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Abstract:
Studies have shown that obese individuals may require more attentional resources to perform postural 

control compared to non-obese individuals. However, it is unclear if this difference in the allocation of attention 
can only be observed in body positions that lead to a higher level of instability. The objective of this study 
was to investigate if obesity affects the allocation of attention for maintaining body postures with different 
levels of balance demand. Ten obese women (BMI=41.7±8.5) and ten non-obese women (BMI=21.8±1.3) 
volunteers were assigned into two groups (M age=39.7±7.6): obese and eutrophic. The visual reaction time 
simultaneous with the maintenance of the body positions with different levels of balance demand (sitting, 
standing and unipedal stance) was used to infer the allocation of attentional resources. A longer reaction time 
was observed in the unipedal stance, compared to the other positions, for both groups. However, no difference 
was observed between the obese and eutrophic groups, for any of the body positions. The results diverge from 
the existing literature, showing that obesity does not affect the allocation of attention for postural control.
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Introduction
Obese individuals are the target of growing 

interest from researchers all over the world. With a 
worldwide epidemic status, overweight and obesity 
are defined as abnormal or excessive fat accumu-
lation that presents a risk to health (WHO, 2015). 
Specifically, a person with a BMI of 25 kg/m² or 
more is considered overweight, while a person with 
a BMI equal to or more than 30 kg/m² is consid-
ered obese (WHO, 2015). In addition to being a 
predictor for a number of diseases (Kopelman, 
2000), some studies indicate that obese individ-
uals, when compared to eutrophic individuals 
(BMI<25 kg/m²), present greater oscillation of 
their center of pressure, which may impair their 
postural control and consequently their dynamic 
(McGraw, McClenaghan, Williams, Dickerson, & 
Ward, 2000) and static balance (Hue, et al., 2007; 
Teasdale, et al., 2006). A greater difficulty in main-
taining the postural control may imply a greater 
demand for attentional resources (McNevin, Shea, 
& Wulf, 2003) and affect other actions carried out 
in daily life.

Methodologically, one way of investigating 
whether postural control maintenance affects the 

demand for attentional resources is to require 
participants to perform a task concurrent with this 
posture control – dual tasking or a dual task para-
digm (Brown, Sleik, & Winder, 2002; Lajoie, Teas-
dale, Bard, & Fleury, 1993; van Dieën, Koppes, & 
Twisk, 2010; Vuillerme, Isableu, & Nougier, 2005). 
The tasks involving reaction time are often used 
as the “secondary” tasks to infer about the use of 
attentional resources by a “primary” task (such as 
maintaining posture – e.g. Lajoie, et al., 1993). In 
this case, an increase in reaction time, for example, 
indicates that some physical and/or environmental 
restriction is affecting the maintenance of postural 
control, which demands more attentional resources 
(Gage, Sleik, Polych, McKenzie, & Brown, 2003; 
Lajoie, et al., 1993; Tucker, Kavanagh, Barrett, 
& Morrison, 2008). The effect observed in the 
performance of the secondary task is attributed to 
a competition for attentional resources.

Employing the dual-task paradigm, the study 
carried off by Mignardot, Olivier, Promayon, and 
Nougier (2010) verified the effects of obesity on the 
need for attentional resources, for the maintenance 
of postural control, in sitting and monopedal support 
positions. In this study, a task of auditory reaction 
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time was used in obese and eutrophic individuals. 
The results indicated that in the sitting condition the 
obese and eutrophic individuals presented similar 
reaction time. However, in the monopedal condi-
tion, the obese individuals exhibited longer reaction 
times than the eutrophic participants. The authors 
observed that obesity increased the demand for 
attentional resources for the maintenance of the 
body balance in the monopedal position. 

