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The aim of the present study was to investigate the relationship between resting metabolic rate (RMR) and fat-free mass, fat
mass, and body fat distribution in 164 women (age 60 to 85 years; body mass index [BMI], 18.5 to 35.6 kg/m?) and 98 men (age
60 to 85 years; BMI, 18.3 to 36.5 kg/m?). After an overnight fast, RMR was assessed by indirect calorimetry and body
composition by bioelectrical impedance analysis. Waist-to-hip ratio (WHR) was used to determine fat distribution. Results
from linear regression analysis showed that most of the variance in RMR could be attributed to fat-free mass in women (R?
= 0.54) and men (R? = 0.44), respectively. Fat mass explained an additional 3% and 2% of the variability in RMR in women and
men, respectively. In stepwise multiple regression analysis, considering body composition and fat distribution, only fat-free
mass and WHR were significant predictors of RMR in both sexes. In addition to fat-free mass, in women 6% and in men 8%
of the variability in RMR was attributable to WHR. Grouping subjects according to their WHR, RMR, and RMR adjusted for
fat-free mass and fat mass showed a significant increase with increasing WHR in both sexes. Results indicate that RMR not
only depends on fat-free mass but also is influenced by fat mass, especially by fat distribution. These findings support our
hypothesis of an elevated RMR with increasing abdominal body fat as a direct consequence of its greater metabolic activity.
Copyright © 2001 by W.B. Saunders Company

T IS WELL KNOWN that resting metabolic rate (RMR) is SUBJECTS AND METHODS
determined largely by fat-free mass, especially by the met-Study Design

abolic a.ctlve Qrggn maS-S (eg, brain, he"?‘”’ liver, kidriéyhs The present examination is part of the longitudinal study on an aging
several investigations with young and middle aged people havg,, ation of Giessen, Germany (GISELA), in which the nutritional
shown, not only fat-free mass, but also fat mass has an influang health status of free-living elderly people has been investigated
ence on RMR:5 annually since 1994. Within the scope of the GISELA study anthro-
In vitro and in vivo studies have demonstrated regionalpometrical data, body composition, RMR, and various biochemical
variations in the metabolic activity of human adipose tissue.Parameters in blood as well as energy and nutrient intake of the study
Metabolic activity of fat mass located in the abdominal, espe_parti_c_ipamts are examineq. Measurements take place in the Institute of
cially in the visceral region, has been found to be higher tha Nutritional Science in Giessen, Germany from June to November

in the al I-f. | iofrloWhether th it r‘lt)etweeneand 14w after an overnight fast. Subjects were familiarized
in the gluteal-femoral regiofi:®Whether these differences are i, the experimental procedure, and written informed consent was

associated in vivo with higher rates of energy expenditure iNghtained from each study participant. The study protocol was approved
abdominal fat than in gluteal-femoral fat is unclear. Someby the ethical committee of the faculty of medicine at the Justus-Liebig
investigation&!.12 have shown a relationship between fat dis- University, Giessen, Germany.

tribution and RMR, whereas other studies® could not con- .

firm these findings. At present, only a few investigations with Subjects

small groups of young and middle-aged overweight subjects, Study participants were recruited by physicians, notices, senior cit-

especially females, have been carried out concerning this que'éz_ens’ meetings, and advertisements in local newspapers as well as by

tion. Studies with elderly subjects examining the associationrecrunmem through subjects who had already been participants. Sub-

[ . Jects had to be at least 60 years old, physically mobile, and available
between RMR and body fat distribution are rare, although thISJaround Giessen on a long-term basis. During the first 4 years of the

age group is of particular interest because of the increase ang|SeLA study (1994 through 1997), 320 women and 133 men partic-
shift in body fat mass resulting in a centralization of fat massipated in the investigations. The present report includes cross-sectional
with increasing agé?-20 data from the baseline examinations of those participants with complete

The aim of the present study was therefore to investigate théata on anthropometric measurements, body composition, and RMR.
relationships between RMR, body composition, and fat distri-Pataon subjects with hypothyroidism, hyperthyroidism, or edema, and

bution in a relatively large aroup of older women and men Wesubjects who took thyroid hormones or diuretics were excluded. Re-
y large group ) sults from 164 women and 98 men remained for further analysis.

