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INTRODUCTION 

It is widely accepted that obesity is detrimental to health (Bray, 1985; NIH Consensus 
Development Panel on the Health Implications of Obesity, 1985; Kissebah et al. 1989) and 
a higher prevalence of non-insulin-dependent diabetes mellitus (NIDDM), dyslipidaemia, 
hypertension and of cardiovascular diseases (CVD) is observed among obese patients (Van 
Itallie, 1979; Larsson et al. 1981; Bray, 1985; Kissebah et al. 1989) in comparison with 
individuals of normal weight. Furthermore, recent analyses from prospective studies have 
confirmed the moderate but significant association between obesity and mortality related 
to cardiovascular diseases (Rabkin et al. 1977; Hubert et al. 1983; Barrett-Connor, 1985; 
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Terry et al. 1992). As a general rule, studies with large cohort sizes and with follow-up 
periods of more than 10 years have reported that obesity is a significant predictor of 
mortality related to CVD (Harrison, 1985). Among factors involved in the development of 
obesity, reduced physical activity and excess caloric intake, especially increased 
consumption of food with a high content of saturated fat, have been suggested as 
contributory factors in the increased prevalence of obesity reported in developed countries; 
in contrast, the prevalence of obesity has been reported to be low in populations consuming 
a low fat diet, such as in Japan thirty years ago (Lands et al. 1990). The objective of this 
article is to review the evidence on the role of diet and exercise in the regulation of body 
composition, abdominal adipose tissue accumulation and related metabolic complications. 
Therapeutic implications will also be discussed. 

J.-P. D E S P R E S  A N D  B. L A M A R C H E  

PREVALENCE OF OBESITY 

There is no doubt that the prevalence of obesity has increased during this century in 
developed countries (Danforth, 1985). In a random sample of the Canadian population 
(26293 men and women aged 18-74 years) surveyed in 198690 (Reeder et al. 1992), 35% 
of men and 27 O/O of women had body mass index (BMI) values above 27 kg/m2. The mean 
BMI of subjects aged 45-54 was 27 kg/m' in men and 25.8 kg/m2 in women (Reeder et ul. 
1992). Furthermore, 50% of all men had waist-to-hip circumference ratio (WHR) values 
above 0.90, whereas 34% of women had WHR values above 0.80. As a high WHR indicates 
a relatively high accumulation of abdominal fat, it appears that a very significant 
proportion of the Canadian population is overweight and has increased levels of 
diabetogenic and atherogenic abdominal fat. Finally, 3 YO of men and 5 YO of women had 
BMI levels above 35 kg/m2, which suggests that massive obesity is quite prevalent in 
Canada (Reeder et al. 1992). No major change in the prevalence of overweight and obesity 
has been observed in Canada since 1978 (Canada Fitness Survey, 1982; Reeder et al. 1992), 
suggesting that the information provided on the health hazards of obesity has had little 
impact so far on the body fatness of Canadians. The prevalence in Canada is similar to that 
in the USA (Kuczmarski, 1992). In the USA, 25.7% of the adult population (34 million) 
is overweight, as 15 million men have a BMI above 27.8 kg/m2 and 19 million women 
(38.5 %) have BMI values above 27.3 kg/m2 (Kuczmarski, 1992). 

HEALTH H A Z A R D S  OF OBESITY 

Obesity is frequently associated with hyperlipidaemia and NIDDM (Bjorntorp, 1988; 
Kissebah & Peiris, 1989; Despres et al. 1990a), two conditions closely associated with 
CVD. However, as previously mentioned, the relationship between obesity per se and 
CVD-related mortality, although significant, is moderate (Bouchard & Despres, 1989), as 
some studies have not observed any association between obesity and mortality (Larsson et 
al. 1981; Ernsberger & Askew, 1987). Several factors may explain this lack of strong 
relationship, such as the duration of follow-up (Barrett-Connor, 1985). Most importantly, 
it has been shown that the regional localization of adipose tissue is more closely related to 
the metabolic disturbances associated with CVD than obesity per se (Krotkiewski ef al. 
1983; Bjorntorp, 1984, 1988; Kissebah ef al. 1985, 1989; Kissebah & Peiris, 1989; Despres 
et al. 1 9 9 0 ~ ;  Despres, 1991 a). 

In the 1940s Jean Vague (1947) suggested that the topography of adipose tissue may be 
an important correlate of the disturbances that were generally linked to obesity. Indeed, he 
reported that a gynoid type of adipose tissue topography (gluteal-femoral) had trivial 
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deleterious effects on the obese patient’s health status, whereas abdominal visceral obesity 
(android or ‘male’ pattern of fat distribution) was more frequently associated with 
diabetes, gout and atherosclerosis (Vague, 1947, 1956). Thirty-five years later, Kissebah et 
al. (1982) were the first to provide scientific evidence of a clear relationship between body 
fat distribution and alterations in plasma glucose-insulin homeostasis when they reported 
that women with abdominal visceral obesity showed elevated glycaemic responses and were 
frequently glucose intolerant in response to an oral glucose challenge in comparison with 
women with gluteal-femoral obesity. They also indicated that hyperinsulinaemia and high 
plasma triacylglycerol concentrations were significant correlates of abdominal visceral 
obesity, and they proposed a link between regional adipose tissue accumulation and 
metabolic disturbances. Similar associations were reported almost simultaneously in a large 
cohort of men and women by Krotkiewski et al. (1983), who further confirmed that 
abdominal obesity is a very significant correlate of disturbances in plasma glucose, insulin 
and lipid levels. More recently, results from several prospective studies have confirmed that 
a high accumulation of abdominal adipose tissue estimated by circumferences or skinfolds 
was associated with an increased probability of developing CVD and with an increased risk 
of CVD-related mortality (Lapidus et al. 1984; Larsson et al. 1984; Stokes et al. 1985; 
Ducimetiere et al. 1986; Donahue et ul. 1987; Terry et al. 1992), although mechanisms 
responsible for this association remain to be clearly established. 

