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Abstract. Metabolic rate, more specifically resting me- 
tabolic rate (RMR) or sleeping metabolic rate (SMR), 
of an adult subject is usually expressed as a function of 
the fat-free mass (FFM). Chronic exercise is thought to 
increase FFM and thus to increase RMR and SMR. 
We determined body mass (BM), body composition, 
and SMR before, during, and after an endurance train- 
ing programme without interfering with energy intake. 
The subjects were 11 women and 12 men, aged 37 (SD 
3) years and body mass index 22.3 (SD 1.5) kg 'm -2. 
The endurance training prepared subjects to run a half 
marathon competition after 44 weeks. The SMR was 
measured overnight in a respiration chamber. Body 
composition was measured by hydrostatic weighing. 
Measurements were performed at 0, 8, 20, 40, and 90 
weeks after the start of the training. The BM had de- 
creased from a mean value of 66.6 (SD 6.9) to 65.6 (SD 
6.7) kg (P<0.01), fat mass (FM) had decreased from 
17.1 (SD 3.9) to 13.5 (SD 3.6) kg (P<0.001), and FFM 
had increased from 49.5 (SD 7.3) to 52.2 (SD 7.6) kg 
(P<  0.001) at 40 weeks. Mean SMR before and after 40 
weeks training was 6.5 (SD 0.7) and 6.2 (SD 0.6) 
MJ.day -1 (P<0.05). The decrease in SMR was re- 
lated to the decrease in BM (r=0.62, P=0.001). At 90 
weeks, when most subjects had not trained for nearly a 
year, BM and SMR were not significantly different 
from the initial value while FM and FFM had not 
changed since week 40 of training. In conclusion, it was 
found that an exercise induced increase in FFM did not 
result in an increase in SMR. There was an indication 
of the opposite effect, a decrease in SMR in the long 
term during training, possibly as a defence mechanism 
of the body in the maintenance of BM. 
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Introduction 

Daily energy expenditure consists of three compo- 
nents, resting metabolic rate (RMR), diet induced 
thermogenesis and activity induced energy expendi- 
ture. The RMR is the energy expenditure necessary to 
maintain the physiological processes during rest in the 
postabsorptive state. For the majority of people, RMR 
comprises the largest component of average daily me- 
tabolic rate. Diet induced thermogenesis has been 
found to be on average 10% of metabolizable energy 
intake (Schutz et al. 1984). Activity induced energy ex- 
penditure is more variable and ranges between 20% 
and 40% of average daily metabolic rate for sedentary 
and highly active people, respectively. Physical activity 
not only influences activity induced energy expendi- 
ture but may affect RMR as well. The present study 
focused on the relationship between physical activity 
and RMR. 

In the long term, exercise training may result in an 
increase of the muscle mass, the largest component of 
the fat-free mass (FFM) of the body. The FFM has 
been shown to be the main determinant of RMR (Gar- 
by et al. 1988) and thus a chronic effect of exercise 
training on RMR could firstly be explained by a 
change in body composition. Secondly, as reviewed by 
Poehlman and Horton (1989), trained individuals often 
show a higher RMR after correction for differences in 
FFM. Examples are found in studies of Tremblay et al. 
(1985, 1986) who have shown RMR to be higher in 
athletes than in nontrained individuals and in a study 
of Goran and Poehlman (1992) showing an increase in 
RMR after an 8-week endurance training programme 
in elderly subjects. As reviewed by Poehlman et al. 
(1989), possible mechanisms are an increased resting 
stroke volume, increased number and size of muscle 
mitochondria, increased protein metabolism, and an 
increased level of glucose storage. Other studies, e.g. of 
Meredith et al. (1989), have failed to show a training 
induced increase in RMR. Thus the magnitude and di- 
rection of a relationship between chronic exercise and 
RMR is still unclear (Poehlman et al. 1989). 
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The  effect  of  physical  activity on R M R  is of  ma jo r  
impor t ance  for  b o d y  mass (BM) regulat ion.  Usually,  
physical  activity itself does no t  last for  long t ime inter- 
vals and therefore ,  an effect  on  average  daily metabol ic  
ra te  th rough  R M R  could be  equivalent  to the direct  
activity induced  increase in ene rgy  expendi ture .  Effects  
of  exercise on R M R  are twofold,  an acute  effect, with- 
in 24 h, and a chronic  effect  m e a s u r e d  in the long term. 
The  acute  effect  is an increase in R M R  direct ly after  
the exercise has finished, which has b e e n  called excess 
postexercise  oxygen  consumpt ion  or  E P O C  (Gaesse r  
and B r o o k s  1984). In  a recent  review, P o e h l m a n  and 
H o r t o n  (1989) have ques t ioned  the effect  of  E P O C  on  
average  daily metabo l i c  rate. The  chronic  effect  was 
m e a s u r e d  after  nonexerc ise  days as well. Here ,  we fo- 
cused on the  chronic  effect  of  physical  activity, i.e. ex- 
ercise training, on  the rest ing c o m p o n e n t  o f  average  
daily metabo l i c  rate. 

