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The aim of the present study was to investigate the usefulness of abdominal diameters to indicate visceral 
fat, their relationship with serum lipids and their capability of detecting changes in visceral fat. Before 
and after weight loss, visceral and subcutaneous fat, and the sagittal and transverse diameters were 
assessed by magnetic resonance imaging (MRI) in forty-seven obese men and forty-seven premenopausal 
obese women with an initial body mass index of 31.0 (SD 2.4) kg/m2. In a subsample (n 21), diameters, 
were also measured by anthropometry in the standing and supine positions. They were strongly 
correlated with the diameters derived from the M R I  scans. Serum levels of total and HDL-cholesterol 
and triacylglycerol were measured before weight loss. In women the sagittal diameter correlated less 
strongly with visceral fat than anthropometrically-assessed waist circumference and waist : hip ratio 
(WHR). In men these associations were comparable. Changes in visceral fat with weight loss were more 
strongly correlated with changes in the sagittal diameter and sagittal: transverse diameter ratio (STR) 
than with changes in waist circumference or WHR in men. In women, changes in the anthropometric 
variables and the separate diameters (except STR) were not associated with visceral fat loss. In men, but 
not in women, both the sagittal diameter and the visceral fat area were related to serum lipids. It is 
concluded that the sagittal diameter and STR may have advantages over waist circumference and WHR 
in men, particularly in assessing changes in visceral fat, but this could not be demonstrated in women. 
The ability to predict visceral fat from circumferences and diameters or their ratios is, however, limited 
in obese men and women. 

Magnetic resonance imaging: Anthropometry : Visceral fat: Obesity: Weight loss 

Body fat distribution is an important variable to consider in the associations between 
obesity and cardiovascular disease (Bjorntorp, 1990; Despres 1991) and between obesity 
and metabolic complications, such as insulin resistance, hyperinsulinaemia and diabetes 
mellitus (Bjorntorp, 1991). The amount of visceral fat plays a critical role in the 
relationships between regional fat distribution and metabolic complications (Fujioka et al. 
1987; Bjorntorp, 1990, 1991 ; Despres, 1991). Imaging techniques, like computed 
tomography (CT) and magnetic resonance imaging (MRI) allow a precise and reliable 
measurement of visceral fat (Borkan et al. 1982; Staten et al. 1989; Seidell et al. 1990). 
However, these imaging techniques are expensive, not generally available and, in the case 
of CT, expose subjects to ionizing radiation. Estimation of the amount of visceral fat from 
simple anthropometric variables would, therefore, be useful in clinical settings and also in 
epidemiological research studying the hazards of ‘visceral obesity’. 

A common and simple method for the assessment of fat distribution is the determination 
of the waist: hip ratio (WHR). This ratio is found to be more strongly related to visceral 
fat than to subcutaneous fat (Ashwell et a/. 1985; Seidell et af. 1987). Nevertheless, WHR 
has limitations because it is not able to distinguish between subcutaneous and visceral 
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abdominal fat (Baumgartner et al. 1988; Stallone et al. 1991), and its use to assess changes 
in visceral fat is controversial (Ross et al. 1991; Stallone et al. 1991). It has been suggested 
that the abdominal diameters, in particular the sagittal diameter, represent good predictors 
for the amount of visceral fat (Kvist et al. 1988). The aim of the present study was to 
investigate the usefulness of abdominal diameters as predictors for visceral fat in 
comparison with waist circumference and WHR in obese men and women, The 
relationships between abdominal diameters and serum lipids and the ability of the 
diameters to detect changes in visceral fat were also studied in this population. 

S U B J E C T S  A N D  METHODS 

Subjects and study design 
Ninety-six obese subjects (forty-eight men and forty-eight premenopausal women), aged 
between 25 and 5 1 years, were selected for the study. The subjects were apparently healthy, 
as assessed by their medical history, a physical examination, blood screening and a urine 
test. They had a body mass index (BMI) between 28 and 38 kg/m2. All volunteers gave their 
written informed consent to participate in the study that was approved by the Medical 
Ethical Committee of the Department of Human Nutrition. 

Before the weight loss treatment, body composition and anthropometric measurements 
were performed in the same week that blood samples were taken. The MRI scans were 
made within 5 weeks after body composition was assessed. Body weight was stable during 
this 5-week period. Data from one man were missing due to illness and data from one 
woman could not be used because of technical problems with MRI scanning. 

Weight loss was achieved by using a 4.2 MJ/d energy-deficient diet, comprising 
carbohydrate, 42 YO of energy (YO E), protein, 25 YO E, and fat, 33 YO E for 13 weeks. The 
composition of the diet was calculated using the Dutch computerized food composition 
table (NEVO Foundation, 1985). Special slimming products and ordinary foodstuffs were 
combined in the diet, Individual energy deficits were based on estimated daily energy 
requirements calculated from resting metabolic rate, measured by a ventilated-hood 
system, in combination with the physical activity pattern (Weststrate & Hautvast, 1990). 
Throughout the study, compliance was checked by dietitians by means of interviews and 
body weight measurement every two weeks. After weight loss treatment the MRI scans and 
body composition and circumference measurements were repeated. 