BODY F A T  DISTRIBUTION, I N S U L I N  RESISTANCE, 
HYPERINSULINAEMIA A N D  DIABETES 

Using simple anthropometric measurements of adipose tissue distribution (skinfolds, 
WHR), several studies have shown that hyperinsulinaemia and insulin resistance are 
associated with high levels of abdominal fat (Kissebah et al. 1982; Kalkhoff et al. 1983; 
Krotkiewski et al. 1983; Evans et al. 1984). In a large survey of 15 532 obese women, Hartz 
et al. (1983) have shown that obese women with an excessive accumulation of abdominal 
visceral fat had a relative risk of developing diabetes that was 10-fold higher than women 
with gluteal-femoral fat accumulation. Results from the Gothenburg prospective study 
have also shown that abdominal fat increases the risk of diabetes, as it was reported that 
fat topography could predict the development of diabetes over a 13-year follow-up period 
(Ohlson et al. 1985), this relationship being partly independent of obesity. These results 
clearly show the importance of considering body fat distribution when the risk of 
developing disturbances in plasma glucose-insulin homeostasis and of diabetes is assessed 
in obese patients. Using computed tomography, a technique that allows the accurate 
assessment of adipose tissue topography (particularly the quantification of visceral Y. 
subcutaneous abdominal adipose tissue areas (Borkan et al. 1982; Enzi et ul. 1986; Seidell 
et al. 1987; Ferland et al. 1989)), it has been possible to obtain a better understanding of 
the relationship between visceral abdominal adipose tissue accumulation and indices of 
plasma glucose-insulin homeostasis. Sparrow et al. (1986) reported that the amount of 
visceral adipose tissue measured by computed tomography was positively correlated with 
the concentration of plasma glucose measured 2 h after glucose ingestion. We have further 
investigated the contribution of visceral abdominal fat to the glucose intolerance and 
hyperinsulinaemia in obesity in a sample of 52 premenopausal women (Despres et al. 
1989 c) .  Significant associations were observed between levels of visceral abdominal fat and 
fasting as well as postglucose insulin and glucose concentrations (0.49 < r < 0.59, P < 
0.001). Moreover, partial correlation analyses indicated that the association between 
visceral abdominal fat accumulation and glucose intolerance was independent of variations 
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of total adiposity. We have also compared two subgroups of 10 obese women each matched 
for age and level of total body fat, but with either high or low levels of visceral abdominal 
adipose tissue. Obese women with high levels of visceral abdominal adipose tissue showed 
higher fasting plasma glucose, insulin and C-peptide levels, as well as higher insulin and 
glucose responses to an oral glucose challenge, suggesting an impaired peripheral insulin 
action (Despres et al. 1989~).  Essentially similar results were observed, in men, as we 
reported that visceral adipose tissue accumulation was an independent correlate of 
alterations in plasma glucose-insulin concentrations after oral glucose challenge (Pouliot 
et al. 1992). These results clearly show the greater importance of visceral adipose tissue 
accumulation in comparison with obesity per se regarding their respective deleterious 
effects on plasma glucose-insulin homeostasis. The link between adipose tissue topography 
and insulin resistance and NIDDM could therefore be considered as one of the mechanisms 
by which abdominal obesity represents a significant health hazard. 

The mechanisms by which an altered body fat topography, namely an excessive 
accumulation of visceral abdominal fat, may be linked to insulin resistance, glucose 
intolerance and hyperinsulinaemia have been investigated. I t  has been proposed that 
elevated levels of visceral abdominal adipose tissue are associated with reduced metabolic 
clearance of insulin, due to diminished hepatic extraction of insulin (Peiris et al. 1986, 
19876), this phenomenon contributing to systemic hyperinsulinaemia. It has also been 
suggested that the concentrations of non-esterified fatty acids, especially in the portal 
circulation, may be important mediators of this association between visceral adipose tissue 
deposition and reduced hepatic extraction of insulin. Indeed, high non-esterified fatty acid 
levels are associated with reduced binding and internalization of insulin by isolated rat 
hepatocytes (Hennes et a1 1990; Svedberg et al. 1990). A higher basal plasma non-esterified 
fatty acid turnover in the fasting state has also been reported in abdominal compared to 
peripheral obese women (Jensen et al. 1989). Furthermore, high plasma non-esterified fatty 
acid concentrations are associated with insulin resistance and reduced utilization of glucose 
in vivo (Thiebaud et al. 1982), this phenomenon being probably explained by the 
glucose-fatty acid cycle (Randle et al. 1963). These alterations may lead to glucose 
intolerance and to reduced insulin action, leading to a compensatory increase in pancreatic 
insulin secretion (Felber, 1992). Thus the combination of the high lipolytic activity of 
visceral abdominal adipose cells (Ostman et al. 1979; Rebuffe-Scrive et al. 1989, 1990) and 
their resistance to the antilipolytic effect of insulin (Bolinder et al. 1983) could lead to an 
increased exposure of non-esterified fatty acids to the liver through the portal circulation, 
ultimately reducing hepatic insulin extraction. 

