DOI: 10.4025/jphyseduc.v35i1.3529

Original Article

ANALYSIS OF BALANCE IN OBESE AND NON-OBESE ELDERLY WOMEN
PRACTICING A REGULAR PHYSICAL ACTIVITY PROGRAM!

ANALISE DO EQUILIBRIO EM IDOSAS OBESAS E NAO OBESAS PRATICANTES DE
UM PROGRAMA DE ATIVIDADES FISICAS REGULARES'

Ivo Leandro de Melo Passinato!, Gustavo Henrique de Oliveira', Higor Barbosa Reck', Carla Eloise
Costa', Fernanda Errero Porto!, Pedro Paulo Depra' , and Wendell Arthur Lopes.

'State University of Maringa, Maringa-PR, Brazil.

RESUMO

O objetivo foi analisar o equilibrio em idosas obesas e ndo obesas praticantes de um programa de atividades fisicas regulares.
Trata-se de um estudo descritivo, com delineamento transversal. A amostra foi composta por 32 idosas, com idades entre 60 e
75 anos, alocadas em dois grupos, de acordo com o estado nutricional. Para a analise do equilibrio foi utilizada a plataforma
de forca, na qual foi obtido o comportamento do centro de pressdo (COP), na posi¢ao bipodal, nas condi¢des olhos abertos e
olhos fechados, e monopedal, com a perna direita e perna esquerda. O valor de significancia adotado foi de 5%. Os grupos
foram homogéneos quanto a idade e estatura. Nao houve diferenga significativa nos deslocamentos anteroposterior (AP) e
médio-lateral (ML) do COP tanto na condig@o olhos aberto como olhos fechados entre idosas obesas e ndo obesas. Quanto a
velocidade do COP, verificou-se que as idosas ndo obesas apresentaram maior velocidade tanto na condigdo de olhos abertos
(p<0,001) como olhos fechados (p<0,05) quando comparadas as idosas obesas. Ndo houve diferenca significativa na posigao
monopedal em nenhuma das varidveis analisadas entre idosas obesas e ndo obesas. Conclui-se que a obesidade afetou
positivamente o equilibrio de idosas praticantes de atividades fisicas regulares na condi¢do bipodal e ndo comprometeu o
equilibrio na posi¢do monopedal.
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ABSTRACT

The objective was to analyze balance in obese and non-obese elderly women practicing a regular physical activity program.
This is a descriptive study, with a cross-sectional design. The sample consisted of 32 elderly women, aged between 60 and 75
years, allocated into two groups, according to nutritional status. For the balance analysis, a force platform was used, in which
the behavior of the center of pressure (COP) was obtained, in the bipedal position, in the conditions eyes open and eyes closed,
and monopedal, with the right leg and left leg. The significance value adopted was 5%. The groups were homogeneous in terms
of age and height. There was no significant difference in the anteroposterior (AP) and mediolateral (ML) displacements of the
COP in both the eyes open and eyes closed conditions between obese and non-obese elderly women. As for COP speed, it was
found that non-obese elderly women showed greater speed both in the condition with eyes open (p<0.001) and eyes closed
(p<0.05) when compared to obese elderly women. There was no significant difference in the monopedal position in any of the
variables between obese and non-obese elderly women. It is concluded that obesity positively affected the balance of obese
elderly people in the bipedal condition and did not compromise balance in the singlepedal position.

Keywords: Balance; Physical activity; Elderly.

Introduction

Aging is a global phenomenon that has occurred at an accelerated rate. It is estimated
that by 2025, the world's elderly population will exceed 30 million. Therefore, it is important
to improve socioeconomic conditions, especially in emerging countries, such as Brazil,
enabling a good quality of life for the elderly during their old age’.

Aging is not synonymous with illness or inactivity, but it can be considered an event
that evolves gradually and is multifactorial®. Furthermore, the characteristics of aging vary from
individual to individual, even if exposed to the same environmental variables. Aging is directly
linked to several changes that affect functionality, mobility, autonomy and health?.
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Among the various changes, aging is associated with an increase in postural instability
in the elderly, increasing the risk of falls>. Falls occurring among the elderly are one of the main
causes of morbidity and mortality in this population®. Lack of balance affects 30% of the elderly
population in the world’, making them more trend to falls and, consequently, fractures.
Furthermore, 70% of elderly people over 75 years of age who fall they end up being bedridden
for months, dying shortly afterwards.