Seventy-eight of the subjects (forty women, thirty-eight men) completed all parts of the 
weight loss programme successfully. Seven subjects withdrew due to intercurrent illness 
unrelated to the intervention (one man, one woman) or for personal reasons (two men, 
three women). Results of two men were excluded because of suspicion of poor dietary 
compliance. In addition, in seven subjects (four men, three women) only the MRI scans 
before weight loss could be used because of measurement errors (see pp. 4849).  

M R I  
MRI scans were performed with a whole-body scanner (GYROSCAN S15, Philips Medical 
Systems, Best, The Netherlands) using a 1.5 T magnetic field (64 MHz) and an inversion 
recovery pulse sequence (inversion time 300 ms, repetition time 820 ms, and echo time 
20 ms) (Seidell et al. 1990). Slice thickness was 10 mm. The performance of one 
measurement took 10 min. One single transverse scan was taken halfway between the lower 
rib margin and the iliac crest with the subject lying supine. This site was determined by 
palpation and the location was about on the L4-L5 vertebra. During the experiments, 
however, it appeared that some subjects moved a little or that the site was misjudged. As 
a consequence, abdominal scans of seven subjects differed in location before compared with 
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after weight loss. These subjects were excluded from statistical analysis to separate the effect 
of weight loss from measurement error. Image analyses to determine the abdominal fat 
areas were carried out as described by Seidell et al. (1990). The reproducibility of the fat- 
area determination was assessed by repeating the estimation of the visceral and 
subcutaneous fat areas in a random sample of thirty-seven abdominal scans before and 
forty-five abdominal scans after weight loss. The reproducibility, expressed as coefficient of 
variation (two-way analysis of variance), was 5.0 YO for the visceral fat area before weight 
loss and 5.7 YO after weight loss, and for the subcutaneous fat area 2.2 YO before weight loss, 
and 2.0 YO after weight loss. The sagittal and transverse diameters were obtained from the 
MRI scan as described by Kvist et al. (1988). 

Body composition and anthropometry 
Body weight was measured to the nearest 0.05 kg using a digital scale and height was 
measured to the nearest 0.1 cm using a wall-mounted stadiometer with the subjects wearing 
a swimming suit. BMI was calculated as weight (kg) divided by height (m). Waist 
circumference was measured midway between the lower rib margin and the iliac crest and 
hip circumference was measured at the level of the widest circumference over the great 
trochanters. Both circumferences were measured at the end of a gentle expiration while 
subjects were standing. The variability of duplicate measurements in a subsample of the 
population ( n  46) of the waist and hip circumference was 1.4 and 0.7 Y respectively. Whole- 
body density was determined by underwater weighing (Siri, 1961) with simultaneous 
measurement of the residual lung volume by a Helium dilution technique (Comroe et al. 
1977). The measurements were done four times and the average density was used for the 
calculation of the percentage body fat (Siri, 1961). Percentage body fat of two women was 
determined from body weight and total body water as assessed by deuterium oxide dilution 
assuming 73.2% of the fat-free mass to be water (Pace & Rathbun, 1945). These two 
women were afraid of complete immersion. Comparison between densitometry and the 
deuterium oxide dilution technique in this population showed good agreement (Van der 
Kooy et al. 1992). Three skinfold measurements (Harpenden skinfold caliper, Holtain Ltd 
Crymych, Dyfed) were taken : the supra-iliac and the subscapular (Durnin & Womersley, 
1974) and the para-umbilicalis (Seidell et al. 1987). The variability of these skinfold 
measurements in a subsample of the population ( n  39) was 6.6, 5.0 and 6.7 YO respectively. 
The supra-iliac skinfold could not be measured in four subjects before weight loss because 
the skinfold thickness exceeded the width of the calliper ( > 45 mm). For the same reason 
subscapular skinfold thicknesses in four subjects were missing and para-umbilicalis 
skinfold thicknesses in eight subjects were missing. In a subsample of twenty-one subjects 
(ten men, eleven women) the abdominal diameters were also assessed by anthropometry in 
both a standing and supine position. The standing diameters and supine transverse 
diameter were measured by a calliper. The supine sagittal diameter was determined by a 
stadiometer as the distance between abdomen and back while lying on a couch. All 
diameters were assessed at the end of a gentle expiration at the same level at which the MRI 
scan was taken (halfway between the lower rib margin and the iliac crest) and this site was 
determined by palpation. Reproducibility of the anthropometric diameters was not 
assessed. 