hypothesize the existence of increased RMR with increasing
abdominal body fat as a direct consequence of its greateRMR

metabolic activity. RMR was measured for 25 to 35 minutes at 1-minute intervals by

respiratory gas analysis using a ventilated-hood system (Deltatrac
MBM-100; Hoyer, Bremen, Germany) with the subjects in a supine
From the Institute of Nutritional Science, University of Giessen, POSition and completely at rest in a thermoneutral environment. Par-
Giessen, Germany. ticipants were allowed to acclimatize appropriately before the venti-
Submitted October 11, 2000; accepted January 29, 2001. lated hood was placed over their head and measurements were started.
Data collected during the initial 10 minutes of the measurements were
5’discarded. RMR was calculated using the equation of Aeir.
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coats, and sweaters had been removed. From determined weight, 0.5 tdable 2. Pearson Correlation Coefficients Between RMR and Age,
1.0 kg was subtracted for remaining clothes. Body height was obtained Anthropometric Data, and Body Composition
using a height measurement device integrated in the scale to the nearest

0.5 cm with the subjects in standing position without shoes. Waist-to- Women {n = 164) Men (n ~ 98)
hip ratio (WHR) was used as a marker for body fat distribution. Waist (w:) RMT;‘j/zF)M'F"" (w:) RMF:ak‘ji/;F)M'F“"
and hip circumferences were measured with a tape to the nearest 1 cm

in the upright position. The waist circumference was assessed as thé‘ge (yr) —0.16% 0.00  —0.23% -0.19
smallest point between the lower rib and the iliac crest. The hip BM! (kg/m?) 0.59% 0.01 0.53% 0.13
circumference was measured at the widest point in the greater trochanYVHR 0.36% 0.6t 0.31f 0.261
ter and buttocks area. Body composition was investigated by usingFat-free mass (kg) ~ 0.73% —0.03 0.66% —0.05
bioelectrical impedance analysis (Akern-RJL BIA 101/S; Data Input, Fat mass (kg) 0.63% 0.02 0.47% 0.00
Frankfurt, Germany) with the subjects in a supine position according to Fat mass (%) 0.21% 0.03 0.16 0.00
the manufacturers’ instruction. Fat-free mass and fat mass were calcu- * p < 5.

lated by applying the equation of Deurenberg e#?al. tP< .01

. - $ P <.001.
Subjects’ Characteristics =00

Further data, such as age, diseases, and medication, were obtained

from the study participants by a questionnaire. RMR correlated significantly negatively with age and signif-

Statistical Analysis icantly positively with body mass index (BMI), WHR, fat-free
mass, and fat mass in both sexes (Table 2). However, RMR

Data were checked for normal distribution by the Kolmogorow- diusted for bod iti h d ianifi " iti
Smirnow test and for homogeneity of variance by the Levene test2CJUStE Tor body composition showed a signiticantly positive

Differences between women and men were analysed using the StudefiPTrélation only with WHR in both women and men.
unpairedt test. Differences between WHR groups were examined by N linear regression analysis, most of the variance in RMR
applying 1-way analysis of variance. To determine the associationgvas accounted for by fat-free mass in wom®A ¢ 0.54) and
between RMR and several measurements, Pearson product-momenten (2 = 0.44), respectively (Tabl8). Fat mass could ex-
correlations were calculated. Simple or multiple linear regression analplain an additional 3% and 2% of the variability in RMR in
yses were used to assess the effect of body composition and WHR ofyomen and in men. In stepwise multiple regression analysis,
RMR. Regression equations are presented with probabiitydoef-  considering body composition and fat distribution, fat-free
ficient of multiple correlationR), R?, and standard error of the estimate mass and WHR proved to be significant predictors of RMR in
(SEE). To control for variations in RMR attributable to differences in both sexes. However, fat mass was not a significant determi-
body composition, RMR was adjusted as delineated by Ravussin ‘ ’ . .
' _ _ nant of RMR when fat-free mass and WHR were included in
and BOgardL@- RMRadjusted - RMRgroup mea# RMR measured . P .
RMRcdgictea INtercepts and slopes of the regression line regardingthe regre_zssmn model. In addl_tIOI:].to .fat-free mass, In Women
RMR, fat-free mass, and fat mass did not differ between women and% and in men 8% of the variability in RMR could be attrib-
men. Therefore, predicted RMR was calculated for the whole studyuted to WHR.
group using the following equation: RMR [k3] 1,636+ 85.6 fat-free In Table 4, subjects were classified in tertiles according to
mass [kg]+ 22.7 fat mass [kg]. Statistical analyses were carried outWHR. In both sexes, BMI and fat mass increased significantly
with the SPSS/PC Statistical Package version 6.1.3 (SPSS Inc, Chinith increasing classes of WHR, whereas fat-free mass did not
cago, IL). Results are given as means and standard deviation (SDYiffer between WHR groups. RMR as well as RMR adjusted
Results were considered statistically significar® falues were<.05. for fat-free mass and fat mass increased significantly with
RESULTS increasing WHR in both women and men.

