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One hundred thirty subjects were studied to investigate relationships between the body composition and fat distribution as 
evaluated by computed tomography and the resting metabolic rate (RMR) as evaluated by indirect calorimetry: 82 
premenopausal women (age, 18 to 52 years; body mass index [BMI], 27 to 52 kg/m2), 27 postmenopausal women (46 to 71 
years; 28 to 49 kg/m2), and 21 men (18 to 70 years; 31 to 43 kg/m2). The thermic effect of food (TEF) was evaluated in all men 
and in 2 subgroups of 55 and 19 women. The best-fitting equations for predicting RMR, obtained by multiple regression, 
included the following as covariates: fat-free mass and both subcutaneous and visceral adipose tissue in premenopausal 
women (R e = .55, P = .0001), fat-free mass and visceral adipose tissue in postmenopausal women (Re = .58, P = .001 ), and age, 
with minus sign, and visceral adipose tissue in men (Re = .44, P = .0051). Fasting insulin and fat-free mass, with minus sign, 
and both visceral and subcutaneous adipose tissue were the predictors of the TEF (Re = .25, P = .0055) in premenopausal 
women. This study demonstrates that visceral fat distribution is important in determining the RMR in postmenopausal 
women and men. In premenopausal women, total adipose tissue is a main determinant of both the RMR and TEE This last 
effect could be counterbalanced by insulin resistance. 
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T HE R E S T I N G  M E T A B O L I C  RATE (RMR)  and thermic 

effect o f  food (TEF) are 2 main  componen t s  o f  total daily 

energy expendi ture  in each individual.  These  rates are deter- 

mined  by factors such  as sex,  age, body weight ,  fat-free mass ,  
body fat, and body fat distribution.~-s 

Studies in obese and non-obese  individuals  showed  no 

difference in the R M R  between the 2 groups  after match ing  for 
fat-free mass .  9 Resul ts  for the relat ionship between the R M R  

and fat distribution measured  by reliable me thods  are controver-  
sial. 10-17 For postprandial  thermogenes is ,  some  studies have 

shown  that the T E F  is significantly smal le r  in obese versus  lean 

subjects ,  ts-~ while other studies fail to demons t ra te  any differ- 
ence. 24-27 Significant associat ions  have been reported between 

the TEF  and visceral fat location in women.~2.2s.29 

The  aim of  the present  s tudy was to invest igate in a group of  

obese men  and w o m e n  the relat ionships between body compos i -  

tion and fat distribution as evaluated by computed  tomography  

and the R M R  and TE F  as evaluated by indirect calorimetry.  

SUBJECTS AND METHODS 

One hundred thirty subjects were studied: 82 premenopausal women 
aged 18 to 52 years with a body mass index (BMI) between 27 and 54 
kg/m 2, 27 postmenopausal women aged 46 to 71 years with a BMI 
between 28 and 49 kg/m 2, and 21 men aged 18 to 70 years with a BMI 
between 31 and 43 kg/m 2. Females were tested for pregnancy and 
gonadotropin levels were measured. No pregnancies were found. 
Amenorrheic but not menopausal women were excluded from the study. 
All subjects had normal circulating levels of thyroid hormones and 
thyrotropin. Characteristics of the subjects are shown in Table I. 
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Thirty-five women did not complete the study with the test meal, for 
different reasons. As a consequence, the TEF was assessed in all men 
and in 2 subgroups of women. Their characteristics are listed in Table 2. 
Patients were asked not to change their dietary habits in order to avoid 
changing their weight. After recovery, they were placed on a weight- 
maintaining diet containing 55% of energy as carbohydrates. All were 
inpatients in a metabolic unit. The subjects were familiarized with the 
experimental procedures and provided informed consent. The study was 
approved by the Ethics Committee of Verona Hospital. 

Patients were weighed in the morning in their nightclothes. The 
following measurements were taken: age, weight, height, BMI, body 
fat, fat-free mass, total adipose tissue area, visceral adipose tissue area, 
subcutaneous adipose tissue area (total-visceral), RMR, TEE and blood 
glucose and insulin both fasting and after a glucose load. 