Serum lipids 
Two blood samples were taken, with an interval of 2 d after an overnight fast. The mean 
value of the two samples was used in statistical analysis. HDL-cholesterol, after 
precipitation by dextran sulphate-Mg2+ (Warnick et al. 1982), and total serum cholesterol 
were determined using an enzymic method (Siedel et al. 1983). LDL-cholesterol was 
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calculated using the equation of Friedewald et al. (1972). Serum triacylglycerol level was 
determined as described by Sullivan et al. (1985). The within run coefficient of variation of 
control sera was 1.4% for total cholesterol, 1.6% for HDL-cholesterol and 1.7% for 
triacylglycerols. Accuracy for total cholesterol and triacylglycerols was checked by analysis 
of serum pools of known value provided by the US Centers of Disease Control (Atlanta, 
GA, USA). The mean bias with regard to these target values was +0.13 mmol/l for total 
cholesterol and - 0.02 mmol/l for triacylglycerols. Accuracy for HDL-cholesterol was 
checked by serum pools of known value produced by Solomon Park Research (Kirkland, 
WA, USA). The mean bias with regard to the target value was +0.08 mmol/l HDL- 
cholesterol (Leenen et al. 1992). Results of blood analyses of three subjects were excluded 
for statistical analysis because one man and one woman were diagnosed as having 
subclinical hyperthyroidism and another woman appeared subsequently to have hyper- 
insulinaemia ( > 100 ,uU/ml). 

Statistical analyses 
Linear regression analysis and the method described by Bland & Altman (1986) were used 
to compare the agreement between the diameters assessed anthropometrically and those 
derived from the MRI scans. Differences between men and women were tested with the 
Student’s t test. Pearson’s product-moment correlation coefficients were used to quantify 
the relations between variables after checking the normality of the distributions of the 
variables. Logarithmic transformed values were used for triacylglycerols to achieve a 
normal distribution. Although the distribution of visceral fat area, visceral : subcutaneous 
fat ratio and changes in visceral fat and viscera1:subcutaneous fat ratio with weight loss in 
women were slightly skewed, we do not present results with transformed variables as none 
of the transformations improved the strength and linearity of associations. Partial 
correlation coefficients were computed for associations between serum lipids and fat- 
distribution variables with age and fat mass as covariates. Effects of weight loss on 
variables were tested using a paired t test. Two-sided P-values were considered statistically 
significant at P < 0.05. The SAS statistical package (SAS Institute, Cary, NC, USA) was 
used to perform the analyses. 

R E S U L T S  

It was checked whether the diameters from the MRI scans were comparable to the 
anthropometrically-assessed abdominal diameters. Fig. 1 (a) and 1 (b) illustrate the 
relationships between the abdominal diameters measured in standing and supine positions, 
and the MRI diameters. No differences in relationships and deviations were found between 
the sexes, therefore the data of men and women were combined. The standing and supine 
anthropometric sagittal diameters differed systematically from the sagittal MRI diameter 
(MRI minus anthropometry; - 1.4 cm (SE 0.3) and + 1.6 cm (SE 0.3), P < 0.001 respectively) 
which is illustrated in Fig. l(c) and l(d).  The standing and supine transverse 
anthropometric diameters were both smaller on average than the transverse MRI diameter 
(MRI minus anthropometry; + 1.8 cm (SE 0.3) and + 1.9 cm (SE 0.4), P < 0.001 re- 
spectively). In Fig. 1 (c) it can be seen that the difference increased between the MRI and 
standing sagittal anthropometric diameters in subjects with large sagittal diameters. This 
was not found for the supine sagittal anthropometric diameter (Fig. l(d)) and for the 
standing and supine transverse anthropometric diameters with their MRI equivalents 
(Y 0.18, P = 0.45 and Y 0.15, P = 0.52 respectively). 

The characteristics of the subjects and fat distribution variables measured by MRI and 
anthropometry are presented in Table 1. Men had more visceral fat than women on aver- 
age, both absolute and relative, expressed as visceral: subcutaneous fat ratio (P  < 0.001). 
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Fig. I .  The relationships between abdominal diameters ((a) sagittal, (b) transverse) derived from magnetic 
resonance imaging (MRI) and anthropometric diameters in standing (0)  and supine (0) positions, and the 
relationships between the difference and mean of the anthropometrically assessed standing (c) and supine (d) 
sagittal diameters with the MRI-derived diameters in a subsample of twenty-one subjects. (a) Standing r 0.94, 
P < 0.001, supine r 0.93, P < 0001 ; (b) standing r 0 8 5 ;  P < 0,001, supine r 0.82, P < 0,001 ; (c) r-0.46, P = 0.03; 
(d) r-0.28,  P = 0.22. For details of procedures, see pp. 4 8 4 9 .  

In Table 2 the relationships between abdominal fat areas, and the sagittal and transverse 
diameters, sagittal : transverse diameter ratio (STR), waist circumference and WHR are 
shown. In women, waist circumference and WHR showed the strongest correlations with 
visceral fat, with WHR differentiating the best between visceral and subcutaneous 
abdominal fat. In men, the sagittal diameter, waist circumference and WHR were 
comparably associated with visceral fat, but they were all also associated with subcutaneous 
fat. The relative amount of visceral fat (visceral: subcutaneous fat ratio) was weakly 
associated with STR and WHR only in women. Strong interrelationships were found 
between waist circumference and both diameters, sagittal and transverse (men, Y 0.84 and 
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Table 1. Descriptive characteristics of the subjects and body fa t  distribution variables 
measured by magnetic resonance imaging (MRI )  and anthropometry? 