Age, anthropometric data, body composition, and RMR of DISCUSSION

the subjects are listed in Table 1. . . _— .
The aim of the present investigation was to examine the

relationship between RMR, body composition, and fat distri-
bution in a relatively large sample of older women and men.
WHR, an extremely suitable method for epidemiologic studies,

Table 1. Age, Anthropometric Data, Body Composition, and RMR
of the Subjects

(:"2"}:2) (n"’f;m was used for assessment of body fat distribution . This param-
eter correlates significantly positively with abdominal adipose
Age (yr) 67.7+£56 67.1 £ 5.2 tissue as well as with visceral fat mass and therefore is sup-
Body height (cm) 159.5 =55 173.2 = 6.5 posed to distinguish between abdominal and gluteal-femoral fat
Body we|gzht (kg) 67.5 +9.7 78.6 = 9.3* distribution24-26
BMI (kg/m?) 26.4 3.7 26.2 £ 2.9 . . N . .
WHR 0.83 + 0.06 0.95 + 0.06* As expected, in our investigation most of the variance in
Fat-free mass (kg) 372+ 47 53.2 + 5.3 RMR could be attributed to fat-free mass in both sexes. Besides
Fat mass (kg) 30.3 + 6.0 25.4 + 5.3% fat-free mass, fat mass is also a significant determinant of
Fat mass (%) 44.6 + 3.7 32.1 + 4.0% RMR, explaining 2% to 3% of the variability in RMR. These
RMR (kJ/d) 5502 + 651 6785 + 747* results confirm the observations of studies with young and
RMR.q; rrm et (kJ/d) 5973 * 426 5996 * 549 middle-aged people that fat mass accounts for 1% to 10% of the
NOTE. Results are presented as means = SD. variance in RMR85 Elia2 stated that RMR of adipose tissue is
* Significant difference between women and men; P < .001. approximately 19 kJ/kg fat mass on average. This is approxi-

t RMR adjusted for fat-free mass and fat mass. mately in accordance with the findings from our regression
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Table 3. Results of Linear Regression Analysis for Prediction of RMR Considering Fat-Free Mass, Fat Mass, and WHR

Linear Regression Equations P R R? SEE

Women (n = 164) RMR = 1,688 + 102 FFM .000 .73 .54 444
RMR = 1,737 + 78.6 FFM + 27.7 FM .000 .76 .57 428

RMR = —492 + 96.6 FFM + 2,876 WHR* .000 77 .60 415

Men (n = 98) RMR = 1,862 + 92.5 FFM .000 .66 .44 564
RMR = 1,913 + 79.3 FFM + 25.7 FM .000 .68 .46 554

RMR = —1,485 + 91.2 FFM + 3,601 WHR* .000 72 .52 526

NOTE. RMR measured in kJ/d, fat-free mass (FFM) in kg, and fat mass (FM) in kg.
* Stepwise multiple regression analysis considering FFM, FM, and WHR.

