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The reduced contribution of physical activity to daily energy expenditure and the accessibility to 
high-fat foods have put an excessive burden on energy balance, resulting in an increase in the 
prevalence of obesity throughout the world. In this context, fat gain can be seen as a natural 
adaptation to deal with a fattening lifestyle, since the hormonal adaptations that accompany fat 
gain favour the readjustment of energy expenditure to energy intake. Intense physical activity 
would also seem to facilitate the regulation of energy balance, since it increases the energy cost of 
exercise, increases post-exercise energy expenditure and the potential of skeletal muscles to utilize 
lipids, and also favours a decrease in post-exercise intake. Moreover, the effects of intense 
exercise seem to be mediated by an activation of sympathetic nervous system activity that seems 
to be specific to skeletal muscle. It is also important to manipulate macronutrient composition in 
order to reduce fat intake, because unhealthy food habits can favour overfeeding and thus 
overcome the energy deficit caused by regular physical activity. Under free-living conditions, the 
combination of vigorous activity and healthy food practices can amount to a substantial weight 
loss which is comparable with that of other non-surgical approaches to treat obesity. 

Exercise: Energy balance: Fat intake: Obesity 

The mechanization and computerization of labour that have 
occurred over this century have considerably reduced the 
energy demand of daily chores. This effect has not been 
quantified in longitudinal studies, but some cross-sectional 
observations suggest that the impact of this lifestyle modifi- 
cation on daily energy needs is often underestimated by 
health professionals. In a study reported by Singh et al. 
(1989), the daily energy expenditure : resting metabolic rate 
ratio at the peak labour season in Gambian women was 2.35, 
which strongly contrasts with values of 1.4-1.9 (Living- 
stone et al. 1991; Meijer et al. 1992; Black et al. 1996; Pren- 
tice ef at. 1996; Spun et at. 1996) that are generally 
observed in women living in industrialized countries. At a 
given body weight, this observation may correspond to a 
difference in daily energy expenditure that may be as large 
as 3-4 MJ/d. 

An increase in the fat content of the diet is another signif- 
icant lifestyle change that has occurred in this century; avail- 
able estimates reveal that this increase in dietary fat 
corresponded to 10-20 % (Danforth, 1985; Leaf & Weber, 
1987). The impact of such an increase in relative fat intake 
on ad libitum energy intake has been the object of many 
studies which have demonstrated that overfeeding associ- 
ated with a high-fat diet may reach 1-4 MJ/d (Lissner et al. 
1987; Tremblay et al. 1989, 19916; Stubbs et al. 1995). 
Overfeeding may also result from alcohol intake that is at 
best partly compensated by a decrease in other energy sub- 
strates (Foltin et al. 1993; Tremblay el al. 199%; Poppitt 
et al. 1996; Tremblay & St-Pierre, 1996). Thus, a lifestyle 
characterized by sedentariness and high fat and alcohol 
intakes increases the risk of positive energy balance and 
body fat gain (Tremblay et al. 1995~). This issue has been 
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documented in the UK, where the increases in both the fat 
content of diet and sedentariness have been associated with 
body-weight gain in the last decades (Prentice & Jebb, 
1995), although sedentariness appears to be a better predic- 
tor of adiposity in more recent years. 

The prevalence of obesity continues to increase in indus- 
trialized countries and the related comorbidities impose an 
increasing burden on health care systems (Wolf & Colditz, 
1998). Accordingly, the so-called ‘epidemic of obesity’ 
(World Health Organization, 1998) draws attention to the 
health consequences of excess body fat deposition, whereas 
much less consideration is generally given to the physiolog- 
ical mechanisms that may make obesity a necessity in some 
individuals. In the present paper, questions are raised as to 
whether fat gain is the price which has to be paid for recov- 
ery of energy balance in a ‘fattening’ environment, and 
whether intense exercise can represent a valuable means of 
counteracting this undesired outcome. 

Fat gain: a natural adaptation to deal with a modern 
lifestyle 

The mechanisms contributing to the recovery of energy bal- 
ance when weight gain occurs have not been clearly estab- 
lished, but experimental evidence suggests that fat gain is 
the common feature driving many of the hormonal and met- 
abolic adaptations which favour long-term regulation of 
energy and fat balance. According to Groop et al. (1992), an 
increase in the contribution of free fatty acids to metabolism 
promotes fat oxidation, which seems to be a strategy that 
helps the obese individual to recover fat balance. This fatty 
acid gradient might be particularly useful for obese individ- 
uals who display lower rates of fat oxidation than their lean 
controls when they are tested in a reduced-obese state (Lean 
& James, 1988; Buemann et al. 1992; Larson et al. 1995). 