(Mean values with their standard deviations) 

Women (n 47) Men (n 47) 

Mean SD Mean SD 

Age (years) 39 6 40 6 
Body wt (kg) 86.4 8.7 98.4* 8.7 
Height (m) 1.66 0.06 1.79* 0.06 
Body mass index (kg/m') 31.3 2.4 30.7 2 4  
Fat mass (kg) 37.6 6.4 32.6* 6.3 
Body fat distribution variable 

Visceral fat area$ (cm') 
Subcutaneous fat area$ (cm') 
Visceral: subcutaneous ratio 
Sagittal diameter$ (cm) 
Transverse diameter$ (cm) 
Sagittal: transverse ratio 
Waist circumferences (cm) 
Waist: hip ratio 

108 
39 1 

0.29 
23.5 
36.2 

99.4 
0.65 

0.87 

41 156* 
100 316* 

0.13 0,52* 
2.2 250* 
3.1 36.0 
0.05 0.69* 
7.3 107.2* 
0.07 0.98* 

43 
78 

0.17 
1.9 
2.0 
0.04 
6.8 
0.05 

Statistical significance of difference between men and women: * P < 0001, Student's t test. 
t For details of procedures, see pp. 4 8 4 9 .  
$ Derived from abdominal MRI scan. 
5 Measured by anthropometry. 

Table 2. Correlations between abdominal f a t  areas and diameters, circumferences and 
their ratios? 

(Results shown as Pearson correlation coefficients) 

Abdominal fat areas 

Women (n 47) Men (n 47) 

Sub- Visceral: Sub- Visceral: 
Visceral cutaneous sub- Visceral cutaneous sub- 
fat area$ fat area$ cutaneous fat area$ fat area: cutaneous 

(cm') (cm') ratio (cm') (cm') ratio 
~~ 

Sagittal diameter$ (cm) 0.51*** 0.68*** 0.09 0.61*** 0.65*** 0.08 
Transverse diameter$ (cm) 0.27 0,89*** -0.18 0.45** 0,68*** -0.05 
Sagittal: transverse ratio 0.35* -0.14 0.32* 0.39** 0.22 0.15 
Waist circumference5 (cm) 0.60*** 0.55*** 0.23 0.57*** 0.73*** 0.0 1 
Waist: hip ratio 0.64*** 0.16 0.42** 0,55*** 0.30* 0.22 

Statistical significance of Pearson correlation coefficients: * P < 0.05; ** P < 0.01; *** P < 0.001 
t For details of procedures, see pp. 4 8 4 9 .  
$ Derived from abdominal magnetic resonance imaging scan. 
9: Measured by anthropometry. 

0.82; women, r 0.76 and 0.71 respectively; P < O.OOl), but only weak interrelationships 
were found between STR and WHR (men, r 0.37, P = 0.01 ; women, r 0.23, P = 0.1 1). 

The associations between visceral fat and the sagittal diameter improved as expected 
when adjustments were made for thickness of the subcutaneous abdominal fat layer, which 
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Table 3. Serum /@id levels ~ m m # l ~ ~  and their reIat~#nshi~ with body fat d~stribuiian 
variables adjusted for age and f a t  masst 

Lipid Visceral Sagittal Transverse Sagittal : Waist Waist: 
levels fat area$ diameter$ diameter$ transverse girth5 hip 

(mmol/l) (cm') (cm) (cm) ratio (cm) ratio 

Mean SD Pearson correlation coefficients 

Women ( n  45) 
Total cholesterol 5.59 0.88 0.0 1 0.14 0.08 007 0.03 -009 
LDL-cholesterol 3.78 0 7 3  -005 0.15 0.14 0.03 0 0 5  -0.05 
HDL-cholesterol 1.23 0.25 -0.33* -0.23 -0.22 -0.03 -0,52*** -0.53*** 
Triacylgl ycerol 1.27 0.50 0.49*** 0.28 0.07 0.21 0.54*** 0.41** 

Men (n  46) 
Total cholesterol 5.81 0.97 0.28 0.31* -0.09 0.33* 0.11 0.20 
LDL-cholesterol 4.01 0.84 0.26 0.25 -0.01 0.23 0.14 0.19 
HDL-cholesterol 0.96 0.19 -0.08 -0.06 -0.06 -0.01 -0.09 -0.05 
Triac ylglycerol 1.86 0.71 0.2 1 0'31* -0.27 044** 0.02 0.20 

Statistical significance of Pearson correlation coefficients: * P < 0.05; ** P < 0.01 ; *** P < 0.001, 
LDL, low density lipoprotein; HDL, high density lipoprotein. 
7 For details of procedures, see pp. 48-50. 
1 Derived from abdominal magnetic resonance imaging scan. 
Q Measured by anthropometry. 

could also be obtained from the MRI scan (men, r 0.72; women, r 0.86; P < 0.001). We 
attempted to adjust the diameters for this abdominal fat layer with the sum of trunk 
skinfolds (supra-iliac, subscapular and para-umbilicalis skinfold) and with the trunk 
skinfolds separately. The associations with visceral fat, however, did not improve (results 
not shown). 