equations (Table 2), which indicate an RMR of approximatelyfemoral, intermediate, and abdominal) according to WHR.
25 to 28 kJ/kg fat mass. In addition, our results clearly showRMR adjusted for fat-free mass, fat mass, and age was signif-
that there are regional variations in the RMR of fat mass andcantly higher in the abdominal group than in the gluteal-
that fat distribution has a more important influence on RMR femoral and intermediate groups. Armellini etgbroved in a
than fat mass itself. RMR increased with increasing abdominalecent investigation of 55 premenopausal and 19 postmeno-
fat mass independent of body composition. These results corpausal obese women and 21 obese men, aged 18 to 70 years,
firm our hypothesis that abdominal fat mass has a higher RMRhat visceral adipose tissue determined by computed tomogra-
than fat mass located in the gluteal-femoral region. The highephy is a significant predictor of RMR in all study groups. In
RMR may be attributable to the special metabolic characteriseontrast, in an earlier study by Armellini ett&focusing on a
tics of the abdominal, especially the visceral adipose tissuesmaller group of premenopausal obese womes- (&7), nei-
Visceral fat mass is marked by increased blood flow, greatether WHR nor visceral fat, as determined by computed tomog-
responsiveness to norepinephrine, and lower sensitivity to theaphy, was related to RMR, adjusted for fat-free mass, fat mass,
antilipolytic effect of insulin as well as increased sympathetic and age. In other investigations with a limited number (15 to 34
nervous system activity and a higher rate of lipolysis comparedsubjects) of premenopausal obese women, RMR, adjusted for
with subcutaneous adipose tis$t®.These characteristics not body composition, also did not differ between abdominal and
only lead to a higher RMR, but they play also a role in the gluteal-femoral obese subjeé&!s 16 Nicklas et a° also
development of several metabolic complications (eg, hyperlip-showed that RMR adjusted for fat-free mass did not correlate
idemia, hypertension, glucose intolerance, insulin resistance) iwith WHR or with visceral fat mass, as assessed by computed
individuals with abdominal obesig#.27.28 tomography in 29 obese women aged 52 to 72 years. However,
Several in vivo studies concerning the relationship betweerthey found a significantly positive correlation between waist
RMR and fat distribution have been carried out. However,circumference and RMR, adjusted for fat-free mass. Leenen et
results are not consistent, regardless of whether fat distributioml3° could not prove a relationship between WHR and RMR,
was determined indirectly by WHR or directly using computed adjusted for fat-free mass, in 40 obese women and 38 obese
tomography or magnetic resonance imaging. Findings from oumen aged 25 to 51 years. However, visceral body fat as eval-
investigation mostly confirm those of Weststrate €t and uated by magnetic resonance imaging correlated significantly
Armellini et al12 Weststrate et & studied 32 premenopausal positively with RMR adjusted for fat-free mass in women but
obese women and subdivided them into 3 groups (glutealnot in men.

Table 4. Age, Anthropometric Data, Body Composition, and RMR of the Subjects Categorized According to WHR

WHR, Women WHR, Men

<0.810 0.810-0.850 >0.850 <0.928 0.928-0.971 >0.971

(n = 54) (n = 55) (n = 54) (n =32) (n = 33) (n =32)
Age (yr) 66.9 = 4.6 67.3 £5.9 68.9 £ 6.1 66.5 = 4.7 67.1 £ 4.3 67.8 £ 6.5
BMI (kg/m?) 25.3 + 3.6| 26.4 + 3.6 27.5 + 3.6 245 + 2.1* 9 25.8 = 2.29 285+ 29
Fat-free mass (kg) 36.6 = 4.6 37.3 49 37.6 =45 53.3 £5.8 52.1 £ 4.3 54.4 + 5.7
Fat mass (kg) 28.1 £ 5.7% 4 30.3 £5.8 324 £58 22.3 £ 4.9*% 9 244 + 3.49 29.6 = 4.8
Fat mass (%) 43.1 = 4.1*% 9 44.6 + 3.38 46.1 = 3.1 29.3 + 4.0t .9 31.9 = 3.01 35.1 2.8
RMR (kJ/d) 5,298 + 558|| 5,460 = 6148 5,731 = 704 6,686 + 643 6,596 * 545| 7,178 = 887
RMR..q; rem, e (kJ/d) 5,873 = 327|| 5,921 + 4328 6,119 = 473 5,862 = 5408 5,925 + 4418 6,190 = 617

NOTE. Results are presented as means = SD.

* Significantly different from WHR group 2, P < .05.
t Significantly different from WHR group 2, P < .01.
¥ Significantly different from WHR group 2, P < .001.
§ Significantly different from WHR group 3, P < .05.
| Significantly different from WHR group 3, P < .01.
9] Significantly different from WHR group 3, P < .001.
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The controversial results of these investigations may beRMR is influenced by fat mass, especially by fat distribution.
attributable to the small size of the study sample as well as tdVe could prove this influence, probably because we investi-
the homogeneous nature of the study groups (especially pregated an appropriately large group of subjects with a wide
menopausal obese women). The influence of fat mass and faange of body fat distribution (WHR 0.7 to 1.1). Furthermore,
distribution, respectively, on RMR is relatively small compared it is possible that the effects of body fat distribution are more
with the effect of fat-free mass. Therefore, a relatively largepronounced in older people because of the increase in body fat
sample size with a wide range of WHR is necessary to proveas well as the shift of fat mass to the abdominal region with
that RMR is affected by fat distribution. At present, our inves- increasing agé?-2°In summary, our results support the hypoth-
tigation is the largest one examining the relationship betweeresis of an increased RMR with increasing abdominal body fat
body fat distribution and RMR. Our data clearly indicate that as a direct consequence of its greater metabolic activity.
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