Hyperinsulinaemia is not only a feature of the plurimeta- 
bolic syndrome (Reaven, 1988), but also seems to be part of 
a mechanism for restoring energy balance over time when 
body-weight gain occurs. Hyperinsulinaemia with euglycae- 
mia promotes an increase in sympathetic nervous system 
activity, either measured by the level of circulating catechol- 
amines (Rowe et al. 1981), muscle sympathetic nerve activ- 
ity (Beme et al. 1992; Vollenweider et al. 1994) or heart 
rate variability (Bellavere et al. 1996). This effect of hyper- 
insulinaemia represents a potential explanation for the posi- 
tive relationship that exists between muscle sympathetic 
nerve activity and body fat (Scherrer et al. 1994), particu- 
larly when fat is preferentially stored in the abdominal area 
(Parker Jones et al. 1996). 

Since an increase in sympathetic activity favours thermo- 
genesis and a decrease in energy intake (Rothwell & Stock, 
198 1 ; Himms-Hagen, 1984), hyperinsulinaemia appears to 
be a factor that may contribute to the long-term restabiliza- 
tion of energy balance in individuals experiencing weight 
gain. This is consistent with prospective data showing that 
higher baseline serum insulin is associated with a reduced 
long-term body-weight gain in obese subjects (Valdez et al. 
1994; Folsom et al. 1998). However, other findings do not 
support this concept (Folsom et al. 1998). In this respect, it 
is of particular interest to emphasize results obtained by the 

Phoenix group, who reported that hyperinsulinaemia is asso- 
ciated with a reduced long-term weight gain in adults 
(Schwartz et al. 1995) whereas the opposite relationship is 
observed in children (Odeleye et al. 1997). This may indi- 
cate that the peripheral anabolic effects of hyperinsulinae- 
mia may dominate its central catabolic effects in children in 
order to promote growth. 

The study of overfed monozygotic twins in our laboratory 
showed that a high increase in postprandial insulinaemia 
predicts a greater increase in postprandial energy expendi- 
ture (Tremblay et al. 1995b). Since this effect and those 
described previously were documented in a context where 
glycaemia was relatively stable, it is important to make the 
distinction between this phenomenon and the impact of 
hyperinsulinaemia on energy balance when it is accompa- 
nied by hypoglycaemia. In the latter case, an increase in 
energy intake is expected (Campfield & Smith, 1986), 
which is concordant with the clinical observation that a rein- 
forcement of insulin therapy in type 1 diabetics not only 
results in a decrease of glycaemia but also favours body- 
weight gain (Wing et al. 1990; Carlson & Campbell, 1993). 

The discovery of leptin (Zhang et al. 1994) provided sup- 
port for the idea that energy and fat balance are subject to 
regulation that involves lipostatic factors (Kennedy, 1952). 
Leptin is produced in adipose cells, and its circulating levels 
vary in proportion to body fatness (Considine et al. 1995; 
Lonnqvist et al. 1995). As shown for insulin, the increase in 
plasma leptin which accompanies obesity also seems to be a 
factor facilitating the recovery of energy balance in the indi- 
vidual experiencing weight gain. Indeed, leptin promotes 
thermogenesis (Pelleymounter et al. 1995), reduces energy 
intake (Campfield et al. 1995), favours an increase in spon- 
taneous movement (Salbe et al. 1997), reduces neuropeptide 
Y gene expression and thus attenuates the orexigenic effects 
of this peptide (Schwartz et al. 1996), and is associated with 
an increase in muscle sympathetic nerve activity (Snitker 
et al. 1997). As illustrated in Table 1, both leptin and insulin 
promote central effects leading to a negative energy balance, 
or at least allow the recovery of energy balance on exposure 
to an energy surplus. 

In summary, these observations clearly show that the 
body is not passive when there is chronic exposure to excess 
energy intake. Hormonal and metabolic changes are dis- 
played that permit the body to re-equilibrate energy intake 
and expenditure over time. As mentioned previously, fat 
gain is a common feature of these changes, and thus repre- 
sents the price to be paid in order to take advantage of this 
strategy of regulation of energy balance. 

Table 1. Effects of leptin and insulin (euglycaernia) on energy balance 

Leptin Insulin 

Energy intake % % 

Energy expenditure c f 

Activity level f ? 
Neuropeptide Y \ % 

SNS activity f f 

SNS, sympathetic nervous system: z, promote: %, suppress. 
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Is intense exercise a potential alternative? 

