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Multicomponent Fitness Training Improves
Walking Economy in Older Adults
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ABSTRACT

VALENTI, G., A. G. BONOMI, and K. R. WESTERTERP. Multicomponent Fitness Training Improves Walking Economy in Older

Adults. Med. Sci. Sports Exerc., Vol. 48, No. 7, pp. 1365–1370, 2016. Background: Walking economy declines with increasing age,

possibly leading to mobility limitation in older adults. Multicomponent fitness training could delay the decline in walking economy.

Purpose: This study aimed to determine the effect of multicomponent fitness training on walking economy in older adults. Methods:

Participants were untrained adults, age 50 to 83 yr (N = 26, 10 males, age = 63 T 6 yr, BMI = 25.6 T 2.1 kgImj2, mean T SD). A control

group was also recruited (N = 16, 9 males, age = 66 T 10 yr, BMI = 25.4 T 3.0 kgImj2), matching the intervention group for age, weight,

body composition, and fitness. The intervention group followed a multicomponent fitness program of 1 h, twice per week during 1 yr.

The control group did not take part in any physical training. Fat-free mass, walking economy, and maximal oxygen uptake (V̇O2max)

were measured in both groups before and after the year. Walking economy was measured with indirect calorimetry as the lowest energy

needed to displace 1 kg of body mass for 1 m while walking on a treadmill. The data were compared between the two groups with

repeated-measures ANOVA. Results: Thirty-two subjects completed all measurements. There was an interaction between the effects of

time and group on V̇O2max (P G 0.05) and walking economy (P G 0.05), whereas fat-free mass did not change significantly (P = 0.06).

V̇O2max decreased by 1.8 mLIkgj1Iminj1 in the control group and increased by 1.3 mLIkgj1Iminj1 in the intervention group. The lowest

energy needed to walk increased by 0.12 JIkgj1Imj1 in the control group and decreased in the intervention group by 0.13 JIkgj1Imj1.

Conclusion: Multicomponent fitness training decreases walking cost in older adults, preserving walking economy. Thus, training

programs could delay mobility limitation with increasing age. Key Words: ENERGY EXPENDITURE, COST OF WALKING,

AEROBIC CAPACITY, AGING, PHYSICAL ACTIVITY INTERVENTION

A
ging is associated with reduced physical activity
(42,51) and loss of independent functioning (4).
Low physical activity in older adults is due to

multiple factors such as increased fatigue, reduced energy
reserve (22,40), decreased maximal aerobic capacity (12),
and increased energetic cost of daily life activities (39). In-
creased cost of daily life activities results in lower energy
reserve (27,48), which possibly undermines independent
functioning. Delaying the increase in cost of daily life ac-
tivities would induce higher energy reserve, likely pro-
longing independent functioning in older adults.

Walking represents the most frequent daily life activity,
and it allows individuals to carry out simple and funda-
mental tasks (23). Measures of walking ability such as
walking speed have been designated as functional vital sign

(28). Higher walking speed at older age indicates preserved
functional and health status and it is related to lower death
rates (1). Older adults with low walking speed tend to show
higher walking cost, requiring more energy to displace 1 kg
of body mass for 1 m while walking (49).

Walking cost, assessed as total energy expenditure during
walking minus standing energy expenditure divided by dis-
tance and body mass (27), follows a U-shaped relation with
walking speed with a minimum between 0.9 and 1.4 mIsj1

(27). The walking speed at which the minimum is measured
approximates subjects_ preferred walking speed and is there-
fore the condition that best represents daily life conditions
(5,35). The minimum walking cost increases gradually after
the 50th year of age, possibly leading to reduced mobility in
older adults (21,24,38).

Several factors have been suggested to contribute to the
age-related decline in walking economy, such as strength,
sarcopenia, loss of neuromuscular coordination, and de-
creased regularity of walking patterns. Sarcopenia leads to a
decline in muscle strength and power. Augmenting muscle
power to contrast the decline in muscle strength during
walking can decrease walking cost and increase preferred
walking speed (30). At the same time, the age-related de-
cline in neuromuscular coordination can alter the pattern of
recruitment of muscles and the timing of limb movements,
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inducing compensatory strategies requiring increased energy
(47). Furthermore, irregular body acceleration in the hori-
zontal plane is associated with increased walking cost (45).
Interventions that address these aforementioned factors
could indirectly reduce the cost of walking. Fitness training
might be an effective strategy to reach these effects.

