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Training and Testing

Meijer EP, Westerterp KR, Verstappen FTJ. Effect of Exercise
Training on Physical Activity and Substrate Utilization in the
Elderly. Int J Sports Med 2000; 21: 499 – 504

Accepted after revision: February 15, 2000

■■■■ This study examined the effect of training on physical ac-
tivity and substrate utilization in the elderly. Before the start, in
week 6 and week 12 (T0, T6 and T12) data on physical fitness,
physical activity and substrate utilization were collected in the
exercise (11 males, 11 females; 63 ± 8 yrs) and control group (6
males, 5 females; 59 ± 4 yrs). Physical activity was registered
with a tri-axial accelerometer and substrate utilization was cal-
culated from resting respiratory exchange ratio (RER) by indirect
calorimetry. At T6 physical activity on training days was signifi-
cantly higher than on non-training days (33.4 ± 10.3 vs.
26.5 ± 7.8 counts · min–1; p < 0.001). At T12, after adjusting for
training activity, physical activity on training days was signifi-
cantly lower than on non-training days (23.7 ± 8.4 vs. 28.2 ± 9.3
counts · min–1; p < 0.01). RER decreased significantly (0.02 ±
0.03; p < 0.05), indicating a relatively larger fat oxidation.
Changes in RER were negatively correlated with pre-training
RER. In conclusion, in elderly an increase in structured training
(exercise) is compensated for by a corresponding decrease in
non-training physical activity. Training increased relative fat uti-
lization in elderly with a high pre-training RER, whereas elderly
with a low pre-training RER decreased their relative fat utiliza-
tion.

■ Key words: Tri-axial accelerometer, metabolic rate, physical
fitness.

Introduction

Exercise programs for the elderly are promoted to improve or
maintain physical fitness and health. It is generally believed
that an improved physical fitness would increase the daily lev-
el of physical activity. Recently, however, three studies in the

elderly reported a decrease in non-training physical activity
as a consequence of participation in an exercise training pro-
gram [9,13,15]. Morio et al. [15] measured the effect of training
on non-training physical activity by using 7-day activity re-
cordings. Non-training physical activity was calculated from
the duration and unitary costs of the various recorded activ-
ities. Goran and Poehlman [9] calculated non-training physical
activity from the difference between total energy expenditure
and resting energy expenditure after adjusting for the thermic
response to feeding and the energy cost of the exercise train-
ing. Meijer et al. [13], directly measured non-training physical
activity with a tri-axial accelerometer.

Assessment of physical activity patterns in subjects by using
body-fixed accelerometers seems to offer promising possibili-
ties. Bouten et al. [5] developed a tri-axial accelerometer based
on three separate uni-axial accelerometers. Comparison be-
tween physical activity generated accelerometer output and
activity associated energy expenditure as measured with dou-
bly labeled water in 30 free living subjects over 7-day intervals
revealed a significant relationship ([4]; r = 0.79).

Aging is generally associated with an increase in adiposity and
loss of fat-free mass, which could be partially explained by a
decreased physical activity and declining resting metabolic
rate [1,7,10]. It has also been suggested that elevated levels of
body fat in the elderly may be due, at least partially, to a de-
crease in fat mobilization [11]. Therefore, an exercise interven-
tion to increase fat oxidation may be beneficial in reducing
obesity in the elderly. Three studies examined the effect of ex-
ercise training on fat utilization in rest in the elderly [16,19,
22]. These studies used respiratory exchange ratio (RER) as a
marker for fat utilization. Two studies [16,22] demonstrated
an increase, and Sial et al. [19] reported no significant change
in resting fat utilization. Treuth et al. [22] demonstrated an in-
creased fat oxidation, as calculated from RER, after 16-wk
strength training. Poehlman et al. [16], also showed an in-
creased fat oxidation during rest as measured with the
[14C]palmitate infusion method, after 8-wk endurance train-
ing. Sial et al. [19], on the other hand, demonstrated only a
training-induced increase in fat utilization during exercise as
measured with stable isotope tracers. The differences between
those three studies could partly be explained by differences in
standardization.
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Although it seems that training influences resting fat oxida-
tion, Van Etten et al. [23] demonstrated in young adults that
training induced changes in RER were negatively correlated
with pre-training RER values. This suggests that training in-
creases fat utilization in subjects with a high pre-training
RER, whereas fat utilization decreases in subjects displaying
low pre-training RER.