In a modern world where productivity with minimal energy 
cost is frequently perceived as the gold standard of living, 
exercise may be considered as a useless facultative invest- 
ment. In fact, it is likely that with the rapid computerization 
of labour, sedentariness will further dominate physical 
activity participation than it does currently. This raises the 
question as to whether an increase in exercise intensity can 
compensate for the decrease in the time allocated to long- 
duration low-intensity physical activities. This issue has 
been of particular interest in our group over the last decade. 
Its investigation was initiated with the analysis of epidemio- 
logical data collected in the first Canada Fitness Survey 
(Stephens et al. 1986). This study revealed that for a given 
energy cost of leisure-time physical activities, subjects regu- 
larly practising vigorous activities were leaner than those 

not reporting participation in these activities (Tremblay 
et al. 1990). We further investigated this issue in the context 
of intervention studies by comparing the effect of two exer- 
cise training programmes differing in the intensity of exer- 
cise stimulus on body composition and skeletal muscle 
metabolism (Tremblay et al. 1994b). As illustrated in Fig. 1, 
the training programme of moderate intensity had a much 
greater energy cost than the high-intensity intermittent exer- 
cise programme. Despite its lower energy cost, the high- 
intensity intermittent exercise programme induced a greater 
loss in subcutaneous adiposity in comparison with the pro- 
gramme of moderate exercise intensity. When expressed per 
MJ expended during exercise, the fat loss was 9-fold greater 
after the high-intensity intermittent exercise programme. 
The enhancing effect of this programme on skeletal muscle 
oxidative potential was also more pronounced than that of 
the moderate-intensity programme (Fig. 1). 
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Fig. 1. Comparison of the effects of endurance training (EQ) and high-intensity intermittent training (0) on subcutaneous 
adiposity and skeletal muscle metabolism. AHADH, change in 3-hydroxyacyl-Co A dehydrogenase (EC 1 .I .1.36) activity; 
AMDH, change in malate dehydrogenase (EC 1.1 .1.37) activity; LIZ, change in sum of. Mean value was significantly different 
from that for endurance training: **P <0.01. (Adapted from Tremblay eta/. 1994b.) 
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Theoretically, there are three ways in which exercise 
intensity can modify energy balance: (1) an increase in the 
energy cost of exercise, (2) an increase in post-exercise 
energy expenditure, (3) a decrease in post-exercise energy 
intake. The first one is rather obvious, since it is well estab- 
lished that for a given individual the energy cost of exercise 
is proportional to its intensity. With respect to the other two 
effects, recent findings suggest that exercise intensity can 
modify both post-exercise energy expenditure and intake. 
We examined this issue by submitting subjects to two exer- 
cise sessions having a similar energy cost but differing in 
their intensity. In a first study, post-exercise resting 0 2  
uptake and fat oxidation were found to be greater after high- 
intensity exercise (70-75 % maximum 0 2  uptake) than fol- 
lowing low- to moderate-intensity (35-40 % maximum 0 2  
uptake) exercise (Yoshioka et al. 1997). The acute effects of 
exercise intensity on energy intake were tested in another 
study, which revealed that the post-exercise compensation 
in energy intake was less pronounced after a high-intensity 
exercise bout than a low- to moderate-intensity exercise 
bout (Imbeault et al. 1997). 

Recent data obtained in the same context suggest that the 
enhancing effect of intense exercise on energy metabolism 
is mediated by P-adrenergic stimulation (Yoshioka et al. 
1997). This is concordant with results demonstrating that the 
difference in resting metabolic rate and fat oxidation 
between trained and untrained subjects does not persist 
when determined after propranolol administration (Trem- 
blay et al. 1992). This suggests that the thermogenic effects 
of intense exercise resemble the thermogenic effects of 
ephedrine (Astrup et a/.  1986), capsaicin (Watanabe et al. 
1987; Yoshioka et al. 1998), and caffeine (Bracco et al. 
1995). However, the effects of exercise, unlike those of 
sympathomimetic compounds, are tissue specific, since it 
has been shown in animals that exercise training induces an 
increase in the concentration of P-adrenergic receptors in 
skeletal muscle, whereas the opposite adaptation is seen in 
the heart (Plourde et al. 1991, 1993). This finding is in 
agreement with the well-established fact that resting heart 
rate is generally reduced in trained individuals, even if they 
display an increase in resting metabolic rate mediated by p- 
adrenergic stimulation. 

Taken together, these observations suggest that for a 
given energy cost, intense exercise is more effective in its 
ability to alter daily energy balance than low- to moderate- 
intensity exercise. This is not entirely attributable to the 
increased energy cost of exercise, but also depends on the 
potential of this type of exercise to increase post-exercise 
metabolic rate and to attenuate post-exercise compensation 
in energy intake. 