J.-P. DESPRES A N D  B. L A M A R C H E  

REGIONAL ADIPOSE TISSUE DISTRIBUTION A N D  PLASMA 
LIPOPROTEIN LEVELS 

Preferential accumulation of adipose tissue in the abdominal area has been associated with 
dyslipidaemia, which may increase the risk of CVD (Kalkhoff e f  al. 1983; Krotkiewski et 
al. 1983; Despres et al. 1985; Haffner et al. 1987). In this regard, high levels of abdominal 
adipose tissue have been associated with elevated concentrations of plasma triacylglycerols 
(Kissebah et al. 1982; Kalkhoff et al. 1983; Krotkiewski et ul. 1983; Evans et al. 1984; 
Despres et al. 1985; Foster et al. 1987) and reduced concentrations of plasma high-density 
lipoprotein cholesterol (HDL-C) (Desprls et al. 1985; Kissebah et al. 1985; Foster ef al. 
1987; Haffner et al. 1987; Anderson et al. 1988). These associations, which have been 
shown to be largely independent of obesity (Kissebah et al. 1985; Haffner et al. 1987; 
Anderson et al. 1988), may also help to explain the link between the regional distribution 
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Fig. 1. Simplified model showing the importance of lipoprotein lipase (LPL) and hepatic triglyceride 
lipase (HTGL) activities in the regulation of plasma high-density lipoprotein (HDL) subfractions. In 
non-obese subjects (a), relatively high LPL activity contributes to ‘generate’ HDL,-C particles whereas 
low HTGL activity is also associated with high HDL,-C levels. In abdominal visceral obese patients (b),  
low LPL and high HTGL activities will lead to a decrease in the production of HDL,-C particles, due 
to a reduced catabolism of triacylglycerol rich lipoproteins and to increased degradation of HDL, 
particles through increased HTGL activity. 

of adipose tissue and CVD risk. Although these studies have used simple anthropometric 
measurements of body fat distribution, they were later confirmed by results from studies in 
which computed tomography was used to assess the regional distribution of body fat 
(Fujioka et al. 1987; DesprCs et af. 1989b). The level of abdominal visceral adipose tissue 
has been reported to be the best correlate of lipoprotein ratios (HDL-C/LDL-C, HDL,- 
C/HDL,-C) used in the estimation of CVD risk (DesprCs et al. 1989b, 1990a). Accordingly, 
when we compared obese patients matched for age and total body fatness but with either 
low or high levels of visceral adipose tissue, lower plasma concentrations of HDL-C and 
HDL,-C were noted in patients with visceral obesity compared to obese subjects with low 
accumulation of visceral adipose tissue (DesprCs et al. 1990a). Subjects with elevated levels 
of visceral abdominal adipose tissue also showed significant reductions in lipoprotein ratios 
predictive of CVD risk (HDL-C/LDL-C, HDL,-C/HDL,-C and HDL-APO A 1 /LDL- 
apo B, Despres et al. 1990a). 
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We have also proposed that the associations between elevated levels of visceral 
abdominal adipose tissue and alterations in plasma lipid and lipoprotein concentrations in 
abdominal obesity may be partly explained by concomitant alterations in the activities of 
two enzymes that hydrolyse triacylglycerols (lipoprotein lipase (LPL; EC 3.1.1 .34) and 
hepatic triacylglycerol lipase (HTGL)) (Despres et al. 1989a), as these two enzymes are 
significant determinants of plasma HDL as well as of HDL, and HDL, concentrations. We 
have reported that levels of visceral abdominal adipose tissue were positively associated 
with HTGL activity (Despres et al. 1989a), whereas plasma postheparin LPL activity 
appeared to be negatively correlated with the level of total body fat (Pouliot et al. 1991). 
As low levels of LPL activity have been associated with reduced plasma concentrations of 
HDL,-C (Kekki, 1980; Eisenberg, 1983, 1984) and elevated concentrations of plasma 
triacylglycerols (Pouliot et al. 1991), whereas a high HTGL activity has been related to low 
HDL,-C concentrations (Nikkila et al. 1987; Tikkanen & Nikkila, 1987), it is suggested 
that the reciprocal changes observed in the activity of these enzymes may be involved in the 
alterations in lipoprotein levels observed in abdominal visceral obesity (Fig. 1). 

Measurement of LDL-C concentrations is commonly used to estimate coronary artery 
disease risk, and high concentrations of plasma LDL-C have been consistently associated 
with increased risk of coronary artery disease (Keys, 1970; Bernstein, 1985; Canadian 
Consensus Conference on Cholesterol, 1988). Obese individuals are not always cha- 
racterized by elevated plasma LDL-C levels (Despres et al. 1991 a). However, increased 
concentrations of small, dense, cholesterol-depleted LDL particles have been frequently 
observed in coronary artery disease patients (Austin et al. 1988, 1990). As elevated LDL- 
apoprotein (apo) B levels are also associated with increased risk of coronary artery disease 
(Sniderman et al. 1980), we have proposed that the ratio of LDL-apo B/LDL-C could be 
used to estimate coronary artery disease risk in obese patients (Despres et al. 1991b). 
Individuals with elevated levels of visceral adipose tissue also have a high LDL particle 
number as estimated by LDL-apo B concentrations (DesprCs et al. 1991 b). Elevated LDL- 
apo B levels in the presence of normal LDL-cholesterol concentrations have been 
associated with increased visceral adipose tissue mass, insulin resistance, high tri- 
acylglycerol levels and low HDL-cholesterol concentrations (Despres et al. 199 1 b).  This 
cluster of morphological and metabolic disturbances observed in visceral obesity may 
contribute to increase the risk of coronary artery disease (Despres, 1992). 

