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Abstract

Aim: This study aimed to evaluate the metabolic responses during a whole-body strength
training (WBST) session and the effectiveness of a 8-weeks WBST program on metabolic
adaptations and body composition. Methods: Three experimental groups followed either a
WBST program (n=15), a walking program (WALK, n=11), or control period (CONT, n=12).
The oxygen consumption (‘69@2 ), and the rate of lipid oxidation (LipOx) were evaluated

during both incremental exercises (WBST and WALK) before and after%&weeks training

programs (i.e., WBST and WALK). Additionally, body compo and anthropometric

characteristics were evaluated before and after the experieriod, %h group.

Results: ‘69@2 was similar during WBST performed at 80%.0 VX4 .9 ml/min/kg),

and during walking at 4.5 km/h (16.8 £2.0 m Aft program, ‘&)2 during
walking exercise at 4.5 km/h was signifi a*c\ educed (- 4 %; p<0.01). The reduction
of body fat percentage was signifi <0.05) grea ter WBST program (-4.94 + 4.65

sion: This study demonstrated that a WBST

%) than after WALK prog . %lv n contrast body composition did not
significantly change after C§§T peri 0
session, perfomez@of mnduced a significant aerobic solicitation and that a 8-

week WB m iously influenced body composition, anthropometric

chara(@c dre %e energetic cost of walking. These findings suggest that WBST

may be interesting\ alternative to combined aerobic and strength training strategies in

overweight management.

Key words:

Overweight management, Oxygen uptake, Lipid oxidation, Body fat percentage, Efficiency
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Introduction

Over the last decade, the worldwide prevalence of overweight and obesity has
considerably increased (Caballero 2007). Recent studies reported a linear relationship
between body fat percentage and impairment of physiological health and well-being (Chen et
al. 2006). In that context, any strategy aimed at controlling body weight and composition is
valuable from a health and economic point of view.

Exercise appears to be one major factor in long-term succa@weight maintenance
(van Baak et al. 2003). Indeed, fat oxidation is optimized d to m% intensity
exercise (Romijne et al. 1993), and high-intensity exercise induces fat oxidation during the

recovery period (Folch et al. 2001; Schrauwen \\N997). aerobic training is

promoted as the most effective mode of exef€i Veryeig

improvements in lipid profiles an@ nsitivi uza et al. 2005). In aerobic
i

programs, walking is commonly/faSed with’ ov ight pérson. Indeed, this mode of exercise
i

is easy to achieve, not techn < ? S e@' romoting healthy effects with a minimum
practice of 150 min@ di @3010). In addition, it has been reported that fat
oxidation rates a“wide of/intensities were significantly higher during walking

compared With/Cyclihg e ¢ (Achten et al. 2003), partly due to the important muscle mass

a

~

recmi@ring i ermansen and Saltin 1969). However, aerobic exercises, and
especially walking, are often perceived as forbidding or boring, which limit the long-term
adhesion to that kind of training program (Siddiqui et al. 2010), and therefore impairs long-
term weight maintenance.

More recently, published guidelines have emphasized the value of strength or resistance
training to promote weight loss (Haskell et al. 2007, Pollock et al. 2000). Indeed, it appeared

that resistance training increased muscle mass (Hunter et al. 2000) and decreased the
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difficulty in daily living activities, therefore promoting more active behaviours (Hunter et al.
1995, Hunter et al. 2000). These positive adaptations were associated with increases of both
resting and daily (Hunter et al. 2000) energy expenditure after the strength training period. As
a consequence, regular resistance training has been recognized as an appropriate strategy to
promote weight loss and to improve body composition (i.e., reduction of fat mass and increase
in lean body mass) (Balducci et al. 2004). Additionally, it has been suggested that fat
oxidation rates during exercise may be increased after resistance training ((ilette et al. 1994,
Melby et al. 1993).