Total and visceral adipose tissue areas were determined by computed 
tomography according to the method of SjGstr~Sm et al.30.31 The usual 
radiographic parameters for abdominal investigations were used: 125 
kV, 350 mA, scanning time 4 seconds, and slice thickness 8 ram. A 
lateral topogram (scout view) was performed to identify the standard 
level, the fourth lumbar vertebra, with precision. Regions of interest 
were outlined using a light-pen cursor (joystick). By assessing the 
number of pixels within the fat density range ( - 1 5 0  and - 5 0  
Hounsfield units), the cross-sectional areas of both visceral (including 
retroperitoneal, mesenteric, and omental fat) and total fat were calcu- 
lated. Subcutaneous adipose tissue area was calculated by difference. 
The visceral to subcutaneous adipose tissue area ratio was calculated. 
The total body fat volume was calculated from the total adipose tissue 
area according to the following formulas32: for males, body fat 
volume = 0.0356 (total adipose tissue area) +0.704 (weight/height) 
-22.9;  for females, body fat volume = 0.0385 (total adipose tissue 
area) +0.841 (weight/height) -20.7.  Body fat in kilograms was 
obtained by multiplying body fat volume by the mean density of human 
fat, 0.923. 3~ Fat-free mass was obtained from the difference between 
body weight and body fat. The coefficient of variation of the method 
was 1.2%. 

The RMR and TEF were assessed by indirect calorimetry ~.35 using a 
MMC Horizon System 6 (Beckman Sensormedics, Milan, Italy) that 
measures resting oxygen uptake and resting carbon dioxide production. 
Subjects were familiarized with the canopy of the calorimeter so that 
they did not feel suffocated during the measurement period. Gas 
analysis was performed in the morning after 12 hours of fasting. The 
RMR was measured continuously for 60 minutes. Mean energy 
expenditure for the last 45 minutes was used as the RMR after a 
steady-state condition was achieved. The TEF was evaluated after RMR 
measurement. Measurements were performed for 6 hours, starting 1 
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Table 1. Characteristics of All Subjects 

Characteristic 

Women 

Premenopausel Postmenopausal Men 

Subjects (n) 82 27 21 

Age (yr) 34 +_ 9.8" 58 ± 6.3 b 41 ~ 13.2" 

Weight (kg) 100 ± 18.8 ~ 96 ± 17.8 a 116 - 13.8 b 

BMI (kg/m 2) 38 -+ 6.5 38 ± 5.5 37 "+- 3.3 

Body fat (kg) 54 _+ 14.9' 52 ± 12.6 ab 44 _+ 8.4 b 

Fat-free mass (kg) 46 ± 6.8' 44 ± 7.8" 72 ± 8.3 b 

Visceral AT area (cm 2) 137 -+ 85 a 191 ± 76 u 224 ± 103.1 b 

Subcutaneous 

ATarea (cm 2) 563 _ 178.7, 481 _+ 141.7 b 470 ± 114.9 u 

Visceral/sub- 

cutaneous AT 0.31 -+ 0.597 0.43 _+ 0.204 0.51 _+ 0.276 

Fasting insulin 

(pmol/L) 97 -+ 36.8 97 _+ 43.8 111 -+ 62.5 

Insulin area 

(fmol/min)* 362 -- 516.6 ,b 254 ± 225.1 a 665 -+ 792.1 b 

Respiratory quot ient  0.79 ± 0.094 0.81 -+ 0.081 0.80 ± 0.073 

RMR (kJ/min) 5.1 -+ 0.76' 4.6 ~ 0.665 6.4 ± 0.99 c 

NOTE. Results are the mean _+ SD. Values not sharing a common  

superscript are signi f icant ly dif ferent, P < .05 (Scheff6 test after 

ANOVA). 

Abbreviation: AT, adipose tissue. 