J.-P.  D E S P R ~ S  A N D  B.  L A M A R C H E  

ADIPOSE TISSUE DISTRIBUTION A N D  HYPERTENSION 

Another prevalent abnormality among obese patient is hypertension. As for the other 
complications, not every obese individual is hypertensive, and it has been proposed that 
abdominal obesity (Kalkhoff et ul. 1983; Krotkiewski et al. 1983; Blair ef al. 1984; Weinsier 
et al. 1985; Desprls et al. 1988) and its related insulin-resistant state (Reaven, 1988; 
DeFronzo & Ferrannini, 1991) may represent better correlates of an elevated blood 
pressure than excess adipose tissue mass per se. It has thus been suggested that the 
hyperinsulinaemic insulin-resistant state associated with abdominal obesity could play an 
important role in the pathogenesis of hypertension (Reaven, 1988 ; DeFronzo & Ferrannini, 
199 1). Indeed, increased insulin resistance has been observed among hypertensive patients 
in the presence or absence of obesity (Ferrannini et al. 1987; Reaven, 1988; Shen et al. 
1988; Swislocki et al. 1989; Pollare et al. 1990). However, insulin resistance and 
hyperinsulinaemia are not noted in all hypertensive patients (Pollare et al. 1990), and it is 
obvious that additional factors are involved in the pathophysiology of arterial hypertension. 
Nevertheless. it is generally believed that insulin resistance may contribute to the aetiology 
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Fig. 2. Hormonal and metabolic interactions observed in visceral obesity which increase the risk of 
diabetes and cardiovascular disease. A sedentary lifestyle and a high fat diet may favour the development 
of these disturbances. Genetic variation may also exacerbate susceptibility to hypertension, non-insulin- 
dependent diabetes mellitus (NIDDM) and cardiovascular disease (CVD). 

of hypertension among genetically susceptible individuals (Reaven, 1988). Thus, although 
the main metabolic aberrations will not always be simultaneously found, a significant 
number of abdominal obese patients show a cluster of disturbances that includes insulin 
resistance, hyperinsulinaemia, glucose intolerance, dyslipidaemia and elevated blood 
pressure. The simultaneous presence of these aberrations is believed to increase markedly 
the risk of CVD in the abdominal obese patient (Kissebah et al. 1989; Despres, 1992). 

VISCERAL ADIPOSE TISSUE v. METABOLIC COMPLICATIONS: 
A CAUSAL RELATIONSHIP? 

The associations between increased levels of visceral adipose tissue and unfavourable 
alterations in the risk profile do not necessarily reflect a cause and effect relationship. 
Indeed, it is not established that increased accumulation of abdominal visceral adipose 
tissue is directly responsible for the metabolic complications associated with this condition. 
Several lines of evidence suggest that increased levels of abdominal visceral adipose tissue 
and metabolic disturbances may themselves be dependent upon the action of additional 
factors. In this regard, altered plasma concentrations of sex steroids have been reported in 
abdominal obese men and women (Evans et al. 1983; Kissebah er al. 1985; Peiris et al. 
1987a, b ;  Seidell et al. 1990). As variations in plasma sex steroid concentrations are linked 
to carbohydrate and lipid metabolism and related to body fat distribution, it is possible that 
the concomitant presence of abdominal obesity, insulin resistance and dyslipidaemia may 
reflect the contribution of an altered sex steroid profile (Fig. 2). Furthermore, Bjorntorp 
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(1991 a, b) has suggested that visceral obesity may, in several cases, represent a marker of 
a maladaptive response to stress, and that glucocorticoids may play an important role in 
the preferential deposition of visceral adipose tissue, as the omental adipocytes have a high 
concentration of glucocorticoid receptors (Rebuffe-Scrive et al. 1985). Thus, increased 
control of carbohydrate and lipid metabolism by glucocorticoids over insulin may provide 
another explanation of the relationship between visceral obesity, insulin resistance and 
dyslipoproteinaemias (Brindley & Rolland, 1989). 

Although it is now well established that a large accumulation of visceral adipose tissue 
is deleterious to health, there is no consensus on the critical level of visceral adipose tissue 
above which metabolic disturbances are likely to be found. To address this question, several 
metabolic variables predictive of diabetes and CVD risk were compared within samples of 
young adult men and premenopausal women (mean age 35 years) divided into quintiles on 
the basis of their levels of visceral adipose tissue (Fig. 3). In both men and women, an area 
of visceral adipose tissue above 100 cm2 was associated with moderate disturbances in the 
risk profile, whereas visceral adipose tissue areas greater than about 130 cm2 were 
associated with a further deterioration of metabolic variables predictive of NIDDM and 
CVD (Fig. 3). Computed tomography is a very precise tool for the assessment of visceral 
adipose tissue, but is expensive and not accessible to most health professionals. Waist 
circumference may be one of the best correlates of visceral abdominal adipose tissue and 
may represent a useful alternative for the assessment of the risk associated with abdominal 
obesity (Despres et al. 1991~).  We have observed that waist circumference was a better 
correlate of total body fat mass and of abdominal visceral adipose tissue accumulation than 
WHR (Despres ef al. 1991 c). Variations in waist circumference were also more strongly 
associated with alterations in plasma lipoprotein levels than WHR (M. C. Pouliot ez al. 
unpublished observations). These results support the concept that the simple measurement 
of waist circumference should be used in preference to WHR for anthropometric estimation 
of abdominal visceral adipose tissue deposition and related cardiovascular disease risk. 