Nevertheless, typical resistance training remains meta ess ?ding than
endurance training, especially because of the limited muscle hass re@ ring strength

training. Given the limits of aerobic programs, rec dies hay ombination of both

training modalities (i.e., resistance and aero monstrated 1) a significant

increase of muscle force, ii) improve %

facilitation of daily living activi@ et 5) and iv) improvement of the long-term

adhesion to the training o.y@ en%c suggests that a combination of aerobic and

strength solicitations?g?neces ar tmal results in the treatment of overweight (for

review, Hills e@ . Raﬁg@ombining different endurance and strength activities,
\

an altema@ y CK 0 perform whole-body strength training (WBST) exercises,

which d be a ruit a large muscle mass at high force levels, and therefore to

ition (Cauza et al. 2005), iii)

concurrently induce a significant aerobic solicitation. To date, the acute effect of WBST on
metabolic responses has not been established. Further, the effects of a WBST training
program on body composition and physiological adaptations remain unknown.

Therefore, the purposes of the present study were (i) to compare the aerobic solicitation

between WBST and walking exercises, and (ii) to evaluate the effectiveness of a WBST
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training program on metabolic adaptations, body composition, and maximal muscle force, in

comparison walking program (Siddiqui et al. 2010).
2. Materials and Methods

2.1 Subjects

=\

Thirty-eight sedentary women (age: 28.4 + 6.1 years; height: 166.2)+ 7.5 cm; mass: 64.5

+ 8.7 Kg) volunteered to participate in the present study aft1> ere i‘w in detail

)

about the nature of the experiment and possible risks. All of them We@ contraceptive
treatment. Exclusion criteria included diabetes nancy. Xsion, dyslipidemia,
treatment with antidepressants and use of ejght-loss volunteers were told to

t nformed written consent was

maintain their usual diet for the to@ of t
obtained from each participant. @a ethi%ml tee approved the project before its
initiation. @ Q

2.2. Expe a&ppr%@ problem

@, acut ic solicitations induced by walking and WBST exercises were
compared during specific incremental tests. Secondly, three experimental groups have been
constituted to establish the effectiveness of WBST program as a strategy to promote positive
health effects and weight maintenance : Twelve women (age: 27.8 + 5.8 years; height: 167.0
+ 7.2 cm; mass: 64.4 £ 7.2 Kg) were told to respect a 8-weeks control period (CONT), eleven
participants (age: 25.1 + 4.6 years; height: 163.9 &+ 6.5 cm; mass: 63.5 + 9.9 Kg) followed a 8-

weeks walking (WALK) training program, and fifteen other subjects (age: 31.3 + 6.2 years;
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height: 167.5 = 8.7 cm; mass: 65.4 + 9.4 Kg) participated to a 8-weeks WBST program. Body
composition and anthropometric characteristics were measured before (PRE) and after (POST)
the 8 experimental weeks, for each group. Additionally, metabolic responses during
incremental walking tests were recorded before and after both training programs (i.e., WBST

vs. WALK).

Training program: The WBST exercises were conducted on a commiercially available

device (Huber® Spineforce, LPG Systems, France) which consisted

and two large handles mounted on a movable column. Sever han itions were
marked on the platform and handles, respectively (Figu@\’ B@ consisted in

adopting specific positions, defined as a combinati variou ands positions, and

n oscillating platform

developing high force levels (60-80% of the maxim

against the handles. These actions r@ ergt ation of various muscle groups
im

of the lower limbs, trunk and e . H were equipped with strain gauges, and
feedback about force deve as %d the subjects. Additionally, an interactive

interface, materializ a target @w the subject about their ability to maintain the

required force % “g econtrol panel was intended to stimulate the subject’s
motivation@ e an& sion to the WBST training program.

ng was d three times per week during 8 weeks (i.e. 24 training sessions).
Each 30-minute training session was supervised by the principal investigator (JBF) to ensure
compliance and to maintain optimal exercise technique. Subjects alternated two WBST
exercises (Figure 1) every 7s with a 7-s recovery period between each exercise. Three series

of 40 contractions were performed during each training session. The first six sessions were

performed at 60 %, the following six at 70% and the last twelve sessions at 80 % of MVC.
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MVC was evaluated before each training session during two WBST reference exercises (see
“MVC” paragraph and Figure 1).