The  reasons  for  the lack of  a g r e e m e n t  on  the rela- 
t ionship be tween  chronic  exercise and R M R  are p rob-  
ably methodolog ica l .  Mos t  studies have  been  cross-sec- 
tional,  compar ing  athletes with seden ta ry  cont ro l  sub- 
jects. Substant ial  var iance  in R M R  has existed a m o n g  
individuals due  to genet ic  factors  (Bogardus  et al. 
1986). These  genet ic  factors  might  also be impor t an t  
for  the chances  to b e c o m e  an athlete.  Longi tud ina l  
studies, compar ing  R M R  before  and after  par t ic ipat ion 
in an exercise t ra ining p r o g r a m m e ,  have var ied with 
respect  to cont ro l  o f  the exercise level before  training,  
t raining load, and length o f  the t raining p r o g r a m m e .  In  
addit ion,  mos t  longi tudinal  studies concern ing  the ef- 
fects of  chronic  exercise on R M R  have  focused  on the 
combina t ion  o f  exercise and diet. Exerc ise  has been  in- 
duced  in these p r o g r a m m e s  as an a t t empt  to reverse  
the d ie tary  depress ion  of  R M R .  Howeve r ,  in these 
studies also, no  effects o f  chronic  exercise on R M R  
have  b e e n  found  ( H o r t o n  1985; Saris 1991). 

The  pu rpose  of  the  presen t  s tudy was to measu re  
the effect  of  chronic  exercise on R M R  and rest ing sub- 
strate uti l ization in a longi tudinal  long- te rm interven-  
tion. Seden ta ry  subjects were  t ra ined  to run  a hal f -ma-  
r a thon  compe t i t ion  af ter  44 weeks.  Dur ing  this per iod,  
observa t ions  were  m a d e  on four  occasions  (0, 8, 20 and 
40 weeks) .  Finally, one  observa t ion  was m a d e  1 year  
after  f inishing the t ra ining p r o g r a m m e  (90 weeks) .  
D a t a  f r o m  this s tudy on energy  ba lance  and b o d y  com-  
posi t ion over  the first 40 weeks  have  b e e n  r epo r t ed  
earl ier  (Meijer  et al. 1991a, b; Wes te r t e rp  et al. 
1992a). 

Methods 

Subjects. The subjects were recruited through the local media. 
Out of 370 respondents, 16 women and 16 men were selected 
who had had a minimal participation in sports (less than 1 h per 
week), within the age range of 28-41 years, and having a body 
mass index between 19.4 and 26.4 kg.m -2 (Table 1). The sub- 
jects were medically examined and gave their written informed 
consent before participation. 