CONTRIBUTION O F  A LACK O F  PHYSICAL ACTIVITY A N D  O F  
A H I G H  F A T  DIET TO THE AETIOLOGY O F  OBESITY A N D  

RELATED COMPLICATIONS 

Storage of triglycerides in the adipose tissue is dependent upon the balance between energy 
expenditure and energy intake. As the major factor explaining individual differences in 
energy expenditure is the variation in the level of physical activity (Poehlman & Horton, 
1990), a low energy expenditure will increase the probability of being in positive energy 
balance, for a given energy intake. However, it has been suggested that ‘all calories may 
not be equal’. Indeed, the elegant work of Flatt (Flatt et al. 1985; Flatt, 1987a, 6 ,  1988), 
followed by careful metabolic studies (Tremblay et al. 1989, 1991 b ;  Hill et al. 1992; 
Thomas et uf. 1992; Tremblay, 1992) suggests that whereas raised carbohydrate intake is 
accompanied by an increase in carbohydrate oxidation, higher fat intake does not lead to 
a full compensatory rise in lipid oxidation. The result is a disturbed fat balance, which may 

Fig. 3. Relationship between levels of abdominal visceral adipose tissue area (in quintiles) and variables 
associated with the risk of non-insulin-dependent diabetes mellitus (NIDDM) and cardiovascular 
disease (CVD) in samples of I15 men and 72 women respectively. This figure shows that values for 
visceral adipose tissue above 100 cm2 are associated with moderate but significant metabolic changes, 
whereas visceral adipose tissue areas greater than 135 cm2 in men and 128 cm* in women are clearly 
associated with further metabolic deteriorations that may be predictive of an increased risk of NIDDM 
and CVD. 1 ,  2, 3 or 4: significantly different from quintiles I .  2,  3 and 4 respectively ( P  < 0.05). 
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be an important correlate of body fat accretion (Zurlo er al. 1990; Tremblay, 1992). Thus, 
it appears that fat oxidation does not acutely adjust to match a high fat intake, until body 
fat deposition leads to fat cell hypertrophy and increased lipolysis, which by itself 
stimulates fat oxidation, resulting from the increased flux of free fatty acids originating 
from the adipose depot (Schutz et al. 1992, who have shown that a substantial gain in body 
fat may be needed before a new fat balance is reached under conditions of chronic exposure 
to high fat intake). Thus, obesity may be ‘the price to pay’ for an individual to achieve fat 
balance with a high fat intake. If this accumulation of fat occurs in the peripheral 
(gluteal-femoral) depots, adverse metabolic effects are likely to be minimal, whereas those 
who preferentially accumulate triacylglycerols in the abdominal visceral depot will be 
more likely to develop insulin resistance and dyslipidaemias. 

It is widely documented that a diet rich in saturated fatty acids is atherogenic and is 
associated with increased plasma cholesterol and LDL levels (Keys, 1970; AHA Nutrition 
committee, 1982) and with insulin resistance (Storlien et al. 1991). Furthermore, a high fat 
intake has been associated with a greater proportion of abdominal adipose tissue after 
control for levels of total body fat (George et al. 1990). Thus the combined effects of a high- 
fat diet rich in saturated fatty acids and of a sedentary lifestyle should contribute to 
increased risk of abdominal obesity, insulin resistance, NIDDM and coronary artery 
disease. 

1.-P. D E S P R ~ S  A N D  B. L A M A R C H E  

TREATMENT OF OBESITY A N D  RELATED COMPLICATIONS 

DIET 
A reduction in caloric intake has traditionally been used for the treatment of obesity and 
its metabolic consequences with highly varying (and questionable) long-term success 
(Brownell & Wadden, 1992). This topic has been the subject of several review articles (Wing 
& Jeffrey, 1979; Bray & Gray, 1988; Brownell & Kramer, 1989; Goldstein, 1992) and an 
extensive discussion is beyond the scope of the present paper. It is now well established that 
diet-induced weight loss leads to significant improvements in CVD risk factors (Blackburn 
& Kanders, 1987; Bray & Gray, 1988; Carpenter & Bodansky, 1990; Wing e f  al. 1990), but 
the permanent normalization of body weight appears to be an unrealistic goal for a 
significant proportion of obese patients. However, metabolic improvements resulting from 
weight loss are likely to be much greater than could be predicted from the magnitude of 
weight loss itself, and obese patients may eventually normalize their metabolic profile 
without achieving their ideal body weight (Tremblay et al. 1991 a). Goldstein (1992) came 
to the conclusion that, in a large number of studies, a small weight loss was associated with 
substantial improvements in the metabolic profile and in blood pressure, which may 
substantially reduce the risk of developing NIDDM and CVD. This observation has 
considerable implications for the nutritional guidance of obese patients. Since a moderate 
loss in body weight (e.g. 5 kg) may be easier to maintain than one of, say, 2 0 4 0  kg, there 
should be less focus on the monitoring of body weight during treatment, and more on the 
patient’s metabolic profile. Indeed, a body weight at which the risk profile is close to normal 
is likely to represent a true ‘metabolically normal’ body weight that should be aimed for. 