* Incremental  area after glucose load. 

half-hour after the meal and alternating I half-hour of measurement 
with 1 half-hour of rest under an open canopy to permit patients to go to 
the bathroom. Values were considered acceptable when a steady-state 
condition was achieved. Mean values for oxygen intake and carbon 
dioxide production were calculated for each hour for 6 hours. Meal 
energy was calculated on the basis of fat-free mass, using a liquid 
formula (1 mL = 4.2 kJ) containing 53% carbohydrates, 30% lipids, 
and 17% proteins. Ten milliliters were given for every 1 kg of fat-free 

Table 2. Characteristics of the Subjects Who Completed the Study 

Characteristic 

Women 

Premenopausal Postmenopausal Men 

Subjects (n) 55 19 21 

Age (yr) 34 ± 9.7n 58 +_ 5.7 b 41 • 13.2 e 

Weight (kg) 99 _+ 17.1 a 92 -+ 16.7 = 116 -+ 13.8 b 

BMI (kg/m 2) 38 _+ 5.6 37 -+ 5.6 37 -+ 3.3 

Body fat (kg) 53 --_ 13.2" 49 _+ 12.9 ~b 44 _ 8.4 b 

Fat-free mass (kg) 46 _+ 7.2. 43 +_ 6.8" 72 -+ 8.3 b 

Visceral AT area (cm z) 136 + 89.8 a 167 ~ 53.8 ab 224 _ 103.1 b 

Subcutaneous 

AT area (cm 2) 554 _+ 173 466 _+ 144.5 470 _+ 114.9 

Visceral/sub- 

cutaneous AT 0.34 __ 0.723 0.39 -+ 0.155 0.51 --- 0.276 

Fasting insulin (pmol/L) 97 -+ 35.4 90 -+ 45.1 111 +- 62.5 

Insulin area (fmol/min)* 314 _+ 313.1. 194 _+ 196.1" 665 _+ 792.1 b 

Respiratory quotient 0.80 __. 0.105 0.82 __. 0.085 0.80 _ 0.073 

RMR (k J/rain) 5.1 __ 0.78" 4.5 __ 0.6 b 6.4 _+ 0.99 = 

TEF (k J/6 h)l- 260 _+ 144a 221 -+ 143.5" 396 _+ 156.6 b 

TEF (%)$ 14 ± 8 12 - 7.8 13 _+ 4.7 

NOTE. Results are the mean -+ SD. Values not  sharing a common  

superscript are significantly different, P < .05 (Scheff6 test after 

ANOVA). 

* Incremental  area after glucose load. 

t lncrementa l  area above the RMR value. 

$1ncremental area above the RMR value as a percent o f  the energy 
content o f  the meal. 

mass up to a maximum of 500 mL. This value was reached by 8 
premenopausal women, 2 postmenopausal women, and all men. 

Postprandial energy expenditure was considered as the area under the 
curve of the energy expenditure measurements during 6 hours. The TEF 
during the 6-hour period after ingestion of the test meal was calculated 
in 2 ways: (1) TEF expressed as the difference of areas (the absolute 
increment in energy expenditure above the postabsorptive status due to 
ingestion of the test meal), TEF (k.l/6 h) = postprandial EE area - 
RMR × 360 min; and (2) TEF expressed as a percent of the energy 
content of the test meal, TEF (%) = (kJ/6 h) × 100/meal energy. The 
within-person day-to-day coefficients of variation by double determina- 
tions in 17 subjects for the RMR and 11 subjects for the TEl=, were 
5.57% for the RMR and 27.4% for the TEE 

Specimens for fasting blood analysis were obtained in the morning 
from an antecubital vein. A 75-g glucose solution was then administered 
orally and specimens were drawn at 30, 60, 90, 120, and 180 minutes 
after the glucose load. Eighteen premenopausal women ( l l  in the TEF 
group), 10 postmenopausal women, and 6 men showed impaired 
glucose tolerance according to World Health Organization criteria. 36 
Among subjects with impaired glucose tolerance, 2 premenopausal 
women, 3 postmenopausal women, and 2 men showed a mild diabetic 
pattern (blood glucose at 120 minutes, 248, 251,227, 239, 241,204, and 
207 mg/dL, respectively). The plasma glucose level was measured by a 
glucose analyzer (Beckman Instruments, Palo Alto, CA). Plasma 
immunoreactive insulin was measured by radioimmunoassay using a 
commercial kit (Medgenis, Brussels, Belgium); the intraassay and 
interassay coefficient of variation was 3% and 6%, respectively. 