The purpose of this study was to investigate the effect of a 12-
wk exercise training program of moderate intensity on daily
physical activity and substrate utilization in the elderly. Physi-
cal activity was registered by using a tri-axial accelerometer.
RER was used as a measure for substrate utilization.

Methods

Subjects

Thirty-three healthy sedentary men and women, over 55 yrs of
age, were selected to participate in the study. Detailed infor-
mation concerning the purpose and methods used in the study
was provided, and written consent was obtained. Twenty-two
subjects (11 women, 11 men) participated in the exercise
group (EXER), and eleven subjects (5 women, 6 men) served
as non-trained controls (CONT). The variables body composi-
tion, basal metabolic rate (BMR), daily physical activity and
physical fitness were measured at T0 (baseline), at T6 (6-wk
training) and T12 (12-wk training) in EXER and at T0 and T12
in CONT.

Body composition

Physical characteristics are shown in Table 1. Anthropometric
measurements were taken after an overnight stay at the lab-
oratory. After voiding, body mass was measured on an elec-
tronic scale (Sauter, Type E1200, Albstadt 1, Ebingen, Germa-
ny). Body volume was determined with underwater weighing.
Residual lung volume was simultaneously measured with the
helium dilution technique (Volugraph 2000, Mijnhardt, Bun-
nik, The Netherlands). Total body water (TBW) was deter-
mined with deuterium (2H2O) dilution [12]. Body composition
was calculated from body mass, body volume and TBW with
the three-compartment model of Siri [20].

Basal metabolic rate

Basal metabolic rate (BMR) was measured after an overnight
fast for 30-min at 7.00 a. m. Due to limited use of the respira-
tion chamber only fifteen subjects slept at the laboratory, the
other 18 subjects were transported to the laboratory by car to
reduce physical activity. Subjects driven to the laboratory at
T0, were also driven to the laboratory at T6 and T12. BMR was
measured for at least 15-min under thermoneutral tempera-
ture conditions, after a period of 15-min bedrest. Oxygen con-
sumption and carbon dioxide production were measured by
means of a computerized, open-circuit, ventilated hood sys-
tem. Gas analyses were performed using a paramagnetic oxy-
gen analyzer (Servomex Type 500A, Crowborough Sussex, UK)
and an infrared carbon dioxide analyzer (Servomex Type 12-
Xi). The system was similar to the analysis system for the res-
piration chambers described before [17]. Calculation of BMR
was based upon the Weir formula [25].

Sleeping metabolic rate

Sleeping metabolic rate (SMR) was measured during an over-
night stay in a respiration chamber (8.00 p.m.: 7.00 a. m.) as
described before [18]. To minimize the residual effects of train-
ing on energy expenditure, subjects were measured 36 hours
after the last training session. SMR was measured over a shift-
able 3-h interval between 0.00 –6.00 a. m. with the minimal
activity level judged from Doppler radar observation. SMR
was measured in 10 subjects randomly selected from the exer-
cise group and 5 subjects randomly selected from the control
group.

Daily physical activity

Physical activity over a 14-day interval was registered by using
a tri-axial accelerometer, consisting of three uni-axial piezo-
electric accelerometers, attached to the lower back of the sub-
jects with an elastic belt. The tri-axial accelerometer was the
same version (69 × 28 × 9 mm, 30 gram) as described recently
[13,27]. The accelerometer calculates the sum of the rectified
and integrated acceleration curves from the antero-posterior,
medio-lateral and longitudinal axis of the trunk. The time peri-
od for integration was set at 1min. Subjects were instructed to
wear the accelerometer during waking hours, except during
bathing and showering.