Procedure. The training programme aimed at running a half-ma- 
rathon competition after 44 weeks. In between, the subjects ran a 

Table 1. Characteristics of male and female subjects, both in se- 
quence of ascending percentage body fat as determined with hy- 
drostatic weighing 

Age Height Body mass Body fat (1) (2) 
(years) 

Men 
1 33 1.73 63.2 15.1 
2 34 1.88 75.6 15.1 * 
3 40 1.76 69.7 18.1 ** 
4 39 1.75 59.4 19.4 * 
5 32 1.86 79.6 19.9 
6 40 1.79 66.3 20.2 
7 35 1.80 72.0 21.8 * 
8 40 1.80 75.7 24.1 
9 33 1.79 69.4 24.7 ** 

10 39 1.85 74.2 25.4 ** • 
11 39 1.80 79.5 26.4 
12 40 1.73 77.0 26.5 ** • 
13 36 1.78 77.3 26.8 
14 37 1.69 70.3 26.8 * 
15 35 1.80 79.3 30.5 
16 41 1.73 68.0 31.5 

Women 
1 35 1.72 63.3 24.8 
2 32 1.63 54.0 25.5 
3 41 1.65 64.4 27.0 * 
4 32 1.57 52.6 27.7 ** 
5 36 1.76 66.8 28.1 
6 35 1.67 60.1 29.6 
7 32 1.81 70.4 30.6 * 
8 38 1.73 68.5 32.6 ** 
9 38 1.65 61.0 33.2 

10 41 1.68 65.8 35.0 ** 
11 40 1.79 83.3 35.6 
12 32 1.58 61.1 36.0 • 
13 28 1.68 68.8 37.0 
14 35 1.67 73.7 38.4 ** • 
15 31 1.64 65.6 43.3 * • 
16 39 1.68 74.6 45.4 * • 

(1) *,** Subjects participating in energy expenditure measure- 
ments with doubly labelled water in week 0 and 8, and in week 0, 
8, 20 and 40, respectively 
(2) • Subjects withdrawn from the study 

10-km and 15-km race after 10 and 24 weeks, respectively. The 
training, supervised by one of the authors (GMEJ), consisted of 
four training sessions per week, increasing running time gradually 
from 10-30 min to 30-90 min per training session as described 
elsewhere (Janssen and ten Hoor 1989; Meijer et al. 1991a). The 
training distance increased from 0 to 25 km'week -1 after 8 
weeks training and subsequently doubled to 50 km.week-1 after 
40 weeks training. Before and directly after the training pro- 
gramme, maximal power output of the subjects was measured 
during a stepwise progressive cycling test until exhaustion using 
an electromagnetically braked cycle ergometer (Jaeger ER 800) 
and an automated system for measurement of oxygen uptake 
(EOS-sprint). The test programme started with a warming up for 
4 min at 100 W, followed by a stepwise increasing intensity of 
50 W every 3 rain. If the heart rate exceeded 160 beats'min -1, 
the size of the intensity increment was reduced to 25 W. 

During the study 5 women and 4 men withdrew, not being 
able to keep up with the training programme. Of the total, 11 
women and 12 men actually finished the half-marathon competi- 
tion after 44 weeks of preparation. All the subjects who withdrew 
had an initial percentage body fat above the group mean for their 
sex (Table 1). Below, we only show the results from the remain- 



ing 23 subjects to allow comparisons in time over all five observa- 
tion intervals. There were 4 subjects, 1 women and 3 men, who 
continued training at the same intensity after they had run the 
half marathon until the final measurements at 90 weeks. 
Amongst the others, 6 women and 1 man continued training at a 
reduced intensity while the remaining subjects, 4 women and 8 
men, ceased training altogether. 