Walking exercise was performed on a treadmill (Qasar, HP cosmos, Deutschland).
During each 30-min training session, volunteers walked at an averaged speed of 4.4 + 1.0
km/h, corresponding to the maximal rate of lipid oxidation. The maximal LipOX was
determined during the initial incremental walking test. Training was performed three times

per week during 8 weeks (i.e. 24 training sessions). ;5

All participants having integrated the control group were told mended to maintain

©

their lifestyle uses during the 8 weeks of the protocol (i.e., diet hysical a@(%}

&°6

Insert fi

2.3 Data recording and analys@

Metabolic responses: tsvper %remental walking test before and after
both training periods\@iz WBST @H(). The walking test (Venables et al. 2005) was
performed on areadmilly(Qasar, mos, Deutschland). Volunteers started exercising at a
speed of 3: a 1& of 1%. The speed was increased by 1 km/h every 3 min until a
speed@S km/h hed. Additionally, women, participating to the WBST program,

were tested before and after training period on an incremental WBST exercise. This test was
composed of three stages of 10-min duration on the Huber® apparatus, interspersed by a 90-s
recovery period. Subjects started at 60% of MVC. Afterwards, the level of force was
increased by 10% for each stage (i.e. 60%, 70%, 80% of MVC).

During both tests, the subjects continuously breathed through a face mask, and

respiratory gas exchanges were monitored breath-by-breath (K4B?, Cosmed, Italy). Before
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each test, the system was calibrated with a 3-liter Rudolph syringe (Quinton, USA) and a
standard gas of known concentration (5% O, and 16% CO,). Oxygen consumption (‘&)2, in

ml/min/kg), and rate of lipid oxidation (LipOx) were recorded throughout both tests (i.e.
walking and WBST). For subsequent data analysis, all these parameters were averaged over

the last 2 min of each stage.

Maximal Voluntary Contraction: After a familiarization period (l%on the Huber®

apparatus, MVC was measured in two standardized positions (Fi u@ Subjects were asked

@ tions two arms
on the handles). For each position, pulling and pushing\forces we @ by the strain
gauges placed on the handles. Subjects perfo@-s Mh position. A third
trial was performed if the difference betwéen, the two alspwas greater than 5%. The

recovery period between trials wa@%. S erbal encouragement and visual

feedback about force develop ere prov the subjects during each MVC. The

to exert maximal isometric pushing and pulling forces (i.e. opp

highest average force prod the 10d was retained as the MVC value, for each

action (i.e., pulling @ng fo@@

ic % ents and body composition: Body mass was measured with

m
r¢ial scale I C-532, Total Innerscan, Japan). Waist and thigh circumferences

were measured with a tape meter, respectively, at the level of the iliac crests, and at middle
distance between the right iliac crest and the right lateral femoral condyle. Body fat
percentage was evaluated with a skinfold calliper (Baty International, United Kingdom).
Skinfolds were measured at 4 standard anatomical sites (i.e., biceps brachii, triceps brachii,
subscapular, supra-iliac) on the right side. The tester pinched the skin at the appropriate site to

raise a double layer of skin and the underlying adipose tissue. The calipers were then applied
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1 cm below and perpendicular to the pinch, and a reading in millimeters was taken two
seconds later. The mean of two consecutive measurements was calculated during data

processing. Body fat percentage was then calculated according to the equation of Siri (1956).
2.4 Statistical analyses

Descriptive statistics, including means and standard deviations, were ¢alculated for each

parameter. One way analysis of variance (ANOVA) was used tare acute metabolic

responses between both incremental tests (WBST and walking e latte%%data from

the last stage (i.e. 80% of MVC) was used for the compar@h the walki st, because it

represented the highest metabolic solicitation @ repres

training load. Post-hoc analyses (Newman-l@ usedt differences among pairs of
th r@eawres on time (PRE X POST)

was used to compare dependent/¥ariable betvfferem experimental groups. Post-hoc
i

% ferences among pairs of means, when
appropriate. A leveQY‘?<0.O W, @& identify statistical significance. The statistical
analyses were performed by @istica software for Windows (Statsoft, version 6.1,
StatisticQ ;] . \%