Fitness training is generally divided in three categories, all of
which could indirectly improve walking economy. Resistance
training can counteract sarcopenia (36), which naturally occurs
with aging (37), by increasing muscle mass, strength (29), and
stability (9) and thus decrease walking cost (14). Stretching
exercises improve flexibility, joint range of motion, and pro-
prioception with consequent effects on balance and stability
(11,19), which might result in reduced walking cost. Endur-
ance training aims at improving cardiovascular conditioning
and results in increased maximal oxygen uptake as well as
reduced recovery time (13,16). After an endurance-training
program, individuals showed decreased HR (25) and energy
expenditure during exercise (50). Multicomponent fitness
training is a combination of resistance stretching and endurance
training (18,33), and it might incorporate the benefits of these
training categories, resulting in improved walking economy.

Given the importance of delaying the age-related decline
in walking economy to maintain independence and quality
of life and to mitigate health risks in older adults, this study
aimed at determining the effect of 1 yr multicomponent fit-
ness training on walking economy in older adults.

METHODS

Population. Untrained adults, age 50 to 83 yr (N = 26,
10 males, age = 63 T 6 yr, BMI = 25.6 T 2.1 kgImj2, mean T
SD) were recruited for the fitness training through advertise-
ments in local newspapers. A control group (N = 16, 9 males,
age = 66 T 10 yr, BMI = 25.4 T 3.0 kgImj2) was recruited
similarly matching for age, weight, body composition, and
fitness level. Subjects of both groups signed a written in-
formed consent and subsequently completed and discussed
with a medical doctor a questionnaire covering orthopedic
conditions, neurological disorders, and cardiovascular prob-
lems that could affect the study. All subjects were in good
orthopedic, neurological, and cardiovascular conditions. The
study was conducted according to the Declaration of Helsinki,
and the Ethics Committee of the Maastricht University Med-
ical Center approved the study. This trial was registered at
www.clinicaltrials.gov as NCT01609764.

Study design. Body mass, fat-free mass, walking econ-
omy, and maximal oxygen uptake normalized for body mass
(V̇O2max) were measured at baseline and after 1 yr. During
this year, the intervention group followed a fitness program,
whereas the control group was not enrolled in any fitness
training and maintained the habitual physical routine.

Body composition. Body mass was measured with
subjects in underwear after an overnight fast on an electronic
scale (Life Measurement Corporation Inc., Concord, CA) to
the nearest 0.01 kg.

Fat-free mass was derived from body mass and total body
water using the deuterium dilution method as described in
the Maastricht protocol (53).

Walking economy. Walking economy was measured
as lowest energy needed to displace 1 kg of body mass for
1 m while walking on a treadmill. Subjects walked on a
treadmill at four speeds while wearing a mask to measure
energy expenditure, following a previously described pro-
tocol (45). Briefly, subjects started with 5 min standing
followed by walking at 0.83 mIsj1. Walking speed was in-
creased every 5 min by 0.28 mIsj1. If the subject was able to
walk at four speeds up to 1.67 mIsj1 without running, the
test ended; otherwise, the test was continued at 0.56 mIsj1 to
obtain four speeds at regular intervals for each subject. Ox-
ygen consumption and carbon dioxide production were
measured with an indirect calorimeter (Omnical; Maastricht
Instruments, Maastricht, The Netherlands). The calorimeter
has an automatic (30-min cycle) calibration system using
certified span gas (1% certificate) and zero gas (N2 at
99.999% purity). The accuracy of the output data was veri-
fied weekly with a methanol-burning test as previously
recommended for similar systems (2). The calculation of
total energy expenditure from O2 consumption and CO2

production was based on Brouwer_s formula (8). Total en-
ergy expenditure was averaged over the plateau during the
last 2 min of standing and of each walking speed. Walking
cost was defined as the energy needed to displace 1 kg of
body mass for 1 m while walking, and it was calculated as
total energy expenditure minus standing energy expenditure,
normalized for walking distance and for body mass. The
minimum walking cost (WCostmin, JIkg

j1Imj1) was con-
sidered for further analysis.