Healthy food habits: an important determinant of the 
impact of exercise on energy balance 

As indicated previously, many studies have shown that 
high-fat feeding favours excess ad libitum energy intake 
(Lissner et a/.  1987; Tremblay et al. 1989) and long-term 
body fat deposition (Dreon et al. 1988; Romieu et al. 1988; 
Tremblay et al. 1989; Tucker & Kano, 1992). However, this 
does not seem to be the case for a high polyunsaturated-fat 
intake, since this subclass of dietary lipids is a better pro- 

moter of its own utilization than saturated fat (Jones et al. 
1985; Jones & Schoeller, 1988) and is not associated with 
excess body fat deposition (Doucet et al. 1998). 

Our group (Tremblay et al. 1994a) and King & Blundell 
(1995) investigated the effect of a high-fat diet on the poten- 
tial of exercise to alter energy balance. The main finding of 
these studies was that the overfeeding resulting from a high- 
fat diet was sufficient to compensate for the surplus of 
energy expended both during exercise and in the post-exer- 
cise period. In a subsequent study, we used a whole-body 
indirect calorimeter to examine the impact of the combina- 
tion of exercise and a low-fat diet on daily energy balance in 
heavy men (Dionne et a/.  1997). As shown in Table 2, this 
treatment induced a considerable change in daily energy bal- 
ance that was mainly explained by variations in the energy 
cost of exercise and in post-exercise energy intake. 

Experimental evidence suggests that satiety may be 
achieved with a reduced energy intake if there is an increase 
in the content of proteins (Hill & Blundell, 1986, 1990), 
low-glycaemic-index foods (Holt & Miller, 1995), dietary 
fibres (Turconi et al. 1995), caffeine (Tremblay et al. 
1988; Racotta ef al. 19941, and capsaicin (M Yoshioka, 
S St-Pierre, V Drapeau, I Dionne, E Doucet, M Suzuki and 
A Tremblay, unpublished results) in the diet. However, 
these dietary manipulations have not been tested in conjunc- 
tion with exercise participation. It is thus relevant to under- 
take further research to determine whether some of these 
nutritional factors can increase the effect of combination of 
exercise and a low-fat diet on energy balance. 

Implications for the treatment of obesity 

The exercise-low-fat-diet combination should theoretically 
permit satiety while an obese individual experiences a body 
energy deficit. In our first clinical trial to test this hypothe- 
sis, this treatment induced a mean body weight loss of 
14-6 kg (about 16 % of initial body weight) before a resist- 
ance to further body fat loss was reached in obese women 
(Tremblay et al. 1991~).  More recently, the exercise-low- 
fat-diet combination was used as a follow-up strategy after 
obese subjects were submitted to an initial phase of a low- 
energy diet with fenfluramine or a placebo. In this situation, 
the exercise-low-fat-diet follow-up accentuated initial 
weight and fat loss up to a threshold of resistance to further 
fat loss that corresponded with 10 and 14 % of initial body 
weight in obese women and men respectively (E Doucet, P 
Imbeault, N AlmCras and A Tremblay, unpublished results). 

Table 2. Difference in energy balance between time periods (d) 
characterized by either exercise and a low-fat diet or sedentariness 
and a mixed diet as measured by a whole-body indirect calorimeter 

(Adapted from Dionne eta/. 1997) 

(a) Surplus of energy expenditure above resting level 

(b) Difference in post-exercise daily energy expenditure 

(c) Difference in daily energy intake between the two 

Difference in energy balance between exercise day and 

due to the energy cost of exercise 

(in a whole body calorimeter: post-exercise-rest) 

3.8 MJ 

0.5 MJ 

conditions (rest - post-exercise) 3.0 MJ 

sedentary day (a+b+c) 7.3 MJ 
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This level of weight loss is comparable with that generally 
found with the use of other non-surgical approaches to treat 
obesity. Thus, if exercise could be combined with a diet hav- 
ing a greater satiety potential than the traditional low-fat 
diet, the impact on body-weight control in obese individuals 
might be greater than that achieved up to now. 

