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oxidation leading to reduced glucose uptake and insulin resistance. However, there is no 
good evidence suggesting an inherent abnormality in fat oxidation in the obese state. Some 
studies support an alteration in fat oxidation due to obesity (Schutz et al. 1992; Astrup et 
al. 1994),while others do not (Lillioja et al. 1986; Calles-Escandon et al. 1995). Nagy et al. 
(1996) examined data from 720 healthy adult men and women. Fat oxidation was 
positively correlated with fat-free mass ( r  0.32 in men; r 0.27 in women) and negatively 
correlated with fat mass in men ( r  - 0.19), but not women. After adjusting fat oxidation 
for fat-free mass, there was no significant relationship with fat mass. In healthy girls aged 
7-10 years (M. S. Treuth, R. Figueroa-Colon, G. R. Hunter, R. L. Weinsier, N. F. Butte and 
M. I. Goran, unpublished results), fat oxidation over 24 h in a respiration chamber was 
higher in an obese sub-group, but this effect disappeared after adjusting for body 
composition. The lack of influence of fat mass on fat oxidation questions the hypothesis 
that altered fat oxidation plays a central role in modifying insulin sensitivity. 

Relatively few studies have examined the relationship between early development of 
obesity and intra-abdominal adipose tissue and long-term disease risk. Data from the 
Bogalusa Heart study have shown a weak correlation between central body fat by skinfolds 
and insulin level in children (Freedman et al. 1987). Using DXA to measure percentage 
body fat (Gutin et uZ. 1994), the correlation between percentage body fat and fasting insulin 
in 10 year olds is 0-78 (Spearman rank correlation). In 8-1 1-year-old boys, insulin and the 
insu1in:glucose were significantly higher in obese v. control subjects during a 3 h oral 
glucose tolerance test (Legido et al. 1989). Studies from France suggest that an abnormal 
pattern of insulin response to a meal is one of the earliest metabolic alterations 
characterizing the obese state, and that impaired insulin sensitivity is more apparent as the 
duration of obesity increases (Le Stunff & Bougnkres, 1994). In one other study, obese 
children (59.4 (SD 2.3)% body fat; 11.6 (SD 0.6) years) had normal fasting insulin and 2 h 
oral glucose tolerance, but impaired peripheral insulin sensitivity (Monti et al. 1995). 
Collectively, most studies, but not all, suggest that one of the early responses to obesity is 
an increase in circulating insulin levels, and there is some evidence to suggest that this in 
turn may lead to the development of insulin resistance as the duration of obesity increases. 
Further longitudinal studies are needed to examine how early changes in insulin resistance 
track with obesity and whether these changes are the cause of the development of other 
metabolic abnormalities. 

There are many cross-sectional and some longitudinal studies that have examined the 
relationship between obesity, body fat distribution and cardiovascular disease risk factors 
in the paediatric population (Siervogel et al. 1982; Shear et al. 1987; Freedman et al. 1989; 
Weststrate et al. 1989; Rolland-Cachera et al. 1990; Sangi et al. 1992; Durant et al. 1993). 
However, most of the previous studies are limited to cross-sectional analysis, and in studies 
that have demonstrated a link between body fat and cardiovascular risk, the correlations are 
weak (r values 0 .143) .  The weak correlations may be due to the fact that body fat and/or 
fat distribution have usually been estimated from crude anthropometric indices. Using 
DXA to measure total body fat (Gutin et al. 1994) correlations of approximately 04-0-5 
have been reported between percentage body fat and blood lipid levels in 10 year olds. In 
addition, using imaging techniques to measure fat distribution, intra-abdominal adipose 
tissue is significantly related to negative risk factors in obese children (e.g. total cholesterol 
r 0.54, LDL-cholesterol r 0.60, triacylglycerol r 0.46; insulin areas after an oral glucose 
test r 0.44), whereas no such relationships were seen for subcutaneous adipose tissue 
(Brambilla et al. 1994). Thus, the accumulation of fat in the intra-abdominal region is 
significantly related to adverse health effects, including dyslipidaemia and glucose 
intolerance. 
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SUMMARY 

Recent methodological advances have led to a tremendous improvement in our ability to 
measure energy expenditure, body composition and fat distribution in children. The 
availability of new and improved measurement techniques has greatly enhanced the scope 
of research studies in children. The key findings from the present review are as follows: 
total energy expenditure in young children is approximately 25% lower than current 
recommendations for energy intake and revised recommendations are necessary; reduced 
energy expenditure, however, does not necessarily explain the greater prevalence of 
obesity in the population as a whole or in sub-groups at greater risk of obesity; qualitative 
aspects of physical activity (e.g. time, intensity) may be more important than the energy 
expenditure of physical activity in the regulation of body composition; for body 
composition assessment, DXA is emerging as a technique which can substantially 
improve the accuracy and standardization in children; body fat begins to accumulate in the 
intra-abdominal region in young children and this accumulation is more pronounced in the 
obese; waist:hip ratio or waist circumference are inadequate markers of intra-abdominal 
adipose tissue in children and adolescents; finally, the early accumulation of fat in the intra- 
abdominal region is significantly related to the development of adverse health effects, 
including dyslipidaemia and glucose intolerance. 
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