Maximal oxygen uptake. Maximal oxygen uptake was
measured after an incremental protocol (20). To guarantee the
independence of the measure from walking economy, the test
was performed on a cycle ergometer. Furthermore, the use of
a cycle ergometer is safer for older subjects compared with a
treadmill (3,17). A warming up workload of 75 W for men
and 50 W for women was maintained for 5 min and then
increased by 50 W every 2.5 min. The increase in workload
was reduced to 25 W when the respiratory quotient was
higher than one or when HR reached a value of 35 bpm less
than the age-predicted maximal HR (220 bpm j age). The
test continued until exhaustion. A mask covering mouth and
nose was used to collect expired air, which was continuously
analyzed for O2 consumption and CO2 production (Omnical,
Maastricht Instruments).

Intervention. The intervention group followed a group
fitness program of 1 h, at least two times per week during 1 yr,
available at a local fitness center. Classes of the program were
held in the morning from Monday until Thursday. Subjects
were asked to participate on two nonconsecutive days every
week. Subjects were allowed to miss at most 10% of the les-
sons along the year, allowing a cumulative 5 wk of holidays or
sickness during the 1-yr study. The fitness instructor who
coached every class designed the program specifically for
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participants older than 50 yr. Each class started with a warming
up of 15 min during which participants performed moderate
intensity free-body aerobic exercises accompanied by music.
Subsequently, subjects exercised for 30 min in a resistance
circuit training of moderate intensity using weight stack ma-
chines. Three sets of 15 repetitions were performed of the
following exercises: chest press, lateral row, pull down, triceps
extension, biceps curl, leg press, leg curl, and abdominal
crunch. Each class ended with 15 min of cooling down, in-
cluding core, stretching, and balance exercises of low intensity,
accompanied by music. The instructor supervised all subjects,
assessing their participation and promoting a progressive in-
crease of the training load. A researcher visited periodically the
fitness center during hours of class to motivate subjects and to
collect feedback from the instructor about participation and
training progress. Subjects participating in less than two ses-
sions per week were contacted and motivated to resume reg-
ular participation in the program.

Data analysis. The data were compared between the
two groups with two-way repeated-measures ANOVA with
two factors (time and group) and two levels per factor
(month 0–month 12, intervention–control). The number of
levels assured that the assumption on the sphericity of the
data was verified. Post hoc analysis was not considered

because the number of levels of both factors was only two.
All variables were expressed as mean T SD. The statistical
significance threshold was set at P G 0.05.

RESULTS

Six (three males) of 16 control subjects dropped out dur-
ing the study and were excluded from the analysis. Four
(one male) of 26 intervention subjects were excluded from
the study because of insufficient adherence to the interven-
tion. Thirty-two subjects completed all measurements.
Males and females did not differ in age, optimal speed or
WCostmin, and were analyzed together. Subject characteris-
tics at baseline did not differ between groups (Table 1).

Four subjects could not walk at 1.67 mIsj1 and walked at
0.56 mIsj1 to obtain four speeds at regular intervals for each
subject. The optimal walking speed, i.e., the walking speedwith
the lowest walking cost, at baseline was 1.18 T 0.16 mIsj1 and
was not significantly different between groups. The relation-
ship between walking cost and speed at baseline is presented
in Figure 1.

There was a statistically significant interaction between the
effects of time and group on V̇O2max (P G 0.05) and walking
economy (P G 0.05). V̇O2max increased in the intervention

TABLE 1. Subject characteristics at baseline and after 12 months of the control group and the intervention group (mean T SD).