It is important to highlight that the difference 
between the obese and eutrophic participants found 
in the Mignardot et al. (2010) study was restricted 
to the maintenance of balance in the monopedal 
support, not being observed in the sitting position. 
Thus, it is not clear whether this difference between 
the obese and eutrophic individuals can be observed 
in body positions with different degrees of postural 
instability such as a standard bipedal posture. This 
problem is backed up by the evidence that atten-
tion allocation for postural control varies according 
to the equilibrium demand, that is, the degree of 
posture instability (Lajoie, et al., 1993). In this 
sense, it is possible that obese individuals present 
a greater need for attentional resources only in more 
unstable postures, such as monopedal support, but 
not in the use of these resources for postural control 
in more stable body positions, such as the standard 
(bipedal) standing posture – more stable relative to 
the monopedal support but more unstable relative 
to the sitting position.

Thus, the objective of the present study was to 
investigate if obesity affects the attention alloca-
tion for maintaining body positions with different 
degrees of equilibrium demand: sitting, standing 
and monopedal support standing. It is expected 
that in less unstable body positions, relative to the 
single-leg support (bipedal standing and sitting 
positions), the demand for attentional resources to 
maintain postural control between the obese and 
eutrophic individuals is similar. However, in the 
monopedal position, it is expected that the obese 
individuals will need more attentional resources 
for postural control (inferred through a longer reac-
tion time) in relation to the eutrophic individuals.

Methods
Sample

Data are presented as mean (M) and standard 
deviation (SD). Twenty women participated volun-
tarily in the study, divided into two experimental 
groups: OB (obese, n=10) and EU (eutrophic, n=10). 
Participants in the OB group presented BMI above 
30 kg/m² (M=41.7; SD=8.5), were of an average 
age of 41 years (SD=6.6), and were enrolled – but 
had not yet begun to perform physical activities – 
in the physical activity program Health and Well-
ness in Obesity, offered by the Physical Education 
and Sport School of the University of São Paulo. 

The participants in the EU group presented BMI 
between 18.5 and 25 kg/m² (M=21.8; SD=1.3) and 
were matched to the OB group participants in sex 
and age (M=39.7 years; SD=7.6). All participants 
had normal or corrected eyesight, and none had 
any previous experience in the employed senso-
rimotor task. The participation in the experiment 
required completion of a free and informed consent 
form, which detailed the research procedures and 
explained the participant’s rights. The study was 
approved by the local ethics committee (CAAE 
01281112.2.0000.5391).

Instruments
The equipment consisted of a 22-inch LCD 

monitor – set to a 1680 x 1050 pixels resolution 
and a 120 Hz refresh rate – and a switch, connected 
by a coaxial cable, to a data acquisition module 
(Labjack U3-HV). A PC compatible microcomputer 
managed the task stimuli generation and data acqui-
sition running a script developed specifically for 
the present experiment. The script was developed 
and run using the Psychtoolbox toolbox for GNU/
Octave in a Linux operational system (Ubuntu 
distro, version 12.04).

The task used to measure participants’ reaction 
time was to press the switch, as soon as possible, 
when a rectangle (12 x 6 centimeters) on the center 
of the screen changed from a bright green color to 
a bright red color. After pressing the button, the 
rectangle changed back to the original green color, 
and the process was repeated for five consecutive 
times, with a random time intervals from 1 to 4 
seconds between each trial.

A Welmi weight scale (model W-200/5) was 
employed to determine the BMI, with 0.01 m 
body height and 0.1 kg body weight precision and 
2 m/200 kg max measuring capacity, respectively. 
The BMI was computed using the standard weight 
(kg) divided by squared height (m) formula.

Experimental design and procedures
Before testing, volunteers of both groups were 

provided with the information about procedures 
and the task goal (“press the switch button as soon 
as possible as the rectangle has changed colors”). 
Data collection was performed individually, with 
only one experimenter present, in a room prepared 
for this purpose.

Participants performed the task four times (five 
trials in each attempt). The first attempt was used to 
familiarize participants with the task requirements 
such as how to press the switch button (holding the 
switch box with only the preferred/dominant hand 
and pressing the button with the thumb) and which 
color change the participant should be reacting to. 
The following attempts were made in the seated, 
standing (bipedal with the feet together) and mono-
pedal positions – five trials/single reaction times in 
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each position – in a pseudo-random, counterbal-
anced order between the participants.