As a general rule, there is a positive correlation between the level of total body fat and 
that of abdominal visceral adipose tissue in both men and women (see Fig. 4). Thus, in 
general, a significant loss of body fat will be associated with a reduction in the amount of 
abdominal fat. However, there are marked individual differences in the change of fat 
distribution associated with weight gain or loss, this variation being to a significant extent 
genetically determined (Bouchard et al. 1990~) .  Fujioka et al. (1991) and Leenen et al. 
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Fig. 4. Correlations between levels of total body fat mass and abdominal visceral adipose tissue areas 
measured by computed tomography in men and women. These relations indicate that low levels of fat 
mass are generally associated with low levels of abdominal visceral adipose tissue, although considerable 
individual variation is noted. For men r = 0.69, P < 0401 : for women r = 0.85. P < 0.001. 

(1992) have reported that a high initial level of visceral adipose tissue was associated with 
a preferential mobilization of this depot in response to an energy deficit. Fujioka et ul. 
(1991) have also shown that a reduction in visceral adipose tissue during weight loss was 
indeed associated with metabolic improvements that included improved glucose tolerance 
and reduced plasma insulin and lipid levels. It is therefore suggested that among patients 
with visceral obesity, insulin resistance and dyslipidaemia, a substantial improvement in the 
metabolic profile may be observed after a loss of only a few kg of body fat, as this may be 
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related to a greater relative reduction of the amount of visceral adipose tissue than could 
be expected from the reduction in body weight. 

J.-P. D E S P R E S  A N D  B. L A M A R C H E  

E X E R C I S E  
Theoretically, an increased daily energy expenditure by regular exercise should result in 
negative energy balance and eventual weight loss if it is not fully compensated by increased 
energy intake or reduction in the level of physical activity between exercise sessions. In 
general, a negative association is observed between level of physical activity, including 
exercise, and the level of body fat (Bouchard et al. 1993). However, studies on exercise and 
its effect on body fatness have generally indicated that the net energy deficit that can be 
produced by exercise is small, and not likely to induce major changes in body weight and 
adipose mass (Bouchard et al. 1993; Despres, 1993). Thus an exercise programme designed 
for weight loss should aim at a considerable increase in energy expenditure, whereas the 
minimal prescription recommended to improve cardiorespiratory fitness (American College 
of Sports Medicine, 1990) is unlikely to induce major changes in body composition. Indeed, 
3 sessions/week of endurance exercise (- 75 YO ?&, ",,,) for about 2&30 min/session will 
normally induce a net energy expenditure which will be easily compensated for by increased 
food intake or more sedentary habits between training bouts (Desprks, 1993). It has 
therefore been concluded that faster rates of weight loss can be achieved by hypocaloric 
diets than by exercise (Epstein & Wing, 1980; Wilmore, 1983), although the latter approach 
is associated with a better preservation of fat-free mass than diet-induced weight loss 
(Despres, 1993). Despite the fact that the overall effects of exercise on body composition 
are generally not extreme, the metabolic effects of endurance exercise training are 
substantial. Exercise training can favourably modify plasma lipoprotein lipid con- 
centrations (Alterkruse & Wilmore, 1973; Lopez-S. et al. 1974; Peltonen et al. 1981 ; Wood 
et al. 1988), improve insulin sensitivity and reduce plasma insulin concentrations 
(Bjorntorp, 1981 ; Koivisto et al. 1986) as well as reduce blood pressure (Krotkiewski et al. 
1979; Seals & Hagberg, 1984). Exercise has therefore been recommended for the treatment 
of obesity and its related metabolic complications (Bray, 1988). However, not all studies 
agree on this point, and several factors may explain the discrepant results reported. 

One aspect that must be considered is the net increase in energy expenditure achieved and 
the magnitude of weight loss. Indeed, it has been suggested that the net increase in energy 
expenditure may represent the factor most responsible for the favourable changes in 
lipoprotein lipid levels and insulin sensitivity produced by endurance training (J.-P. 
Despres & B. Lamarche, unpublished observations). Williams et al. (1982) have shown that 
increases in HDL-C levels following a one-year endurance training programme were 
significantly associated with the reported miles run ( r  = 0.48, P -= 0.001). which provided 
an estimate of the training volume and of the training-related energy expenditure, whereas 
the correlation between increase in HDL-C and changes in ( r  = 0.28) and changes 
in treadmill duration ( r  = 0.29) were much weaker (Williams et al. 1982). These results 
suggested the importance of increasing energy expenditure (as distinct from cardio- 
respiratory fitness) as an approach to improving the metabolic profile through exercise 
training. It had been generally believed that an increase in cardiorespiratory fitness (as 
assessed by the measurement of ~o,,,,x) was one of the requirements to alter CVD risk 
factors significantly through exercise training (American College of Sports Medicine, 1990). 
However, the minimal exercise prescription necessary to induce such changes in 
cardiorespiratory fitness (2&30 min endurance exercise, thrice a week) will produce 
marginal increases in total daily energy expenditure, and the effects on body fatness and on 
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the CVD risk profile are likely to be rather small. In this regard, we have proposed the 
concept of 'metabolic fitness' (Despres ef af. 1991 b),  which may be defined as the state of 
a set of metabolic variables relevant to CVD risk (plasma insulin levels, glucose tolerance, 
insulin sensitivity, plasma lipoprotein levels) that can be modified by exercise training. We 
believe that a substantial increase in daily energy expenditure, such as can be produced by 
a daily 45 -60 min brisk walk, is likely to improve the metabolic condition of the overweight 
patient, without necessarily having any spectacular effects on cardiorespiratory fitness 
(Despres et al. 1990h). The American College of Sports Medicine has also recognized that 
the quantity and quality of exercise needed to obtain health-related benefits (metabolic 
fitness) may differ from what is recommended to improve cardiorespiratory fitness 
(American College of Sports Medicine, 1990). 

