risk factor for the development of obesity; previous
studies have shown that a high BMI is more associated
with being older, or being female, than with the consump-
tion of a diet high in fat (Macdiarmid et al. 1997). All the
subjects used in the present study were not representative

of the whole population, being male in the age range
18–30 years. Therefore the conclusions made from this
thesis cannot be generalised to the entire population. We
have predicted that the ability (or partial ability) of high
fat consumers to maintain energy balance may decline as
they advance into middle age. Such a theory is supported
by evidence: relative to younger women, older women
have a reduced ability to oxidise dietary fat when they con-
sume large high-fat meals, resulting in greater fat depo-
sition (Melanson et al. 1997). The leptin system may
also be involved: the high levels of leptin among obese
human subjects suggests that obesity is not caused by an
absolute leptin deficiency per se, but by leptin resistance
(Auwerx & Staels, 1998); the long-term exposure to high
leptin levels as in habitual high fat consumers (Cooling
et al. 1998) may result in an eventual leptin resistance
and its ability to help maintain fat balance will be lost.
Important here is the distinction between the leptin levels
in response to a habitual high-fat diet and the response to
an acutely imposed high fat load. Additionally, the persist-
ence of a high-fat diet into middle and older age would
probably interact with decreasing levels of physical activity
and a lowering of RMR.

These findings indicate the possible existence of a
dilemma: habitual low fat consumers may be prone to
weight gain if high-fat foods are periodically introduced
to the diet. Due to the relatively low storage capability
but yet high oxidative hierarchy of carbohydrate the
balance of carbohydrate within the body is excellent, there-
fore the consumption of a diet high in carbohydrates will
more likely lead to a preservation of energy balance and
a stable body weight. However, in other studies using
low fat consumers it has been shown that they are suscep-
tible to occasional periods of very high fat intakes, over an
entire day or within one meal (Macdiarmid et al. 1997).
Although the effect is much more pronounced in high fat
consumers, low fat consumers are also susceptible to pas-
sive overconsumption of fat, especially when hungry
(Cooling & Blundell, 1998a). It is well accepted that,

Fig. 3. Profile of respiratory quotient responses to fat (—V—, —O—) and carbohydrate
(—B—, —£—) challenges in high (—V—, —B—) and low (—O—, —£—) fat
consumers.
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unlike carbohydrate and protein, fat is only weakly coupled
with fat oxidation and the consumption of a high-fat diet is
required for several consecutive days in order to balance
fat oxidation with fat intake (Ravussin & Tataranni,
1997; Schrauwen et al. 1997; Smith et al. 2000). A high
intake of fat in low fat consumers could therefore create
a positive fat balance; if this was not compensated for,
either metabolically (oxidation) or behaviourally
(increased activity, decreased intake) it could result in
weight gain. Such a high fat load consumed by high fat
consumers would not cause such a positive fat balance as
they are habituated to a high fat intake and to the conse-
quent higher level of fat oxidation. Such a situation was
recreated in the present study. The consumption of a
high-carbohydrate milkshake resulted in an increase in
RQ (increases in carbohydrate oxidation) among pre-
viously fasted high and low fat consumers. This was
expected as carbohydrate (in the absence of alcohol) is at
the top of the oxidative hierarchy; the RQ response to
the carbohydrate load was not significantly different
between the groups. In contrast following the consumption
of a high-fat milkshake the inability of low fat consumers
to oxidise fat was reflected in the lowering of RQ among
high fat consumers (indicating more fat oxidation), while
the RQ in low fat consumers was higher than that of
high fat consumers, indicating that they were mainly oxi-
dising the carbohydrate component of the high-fat milk-
shake. Although not measured it can be assumed that a
degree of fat deposition took place. It is possible that
those individuals who seem to be able to eat a high-fat
diet and avoid weight gain may not be better off with a
lowering of fat intake (at least for body-weight control).

The higher RQ and lower RMR measured in low fat
consumers are in themselves risk factors for weight gain
(Bouchard, 1996; Ravussin & Gautier, 1999). In a study
using Pima Indians 24 h RQ was correlated with sub-
sequent changes in body weight and fat mass: subjects
with a higher 24 h RQ (90th percentile) were 2·5 times
more likely to gain .5 kg than those with a lower (10th
percentile) 24 h RQ in a follow-up period (Zurlo et al.
1990). Therefore the high RQ observed in the present
studies may be a result of genetic factors or the habitual
consumption of a high-carbohydrate diet; indeed there is
no evidence to suggest that the high RQ observed among
low fat consumers is not an inherited trait. This can be
tested in a study in which low fat consumers are fed a
high-fat diet for a period of time (i.e. .7 d) with sub-
sequent measurement of RQ to determine if they, like
high fat consumers, are equally able to match fat oxidation
and intake; such a response should be expected as the study
by Schrauwen et al. (1997) found that a group of twelve
young, lean subjects were capable of adjusting fat oxi-
dation to fat intake within 7 d when dietary fat content is
increased, and it should be noted that the habitual fat
intake of these subjects before dietary intervention was
29 ^ 1% energy indicating that this group were low consu-
mers of fat.

Another finding highlighted in the present study was the
differing metabolic response to carbohydrate and fat.
Across both groups carbohydrate consumption raised meta-
bolic rate (i.e. more DIT), O2 consumption and heart rate

significantly more than an equi-energetic load of fat; this
effect has been established previously (Stubbs, 1995). A
recent study has coupled higher DIT following a carbo-
hydrate load with greater satiety (Westerterp-Plantenga
et al. 1999). Therefore the consumption of a high-carbo-
hydrate diet would lead to greater satiety and improved
appetite control via increased DIT. Interestingly, in a
separate study low fat consumers have been found to
show a better control of appetite than high fat consumers
(Cooling & Blundell, 1998a). Such a mechanism of
increased satiety and increased DIT, when added to other
properties of carbohydrate (low energy density, limited
storage capacity and preferential oxidation) reveals that
the consumption of a diet high in carbohydrate is unlikely
to lead to a state of positive energy balance. However, the
low fat consumer, because of their inability to match fat
oxidation to fat intake in the short term, must be disci-
plined in order to avoid periodic high-fat eating episodes
that would lead to acute positive energy balance.
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