The distance from the participant’s head to the 
monitor was about one meter during task execution, 
and a chair with adjustable height was employed 
to try to keep the participants’ eyesight at about 
the same level during the seated condition as when 
upright standing. A 1m x 1m x 2cm Ethylene Vinyl 
Acetate mat replaced the chair in both upright 
positions, with participants being barefoot during 
testing. In the monopedal position, participants 
were asked to stand using only the ipsilateral feet to 
the dominant/preferred hand (the hand used to hold 
the switch) during task execution. No augmented 
feedback was provided to participants.

Statistical analysis
The performance measure for the simple reac-

tion time was the recorded difference between the 
stimuli color change and the moment the participant 
pressed the switch button. The trimmed mean (R 
Core Development Team., 2013) – was calculated 
for each condition (fi ve trials), removing 10% of the 
highest and lowest values, resulting in three data 
points per participant.

After checking data for the assumptions of 
parametric tests, performance data was analyzed 
using a two-way ANOVA (group vs. body posi-
tion) with repeated measures on the second factor. 
Mauchly’s test was employed to verify data sphe-
ricity and the Greenhouse-Geisser correction was 
applied to correct F and p-values when needed. To 
locate possible differences found in the ANOVA, the 
sequential t-test with False Discovery Rate (Benja-
mini & Hochberg, 1995) was used as a post-hoc test. 
This multiple comparison correction was chosen for 
having more power compared to standard correc-
tions such as Bonferroni’s.

The signifi cance level was set as α<.05. Data 
organization, analysis and plotting was made 
using the R software environment for statistical 
computing (R Core Development Team., 2013).

Results
A statistical detectable difference was found 

only for the Body Position factor, F (2,36)=13.07, 
p<.01, ղ2G =0.15, with no detectable effects either 
for the Groups factor, F (1,18)=1.82, p>.05, or the 
Group vs. Body Position interaction, F (2,36)=0.16, 
p>.05, indicating OB and EU group’s reaction time 
performance was similar for each body position. 
Figure 1 shows means plus three standard devia-
tions for reaction times (in milliseconds) for both 
groups in the three body positions, illustrating the 
comparable performance between both groups in 
each body position (sitting, bipedal standing and 
monopedal standing).

Post-hoc analysis for the Body Position factor 
located the differences between the sitting vs. mono-

pedal, and bipedal standing vs. monopedal condi-
tions. These results reveal that the attention demand 
needed to maintain postural control, as measured 
by its infl uence on the reaction time, was similar for 
the sitting and bipedal standing positions, whereas 
the monopedal standing showed a higher reaction 
time compared to the other two conditions.

Discussion and conclusions
The aim of the present study was to investigate 

if obesity, identifi ed by the WHO (2015) classifi -
cation, affects the attention allocation for postural 
control. The visual reaction time, concurrent with 
the support of body positions with differing balance 
exigence levels, was employed to infer about the 
attentional demands of obese and eutrophic indi-
viduals. The study’s results showed that obesity did 
not affect the attention allocation regardless of body 
position, i.e., in spite of the varying demands of 
postural control. This result partially confi rms our 
initial hypothesis, as no differences between the 
groups were revealed in reaction time in everyday 
usual body positions, sitting and bipedal standing. 
Conversely, we expected differences between the 
groups while sustaining the body position with the 
greatest degree of instability – monopedal standing 
– corroborating previous fi ndings (Mignardot, et 
al., 2010), but that did not occur.

In a recent study, Yi et al. (2014) evaluated the 
body balance of obese and eutrophic individuals 
using the Balance Error Scoring System (BESS), 
a test that simulates postural control activities 
similar to those performed in everyday life. The 
results showed that BMI did not infl uence the body 
balance, which was corroborated with the fi ndings 
of the present study. It is possible that, although 
obese individuals have greater oscillation in their 
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Figures

Note. * Denotes statistically significant difference between the unipedal and the 

other two body positions. 