Physical fitness

To investigate the effect of the training program on aerobic
power (maximal oxygen uptake: V̇O2max) and maximal power
output (Wmax), an incremental exercise test was performed on
an electromagnetically braked cycle ergometer (Lode Excali-
bur, Groningen, The Netherlands). Subjects started to cycle 3-
min at 30 W at 60 rpm and the workload was increased every
minute with 10 W until exhaustion. Criteria for maximal aero-
bic performance were forced ventilation, leveling off of oxygen
uptake or a respiratory exchange ratio (RER) above 1.1. The
oxygen uptake during the test was measured continuously,
using a computerized open system (SensorMedics 2900 ana-
lyzer, Anaheim, CA, USA). During the incremental exercise test
heart rate was continuously measured (Polar Sport Tester,
Kempele, Finland). To quantify the effect of the training pro-
gram on the heart function, heart rate at a submaximal power

Table 1 Characteristics of the exercise (EXER) and control group
(CONT)

EXER CONT

number (men/women) 22 (11/11) 11 (6/5)

age, yrs 63 ± 8 59 ± 4

height, m 1.69 ± 0.09 1.70 ± 0.10

body mass, kg 81.6 ± 16.1 75.1 ± 13.3

BMI, kg·m–2 29 ± 4 26 ± 3

Fat, % 37 ± 7 33 ± 7

Fat mass, kg 29.9 ± 8.4 24.6 ± 6.9

Fat-free mass, kg 51.6 ± 11.2 50.5 ± 9.7

V̇O2max, l·min–1 1.91 ± 0.44 2.02 ± 0.36

Wmax, watt 126 ± 33 144 ± 28

HRmax, bts·min–1 141 ± 18 149 ± 14

Results are means ± SD. Analysis revealed no differences between the groups

Int J Sports Med 2000; 21 Meijer EP et al500
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output of 100 W and 70 W were compared before and after
training.

Training program

The subjects trained twice a week at a fitness club, on one day
a group session of 60-min with various aerobic exercises and
another day an individual session of 90-min consisting of 9 ex-
ercises using cardio- and weight-stack machines (Sportesse,
Germany). Two sets of 10 repetitions were performed of the
following exercises: lat row (m. latissimus dorsi), pec deck
(m. pectoralis major/minor), leg extension (quadriceps fe-
moris), leg curl (hamstrings), biceps curl, triceps extension,
shoulder press (m. deltoidius) and sit-ups (abdominal mus-
cles). Additionally, each individual session included a 10-min
warming-up and cooling down of walking or cycling on a self
selected intensity. The group session consisted of 15-min
warming-up with non-intensive aerobic running and stretch-
ing exercises, followed by 30-min step exercise. Each group
session was concluded by 15-min cooling down period during
which low intensity aerobic and relaxation exercises were con-
ducted. The group session was chosen to improve compliance.
The intensity of both training sessions was approximately 50 %
of heart rate reserve as measured by heart rate (Polar Sport
Tester, Kempele, Finland) and a slight progressive training de-
sign was used. Average training compliance was 86 ± 8 %. A fit-
ness instructor supervised the training sessions.

Statistics

The analysis of variance (ANOVA) for repeated measures
within subjects was used to compare differences in EXER.
Paired t-tests were used to analyze differences in CONT be-
tween baseline measurements and T12. To analyze differences
between the exercise and control group regarding SMR and
RER, the non-parametric Mann-Whitney U test was used. Sta-
tistical significance was set at p < 0.05.

Results

Body composition

In both groups, EXER and CONT, subjects showed no change in
body mass (Table 2). There were no changes in body composi-
tion in EXER (T0, T6 and T12: 37 ± 7, 36 ± 7 and 36 ± 7 % fat

mass) and in CONT (T0 and T12: 33 ± 7 and 32 ± 7 % fat mass).
Gender had no significant effect on the explained variation of
the effect of training on physical fitness, physical activity and
substrate utilization.