In both sexes, age and body fat mass contributed to the relationships between abdominal 
fat areas and anthropometric fat-distribution variables. Age was significantly correlated 
with visceral fat in both men ( r  0.53, P < 0.001) and women ( r  0.39, P = 0.006). Fat mass 
was related to visceral fat in men ( r  0.52, P < O.OOl), but only weakly in women ( r  0.26, 
P = 0.08). When the relationships were adjusted for age and fat mass, WHR remained the 
best predictor for visceral fat in women ( r  0.60, P < 0.001) and it did not show a significant 
correlation with subcutaneous fat ( r  0.23, P = 0.13). In men, the sagittal diameter as well 
as STR were the strongest correlates of visceral fat ( r  0.39, P = 0.008 and r 0.38, P = 0.01 
respectively). 

The associations of serum lipids with visceral fat and the potential visceral fat predictors 
are shown in Table 3. Adjustments for age and fat mass were made to evaluate the 
independent role of abdominal fat distribution in the lipid profile. In women, the correlates 
of HDL-cholesterol and triacylglycerol with sagittal diameter or STR were much weaker 
than the correlates found with visceral fat, waist circumference and WHR. In men, on the 
contrary, sagittal diameter and STR were positively related to total cholesterol and 
triacylglycerol levels while visceral fat showed only a weak correlation at borderline 
significance with total cholesterol (P = 0.06). Neither waist circumference nor WHR was 
significantly associated with any of the serum lipids in men, but WHR showed similar 
trends with the lipids as did visceral fat. 

The weight-loss treatment resulted in a comparable mean weight reduction in men and 
women (13.3 kg (SD 3.0) and 12.6 kg (SD 3.9) respectively) of which an average of 82 % was 
fat loss (10.3 kg in men and 10.9 kg in women). Table 4 shows the changes in body fat 
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Table 4. Reductions in body fa t  distribution variablesf with weight loss$ 
(Mean values with their standard deviations) 

Women (n 40) Men (n 38) 

Mean SD Mean SD 

Visceral fat area9 (an2) 
Subcutaneous fat area$ (cm') 
Visceral :subcutaneous ratio 
Sagittal diameters5 (cm) 
Transverse diameters (cm) 
Sagittal : transverse ratio 
Waist circumference11 (cm) 
Waist: hip ratio 

37 
1 I8 

0.02$ 
3.3 
3.9 
0.02 

12.0 
0.04 

29 61** 25 
56 110 45 
0.07 0.05 0.10 
1.6 4.4* 1.4 
2.6 3.2 1.2 
0.04 0.07** 0.03 
4.6 14.6* 3.8 
004  0.08** 0.03 

Statistical significance of difference between men and women: * P < 0.01, ** P < 0.001, Student's t test. 
t For details of procedures, see pp. 48-50. 

in women, which was not significant (paired t test). 
5 Derived from abdominal magnetic resonance imaging scan. 
11 Measured by anthropometry. 

Reductions in all variables were significant ( P  < 0.001) except for the change in viscera1:subcutaneous ratio 

Table 5.  Correlations between changes in abdominal fat  areas, and changes in diameters, 
circumferences and their ratiosf 

(Results shown as Pearson correlation coefficients) 

Changes in abdominal fat areas 

Women (n 40) Men (n 38) 

Sub- Visceral : Sub- Visceral : 

fat areal fat areat cutaneous fat areal fat areal cutaneous 
(cm2) (cm') ratio (Cm2) (cm') ratio 

Visceral cutaneous sub- Visceral cutaneous sub- 

Sagittal diameter$ (cm') 0.10 0.76*** -0.29 0.56*** 0.46** 0.16 
Transverse diameter3 (cm') - 0.18 0.71*** -0.39* 0.34* 0.43 * * 0.09 
Sagittal : transverse ratio 0.32* 0.01 0.14 0.40* 0.27 0.09 
Waist circumference3 (cm) 0.14 058*** -0.18 0.33* 0.63*** -0.10 
Waist: hip ratio 0.21 0.23 0.0 1 0.18 0.37* -0.12 

Statistical significance of Pearson correlation coefficients: * P < 0.05; ** P < 0.01 ; ** P < 0.001. 
t For details of procedures, see pp. 48-50. 
3 Derived from abdominal resonance imaging scan. 
5 Measured by anthropometry. 

distribution variables with weight loss. Men lost on average more visceral fat than women, 
but the change in visceral : subcutaneous fat ratio did not significantly differ between the 
sexes (P = 0.22). 

Correlations between the reductions in abdominal fat areas and abdominal diameters, 
waist circumference and WHR are presented in Table 5. In women, only the change in STR 
was weakly correlated with the change in visceral fat, whereas the reductions in the separate 
diameters and waist circumference were highly correlated with changes in subcutaneous fat. 
In men, the changes in both abdominal diameters, in particular the sagittal diameter, and 
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Table 6. Comparison between the visceral f a t  area derived f rom the abdominal magnetic 
resonance imaging scant and visceral f a t  predicted from formulas reported in the literature 

Comparison between measured and predicted visceral fat area 

Source 

Women Men 

Measured - Correlation Measured - 
predicted measured with predicted 

area predicted area 
(cm7 area (cm') 

n Mean SE rf CV% n Mean SE 

Correlation 
measured with 

predicted 
area 

r t  CV% 

Seidell et al. (1987) 47 +16 5** 0.62 34 404 + 2  5 0.66 21 

Ferland et a/. (1989) 435 -46 5***  0.68 33 - 

Despres et al. (1991)1/ - 47 + l  4 0.75 19 
Despres er al. (1991)y 47 -8 5* 0.69 20 
Ross er al. (1992) ~ 47 +42 5*** 0.52 23 

Kvist et a/. (1988) 47 -9 6 0.51 37 47 -31 5*** 0.61 22 

~ 

Statistical significance of difference between measured and predicted area: * P < 0.05, ** P < 0.01, 

t For details of procedures, see pp. 48-50. 