Summary 

An increase in the intensity of exercise may accentuate the 
negative energy balance that is normally favoured by regular 
participation in low- to moderate-intensity activities. This 
effect does not seem to be entirely due to the increased 
energy cost of exercise, but also to an increase in post-exer- 
cise energy expenditure and a decrease in the post-exercise 
compensation in energy intake. Experimental data also dem- 
onstrate that the nutritional context surrounding exercise 
participation is an important determinant of the potential of 
exercise to induce a negative energy balance. Up to now, it 
has been shown that a decrease in dietary fat intake facili- 
tates the occurrence of a negative energy balance in 
response to exercise. Moreover, it is possible to perform die- 
tary manipulations that may improve the satiating power of 
low-fat diets. This could be done by some adjustments in the 
protein and fibre content of the diet andor  by the intake of 
food-related sympathomimetic agents. Accordingly, people 
who regularly perform intense exercise and who adhere to 
healthy food habits generally maintain energy balance with- 
out relying on fat gain to support the mechanisms involved 
in the long-term regulation of energy and fat balance. 

Acknowledgement 

The research that is related to this paper was supported by 
the Natural Sciences and Engineering Research Council of 
Canada. 

References 

Astrup A, Madsen J & Holst JJ (1986) The effect of chronic 
ephedrine treatment on substrate utilization, the 
sympathoadrenal activity, and energy expenditure during 
glucose-induced therniogenesis in man. Metabolism 35, 260- 
265. 

Bellavere F, Cacciatori V, Moghetti P, Gemma ML, Dellera A, Tosi 
F, Negri C, Tomaseth K & Muggeo M (1996) Acute effect 
of insulin on autonomic regulation of the cardiovascular system: 
a study by heart rate spectral analysis. Diabetes Medicine 13, 

Berne C, Fagius J, Pollare T & Hemjdahl P (1992) The sympathetic 
response to euglycemic hyperinsulinemia. Diabetologia 35, 

Black AE, Coward WA, Cole TJ & Prentice AM (1996) Human 
energy expenditure in affluent societies: an analysis of 574 
doubly-labelled water measurements. European Journal of 
Clinical Nutrition SO, 72-92. 

Bracco D, Ferrarra JM, Arnaud MJ, Jequier E & Schutz Y (1995) 
Effects of caffeine on energy-metabolism, heart-rate, and 
methylxanthine metabolism in lean and obese women. American 
Journal of Physiology 32, E671-E678. 

709-7 14. 

873-879. 

Buemann B, Astrup A, Madsen J & Christensen NJ (1992) A 24-hr 
energy expenditure study on reduced-obese and non-obese 
women: effect of P-blockade. American Journal of Clinical 
Nutrition 56,662-670. 

Campfield LA & Smith FJ (1986) Functional coupling between 
transient declines in blood glucose and feeding behavior: 
temporal relationships. Brain Research Bulletin 17,427433. 

Campfield LA, Smith FJ, Guisez Y, Devos R & Burn P (1995) 
Recombinant mouse OB protein: evidence for a peripheral 
signal linking adiposity and central neural networks. Science 
269,546-549. 

Carlson M & Campbell P (1993) Intensive insulin therapy and 
weight gain in IDDM. Diabetes 42, 1700-1707. 

Considine RV, Shina MK, Heiman ML, Kriauciunas A, Stephens 
TW, Nyce MR, Ohanessian JP, Marco CC, McKee LJ, Bauer TL 
& Car0 JF (1995) Serum immunoreactive-leptin concentrations 
in normal-weight and obese subjects. New England Journal of 
Medicine 334,292-295. 

Danforth E (1985) Diet and obesity. American Journal of Clinical 
Nutrition 42,69-82. 

Dionne I, White M & Tremblay A (1997) Acute effect of exercise 
and low-fat diet on energy balance in heavy men. International 
Journal of Obesity 21,413-416. 

Doucet E, Almiras N, White MD, Desprks J.-P, Bouchard C & 
Tremblay A (1998) Dietary fat composition and human 
adiposity. European Journal of Clinical Nutrition 52,245. 

Dreon DM, Frey-Hewitt B, Ellsworth N, Williams PT, Terry RB & 
Wood PD (1988) Dietary fat : carbohydrate ratio and obesity in 
middle-aged men. American Journal of Clinical Nutrition 47, 

Folsom AR, Vitelli LL, Lewis CE, Schreiner PJ, Watson RL & 
Wagenknecht LE (1998) Is fasting insulin concentration 
inversely associated with rate of weight change? Contrasting 
findings from CARDIA and ARIC study cohorts. Inrernational 
Journal of Obesity 22,48-54. 

Foltin RW, Kelly TH & Fischman MW (1993) Ethanol as an energy 
source in humans: comparison with dextrose containing 
beverages. Appetite 20,95-110. 

Groop LC, Bonadonna RC, Simonson DC, Petrides AS, Shank M 
& DeFronzo RA (1992) Effect of insulin on oxidative and 
nonoxidative pathways of free-fatty acid metabolism in human 
obesity. American Journal of Physiology 263, E79-E84. 