Differences between groups were analyzed by 1-way ANOVA. When 
ANOVA was significant, multiple comparisons were performed by 
Scheff6 tests. Simple linear correlation was calculated to quantify the 
degree of association between variables. Multiple regression analysis 
was performed to determine the predictive power of several measure- 
ments for energy expenditure both fasting and after a mixed meal. Inde- 
pendent variables were age, fat-free mass, visceral and subcutaneous 
adipose tissue area, and insulin both fasting and after a glucose load. 37 

RESULTS 

The women in our study (Table 1) had the same BMI as the 
men. Postmenopausal  women were older than premenopausal 
women and men. Men had higher fat-free mass than women.  
Postmenopausal women and men had a larger visceral and 
smaller subcutaneous adipose tissue area than premenopausal  
women.  Postmenopausal  women showed the lowest values for 
insulin area. No differences were observed in fasting insulin and 
the respiratory quotient. Men had higher RMR than premeno- 
pausal women,  who in turn had higher RMR than postmeno- 

pausal women.  
Characteristics o f  the subjects who also performed the meal 

test (Table 2) were similar. TEF values in absolute terms were 
higher in men but similar in the 3 groups of  patients when 
expressed as a percent o f  the energy content o f  the meal. 

Table 3 shows correlations between calorimetric measures 
and age, anthropometric measures, and both fasting insulin and 
the insulin area after a glucose load. Correlations between the 
RMR and anthropometric measures were always significant in 
premenopausal  women.  No significant correlations were ob- 
served with the TEF. Visceral adipose tissue area was correlated 
(not shown) with fat-free mass (r  = .28, P < .05) and fasting 
insulin (r  = .35, P < .01). Significant correlations were ob- 
served between the R M R  and body fat, fat-free mass, and 
fasting insulin in postmenopausal  women.  They also showed a 
significant negative correlation between the TEF and visceral 
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Table 3. Correlations Between Calorimetric Variables and Age, 
Anthropometric, and Metabolic Variables in 82 Premenopausal 

Women, 27 Postmenopausal Women, and 21 Men 

Variable 

Women 

Premenopausal Postmenopausal Men 

RMR TEF* RMR TEFi" RMR TEF 

Age 
Weight 
Body fat 

Fat-free mass 
Visceral AT area 
Subcutaneous 

AT area 
Fasting insulin 
Insulin area 

- .076 - .099 - .026 - .423 -.538§ - .066 

.70311 .094 .66611 - .026 .374 - .026 

.66911 .227 .548§ - .064 .203 -.071 
3041[ - ,193 .63111 .051 .417 .029 
.40711 .148 .318 -.5694 -.131 .036 

.45511 .176 .269 .151 .261 -.211 

.289§ - .192 .4775 .018 .336 - .314 
- .055 .026 .177 - .239 .045 -.427$ 

*In 55 subjects. 
1"In 19 subjects. 
:[:P < .05. 
§P < .01. 

l iP< .001. 

adipose tissue area. No significant correlations were observed 
between anthropometric and calorimetric measures in men. 
They showed a significant negative correlation between age and 
RMR and a strong significant correlation (not shown) between 
age and visceral adipose tissue area (r = .739, P < .001). A 
significant negative correlation was observed in men between 
the TEF as a percent of meal energy and the insulin area. 

Results of multiple recession analysis are shown in Table 4. 
Dependent variables were the RMR and TEF as a percent of 
meal energy. Independent variables were age, fasting insulin, 
insulin area, visceral adipose tissue area, subcutaneous adipose 
tissue area, and fat-free mass. The predictive equation for the 
RMR in premenopausal women (R 2 = .55) included age, with 
minus sign, fat-free mass, and visceral and subcutaneous 
adipose tissue area as covariates (standardized coefficients, 
14%, 25%, 29%, and 32%, respectively). The predictive 
equation for the RMR in postmenopausal women (R 2 = .58) 
included visceral adipose tissue area and fat-free mass as 
covariates (standardized coefficient, 38% and 62%, respec- 
tively). The predictive equation for the RMR in men (R 2 = .44) 
included age, with minus sign, and visceral adipose tissue area 
as covariates (standardized coefficient, 62% and 38%, respec- 
tively). As already stated, the TEF was inversely related to 
insulin area in men and to visceral adipose tissue area in 
postmenopausal women. These correlations disappeared when 
the joint effect of the other covariates was considered. The 
predictive equation for the TEF in premenopausal women 
(R 2 = .25) included fasting insulin and fat-free mass as negative 
predictors and visceral and subcutaneous adipose tissue area as 
positive predictors (standardized coefficient, 26%, 20%, 31%, 
and 23%, respectively). 