S: The comparison was made with fewer subjects because of missing skinfolds. 
/I Prediction formula including the sagittal diameter. 
7 Prediction formula without the sagittal diameter. 

*** P < 0.001, paired t test. 

Correlation coefficients were all statistically significant, P < 0001. 

the waist circumference were related to changes in visceral fat, however, they were also 
related to changes in subcutaneous fat. The change in the relative amount of visceral fat 
(visceral: subcutaneous ratio) was not correlated to change in STR and WHR, in either sex. 

DISCUSSION 

The comparison between anthropometrically assessed diameters and diameters derived 
from the MRI scans was important for the rationale of the present study in which only 
MRI diameters could be used. Since a good agreement was found between anthropometric 
and MRI diameters, further analyses with MRI-derived diameters were appropriate. 
Similar agreements between scan and anthropometric diameters have been reported by 
Kvist et al. (1988) and Despris et al. (1991). The comparability of the diameters is also 
confirmed by the correlations found between the visceral fat area and the diameters in the 
subsample of twenty-one subjects. In women (n  1 l), the correlation between visceral fat and 
the sagittal MRI diameter was r 0.76 (P = 0.007), whereas the correlation between visceral 
fat and the anthropometrically assessed supine diameter was r 0.72 (P = 0.01). These 
relationships in men (n  10) were r 0.66 (P = 0.04) and r 0.61 (P = 0.06) respectively. A good 
comparison between the MRI and supine anthropometric abdominal diameters could be 
expected because the MRI diameters were also measured in the supine position. In the 
standing position with increasing obesity, gravity in combination with abdominal muscle 
strength and constitution of the abdominal adipose tissue mass may cause shifts in the 
abdominal fat mass (Baumgartner et al. 1988). Therefore, supine diameters were expected 
to be preferable over standing diameters. The present study showed, however, that this may 
be true for the standing sagittal diameter (Fig. 1 (c))  but not for the standing transverse 
diameter and not, as reported by Ross et al. (1992), for waist circumference. 
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It has been suggested that in the supine position an increased accumulation of visceral fat 
would maintain the depth of the abdomen in a sagittal direction while subcutaneous 
abdominal fat would reduce the abdominal depth due to gravity (Sjostrom, 1991). This was 
a reason to expect that the sagittal diameter and STR were useful indicators for visceral fat 
and why they were probably more specific than waist circumference and WHR. The results 
of the present study showed, however, that the sagittal diameter was comparable to waist 
circumference and WHR as an indicator of visceral fat in obese men. The changes in 
sagittal diameter and in the diameter ratio were, on the other hand, better in detecting 
changes in visceral fat than waist circumference and WHR. In women, waist circumference 
and WHR were superior to abdominal diameters in assessing visceral fat. The associations 
between visceral fat and abdominal diameters were also revealed by the relationships of the 
diameters with serum lipids in both sexes. 

All the potential visceral fat predictors examined in the present study were only 
moderately associated with the amount of visceral fat. The present study was performed in 
obese subjects and this may partly explain why the correlations between visceral fat and 
anthropometric measures are relatively low compared to other studies. In previous studies 
the correlations between visceral fat and WHR ranged between 0.55 and 0.85 in women 
(Ashwell et al. 1985; Kvist et al. 1988; Ferland et al. 1989) and between 0.60 and 0.88 in 
men (Kvist et al. 1988; Seidell et al. 1989; DesprCs et al. 1991; Ross et al. 1992). A wider 
range in age, body fatness or both compared with the present study may have enhanced the 
associations (Desprks et al. 1991). 

The ability to predict the amount of visceral fat by abdominal diameters improves when 
appropriate adjustments are made for the subcutaneous abdominal fat layer. Skinfold 
thickness measurements for assessing the subcutaneous abdominal fat layer were shown 
not to be useful in this population, confirming the results of Hayes et al. (1988). Other 
techniques should be developed for this purpose. 

Another phenomenon may have interfered with the strength of the associations 
presented here. In the present study the amount of visceral fat was assessed by an area of 
only one single scan. Although previous studies have shown that the visceral fat area of a 
single scan taken on the LPL.5 level is highly correlated to the volume of visceral fat 
estimated from multiple scans (Kvist et at. 1988; Ross et at. 1992), intestine volumes and 
partial volume effects (Seidell et al. 1990) may have caused errors in the visceral fat 
estimation from a single scan. Such errors in the visceral fat area may have lowered the 
associations in the present study. Associations between changes in visceral fat areas and 
anthropometric variables will be attenuated even more because of the possible errors in the 
visceral fat areas estimated before as well as after the weight change (Sjostrom, 1991 ; Ross 
et al. 1992). Despite this limitation, the correlations between visceral fat loss and changes 
in both the sagittal diameter and STR in men and STR in women were superior to the 
correlations with waist circumference and WHR. 