Hill AJ & Blundell JE (1986) The effects of a high-protein or high- 
carbohydrate meal on subjective motivation to eat and food 
preferences. Nutrition and Behavior 3, 133-144. 

Hill AJ & Blundell JE (1990) Comparison of the action 
of macronutrients on the expression of appetite in lean and 
obese humans. Annals of the New York Academy of Sciences 597, 

Himms-Hagen J (1984) Thennogenesis in brown adipose tissue as 
an energy buffer. Implications for obesity. New England Journal 
of Medicine 311, 1549-1558. 

Holt SHA & Miller JB (1995) Increased insulin responses to 
ingested foods are associated with lessened satiety. Appetite 24, 
43-54. 

Imbeault P, Saint-Pierre S, Almiras N & Tremblay A (1997) Acute 
effects of exercise on energy intake and feeding behaviour. 
British Journal of Nutrition 77,5 1 1-521. 

Jones PJH, Pencharz PB & Clandinin MT (1985) Whole body 
oxidation of dietary fatty acids: implications for energy 
utilization. American Journal of Clinical Nutrition 42,769-777. 

Jones PJH & Schoeller DA (1988) Po1yunsaturated:saturated ratio 
of diet fat influences energy substrate utilization in the human. 
Metabolism 37, 145-151. 

Kennedy GC (1952) The role of depot fat in the hypothalamic 
control of food intake in the rat. Proceedings of the RoyaZ Society 

995-1000. 

529-53 1. 

140B, 578-592. 

https://doi.org/10.1079/PNS19990014 Published online by Cambridge University Press

https://doi.org/10.1079/PNS19990014


104 A. Tremblay and E. Doucet 

King NA & Blundell JE (1995) High-fat foods overcome the energy 
expenditure due to exercise after cycling and running. European 
Journal of Clinical Nutrition 49, 114-123. 

Larson ED, Ferraro RT, Robertson DS & Ravussin E (1995) Energy 
metabolism in weight-stable postobese individuals. American 
Journal of Clinical Nutrition 62,735-739. 

Leaf A & Weber PC (1987) A new era for science in nutrition. 
American Journal of Clinical Nutrition 45, 1048-1053. 

Lean MEJ & James WPT (1988) Metabolic effects of isoenergetic 
nutrient exchange over 24 hours in relation to obesity in women. 
International Journal of Obesity 8, 641-648. 

Lissner L, Levitsky DA, Strupp BJ, Kalkwarf HJ & Roe DA (1987) 
Dietary fat and regulation of energy intake in human subjects. 
American Journal of Clinical Nutrition 46,886-892. 

Livingstone MBE, Strain JJ, Prentice AM, Coward WA, Nevin GB, 
Barker ME, Hickey R. McKenna PG & Whitehead RG (1991) 
Potential contribution of leisure time activity to the energy 
expenditure patterns of sedentary populations. British Journal of 
Nutrition 65, 145-155. 

Lonnqvist F, Arner P, Nordford L & Schalling L (1995) 
Overexpression of the (Ob) gene in adipose tissue of human 
subjects. Nature Medicine 1, 950-953. 

Meijer GAL, Westerterp KR, Van Hulsel AMP & Ten Hoor F 
(1992) Physical activity and energy expenditure in lean and 
obese adult human subjects. European Journal of Applied 
Physiology 65,525-528. 

Odeleye OE, de Courten M, Pettitt DJ & Ravussin E (1997) 
Fasting hyperinsulinemia is a predictor of increased body weight 
gain and obesity in Pima Indian children. Diabetes 48, 1341- 
1345. 

Parker Jones P, Snitker S, Skinner JS & Ravussin E (1996) Gender 
differences in muscle sympathetic nervous activity: effect of 
body fat distribution. American Journal of Physiology 270, 

Pelleymounter MA, Cullen MJ, Baker MB, Hecht R, Winters D, 
Boone T & Collins F ( 1  995) Effects of the obese gene product on 
body weight regulation in ob/ob mice. Science 269, 540-543. 

Plourde G, Rousseau-Migneron S & Nadeau A (1991) p- 
Adrenoceptor adenylate cyclase system adaptation to physical 
training in rat ventricular tissue. Journal of Applied Physiology 

Plourde G, Rousseau Migneron S & Nadeau A (1993) Effect 
of endurance training on beta-adrenergic system in three 
different skeletal muscles. Journal of Applied Physiology 74, 

Poppitt SD, Eckhardt JW, McGonagle J, Murgatroyd PR & Prentice 
AM (1996) Short-term effects of alcohol consumption 
on appetite and energy intake. Physiology and Behavior 60, 

Prentice AM, Black AE, Coward WA & Cole TJ (1996) Energy 
expenditure in overweight and obese adults in affluent societies: 
an analysis of 3 19 doubly-labelled water measurements. Europe- 
an Journal of Clinical Nutrition 50,93-97. 