Control Intervention

Gender (M = 6/F = 4) Gender (M = 9/F = 13)

Month 0 Month 12 Month 0 Month 12

Body mass (kg) 72.1 T 14.8 73.6 T 17.1 73.9 T 10.8 74.1 T 10.4
FFM (kg) 51.2 T 12.2 51.3 T 12.5 50.5 T 9.0 52.3 T 9.8*
BMI (kgImj2) 24.8 T 3.2 25.2 T 3.9 25.6 T 2.1 25.7 T 2.2
V̇O2max (LIminj1) 2.19 T 0.78 2.07 T 0.63 2.04 T 0.50 2.15 T 0.52†
V̇O2max/body mass (mLIkgj1Iminj1) 30.1 T 8.7 28.2 T 7.5 27.6 T 4.9 28.9 T 4.9†
Absolute walking cost (JImj1) 174 T 37 186 T 58 176 T 31 167 T 26†
Walking cost (JIkgj1Imj1) 2.47 T 0.58 2.59 T 0.85 2.39 T 0.35 2.26 T 0.28†

FFM, fat-free mass; walking cost, the lowest energy needed to displace 1 kg of body mass for 1 m while walking.
*Significant time effect (P G 0.05).
†Significant group–time effect (P G 0.05).

FIGURE 1—Relationship between walking cost and speed at baseline. Subjects walked at regular speed intervals between 0.56 mIsj1 and 1.39 mIsj1

(slow walkers,N = 4) or between 0.83 mIsj1 and 1.67 mIsj1 (quick walkers, N = 28). Solid lines represent mean values, and dashed lines represent SD values.
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group by 1.3 mLIkgj1Iminj1 and decreased in the control
group by 1.8 mLIkgj1Iminj1 (Table 1). The cost of walk-
ing increased in the control group along the year by
0.12 JIkgj1Imj1, which was approximately 5% of the initial
cost of walking. Subjects who followed the fitness training
showed the opposite tendency, with a reduction of the cost of
walking of 0.13 JIkgj1Imj1, which was more than 5% of the
initial cost of walking and resulted in a 13% lower waking
cost than the control group (Fig. 2). Total body mass was
maintained stable during the study. Fat-free mass had the
tendency to increase in the intervention group, although the
time–group interaction did not reach significance (P = 0.06).

DISCUSSION

The results of the study showed that, after 1-yr of multi-
component fitness training, the energetic cost of walking in
older adults decreased significantly compared with a control
group. The training increased V̇O2max, improving the aerobic
capacity of trained older adults compared with the decline
shown by a control group. Less energy needed for walking
might promote sustained physical activity and contribute to
prolong the independence of trained older adults from exter-
nal aid for daily life activity.

Approximately 85% of the subjects recruited for the in-
tervention complied with the intervention, whereas 63% of
the control subjects completed the study. Previous studies,
including 1 yr fitness training interventions, reported com-
pliances of approximately 50% (10,41). One explanation for
the higher compliance in the current study might be the av-
erage good health of the subjects, with an average V̇O2max of
27.6 T 4.9 mLIkgj1Iminj1 at baseline and a BMI of 25.7 T
2.5 kgImj2 (34). Healthy individuals are likely to perceive
the benefits of an active lifestyle and this might have con-
tributed to the high compliance to the training. Other

possible explanations for the higher compliance are the ini-
tial motivation of subjects and the social aspect of a group
fitness program. Most of the intervention subjects were
motivated by the opportunity to engage in some physical
activity. Many of them referred that being part of a study
gave them an external motivation and helped them
maintaining their fitness routine. Participation was possibly
also promoted by the fact that the training was financed by
the university and had no economical effect on the subjects.
At the end of the study, most of the intervention subjects
expressed the intention to continue independently the fitness
training at the fitness center. The factors that influenced this
decision were the stimulating environment provided by a
group lesson and the purpose of preserving the physiological
benefits acquired during the year of fitness. This intention is
compatible with previous studies where the majority of
subjects were still training 4 yr after study participation (43).