In the present study, no prediction formulas were generated for the assessment of visceral 
fat because of the population specificity of such formulas and the moderate associations we 
have found. In Table 6 a comparison is made between measured (MRI) and predicted 
amount of visceral fat in this study population, by using prediction equations reported in 
the literature. All formulas were generated by measuring abdominal fat areas or volumes 
by CT or MRI and choosing a set of anthropometric variables which resulted in the highest 
explained variance. Only the equation of Ferland et al. (1989) was generated for obese 
women, whereas the other formulas were generated for populations varying in age and 
body fatness. The correlations between measured and predicted visceral fat areas were 
moderate. Some equations predicted systematically larger and some smaller areas but the 
coefficients of variation for all formulas were large and comparable within a sex: in men 
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around 20 % and in women around 35 %. The results confirm the conclusion of Despres 
et al. (1991) that the ability to predict visceral fat from anthropometry is limited. 

In summary, the sagittal diameter and the diameter ratio may have advantages over waist 
circumference and WHR in men, particularly in assessing changes in visceral fat. In 
women, waist circumference and WHR were superior to abdominal diameters. The results 
indicate that simple anthropometric measurements, which differ between the sexes, can 
only provide rough information about the amount of visceral fat. 

The authors thank the participants for their enthusiastic cooperation in the study. We are 
also indebted to the physicians, A. F. X. Giesen MD and H. G. Martijn M D  for the 
physical examinations; the dietitians S. Meyboom and A. Droop, members of the 
laboratory and students of the Department of Human Nutrition for help in conducting the 
study. C .  J. G. Bakker and F. W. Zonneveld are acknowledged for offering the MRI 
facilities. The support of WANDER AG/Sandoz Nutrition Ltd, Bern, Switzerland, for 
supplying the dietary products is appreciated. This study was supported by a research grant 
(No. 87.067) from The Netherlands Heart Foundation and by a grant from the 
Agricultural University of Wageningen. J. C. S. is a research fellow of the Royal Netherlands 
Academy of Sciences (KNAW). 

R E F E R E N C E S  
Ashwell, M., Cole, T. J. & Dixon, A. K. (1985). Obesity: new insight into the anthropometric classification of fat 

Baumgartner, R. N., Heymsfield, S. B., Roche, A. F. & Bernardino, M. (1988). Abdominal composition 

Bjorntorp, P. (1990). ‘Portal’ adipose tissue as a generator of risk factors for cardiovascular disease and diabetes. 

Bjorntorp, P. (1991). Metabolic implications of body Fat distribution. Diabetes Care 14, 1132-1 143. 
Bland, J. M. & Altman, D. G.  (1986). Statistical methods for assessing agreement between two methods ofclinical 

measurement. Lancet i. 307-310. 
Borkan, G.  A,, Gerzof, S. G., Robbins, A. H., Hults, D. E., Silbert, C. K. & Silbert, J. E. (1982). Assessment of 

abdominal fat content by computed tomography. American Journal of Clinical Nutrition 36, 172-177. 
Comroe, J. H., Forster, R. E., Dubois, A. B., Briscoe, W. A. & Carlsen, E. (1977). In The Lung- Clinical 

Physiology and Pulmonary Function Tests, pp. 13-23. Chicago-London: Year Book Medical Publishers. 
Desprts, J. P. (1991). Obesity and lipid metabolism: relevance of body fat distribution. Current opinion in 

Lipidology 2, 5-15. 
Despres, J. P., Prud’homme, D., Pouliot, M. C., Tremblay, A. & Bouchard, C. (1991). Estimation of deep 

abdominal adipose-tissue accumulation from simple anthropometric measurements in men. American Journal 
of Clinical Nutrition 54, 471477. 

Durnin, J.  V. G. A. & Womersley, J. (1974). Body fat assessed from total body density and its estimation from 
skinfold thickness: measurements on 481 men and women aged from 16 to 72 years. British Journal ofNutrition 
32, 77-97. 

Ferland, M., Despres, J. P., Trembhy, A., Pinault, S., Nadeau, A., Moorjani, S., Lupien, P. J., Thtriault, G. & 
Bouchard, C. (1989). Assessment of adipose tissue distribution by computed axial tomography in obese women: 
association with body density and anthropometric measurements. British Journal of N~rririon 61, 139-148. 

Friedewald, W. T., Levy, R. 1. & Fredrickson, D. S. (1972). Estimation of the concentration of low-density 
lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clinical Chemistry 18, 
499-502. 

Fujioka, S., Matsuzawa, Y . ,  Tokunaga, K. & Tarui, S. (1987). Contribution of intra-abdominal fat accumulation 
to the impairment of glucose and lipid metabolism in human obesity. Metabolism 36, 54-59. 