Prentice AM & Jebb SA (1995) Obesity in Britain: gluttony or 
sloth? British Medical Journal 311,437-439. 

Racotta IS, Leblanc J &Richard D (1994) The effect of caffeine on 
food intake in rats: Involvement of corticotropin-releasing factor 
and the sympatho-adrenal system. Pharmacology Biochemistry 
and Behavior 48,887-892. 

Reaven GM (1988) Role of insulin resistance in human disease. 
Diabetes 37, 1495-1507. 

Romieu 1, Willett WC, Stampfer MJ, Colditz GA, Sampson L, 
Rosner B, Hennekens CH & Speizer FE (1988) Energy intake 
and other determinants of relative weight. American Journal of 

‘ Clinical Nutrition 47,406-412. 
Rothwell NJ & Stock MJ (1981) Regulation of energy balance. 

E363-E366. 

70,1633-1638. 

1641-1646. 

1063-1070. 

Annual Review of Nutrition 1, 235-256. 

Rowe JW, Young JB, Minaker KL, Steven AL, Pallotta J & 
Lansberg L (1981) Effect of insulin and glucose infusions on 
sympathetic nervous system activity in normal man. Diabetes 30, 

Salbe AD, Nicolson M & Ravussin E (1997) Total energy 
expenditure and the level of physical activity correlate with 
plasma leptin concentrations in five-year-old children. Journal of 
Clinical Investigation 99,592-595. 

Scherrer U, Randin D, Tappy L, Vollenweider P, Jequier E & 
Nicod P (1994) Body fat and sympathetic nerve activity in 
healthy subjects. Circulation 6, 2634-2640. 

Schwartz MW, Boyko EJ, Kahn SE, Ravussin E & Bogardus C 
(1995) Reduced insulin secretion: ,an independent predictor 
of body weight gain. Journal of Clinical Endocrinology and 
Metabolism 80, 1571-1576. 

Schwartz MW, Seeley RJ, Campfield LA, Burn P & Baskin DG 
(1996) Identification of leptin action in rat hypothalamus. 
Journal of Clinical Investigation 5, 1101-1106. 

Singh J, Prentice AM, Diaz E, Coward WA, Ashford J, Sawyer M 
& Whitehead RG ( 1989) Energy expenditure of Gambian women 
during peak agricultural activity measured by the doubly- 
labelled water method. British Journal of Nutrition 62.3 15-329. 

Snitker S, Pratley RE, Nicolson M, Tataranni PA & Ravussin E 
(1997) Relationship between muscle sympathetic nervous 
activity and plasma leptin concentration. Obesity Research 5, 

Spurr GB, Dufour DL & Reina JC (1996) Energy expenditure of 
urban Colombian women: a comparison of patterns and total 
daily expenditure by the heart rate and factorial methods. 
American Journal of Clinical Nutrition 63, 870-878. 

Stephens T, Craig CL & Ferris BF (1986) Adult physical activity in 
Canada: Findings from the Canada Fitness Survey 1. Canadian 
Journal of Public Health 77,285-290. 

Stubbs RJ, Harbron CG, Murgatroyd PR & Prentice AM (1995) 
Covert manipulation of dietary fat and energy density: effect on 
substrate flux and food intake in men eating ad libitum. American 
Journal of Clinical Nutrition 62,316-329. 

Tremblay A, AlmCras N, Boer J, Kranenbarg EK & Despres JP 
(19944 Diet composition and postexercise energy balance. 
American Journal of Clinical Nutrition 59,975-979. 

Tremblay A, Buemann B, ThCriault G & Bouchard C (1995a) Body 
fatness in active individuals reporting low lipid and alcohol 
intake. European Journal of Clinical Nutrition 49,824-831. 

Tremblay A, Coveney JP, DesprCs JP, Nadeau A & Prud’homme D 
(1992) Increased resting metabolic rate and lipid oxidation in 
exercise-trained individuals: evidence for a role of beta 
adrenergic stimulation. Canadian Journal of Physiology and 
Pharmacology 70, 1342-1347. 

Tremblay A, DesprCs J-P, Leblanc C, Craig CL, Ferris B, Stephens 
T & Bouchard C (1990) Effect of intensity of physical activity on 
body fatness and fat distribution. American Journal of Clinical 
Nutrition 51, 153-157. 