The initial risk profile may also partly explain the apparently equivocal effects of exercise 
on body weight and CVD risk factors (Haskell, 1986; Wood & Stefanick, 1988; Raz et ul. 
1988 b). Indeed, individuals with initially high levels of adiposity, insulin resistance and with 
a deteriorated lipid lipoprotein profile are likely to benefit more from exercise training than 
sedentary obese subjects with a favourable metabolic profile. It has also been suggested that 
individuals with hyperplastic obesity (elevated number of fat cells) tend to show a reduced 
response to exercise training in terms of fat loss, as opposed to subjects with hypertrophic 
obesity, who generally lose fat more easily and at  a faster rate (Bray, 1988). Finally, one 
has to keep in mind that many training studies were not designed to induce body weight 
loss, but rather to investigate the metabolic effects of exercise, and the caloric intake was 
not controlled in several of these studies (Farrell & Barboriak, 1980; Nye et af. 1981 ; 
Rogers et al. 1987; Raz et al. 1988~) .  This may also have contributed to the divergent 
results obtained. 

In an attempt to address this issue, the effects of daily low-intensity prolonged exercise 
over a 100-day period were examined in a sample of overweight men (Bouchard et al. 
1990b; Despres et al. 1990h; Tremblay et al. 1990). Subjects' energy intake was rigorously 
maintained at  the baseline level determined when subjects were sedentary with a stable 
body weight. Furthermore, men were kept in a metabolic ward during the experiment, in 
order to ensure that potential changes observed would result solely from the energy deficit 
resulting from exercise. Although the low-intensity endurance exercise training programme 
induced a 353 MJ energy deficit, it had no significant effect on <)2,,,ax (Bouchard et ul. 
1990b; DesprCs et al. 1990b; Tremblay et al. 1990). Body fat loss was, however, 
considerable (6.6 kg), and substantial changes in lipid (Despres et af. 1990h) and 
carbohydrate (Tremblay et al. 1990) metabolism were observed (Fig. 5), suggesting 
improved plasma lipid transport and increased insulin sensitivity. This apparent 
dissociation between cardiorespiratory and metabolic components of fitness is also 
supported by the well-controlled randomized study of Wood et al. (1988), who observed 
that when diet-induced reduction in body weight was comparable to weight loss produced 
by exercise training, essentially similar increases in plasma HDL-cholesterol were noted 
after a one-year protocol. Their results also suggested that body fat loss, whether exercise 
or diet induced, is largely responsible for the favourable changes in plasma HDL-C 
concentrations, as negative correlations between changes in HDL-C levels and changes in 
body weight were observed in both dieters and exercisers (-0.54 6 r 6 -0.37, P < 0.05). 
Thus, if weight loss is a significant correlate of metabolic changes produced by exercise 
training, the production of a large energy expenditure should become the main objective of 
any programme aiming at  reducing CVD risk by exercise. 

As significant associations between abdominal, especially visceral, adipose tissue 
accumulation and metabolic complications have been documented (Sparrow et al. 1986; 
Fujioka et al. 1987; Despres et al. 19896, c) ,  reductions in the level of visceral adipose tissue 
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Fig. 5. Relative changes (*, P < 0.05, **, P < 0.01) in glucose and insulin responses to an oral glucose 
challenge as well as in plasma lipoprotein levels following a 100-day low-intensity endurance exercise 
training programme that produced a daily 4.2 MJ energy deficit but no significant change in maximal 
aerobic power (V, .,,,) in a sample of overweight men. Adapted from Bouchard e t a / .  19906; Tremblay 
et nl. 1990; Desprgs ef al. 19906. Chol., cholesterol; HDL, high density, LDL, low density lipoprotein. 

through training may thus represent one of the mechanisms by which endurance exercise 
training can favourably alter insulin sensitivity and lipid transport. To investigate this 
possibility further, we have studied the morphological as well as the metabolic responses 
to endurance training in a group of obese premenopausal women who were trained at 
about 55 % of their Po 4-5 sessions of 90 min per week, for a period of 14 months 
(Despres et al. 1991 a). ?he training programme induced significant reductions in plasma 
cholesterol, LDL-C and apo B levels and in the insulin response to an oral glucose 
challenge, and a significant increase in plasma HDL,-C levels. Metabolic responses were 
not correlated with changes in but were significantly associated with reductions in 
the level of total body fat and with the loss of abdominal visceral fat. These results suggest 
that losses in total body fat and in the level of abdominal adipose tissue are more important 
correlates of changes induced by endurance exercise training in carbohydrate and lipid 
metabolism than in cardiorespiratory fitness. 