Observations included energy intake, average daily metabolic 
rate, sleeping metabolic rate (SMR), fuel utilization as measured 
by respiratory exchange ratio (R) and body composition at four 
time intervals: before the start of the training (0) and 8, 20, and 
40 weeks after the start of the training programme. In addition, 
body composition, SMR and fuel utilization were measured at 90 
weeks, 1 year after the training programme had finished. Energy 
intake was measured using a 7-day dietary record. In 16 subjects 
(see Table 1) average daily energy expenditure was measured si- 
multaneously using doubly labelled water. Here we focused on 
SMR and body composition. Methods and results for energy in- 
take and average daily metabolic rate have been described earlier 
(Westerterp et al. 1992a) and will be mentioned as appropriate. 
The SMR was observed during an overnight stay in a respiration 
chamber as described earlier (Schoffelen et al. 1984). The sub- 
jects entered the respiration chamber at 1830 hours after a day 
during which they had refrained from training and after they had 
had their last meal of the day at home. In the chamber no food 
was consumed but coffee or tea were allowed until 2200 hours. 
The SMR was measured over a 3-h interval between 0100 and 
0700 hours with the minimal activity level judged from Doppler 
radar observation. The system was checked monthly with ethanol 
combustion. Differences between calculated and measured Oz 
consumption and CO2 production were 0.5 (SD 1.2) and -2 .5  
(SD 1.6)%, respectively. Body composition was measured by hy- 
drodensitometry, directly after subjects left the respiration cham- 
ber, between 0730 and 0900 hours. Their BM was measured with 
a digital balance (Mettler, 240C). Body volume was measured un- 
der water using the same balance type and simultaneous meas- 
urement of lung volume were carried out (He-dilution, Mijnhardt 
Volugraph). Differences between repeated measurements in 13 
individuals within 7 days were 0.02 (SD 0.20) 1. Fat mass (FM) 
and FFM were calculated from mass and volume using the Siri 
equation (1956). 

Statistics. Differences between times of measurement (e.g. before 
vs after 40 weeks training) were analysed by repeated measures 
analysis of variance (ANOVA)  and paired Student's t-tests. Rela- 
tionships between variables were assessed with correlation tests 
(Pearson r). Finally, the change in SMR was analysed as a func- 
tion of changes in FFM and FM using multiple regression analy- 
sis. 
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Results 

The initial physical activity level [(average daily meta- 
bolic rate) 'SMR-1],  as measured in 5 women and 8 
men using doubly labelled water (average daily meta- 
bolic rate) and a respiration chamber (SMR), was 1.63 
(SD 0.19) (Westerterp et al. 1992a), close to that for 
light activity (World Health Organisation 1985). Aver- 
age daily metabolic rate in these subjects increased 
from 11.1 (SD 1.9) MJ 'day -1 at the start to 13.5 (SD 
1.9) MJ-day-~ at 40 weeks, a mean increase of 22 (SD 
10)% ranging from +5% to +37%. For the whole 
group, the maximal power output, as measured on a 
cycle ergometer, increased from 163 (SD 15) to 191 
(SD 17) W (women, P<0.01) and from 227 (SD 36) to 
259 (SD 35) W (men, P<0.01) from before until 40 
weeks after the start of the training. The heart rate at 
maximal power output decreased from 186 (SD 7) to 
179 (SD 9) beats-min -1 (P<0.05) for the women and 
from 186 (SD 10) to 182 (SD 10) beats 'min -1 (ns) for 
the men. For both effects there was no interaction be- 
tween the sexes [F(1,21)=0.3, P---0.88, and 
F(1,21) = 0.41, P = 0.53, respectively]. 