Figure 1 is a scatterplot of fasting insulin and body fat. Points 
were arbitrarily divided into 4 groups and the mean values for 
the TEF were calculated. Subjects with lower body fat and 
higher fasting insulin showed the lowest TEF values. 

DISCUSSION 

Body composition, and adipose tissue distribution in particu- 
lar, were studied as determinants of the RMR and TEF in 130 

subjects, 82 premenopausal women, 27 postmenopausal women, 
and 21 men. Body fat and fat-free mass are considered 2 
important determinants of the RMR. 38 Our study results confirm 
this and point to independent contributions by the 2 components 
of body fat: visceral and subcutaneous. Visceral adipose tissue 
was always a significant predictor of the RMR in the 3 groups of 
patients when the joint effect of several parameters was 
considered. Age, fat-free mass, and both subcutaneous and 
visceral adipose tissue were the determinants of the RMR in 
premenopausal women. Fat-free mass and visceral adipose 
tissue were the determinants of the RMR in postmenopausal 
women. Predictors of the RMR in men were age and visceral 
adipose tissue. 

Age, taking the joint effect of covariates into consideration, 
was a significant negative predictor of the RMR in men and to a 
lesser extent in premenopausal women, but not in postmeno- 
pausal women. The following findings can help to explain such 
a result. It is known 38 that the RMR shows a curvilinear decline 
with age beginning earlier in men (--40 years) than in women 
(--50 years). In addition, this decline is greater in men than in 

Table 4. Predictive Equations for RMR and TEF 

Standardized 
Standard Coefficient 

Parameter Value Error (%) t P 

Premenopausal women 
Dependent variable: 

RMR 
R 2 = .547, P = .0001 

Intercept 2.259 
Age (yr) -0.015 0.0006 14 2.3 .0222 
Fat-free mass (kg) 0.038 0.009 25 4.2 .0001 
Visceral AT area 

(cm 2) 0.004 0.001 29 4.8 .0001 
Subcutaneous AT 

area (cm 2) 0.002 0.0003 32 5.6 .0001 
Dependent variable: 

TEF (%) 
R 2 = .25; P = .0055 

Intercept 23.2 

Fat-free mass (kg) -0.32 0.14 20 2.9 .0265 
Fasting insulin 

(pmol/L) -0.59 0.21 26 2.8 .0078 
Subcutaneous AT 

area (cm z) 0.015 0.006 23 2.5 .0169 
Visceral AT area 

(cm 2) 0.039 0.013 31 3.1 .0035 
Postmenopausal women 

Dependent variable: 
RMR (kJ/min) 

R 2 = .578, P = .001 

Intercept 1.305 
Visceral AT area 

(cm 2) 0.004 0.001 38 3.2 .0039 
Fat-free mass (kg) 0.059 0.011 62 5.2 .0001 

Men 
Dependent variable: 

RMR (kJ/min) 
R 2 = .444, P = .0051 

Intercept 8.112 

Visceral AT area 
(cm 2) 0.006 0.003 38 2.2 .0377 

Age (yr) -0.073 0.02 62 3.7 .0016 
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Fig 1. Scatterplot of fasting insulin versus body fat in 55 premeno- 
pausal women. Subjects were arbitrarily subdivided into 4 groups 
according to a cutoff value of 12.8 pmol/L for fasting insulin and 50 kg 
for body fat. High insulin-low fat, n -- 9; high insulin-high fat, n = 19; 
low insulin-low fat, n = 16; low insulin-high fat, n -- 11. TEF values for 
the high insulin-low fat group were significantly different (P < .05) 
from those of the low insulin-high fat group. 

women. It is also known that growth hormone is a regulator of 
the RMR, 39 and in fact, RMR values are increased in acro- 
megaly 4° and in growth hormone replacement therapy for 
growth hormone deficiency. 39 On the other hand, age is 
negatively related to 24-hour growth hormone release, and this 
phenomenon is considerably stronger in men than in women. 4~ 

Fat-free mass was not a significant predictor of the RMR in 
men, a finding that is in contrast with the literature. 4 A possible 
explanation for this could be an unusual selection of men with a 
narrow range of BMIs in contrast to a large range of age and 
visceral adipose tissue. 