Furthermore, exercise training per se seems to have beneficial effects on the CVD risk 
profile, irrespective of changes in body composition. Indeed, favourable changes in 
lipoprotein profile (Nye el al. 1981; Lampman e f  al. 1985; Raz et al. 19886; Despres, 
1991 b ;  Lamarche et al. 1992), in insulin sensitivity (Bjorntorp et al. 1970; Krotkiewski & 
Bjorntorp, 1986; Oshida et al. 1989; Lamarche et al. 1992) and in blood pressure 
(Krotkiewski et al. 1979) have been reported, and these improvements were observed 
without any reduction in body weight or fat. The relation between body fat loss and 
metabolic improvements following a 6-month endurance exercise training programme was 
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Fig. 6. Relative changes reported in a sample of 31 obese women who took part in a 6-month endurance 
exercise training protocol (see text for further details). All relative changes were comparable between 
both groups, except for changes in body fatness (%) and plasma triglyceride levels (*, P < 005). 
Adapted from Lamarche et al. 1992. Chol., cholesterol; GLU, glucose; HDL, high density lipoprotein; 
INS. insulin. ., Fat loss; n, fat gain. 

further investigated in a sample of 31 obese premenopausal women (Lamarche et al. 1992). 
Twenty of these women showed a mean body fat mass reduction of 2-6 kg in response to 
training, whereas 1 1  gained an average of 2.8 kg in body fat mass despite the strenuous 
training programme, which included 5 sessions of 90 min endurance exercise (55 YO of 
pojo?. ",,,) per week. Initial levels of adipose tissue were comparable between the two groups, 
and the caloric intake reported by participants appeared to remain constant throughout the 
study in both groups. We have compared the metabolic response to training in both groups 
and noted that the endurance training programme appeared to compensate for the 
'deleterious' effects of an increase in fat mass among the 'fat gainers', since these women 
showed improvements in carbohydrate and lipoprotein lipid metabolism that were 
essentially similar to those observed among women who lost body fat (Fig. 6; Lamarche 
ef al. 1992). In both groups, the improvement in cardiorespiratory fitness ( po2, ,,,) was not 
related to changes in plasma insulin levels or in the lipoprotein profile. One may suggest in 
the light of these results that lack of exercise may be more important than excess body 
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weight as a cause of metabolic abnormalities associated with obesity, since an increase in 
physical activity may almost normalize the risk profile of the obese patients in the absence 
of major weight loss. However, from the result of Wood et al. (1988), who emphasized the 
importance of the concomitant loss of body weight in explaining the metabolic response to 
exercise training, it would appear more appropriate to suggest that although sedentariness 
is a major correlate of the metabolic aberrations associated with obesity, the excess of 
adipose tissue mass also contributes significantly to the pathophysiology of the disturbances 
observed. 

Many studies have not reported significant changes in LDL-C levels following exercise 
training (Leon ef al. 1979; Wood et al. 1983; Raz et al. 19886; Weintraub et al. 1989) -a 
variable frequently used to estimate CVD risk. However, such a lack of change in total 
LDL-C levels following training may mask favourable changes in LDL composition and 
in the concentrations of LDL subfractions (Lindgren ef al. 1969; Krauss & Burke, 1982). 
Indeed, Williams et al. (1990) have shown in a sample of 150 moderately overweight men 
who exercised for one year (with or without diet), 25-50 min/session, 3-5 times/week, that 
regular exercise combined with weight loss increased LDL peak flotation rate, as well as 
LDL peak particle diameter, and decreased small LDL plasma mass concentrations despite 
no change in mean plasma LDL-C concentration. It was therefore suggested that LDL-C 
measurements might be insensitive to changes in LDL distribution, since exercise training 
may induce simultaneous changes in small LDL, large LDL and intermediate density 
lipoprotein cholesterol levels. 

J.-P. D E S P R E S  A N D  B. L A M A R C I I E  

THERAPEUTIC IMPLICATIONS 

We believe that the concepts discussed in this article have several therapeutic implications. 
First, it is now well recognized that the hazards of obesity vary greatly, even among obese 
patients with similar levels of total body fat. In this regard, the regional distribution of 
adipose tissue (particularly the deposition of visceral adipose tissue in the abdominal area) 
is an important factor to consider in the nutritional and clinical assessment of the obese 
patient. As the waist circumference is a significant correlate of total and visceral adipose 
tissue, its use is strongly recommended for estimating the risk associated with obesity and 
for monitoring the response to treatment. Secondly, as substantial metabolic improvements 
may be observed with moderate loss of body fat induced by diet or exercise (Fig. 7), the 
clinical and nutritional supervision of the patient should focus on monitoring changes in 
risk factors rather than on the normalization of body fatness, the latter objective being an 
unrealistic goal for many overweight patients. Furthermore, among patients with initially 
high levels of visceral adipose tissue, a small loss of total body fat may be associated with 
a considerable reduction of the visceral adipose tissue mass which, in turn, may be related 
to a substantial concomitant improvement in health. Finally, exercise has been shown to 
favour a preferential mobilization of abdominal visceral fat, which may itself contribute to 
further metabolic improvements. However, the beneficial effects of exercise on the obese 
patient’s risk profile appear to be mediated by two partly independent factors, the first 
being losses of total and visceral fat associated with exercise, and the second reflecting the 
independent effect of increased energy expenditure on insulin sensitivity and plasma lipid 
transport. 

In summary, it is proposed that a low fat diet, combined with regular low intensity but 
prolonged exercise on an almost daily basis (such as a daily brisk walk for about 40-60 min) 
may represent the best way to normalize the obese patient’s risk profile. Such marked 
improvements in health may, however, be observed without normalization of body fatness. 
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Fig. 7. Conceptual model for the effects of diet and exercise on risk factors for non-insulin-dependent 
diabetes mellitus and coronary heart disease. In the upper panel, it is proposed that endurance exercise 
may improve insulin sensitivity and plasma lipid transport in the absence of weight loss. However, 
further metabolic improvements will be observed when exercise training is associated with losses of total 
and abdominal adipose tissue. From this model, further loss of body weight produced by diet and 
exercise should optimize reduction in risk. In the lower panel, i t  is shown that diet induced weight loss 
may also induce significant metabolic improvements. It is proposed that endurance exercise should lead 
to additional metabolic improvements. 
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