The BM did not show much change (Table 2). In 
the women changes from the initial value were not sig- 
nificant. The men showed an average BM loss of 1.3 kg 
at 40 weeks (P < 0.01). Overall, BM initially showed an 
increase, subsequently decreased during the training 
programme, and had returned to a value not signifi- 
cantly different from the initial value at i year after the 
training programme. However, changes in body com- 
position were more pronounced. There was an almost 
linear decrease in FM and a corresponding increase in 
FFM during the training programme in both sexes (Ta- 
ble 2). The women lost on average 2.8 (SD 0.5) kg FM 
(P<0.01) and gained 2.1 (SD 0.4) kg FFM (P<0.01), 
from the start until interval 4, 40 weeks afterwards. In 
the men, the changes over the corresponding interval 
were minus 4.5 (SD 0.6) kg FM (P<0.01) and plus 3.2 
(SD 0.5) kg FFM (P< 0.01). At I year after the training 
programme, both sexes had partly regained the FM 
lost while the gain in FFM had been maintained. 

Table 2. Body mass, fat mass, and fat-free mass before (0) and 8, 20, 40, and 90 weeks after the start of the training period 

Body mass Fat mass Fat-free mass 
(kg) (kg) (kg) 

Weeks 0 8 20 40 90 0 8 20 40 90 0 8 20 40 90 

Women ( n = l l )  

Mean 62.5 63.2 62.5 61.8 63.8 18.8 18.3 17.9 a 16.0 b 17.2 43.7 44.9 b 44.6 a 45.8 b 46.6 b 
SD 5.6 5.2 5.3 5.3 6.9 3.3 2.8 3.0 3.0 4.4 3.9 4.4 4.5 4.0 3.7 

Men (n = 12) 

Mean 70.4 70.9 70.0 69.1 b 70.7 15.6 14.8 12.9 b 11.1 b 12.3 b 54.8 56.1 57.1 b 58.0 b 58.4 b 
SD 5.8 5.9 5.7 5.9 5.9 3.9 2.9 2.1 2.3 2.3 5.4 5.8 5.7 4.8 5.0 

Total (n = 23) 

Mean 66.6 67.3 a 66.4 65.6 b 67.3 17.1 16.5 15.3 b 13.5 b 14.7 ° 49.5 50.8 ° 51.1 ° 52.2 c 52.5 ° 
8D 6.9 6.7 6.6 6.7 7.2 3.9 3.3 3.6 3.6 4.2 7.3 7.6 8.2 7.6 7.4 

P < 0.05; b p < 0.01; ° P < 0.001 difference with pre-training (0) value (Wilcoxon signed-rank) 
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T a b l e  3. Sleeping metabolic rate and respiratory exchange ratio 
before (0) and 8, 20, 40, and 90 weeks after the start of the train- 
ing period 

Weeks Sleeping metabolic Respiratory exchange 
rate (MJ. day -1) ratio 

0 8 20 40 90 0 8 20 40 90 

Women (n = 11) 

Mean 6.0 6.2 6.0 5.8 5.8 0.78 0.79 0.80 0.85 u 0.81 b 
SD 0.5 0.4 0.4 0.3 0.3 0.02 0.03 0.04 0.03 0.02 

Men (n = 12) 
Mean 6.9 6.9 7.0 6.6 a 6.8 0.79 0.80 0.83 a 0.85 u 0.83 b 
SD 0.5 0.5 0.7 0.6 0.4 0.03 0.03 0.06 0.04 0.03 

Total (n = 23) 
Mean 6.5 6.6 6.5 6.2 b 6.3 0.79 0.79 0.82 a 0.85 c 0.82 c 
SD 0.7 0.6 0.7 0.6 0.6 0.03 0.03 0.05 0.04 0.03 

a P<0.05; b P<0.01; ° P<0.001 difference with pre-training (0) 
value (Wilcoxon signed-rank) 
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Fig. 1. The change in sleeping metabolic rate plotted as a function 
of the change in body mass from before to 40 weeks after training 
with the calculated linear regression line (r=0.62, P=0.001) 

The SMR showed a tendency to decrease (Table 3). 
At the end of the training programme, the mean value 
had dropped from 6.5 (SD 0.6) MJ.day-1  to 6.2 (SD 
0.6) MJ 'day  -~ [F(1,3)=4.3, P<0.01]. There was no 
interaction between the sexes [F(3,19)= 1.9, P=0.12]. 
The decrease in SMR was not maintained after the 
training programme. Overnight substrate utilization 
showed a change to relatively less fat and more carbo- 
hydrate oxidation, as indicated by the increased R (Ta- 
ble 3, P<0.001). 