Hayes, P. A., Sowood, P. J., Belyavin, A., Cohen, J. B. & Smith, F. W. (1988). Subcutaneous fat thickness 
measured by magnetic resonance imaging, ultrasound, and calipers. Medicine and Science in Sports and E.uercise 
20, 303-309. 

Kvist, H., Chowdhury, B., Granglrd, U., Tylen, U. & Sjostrom, L. (1988). Total and visceral adipose-tissue 
volumes derived from measurements with computed tomography in adult men and women: predictive 
equations. American Journal of Clinical Nutrition 48, 1351-1361, 

Leenen, R., van der Kooy, K., Seidell, J. C. & Deurenberg, P. (1992). Visceral fat accumulation measured by 
magnetic resonance imaging in relation to serum lipids in obese men and women. Atherosclerosis 94, 171-181. 

distribution shown by computed tomography, British Medical Journal 290, 1692-1694. 

quantified by computed tomography. American Journal of Clinical Nutrition 48, 936-945. 

Arteriosclerosis 10, 493-496. 

https://doi.org/10.1079/BJN
19930104  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN19930104


58 K. VAN DER K O O Y  AND OTHERS 

NEVO Foundation, (1 985). Dutch computerized food composition table. Den Haag; The Netherlands Bureau for 
Food and Nutrition Education. 

Pace, N. & Rathbun, E. N. (1945). Studies on body composition. 111. The body water and chemically combined 
nitrogen content in relation to fat content. Journal of Biological Chemistry 158, 685-691. 

Ross, R., Leger, L., Marliss, E. B., Morris, D. V. & Gougeon, R. (1991). Adipose tissue distribution changes 
during rapid weight loss in obese adults. International Journal of Obesity 15, 733-739. 

Ross, R., Leger, L., Morris, D., De Guise, J. & Guardo, R. (1992). Quantification of adipose tissue by MRI: 
relationship with anthropometric variables. Journal of Applied Physiology 72, 787-795. 

Seidell, J. C., Bakker, C. J. G. & van der Kooy, K. (1990). Imaging techniques for measuring adipose-tissue 
distribution - a comparison between computed tomography and 1.5-T magnetic resonance. American Journal 
of Clinical Nutrition 51, 953-957. 

Seidell, J.  C., Bjorntorp, P.,  Sjostrom, L., Sannerstedt, R., Krotkiewski, M. & Kvist, H. (1989). Regionaldistribution 
of muscle and fat mass in men - new insight into the risk of abdominal obesity using computed tomography. 
International Journal of Obesity 13, 289-303. 

Seidell, J .  C., Oosterlee, A,, Thijssen, M. A. O., Burema, J., Deurenberg, P., Hautvast, J. G.  A. J. & Ruijs, 
J. H. J. (1987). Assessment of intra-abdominal and subcutaneous abdominal fat: relation between anthro- 
pometry and computed tomography. American Journal of Clinical Nutrition 45, 7-13. 

Siedel, J., Hagele, E. O., Ziegenhorn, J. & Wahlefeld, A. W. (1983). Reagent for the enzymatic determination of 
serum total cholesterol with improved lipolytic efficiency. Clinical Chemistry 29, 1075-1080. 

Siri, W. E. (1961). Body composition from fluid spaces and density: analysis of methods. In Techniques for  
Measuring Body Coniposition, pp. 223-244 [J. Brozek and A. Henschel, editors]. Washington, DC: National 
Academy of Sciences. 

Sjostrom, L. (1991). A computer-tomography based multicompartment body composition technique and 
anthropometric predictions of lean body mass, total and subcutaneous adipose tissue. International Journal of 
Obesity 15, 19-30. 

Stallone, D. D., Stunkard, A. J., Wadden, T. A,, Foster, G. D., Boorstein, J. & Arger, P. (1991). Weight loss and 
body fat distribution : a feasibility study using computed tomography. International Journal of Obesity 15, 
775-780. 

Staten, M. A,, Totty, W. G. & Kohrt, W. M. (1989). Measurement of fat distribution by magnetic resonance 
imaging. Invesrigo/zve Radiologji 24, 345-349. 

Sullivan, D. R., Kruijswijk, Z., West, C .  E., Kohlmeier, M. & Katan, M. B. (1985). Determination of serum 
trigylcerides by an accurate enzymatic method not affected by free glycerol. Clinical Chemistry 31, 1227-1228. 

Van der Kooy, K., Leenen, R., Deurenberg, P., Seidell, J. C., Westerterp, K. & Hautvast, J. G. A. J. (1993). 
Changes in fat-free mass in obese subjects after weight loss: a comparison of body composition measures. 
International Journal of Obesity 16, 675-683. 

Warnick, G. R., Benderson, J. & Albers, J. J. (1982). Dextran sulfate-Mg+ precipitation procedure for 
quantification of high-density-lipoprotein cholesterol. Clinical Chemistry 28, 1379-1 388. 

Weststrate, J. A. & Hautvast, J. G.  A. J. (1990). The effects of short-term carbohydrate overfeeding and prior 
exercise on resting metabolic rate and diet-induced thermogenesis. Metabolism 39, 1232-1239. 

Printed in Great Britain 

https://doi.org/10.1079/BJN
19930104  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN19930104