3. Results

f a typical WBST

means, when appropriate. One way A

analyses (Newman-Keuls

Acute metabolic responses: LipOx did not significantly differ between WBST at 80% of
MVC and walking exercise from 3.5 to 6.5 km/h (Figure 2). The maximal rate of lipid
oxidation reached during walking test was significantly greater (p<0.05) for participants to the

WBST program (0.59 + 0.24 g/min) than for participants to WALK program (0.34 = 0.10
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g/min). ‘(3@2 during WBST exercise at 80% of MVC was similar to the ‘(3@2 recorded during

walking at 3.5 and 4.5 km/h., but remained significantly (p<0.001) smaller as compared to

walking at 5.5 and 6.5 km/h (Figure 2). For each speed step of the incremental walking test,
‘(3@2 was similar for both training groups.

Metabolic adaptations: The maximal rate of lipid oxidation during the incremental

walking test did not significantly change between PRE (WBST: 0.59 + 0.24 g/min; WALK:

0.34 = 0.10 g/min) and PosT (WBST: 0.53 + 0.15 g/min; 0.39 + 0.13 both protocols,

WBST at 80% of MVC was also simil
respectively) and after (17.8 + 3 $
training period. @ Q

:% @i Insert figure 2
\% Insert figure 3

MVC: The absolute force was greater after WBST training as compared to the initial
test: Maximal pushing force was significantly (p<0.01) increased after training (right: + 21.7
+ 34.2 %; left: +29.0 = 37.9 %). The same trend (p = 0.09) was observed for the pulling force

(+17.4 £30%, in average).

Anthropometric measurements and body composition:
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Body mass was similar before (64.4 & 8.7 kg) and after (64.8 + 9.0 kg) the experimental
period, whatever studied group. Anthropometric measures and body composition did not
significantly change after the period of control. Thigh circumference did not significantly
differ after training programs (WBST: 54.3 + 1.1 cm, WALK: 54.1 £ 6.6 cm) in comparison
with initial values (WBST: 54.4 + 1.0 cm, WALK: 54.3 £ 7.2 cm). In contrast, waist
circumference was significantly (p<0.001) reduced after WBST training (-3.1 = 2.1 c¢m), but
not after WALK program. Supra-iliac, biceps brachii, and triceps brachii skinfolds thickness
were also significantly (p<0.001) lower after the WBST training p {od)(14.5 £ 6.2 mm, 15.1

+ 10.1 mm and 26.2 £ 12.6 mm, respectively) in compar1son 1t1a1 %2 3+12

mm, 13.1 + 8.3 mm, and 23.7 £ 11.8 mm, respectlvely) whil¢)onl @) chii skinfold

thickness was significantly (p>0.05) reduced a ining @k .8 mm). Body fat
S t

percentage was significantly (p<0.01) lowe raining (WBST: 29.6 +

9.1 %; WALK 34.0 £4.0 % 32.0 + 7.1 % itial values (WBST: 32.0 £ 7.1
%; WALK: 35.2 £ 4.1 %) (Figu c dy fat percentage was not affected by the
.@' o, POST: ‘% The reduction of body fat percentage
was significantly (p greater @&ET program (-4.94 + 4.65 %) than after walking
program (-3. 17@ (Fi @

Insert figure 4

control period (PRE: 33.0

4. Discussion

The main purposes of this study were (i) to compare acute metabolic responses between
WBST and walking exercises, and (ii) to test the effectiveness of a 8-week WBST program on

metabolic adaptations, body composition, and muscle force, in comparison with walking
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program or control period. Our results showed that a high-force WBST exercise session
induces significant aerobic solicitation and lipid oxidation, which were comparable to a
natural walking exercise (4.5 Km/h). The present study also evidenced that a WBST training
program significantly improved body composition, anthropometric characteristics, maximal
muscle force, and reduced the energetic cost of walking. The reduction of body fat percentage
after WBST program was significantly greater than after walking training period.