Changes in SMR were related to changes in BM. 
The loss in BM at the end of the training period was 
significantly related to the decrease in SMR (Fig. 1; 
Pearson r=0.62, P=0.001). The decrease of BM ex- 
plained 38% of the variance in the decrease in SMR. 
In a multiple regression analysis with the change in 

SMR as the dependent variable and the change in 
FFM and the change in FM as the independent varia- 
bles, the variation explained was equally large (Pear- 
son r=0.62, P<0.01). Changes in FM and FFM af- 
fected SMR at an equal rate. 

Discussion 

The exercise training in the present study induced an 
increase in average daily metabolic rate of 22 (SD 
10) %. The subjects started at a level of light physical 
activity [(average daily metabolic rate).SMR -1] and 
increased the physical activity level to values for mod- 
erate to high activity (World Health Organisation 
1985). Assuming that diet induced thermogenesis was 
10% of average daily metabolic rate, activity induced 
energy expenditure was calculated as {[0.9.(average 
daily metabolic rate)] -SMR}. Activity induced energy 
expenditure increased from 30 (SD 6)% to 42 (SD 
4) % of average daily metabolic rate. In reality, the in- 
crease was slightly higher as the subjects were in a ne- 
gative energy balance losing fat. However, the correc- 
tion is negligible as, for example, a loss of 4 kg fat over 
40 weeks is equivalent to 0.5 MJ.day -1 with a corre- 
sponding diet induced thermogenesis of less than 1% 
of the daily energy turnover in a subject expending 12 
MJ.day -1. Apart from this the subjects gained FFM, 
which partly compensated for the lost energy. 

The most pronounced effect of the exercise training 
was on FFM. At the first observation, 8 weeks after the 
start of the training programme, the increase of FFM 
was already significant with an overall mean increase 
of 1.3 kg (P < 0.001). During the remaining 32 weeks of 
the training programme FFM increased further by 
1.4 kg on average. The increase was maintained during 
the year after the programme. The increase in FFM is 
most probably an increase in muscle mass. Results 
from measurements of total body water by isotope di- 
lution in 13 of the 23 subjects supported this conclusion 
(Westerterp et al. 1992a). 

Surprisingly, training induced an overnight increase 
in R. One would have expected a decrease in R given 
the loss of body fat. The explanation for this observa- 
tion could be threefold. Firstly, the well-known exer- 
cise induced lipid utilization (Bielinski et al. 1985; 
Tremblay et al. 1992) was restricted to daytime, there- 
by saving glucose for storage as glycogen to be utilized 
overnight, during the postabsorptive period. Secondly, 
training could have induced an increase in the glycog- 
en stores, probably through an increase in insulin sen- 
sitivity (Meredith et al. 1989). Thirdly, it could have 
been a consequence of a change in the food quotient of 
the diet. However, dietary changes were not observed 
(Westerterp et al. 1992a) but cannot be excluded as 
there was a significant underreporting of dietary intake 
of -19  (SD 17)% in the observation interval after 40 
weeks (Westerterp et al. 1992b). In an earlier study on 
the effects of a 12 months' training programme, Jans- 
sen and ten Hoot (1989) have shown significant change 
towards higher food quotient values. 
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The SMR did not change in parallel to the FFM 
changes as expected. There  was absolutely no indica- 
tion of an increase in SMR. In fact, the opposite was 
visible. Firstly, at the highest training intensity, 40 
weeks after the start of the programme, SMR was 
slightly lower (P<0 .05)  while FFM had increased on 
average by 5% (P<0.001) .  Secondly, 1 year after the 
training programme FFM was still at the same in- 
creased level but SMR was on average not significantly 
different f rom the pretraining value. The latter is also 
an indication of the fact that the observed decrease in 
SMR cannot be explained by adaptation to the respira- 
tion chamber. 