Only the visceral part of body fat predicted the RMR in men 
and menopausal women. This could depend on the large 
quantity of visceral adipose tissue in these subjects. A short 
comment is necessary to clarify how the visceral adipose tissue 
area, which in men was not significantly correlated with the 
RMR (r = - .131),  became significant when connected with 
age. The correlation between visceral adipose tissue and the 
RMR is hidden by the negative correlation between age and 
RMR (r = - .538)  and the positive correlation between age and 
visceral adipose tissue (r = .739). When the joint effects of age 
and visceral adipose tissue are considered, the latter becomes a 
significant predictor. 

Another possible interesting joint effect of covariates con- 
cerned the TEF in premenopausal women. In this equation, 
body fat (taking visceral and subcutaneous fat together) is a 
positive predictor and fat-free mass and fasting insulin are 
negative predictors of the TEE Fasting insulin significantly 
correlates with the degree of insulin resistance 42 in both normal 
and impaired glucose tolerance. Insulin-resistant subjects could 
have a low TEF as a consequence of insulin resistance with 
reduced glucose uptake and storage. 4,43 A relatively large 
inactive fat-free mass could contribute to hyperinsulinemia with 
insulin resistance. This phenomenon is illustrated in Fig 1, 
where insulin-resistant subjects with lower body fat show the 
lowest TEF values. The other groups show similar TEF values, 
probably as a consequence of different degrees of insulin 
resistance and different proportions among fat-free, visceral fat, 

and subcutaneous fat compartments. Fasting insulin is actually 
only a marker and not a direct measurement of insulin 
resistance. In addition, the weakness of associations and the 
wide coefficient of variation for the TEF advise caution in 
formulating hypotheses. 

An important bias in our study concerns the nutrient load. 
The nutrient load was given per kilogram of fat-free mass until 
this reached 50 kg. Beyond this limit, energy intake was the 
same. As a consequence, 2 postmenopausal women, 8 premeno- 
pausal women, and all men had the same 2,100-kJ load. This 
could have influenced the negative results in men. For the 
women, we repeated our analysis without these subjects and the 
results did not change. This is probably because the fat-free 
mass of the above-50-kg women was only slightly over this 
limit. 

Only 4 reports in the literature 5.6.]6,z7 have examined visceral 
adipose tissue in relation to the RMR, and only 25.j6 in relation 
to the TEE Our results partially agree with these. 

In a previous study 17 that examined 27 fertile women, we 
were not able to show a significant association between visceral 
fat and the RMR. The statistical analysis was different and the 
joint effect of covariates was not studied. In the present study, 
both subcutaneous and visceral adipose tissue entered the final 
regression equation. This suggests that total adipose tissue is 
more important than visceral or subcutaneous adipose tissue in 
determining the RMR in fertile women. 

Busetto et al 6 studied fat distribution as measured by 
single-slice computed tomography in 12 morbidly obese pre- 
menopausal women who underwent bariatric surgery. By mul- 
tiple regression, they found that visceral fat and fat-free mass 
changes after a 24-kg weight loss were independently related to 
RMR changes. 

Leenen et at5 studied 78 healthy obese subjects, 40 premeno- 
pausal women and 38 men. Fat distribution was evaluated by 
magnetic resonance imaging between the lower rib margin and 
the iliac crest. They reported a significant correlation between 
the visceral adipose tissue area and RMR in women but not in 
men. They also found a significant correlation between the 
visceral adipose tissue area and TEF in absolute values in 
women but not in men. 

Macor et a116 studied 26 obese subjects, 8 males and 18 
females. They used the same instruments we used to measure 
energy expenditure and visceral adipose tissue, and could not 
find any correlation between the visceral adipose tissue area and 
RMR nor glucose-induced thermogenesis. They found a signifi- 
cant correlation between insulin sensitivity, evaluated by an 
intravenous insulin tolerance test and glucose-induced thermo- 
genesis. In conclusion, the results of our study demonstrate that 
adipose tissue distribution is an important determinant of the 
RMR. This is especially true for visceral adipose tissue in m e n  

and menopausal women and for the entire body fat in fertile 
women. The results also suggest that the TEF could be the result 
of the positive effects of body fat compartments counterbal- 
anced by the negative effects of insulin resistance. 
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