Metabolic rate

BMR significantly decreased in EXER (T0 vs. T6 and T12:
4.9 ± 1.1 vs. 4.6 ± 1.0 and 4.7 ± 0.9 kJ · min–1; p < 0.01 and
p < 0.05), whereas, there were no changes in BMR in CONT (T0
and T12: 4.8 ± 0.6 and 4.7 ± 0.7 kJ · min–1). BMR adjusted for
FFM, also significantly decreased in EXER (T0 vs. T6 and T12:
95 ± 13 vs. 90 ± 13 and 91 ± 10 J · min–1 · kg–1; p < 0.01 and
p < 0.05). No changes were shown in CONT (T0 vs. T12: 97 ± 10
vs. 93 ± 11J · min–1 · kg–1). SMR adjusted for FFM, measured in a
subgroup of EXER (n = 10), significantly decreased (T0 vs. T6
and T12: 93 ± 9 vs. 84 ± 8 and 88 ± 6 J · min–1 · kg–1; p < 0.05
and p = 0.06). No changes in SMR, measured in a subgroup of
CONT (n = 5), were shown (T0 and T12: 91 ± 11 and 90 ± 11 J ·
min–1 · kg–1).

Substrate utilization

The decrease in RERSMR in EXER at T12 (0.80 ± 0.03 vs.
0.78 ± 0.03; p < 0.05) indicated an increased fat oxidation. How-
ever, RERBMR in EXER at T12, remained unchanged. In CONT no
changes in RERSMR or in RERBMR were observed. Changes in
RERBMR and RERSMR at T12 were negatively correlated with the
pre-training RER (r = – 0.62 and r = – 0.64; p < 0.01 and p < 0.05),
Fig.1). No such relationship was observed in CONT.

Fig. 1 Relationship
between respiratory
exchange ratio
(∆RER) and pre-
training RER
measured during
BMR (p < 0.01) and
SMR (p < 0.05).

Table 2 Changes in body composition, basal metabolic rate and phys-
ical fitness in the exercise (EXER), and in the control group (CONT)

EXER CONT
T6 T12 T12

body mass, kg – 0.2 ± 1.7 – 0.3 ± 2.0 0.6 ± 0.9

fat, % – 0.6 ± 2.0 – 0.3 ± 1.7 – 0.9 ± 2.2

Fat-free mass 0.54 ± 0.43 0.14 ± 1.60 1.31 ± 2.10

BMR, kJ · min–1 – 0.2 ± 0.4** – 0.2 ± 0.5* – 0.1 ± 0.4

V̇O2max, l · min–1 0.17 ± 0.25* 0.16 ± 0.34* 0.05 ± 0.21

Wmax, watt 6 ± 17* 9 ± 20* 0 ± 10

HR 100 W, bts · min–1 – 8 ± 11** – 10 ± 11** – 1 ± 6***

HR 70 W, bts · min–1 – 6 ± 11* – 9 ± 11* – 1 ± 9***

Significantly different from T0: * p < 0.05; ** p < 0.001. Significantly different
between the groups: *** p < 0.001

Training and Physical Activity in the Elderly Int J Sports Med 2000; 21 501
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Daily physical activity

As depicted in Fig. 2 a, average daily physical activity as meas-
ured with the tri-axial accelerometer over two-week intervals
significantly increased in EXER (T6 and T12 vs. T0: 27.5 ± 7.7
and 28.0 ± 8.9 vs. 22.5 ± 6.0 counts · min–1; p < 0.05). No change
in physcial activity was observed in CONT (T0 and T12:
28.5 ± 9.2 and 28.8 ± 8.0 counts · min–1). AT T6 physical activity
was significantly higher on training days than on non-training
days (33.4 ± 10.3 vs. 26.5 ± 7.8 counts · min–1; p < 0.001;
Fig. 2 b), whereas, at T12, there was no significant difference
between physical activity on training and non-training days
(30.1 ± 8.8 vs. 28.2 ± 9.3 counts · min–1). After subtracting the
accelerometer output of the training sessions from total accel-
erometer output on training days and after adjusting for train-
ing time, at T12 physical activity on training days was signifi-
cantly lower than on non-training days (23.7 ± 8.4 vs.
28.2 ± 9.3 counts · min–1; p < 0.01; Fig. 2 b). A training session
resulted in an accelerometer output of 98 ± 28 counts · min–1

at T6 and 109 ± 17 counts · min–1 at T12 (p < 0.05). The time
wearing the accelerometer did not change between T0, T6 and
T12 in both groups (EXER: 865 ± 61, 870 ± 63, 881 ± 58 min ·
day–1 and CONT: 870 ± 69, 861 ± 81 min · day–1).