The observed relationship between the change in 
SMR and BM can be explained as a defence mecha- 
nism in the maintenance of BM. The training induced 
an increase in average daily metabolic rate of 22 (SD 
10) %. There  was no indication of an increase in ener- 
gy intake (EI) as measured using a 7-day dietary re- 
cord (Westerterp et al. 1992a). The discrepancy be- 
tween average daily metabolic rate and EI  is probably 
mainly due to underreport ing of EI  (Westerterp et al. 
1992b). However ,  the subjects finally lost on average 
1-kg BM and the change in BM explained a significant 
part of the variance in the change in SMR. The higher 
the loss of BM the larger the decrease in SMR. 

One explanation for the apparent  contradiction in 
our results, that R M R  did not change in parallel with 
the FFM changes, is perhaps in the method used for 
measuring RMR, i.e. during sleep (SMR). Bielinski et 
al. (1985) have repor ted no change in SMR while 
R M R  was increased in the early morning after a day 
with 3-h exercise. Bingham et al. (1989) have measured 
subjects over a 9-week training programme with an ex- 
ercise intensity comparable to that in the present study 
and found no change in SMR. In the present study, we 
did not find significant changes in SMR until training 
had reached its maximal intensity after 40 weeks. One 
of the suggested mechanisms for the mentioned train- 
ing induced increase in R M R  is a higher substrate flux. 
The results of the present study would suggest that 
such an increase does not affect SMR. 

Cross-sectional studies, comparing SMR values of 
endurance athletes with control subjects, have not re- 
vealed metabolic adaptations in a direction of lower 
energy requirements (Schulz et al. 1991, 1992). In the 
present longitudinal study, average daily metabolic 
rate (ADMR)  showed an initial increase of on average 
more than 20% and remained stable f rom the 8th to 
the 40th week of the training programme although the 
amount  of training doubled over this period (Wester- 
terp and Saris 1991; Wester terp et al. 1992a). One ex- 
planation for the lack of an increase after the 8th week 
is a decrease of other components  of A D M R  during 
the course of the training programme. The initial in- 
crease of A D M R  was nearly three times the calculated 
cost of running, possibly explained by an increase in 
habitual activity and diet-induced thermogenesis 
(Meijer et al. 1991a). After  40 weeks the total increase 
of A D M R  matched the calculated energy cost for run- 
ning. Finally, the decrease in SMR by the 40th week 

had contributed to the maintenance of energy balance: 
an explanation which is supported by the observed re- 
lationship between the change in SMR and BM as 
mentioned earlier. Phinney et al. (1988) have repor ted 
a comparable decrease of R M R  in subjects combining 
a severe weight reducing diet with supervised endu- 
rance exercise. In this situation of a strongly negative 
energy balance, the decrease of R M R  had already oc- 
curred after 4 weeks of training. Similarly, Tremblay et 
al. (1990) have found a tendency for a decrease of 
R M R  after a 100-day exercise training programme in 
moderately overweight men accompanied by a signifi- 
cant reduction in body mass, mainly by fat loss. 

The decrease in SMR was not maintained after the 
training programme, either in the subjects who ceased 
training, or in those who continued training. However ,  
we must take into account that the total group of 23 
subject fell into three subgroups, i.e. 4 subjects who 
continued training at the same intensity, 7 who contin- 
ued training at a reduced intensity and 12 who ceased 
training. Thus, the numbers are too small to draw defi- 
nite conclusions at this point. 

In conclusion, it would seem from our study that an 
exercise induced increase in FFM does not result in an 
increase in SMR. There  was an indication of the oppo- 
site effect, a decrease in SMR in the long term during 
training, possibly as a defense mechanism of the body 
in the maintenance of BM. 
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