Tremblay A, DesprCs J-P, Maheux J, Pouliot MC, Nadeau A, 
Moorjani PJ, Lupien PJ & Bouchard C (1991a) Normalization of 
the metabolic profiie in obese women by exercise and a low fat 
diet. Medicine and Science in Sports and Exercise 23, 1326- 
1331. 

Tremblay A, Lavallee N, Almeras N, Allard L, Desprks J-P & Bou- 
chard C (1991b) Nutritional determinants of the increase in 
energy intake associated with a high fat diet. American Journal 
of Clinical Nutrition 53, 1134-1 137. 

Tremblay A, Masson E, Leduc S ,  Houde A & DesprCs J-P (1988) 
Caffeine reduces spontaneous energy intake in men but not in 
women. Nutrition Research 8,553-558. 

Tremblay A, Nadeau A, Despre‘s J-P & Bouchard C (1995b) 
Hyperinsulinemia and regulation of energy balance. American 
Journal of Clinical Nutrition 61, 827-830. 

219-225. 

338-34. 

https://doi.org/10.1079/PNS19990014 Published online by Cambridge University Press

https://doi.org/10.1079/PNS19990014


Tremblay A, Plourde G, Desprks JP & Bouchard C (1989) Impact 
of dietary fat content and fat oxidation on energy intake in 
humans. American Journal of Clinical Nutrition 49,799-805. 

Tremblay A, Simoneau J-A & Bouchard C (1994b) Impact of 
exercise intensity on body fatness and skeletal muscle 
metabolism. Metabolism 43, 814-818. 

Tremblay A & St-Pierre S (1996) The hyperphagic effect of high- 
fat and alcohol persists after control for energy density. American 
Journal of Clinical Nutrition 63,419482. 

Tremblay A, Wouters E, Wenker M, St-Pierre S, Bouchard C & 
Desprks J-P (1995~) Alcohol and high-fat diet: a combination 
favoring overfeeding. American Journal of Clinical Nutrition 62, 

Tucker LA & Kano M (1992) Dietary fat and body fat: a 
multivariate study of 205 adult females. American Journal oj 
Clinical Nutrition 56,6 16622. 

Turconi G, Bazzano R, Caramella R, Pomni M, Crovetti R & 
Lanzola E (1995) The effects of high intakes of fibre ingested at 
breakfast on satiety. European Journal of Clinical Nutrition 49, 
S281-S285. 

Valdez R, Mitchell BD, Haffner SM, Hazuda HP, Morales PA, 
Monterrosa A & Stem MP (1994) Predictors of weight change 
in a bi-ethnic population. The San Antonio Heart Study. Znter- 
national Journal of Obesity 18,85-91. 

Vollenweider P, Randin D, Tappy L, Je'quier E, Nicod P & Scherrer 
U ( 1994) Impaired insulin-induced sympathetic neural activation 

639-644. 

and vasodilation in skeletal muscle in obese humans. Journal of 
Clinical Investigation 93,2365-237 1. 

Watanabe T, Kawada T & Iwai K (1987) Enhancement by 
capsaicin of energy metabolism in rats through secretion of 
catecholamine from adrenal medulla. Agriculture Biology and 
Chemistry 51,75-79. 

Wing RR, Klein R & Moss SE (1990) Weight gain associated with 
improved glycemic control in population-based sample of 
subjects with type I diabetes. Diabetes Care 13, 1106-1 109. 

Wolf AM & Colditz GA (1998) Current estimates of the economic 
cost of obesity in the United States. Obesity Research 6,97-106. 

World Health Organization (1998) Preventing and Managing the 
Global Epidemic. Report of a World Health Organization 
Consultation on Obesity. Geneva: WHO. 

Yoshioka M, St-Pierre S,  Richard D, Labrie A & Tremblay A 
(1997) Effect of exercise intensity on post-exercise energy 
metabolism. FASEB Journal 10, A375. 

Yoshioka M, St-Pierre S ,  Suzuki M & Tremblay A (1998) Effects 
of red pepper added to high-fat and high-carbohydrate meals on 
energy metabolism and substrate utilization in Japanese women. 
British Journal of Nutrition 80, 503-5 10. 

Zhang Y, Proenca R, Maffei M, Barone M, Leopold L & Friedman 
JM (1994) Positional cloning of the mouse obese gene and its 
human homologue. Nature 372,425432. 

Physical activity patterns and intake patterns 105 

0 Nutrition Society 1999 

https://doi.org/10.1079/PNS19990014 Published online by Cambridge University Press

https://doi.org/10.1079/PNS19990014