Body mass was preserved during the study. Some studies
showed that fitness training might induce weight loss by
increasing exercise induced energy expenditure, but the
amount of weight loss seems to be lower than predicted (52).
Possible explanations are a compensatory increase in energy
intake or a reduction of nonexercise energy expenditure
(44). In this study, changes in body mass would have created
a potential confounding factor, and therefore no dietary in-
dications were given to the subjects. As a result, subjects
remained weight stable during the study. Although body
mass remained constant, fat-free mass had the tendency to
increase in the intervention group, but significance was not
reached (P = 0.06). The increase in fat-free mass was non-
significant, possibly because the fitness training was of
moderate intensity as previously shown in a similar multi-
component fitness training of moderate intensity (25).

V̇O2max increased by 1.3 mLIkgj1Iminj1 in the training
group, whereas it declined by 1.8 mLIkgj1Iminj1 in the con-
trol group. The increase confirms previous studies showing

FIGURE 2—Comparison of the change in maximal oxygen uptake (V̇O2max) and walking cost for 1 yr between a control group (N = 10) and an
intervention group (N = 22). The whiskers represent SD. *P G 0.05, two-way repeated-measures ANOVA of the interaction between the effects of time
and group.
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that fitness training improves aerobic capacity (43). Although
one main determinant of V̇O2max is body mass, the effect of
fitness training remained significant when presented in ab-
solute terms (LIminj1). The training, and especially its en-
durance component, might have increased V̇O2max by acting
on multiple physiological factors, which determine the age-
related decline in V̇O2max. These factors include increased
cardiac output, improved oxygen delivery to the muscle, and
increased oxidative capacity of skeletal muscles (6). The ob-
served increase in aerobic capacity indicates a good compli-
ance to the intervention.

The cost of walking decreased by 0.13 T 0.29 JIkgj1Imj1

in the intervention group compared with the control
group in which the cost of walking increased by 0.12 T
0.31 JIkgj1Imj1. A baseline cost of walking of approximately
2.4 JIkgj1Imj1 is in line with the cost of walking reported in
previous studies (31,32,45). One study has reported no changes
in walking economy in older adults after a similar intervention
(26). In that study, the minimum cost of walking was around
0.15 mL O2Ikg

j1Imj1. Assuming a conversion factor of
20.3 JImLj1 O2 for a regular diet and (54), the minimum cost
of walking in that study can be estimated at 3.05 JIkgj1Imj1,
a very high value possibly indicating measurement bias. The
results from the current study were in line with previous
literature and indicate that multicomponent fitness training
might delay the age-related decline in walking economy.

Increased metabolic efficiency during exercise might partly
explain the effect of training on the metabolic cost of walking.
Endurance training can influence subjects metabolism by de-
creasing energy expenditure during exercise (50). Possible
mechanisms include increased oxygen extraction and in-
creased oxidative capacity of skeletal muscles. These physi-
ological adaptations have been shown after enrollment in
exercise training in patients with chronic heart failure, and
they might also contribute to increased aerobic capacity (15).
Other types of training such as task-specific motor learning
interventions have been shown to be effective in improving

motor control (7), with direct improvements in walking cost
(46). Task-specific interventions have relevant effects on
walking economy, but their effect on aerobic capacity is not
significant. The current study instead involved a multicom-
ponent fitness training and showed a significant effect both on
walking economy and on aerobic capacity, which results in
an increased energy reserve and is thought to have a positive
influence on independence and quality of life (49).

Future studies could focus on the effect of multicompo-
nent fitness training on independence and quality of life. The
results of this study suggest that quality of life in trained
older adults might have improved, but no direct measures of
quality of life were taken. Follow-up studies could assess
whether the beneficial effect of multicomponent fitness
training is maintained when the training is interrupted. It is
also possible that a larger population or a longer period of
training could reveal smaller but relevant consequences of
multicomponent fitness training, such as the trend shown for
the fat-free mass in this study.

In conclusion, multicomponent fitness training improved
aerobic capacity and decreased the metabolic cost of walk-
ing. Less energy needed for walking might promote sustained
physical activity and contribute to prolong the indepen-
dence of trained older adults from external aid for daily life
activities.
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