Physical fitness

In Table 2 the differences in Wmax and V̇O2max measured at the
incremental exercise test are presented for both groups. Wmax

and V̇O2max at T12 increased significantly in EXER. In CONT
no significant changes in Wmax and V̇O2max could be demon-
strated. Heart rate at 100 W significantly reduced in EXER at
T6 and T12 when compared with T0 (113 ± 17 and 111 ± 18 vs.
121 ± 20 bts · min–1; p < 0.01), whereas heart rate at 100 W in
CONT remained unchanged between T0 and T12 (125 ± 19 vs.
124 ± 21 bts · min–1). Heart rate at 70 W, also reduced in EXER
and remained unchanged in CONT (Table 2).

Discussion

Physical activity

The present study was performed to examine the effect of ex-
ercise training on daily physical activity in healthy older indi-
viduals. Daily physical activity was registered over a two-week
interval with a tri-axial accelerometer. Results show a signifi-

cant increase in total physical activity, which is in accordance
with findings of Meijer et al. [14] in young adults. They demon-
strated that the increase in total physical activity was almost
entirely the result of the added training for marathon running.
Although the mode of exercise was different from the present
study, the observed increase in total physical activity was sim-
ilar. Overall, physical activity on training days was significantly
higher than on non-training days. After subtracting the physi-
cal activity of the training session, however, the remaining
physical activity was lower than on non-training days (Fig. 2).
The decline in non-training physical activity at T12 compared
to T6 might be associated with an increased exercise intensity
(109 ± 17 vs. 98 ± 28 counts · min–1; p < 0.05), since subjects
were not suffering from any injuries. The decline in non-train-
ing physical activity agrees with previous findings [9,13,15].
Goran and Poehlman [9] suggested that in their study the ex-
ercise intensity during the last week of training (3 h/wk at 85 %
of VO2max) fatigued the elderly participants during the re-
maining of the day. Meijer et al. [13], however, used an exercise
training program of moderate intensity, and exercise training
sessions were performed in the later afternoon. The same pro-
tocol was used in the present study.

Possibly, the duration of the exercise intervention might ex-
plain the observed decline in non-training physical activity,
because in the present study only after 12-wk training a de-
cline in non-training physical activity was observed. Goran
and Poehlman [9] showed a decline after 8-wk endurance
training. Probably, 6-wk exercise training of moderate intensi-
ty is too short to influence non-training physical activity. Be-
cause the exercise training sessions were performed during
the late afternoon, the decline in non-training physical activity
likely preceded the training sessions. Our results, therefore,
suggest that the compensation in physical activity as a conse-
quence of participation in an exercise training program seems
to be an anticipatory mechanism, i. e. the elderly participants
lowered their physical activity already before the exercise
training sessions. Unfortunately, it is unknown at which time
the training sessions were performed in the study of Goran
and Poehlman [9]. From a clinical perspective, our results indi-
cate that exercise prescribed to elderly people might reduce
non-training physical activity.

a, b Fig. 2 a Daily accelerometer output (mean
± SD) in counts · min–1. Accelerometer out-
put does not differ between the exercise
group (EXER; open bars) and the control
group (CONT; filled bars). Significantly
different from T0 (*p < 0.05).
b Accelerometer output (mean ± SD) on
training and non-training days in counts ·
min–1. Contribution accelerometer output of
training session (filled squares). Significantly
different between training and non-training
days (**p < 0.001). Significantly different
between non-training days and training days
minus training session (*p < 0.01).