In the present study, WBST was compared with an incremental\\walking test. In

accordance with Cheneviere et al. (2009), the present results evide @ hat, during walking,

the maximal rate of lipid oxidation was reached at 5.5 Km/h‘ llterat maximal
rate of lipid oxidation during walking varied from 0.40 g/@en@l. 2009) to 0.46

Ox, which reached

ST), were coherent with

maximal LipOx was observed

during the present experiment,

i ordance with other findings (Achten and

Jeukendrup 2004). @ QV
The rate of lipon du @SP was similar to that measured at walking speeds
corresponding ¢@ t atural @Speed locomotion, i.e. 3.5-4.5 km/h. ‘69@2 during

WBST o oM asssimilar to walking at 4.5 Km/h. These findings could have
practicak ' Conseque eight maintenance program. Indeed, nowadays walking is the

most common aerobic exercise prescribed to overweight persons (Siddiqui et al. 2010), but is

often perceived as boring. WBST could be an appropriate alternative through its ability to
induce a significant aerobic solicitation and to stimulate subject’s motivation to exercise
regularly. Nevertheless, the present result needs to be interpreted with caution. Indeed, a
single exercise intensity (80% of MVC) has been studied over a relatively short duration (10

min). Metabolic responses may differ as a function of WBST exercise characteristics (e.g.
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profile, intensity, duration). Thus, future experiments should evaluate the effect of different
WBST modalities on acute energetic responses.

Owing to the ability of WBST to induce a significant solicitation of the oxidative
processes, it was expected that a WBST training period could significantly modify energetic
responses to exercise. Indeed, several studies have evidenced that lipid oxidation during
submaximal exercise was increased after endurance (Costill et al. 1979, van Loon et al. 1999,

van Loon et al. 2004) or resistance training (Hunter et al. 1995, Melby et é§§1993) However,

e

the rate of lipid oxidation during walking was not affected by t € training programs

tested in the present study. It could be suggested that the d ura tley e 4) and/or

the intensity of training program was insufficient to 1nV01 anent ¢ adaptations.

@

However, during WBST exercise, oxygen uptake Ox w@a cted by the training
period, while the absolute force level signifi %
The origin of this precedent result N @ﬂmroved mechanical efficiency

during WBST exercise after th ing perio erestingly, the economy of walking was

significantly also improve ST while walking protocol have not induced

@ the increase of the pushing force could be

¢ tank muscles force. Indeed, opposite arm swings and

comparable changes er
attributed to a

rotational i tri orcx g pushing action on the Huber® apparatus needed significant

solicit of trun

—

muscles. Opposite arm swings and rotational movements of the
trunk are also typical attributes of walking activities (Gregersen and Lucas 1967). Recent
evidence from behavioural studies has suggested that both deep (Hodges and Richardson
1997) and superficial (Callaghan et al. 1999) trunk muscles contributed to the control of
stability at an intersegmental level. Kinematic approaches evidenced that the trunk may act as
an attenuator of ground reaction forces and as an inverted pendulum which converts potential

energy to kinetic energy (Sartor et al. 1999). It has also been evidenced that core strength
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plays an important role in optimizing the excursion of the centre of mass and maximizing the
propulsive forces developed by the legs during walking (Barnes 2002). The probable increase
of stabilizer trunk muscles force after the WBST training period could thus explain the
improvement of efficiency during both walking and WBST exercise. In practical terms, the
reduction of oxygen uptake and energy expenditure during walking after WBST program
could induce a concomitant reduction of the perceived effort (Pincivero et al. 2004). These
results could thus have positive consequences on the self-induced phys%ivity. Indeed, a
reduction of the perceived difficulty during exercise has been sh@o encourage regular

physical activity (Donnelly et al. 2009), and therefore incrily en enditure

(Hunter et al. 2000). These potential long-term effects @T training programs on self-

induced daily physical activity levels and e@pendi‘w@n&n to be evidenced

experimentally. @ @
In the present study, we also @% e @ that a WBST training period

could involve significant modifications~ of %composition. While body mass was
unchanged after the experi@ odswhatever experimental groups, body fat percentage
was significantly r aftet’ bat and WALK protocols. Previous studies have