Figure 1. Boxplots (mean and standard deviations) of reaction time (in 

milliseconds) of participants in OB and EU groups, in the three different body 

positions (sitting, standing and unipedal standing). 
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center of pressure in maintaining balance (Hue, et 
al., 2007; McGraw, et al., 2000; Teasdale, et al., 
2006), this variation may not be enough to increase 
the demand for attention necessary to the postural 
control in daily body positions. However, consid-
ering that the position of greater postural instability 
in our study (monopedal) presented results out of 
line with the study conducted by Mignardot et al. 
(2010), we must consider possible factors that led 
to this divergence.

A possible explanation may involve the type 
of stimulus and response used to measure reac-
tion time. While the present study employed 
visual stimuli with manual responses, the study by 
Mignardot et al. (2010) presented auditory stimuli 
and recorded vocal responses. Differences in visual 
to auditory performances in reaction time are well 
known in the field, with faster reaction times to 
sound stimuli (Welford, 1980). Nevertheless, if one 
of these stimuli (or even the type of response) allows 
better allocation of the attention needed to main-
tain the obese and eutrophic posture is a question 
still to be investigated. In addition, it is possible 
that the participants’ sex may have affected the 
observed results, since the study of Mignardot et 
al. (2010) evaluated performance in individuals 
of both sexes and our study had only women as 
participants. Two factors may have contributed to 
the difference between the studies, concerning the 
participants’ sex: biases in reaction time and body 
fat distribution. Regarding the first factor, a study 
evaluating 7130 individuals’ reaction times – a very 
large sample – in different age groups revealed no 
sex disparities in a reaction time task, similar to the 
employed in the present study (Der & Deary, 2006). 
Therefore, the difference between the two studies 
could not be ascribed to sex differences in reaction 
time. Regarding the body fat distribution, evidence 
suggests it tends to follow a pattern according to 
sex (Wiklund, et al., 2008), as men usually accu-
mulate fat mass in the abdomen and women amass 
body fat in the hips region. Although these distri-
bution patterns could suggest different effects on 
balance, this association remains debatable (Capo-
daglio, Cimolin, Tacchini, Parisio, & Galli, 2012). 
In this sense, future studies could assess and control 
body fat distribution, to investigate possible effects 
on both the attention allocation and balance while 
performing another (dual) task. 

Other possible explanation for the difference 
between previous results by Mignardot et al. (2010) 
and our study refers to the experimental environ-
ment and the instruction provided. The former study 
employed a force platform and instructed partici-
pants to avoid body swaying as much as possible, 
while no similar instruction was provided in the 
present study as it could impair performance in the 
reaction time task. These divergent results suggest 
the instruction may have influenced the partici-
pants’ motor control mechanisms (McNevin, et 
al., 2003; Natafi & Vuillerme, 2013; Wulf, Shea, & 
Park, 2001; Wulf & Prinz, 2001), aggravating the 
control problems of obese individuals. However, the 
possible influence of the “avoid swaying as much as 
possible” instruction in the attention allocation is 
a problem that remains to be investigated in future 
studies.

Regarding the different body positions eval-
uated, the monopedal position was the only one 
in which significant differences in reaction time 
performance were found for both groups. The slower 
reaction times indicate that the more unstable posi-
tion requires greater attentional resources compared 
to the bipedal standing and sitting body positions. 
This result agrees with other previous findings in 
which reaction times changed due to postural insta-
bilities and different body positions (Lajoie, et al., 
1993). Still, our evidence does not agree completely 
with the previous studies’ results. The mentioned 
study evaluated the reaction time performance of 
six eutrophic participants in seated and standing 
with feet together body positions. The study found 
the differences in reaction times between the two 
positions, not detected in the present study. As 
discussed above in the differences between the 
study by Mignardot et al. (2010) and ours, the effect 
found may be attributed to the stimuli and response 
types employed, as the Lajoie et al. (1993) study 
also utilized sound stimuli and vocal reaction to 
measure reaction times. Hence, the relation between 
different stimulus / response types and the infer-
ence of the attention allocation in dual-task para-
digm balance studies remains open to investigation.

The results of the present study showed that 
body positions with greater instability, such as 
the monopedal support, demand more attentional 
resources to support the postural control, compared 
to more stable positions as sitting and bipedal 
standing. In addition, our findings diverge from 
previous studies as no effect of obesity on atten-
tional demand for postural control was found.
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