Int J Sports Med 2000; 21 Meijer EP et al502
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Substrate utilization

During sleep or rest RER showed a significant decrease after
the training period. Assuming an unchanged contribution of
protein oxidation, the decline in RER indicates approximately
a 7% increase in the magnitude of the fat oxidation. Previous
studies suggested that the training-induced increase in resting
fat oxidation is attributed to an increased activity of the sym-
pathetic nervous system [16,19]. Poehlman et al. [16] demon-
strated that endurance training increased norepinephrine ap-
pearance rate by 35 % and that approximately 50 % of the varia-
tion of the increase in fat oxidation was explained by norepi-
nephrine appearance rate (r2 = 0.51, p < 0.01). In the present
study, it was demonstrated that the change in RER was inver-
sely correlated with pre-training RER (Fig. 1), which is in
accordance with previous findings in young adults [23]. Sub-
jects with a low pre-training RER increased their RER, whereas
subjects with a high pre-training RER showed a decrease. We,
as Van Etten et al. [23], have yet no idea what biological
mechanism might explain this finding. Change in eating habit
is not likely since RER may change in both directions. Further-
more, the high correlation between pre-training RER and ∆RER
(p < 0.01) makes it less plausible that the change in RER was a
consequence of regression to the mean.

Physical fitness

In the present study a significant increase in Wmax and V̇O2max
was observed (Table 2). The 8 % increase in VO2max after
12-wk exercise training (1.91 ± 0.44 vs. 2.07 ± 0.59 l · min–1;
p < 0.05) is similar to results of previous studies [17,21]. In el-
derly people, however, the accomplishment of daily activities
corresponds better to submaximal responses to exercise train-
ing [8]. In the present study, the reduction in heart rate at a
submaximal power output of 100 W rate after 12-wk training
is in agreement with findings of De Vito et al. [8]. Thus, an ex-
ercise training program of moderate intensity twice a week, as
used in the present study, improves physical fitness in healthy
older adults.

Metabolic rate

The decreased SMR and BMR in EXER in the present study are
in contrast with other exercise training intervention studies in
the elderly [6, 9]. Both studies demonstrated an increase in
BMR. They measured BMR, as in the present study, at least
36 h after the last training session to prevent any carry-over ef-
fect from the prior exercise bout and both studies reported an
increased fat-free mass. Although fat-free mass is an impor-
tant determinant of BMR, most studies in young adults showed
an exercise-induced increase in fat-free mass without an in-
crease in BMR [2, 3,24,26]. The longest training intervention
study (40-wk endurance training) showed the largest absolute
increase (5 %) in fat-free mass with a slightly lower BMR [26].
The authors speculated that BMR was decreased to prevent a
further decline in body mass, because body mass was signifi-
cantly decreased with 1.0 ± 1.7 kg. In the present study body
mass and body composition did not change. We have no expla-
nation for the observed decline in BMR and SMR. It does not
seem likely that the decrease in BMR was due to methodologi-
cal bias since the same subjects were driven to the laboratory
prior to the BMR test at T0, T6 and T12.

Body composition

The unchanged body mass is in accordance with other exercise
training intervention studies [2, 3,6, 9,24]. However, these
studies demonstrated a significant increase in fat-free mass
and a decrease in fat mass without a change in body mass. Dif-
ferences in training intervention (type of exercise) might ex-
plain the inconsistency in changes in body composition. In
the present study two different training sessions were used,
namely a group session with various aerobic exercises and an
individual resistance training session. In the other studies,
however, only an endurance training protocol was used [2, 3,
9] or a resistance training protocol was used [6,24]. Further-
more, all studies used a training program of high intensity,
whereas, in the present study, a training program of moderate
intensity was used (50 % heart rate reserve).

Conclusion

In conclusion, in elderly an increase in structured trianing (ex-
ercise) is compensated for by a corresponding decrease in non-
training physical activity. Furthermore, the exercise training
program decreased SMR and BMR and increased relative fat
utilization in elderly with a high pre-training RER, whereas re-
lative fat utilization decreased in elderly with a low pre-train-
ing RER.
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