iated with a decrease in fat mass and a concomitant

increase i b mx us little or no change in total bodyweight (Balducci et al.
2004)@&@1@@ in accordance with those of Hunter et al. (2000) who reported
similar modifications of body composition after a resistance training program. In contrast,
previous studies that have examined walking program, reported significant effects on body fat
mass only from 150 min/week (Siddiqui et al. 2010) vs. 120 min/week in the present study,
and without change in body lean mass. Moreover, the present study reported a significant
reduction of waist circumference and abdominal subcutaneous fat after WBST program, while

no significant change were evidenced after walking protocol or control period. These findings
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are consistent with previous studies that have reported a decrease of abdominal subcutaneous
fat, when the training program combined aerobic and resistance training (Cauza et al. 2005,
Irving et al. 2008). These results could therefore have positive consequences on the
overweight management, knowing that subcutaneous fat contributing to insulin resistance and
metabolic syndrome (Irving et al. 2008). Nevertheless, while being greater than after walking
program, the extent of these modifications appeared to be quite limited in comparison with
previous reports (Hunter et al. 2000) and with the general recommendations of the American

College of Sport Medicine (ACSM) (Donnely et al. 2009). The tr@ period was short (2

months) in comparison with other studies. Indeed, previous stve rep n increase

of resting energy expenditure after longer resistance training programs (Mejby et al. 1993),

which was attributed to an increased muscle mass ereta \) could be suggested
that a longer (> 6 months) WBST trainin@ could_imduce/greater modifications of
body composition in comparison w@ t ra@v y du to an increase of resting
and daily energy expenditure. T@n to b onstrated.

5. Conclusions @:@

This onsfrated. that a 30-minute WBST session, performed at 80 % of MVC,
induce signifi ic solicitation, which was comparable to the naturally chosen
walking speed, i.e. 4.5 h. These present results also evidenced that a 8-week whole-body

strength training program (90 min/week) positively influenced body composition (e.g.
reduction of body fat percentage), anthropometric characteristics (e.g. reduction of waist
circumference and subcutaneous abdominal fat), and maximal muscle force, in a greater
extent than walking program. Finally, this mode of training induced an improvement of the

walking economy in contrary to walking training. These findings suggest that WBST may be
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an interesting alternative strategies in overweight management, based on both aerobic and
strength training. Moreover, owing to its ability to facilitate walking, WBST should be a
fundamental component of exercise prescription for overweight persons. Indeed, the
improved walking economy may act as a powerful stimulus for behavioural changes towards

a more active lifestyle.
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Figure legends
Figure 1

The whole-body strength training (WBST) exercise on the Huber® apparatus consisted
in opposite arm actions (pushing-pulling), with feet in lunge. Position was regularly inverted
(position 1 vs. position 2) in order to exert similar muscle work with both arms. Markers on
the platform and handles were used to standardize feet and hands positions, respectively. Grey

arrows represent the orientation of muscle action during exercise. ;5

Figure 2 @ %
Averaged oxygen uptake (%2, upper pannel) and @hpi@ (LipOx, lower
v a

pannel) during the whole-body strength training (W sting &e 0% of MVC (black

V)]

histogram), and during incremental walking tespaf 35, 435/ 5.

training. Data are expressed as mean + @ ing > Huber 80%, p<0.001

@QV

1/h (grey histogram), before

Oxygen uptake 5 ) duri at 4.5 km/h before (PRE, black histogram) and
after (POST, gr istogram) ipirig program: WBST program (left panel) and walking
program @ LK\t anel). Data are expressed as mean = SD. *: POST < PRE,
p<0.o@ @

Figure 4

Reduction of the percentage of body fat mass after WBST program (black histogram),
walking program (WALK, grey histogram) and after control period (CONT, white
histogram). Data are expressed as mean + SD. $$$: significant reduction from initial values,

p<0.01. *: significant differences between PRE and POST values, p<0.05
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Figure 1

Position 1
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Figure 2
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Figure 3
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Figure 4

Reduction of body fat percentage
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