The positive effects of physical exercise for developing strength and muscular
endurance capable of improving balance are well documented, being one of the health
promotion strategies most recommended by the American College of Sports Medicine®. When
the level of physical activity is lower due to aging, the performance of postural control is
affected, as motor activity is reduced. Therefore, for the elderly, physical exercise is important
to reduce the fragility of the locomotor system, adding muscle strength, gaining muscle mass
and reducing probable functional deficits’, such as lack of balance. Additionally, physical
exercise leads to increased lower limb strength, which is a protective factor for balance in the
elderly!®!!,

The maintenance of postural balance is governed by coordination between the visual,
vestibular and proprioceptive systems and its assessment is applied using the gold standard
method of analyzing stabilometry obtained through a force platform'?. The values that reflect
human balance are obtained through the behavior of the center of pressure (COP), which is
defined as the point of application of the resultant of vertical forces on the surface of a base of
support 12,

In addition to the effects of aging, balance can be directly affected by body mass, which
can impose biomechanical functional limitations on daily activities and can predispose the
person to injuries'*!'*. The main change is the increase in anteroposterior displacement due to a
possible displacement of the center of mass due to the high distribution of fat, mainly in the
abdominal region, affecting postural stability in response to this disturbance, having to quickly
generate greater torque in the joint of the ankle in an attempt to retake balance'>!®. The buildup
of adipose tissue near the joints increases the inertia of the body segments, affecting joint
stiffness and limiting the range of movements, as a result, obese people may have less
coordination and consequently less balance during intense movements that require more
balance!”.

Obesity can be characterized as the excessive accumulation of body fat, with a higher
prevalence among women, and its peak occurring in middle age (50 to 65 years). Obesity is
classified as belonging to the group of chronic non-communicable diseases (NCDs), having a
multifactorial nature, and which can be defined as the excessive accumulation of fat in the body,
causing damage to health'®. The World Health Organization (WHO) considers obesity to be a
global epidemic, with more than one billion adults overweight, with at least three hundred
million of them clinically obese.

Although obesity is associated with negative effects on the health of the general
population, the impact of obesity on the elderly is paradoxicall9. If, on the one hand, obesity
increases mortality in adults, in the elderly, the presence of excess weight offers a lower risk of
mortality?®. However, the impact of obesity on the postural balance of elderly people has been
less investigated®!?2. In adults, obesity appears to negatively affect postural balance!®****, On
the other hand, in the elderly, obesity appears to have a protective effect in maintaining postural
control'’, reducing the risk of falls and injuries'*. Ostolin et al*> compared the balance of obese
and non-obese middle-aged people and found no significant differences. The recent study by
Palca et al?® with elderly physically active women demonstrated that the presence of obesity
also did not affect negatively the muscle power of the lower limbs. It is believed that the
morphofunctional adaptations promoted by additional load in the elderly could contribute to
the maintenance of muscle mass and functionality, preserving some of the mechanisms related
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to the control of postural balance. Additionally, the regular practice of physical activities
contributes to improving postural balance®, which could have a synergistic effect with the
presence of obesity, leading to positive adaptations in mechanisms related to postural control'!.

Considering that the risk of falls is one of the main factors of mortality in the elderly
due to the comorbidities caused by this accident, and that there is a potential effect of obesity
on the postural balance of the elderly, the purpose of the present study was to evaluate balance
in obese and non-obese individuals practicing a regular physical activity program. Secondarily,
we correlated balance with the body mass index (BMI) of elderly women. The hypothesis of
this study was that obesity would positively affect the balance of elderly women who practice
regular physical activities and that balance would be positively and significantly related to the
BMI of elderly women.

Materials and methods

Participants

This research is characterized as an observational study with a cross-sectional design.
The population was composed by elderly women (aged >60 years), participating in the
“Caminhada do Idoso” Project, run by the Municipal Secretary of Ivaipora, Parana. The sample
consisted of 32 elderly women, who were allocated into two groups, according to nutritional
status: obese elderly women (n=17, BMI>30 kg/m?) and non-obese elderly women (n=15,
BMI<30kg/m? ).

The inclusion criteria were: being female, aged between 60 and 75 years-old and
participating in regular physical activities. The exclusion criteria were: not being physically
capable of carrying out the tests, having any pathology or disability that affected balance.

To participate in the study, participants signed the Free and Informed Consent Form
(TCLE) and the research was previously approved by the Permanent Research Ethics
Committee (COPEP), of the State University of Maringa, according to process number
2155877.

Instruments

Collections were carried out at the Center for the Best Age, at Ivaipora City Hall, on
Mondays, Wednesdays and Fridays, from 7:45 am to 9:15 am. To assess balance, a force
platform (EMG System do Brasil®) was used, capable of measuring the COP behavior of a
person in a given posture. Body mass (BM) was measured using a Marte digital scale (LS200)
and height (E) was obtained using a stadiometer attached to the same scale.

Procedures

To analyze balance, participants were instructed to remain on the force platform, with
bare feet in a static posture for a period of 30s'2. The location of the feet on the platform was
marked so that there was a standardization in the positioning and distance between the feet!?.
The postures used were: bipedal with eyes open, bipedal with eyes closed, monopedal with eyes
open and monopedal with eyes closed?’. In the case of the condition with eyes open, the
volunteer fixed his gaze on a fixed point positioned in front of him!2,

During the collection time, the force platform recorded the ground reaction force and
consequently its location. With the location of the ground reaction force, it was possible,
through the platform software, to obtain the following values of the center of pressure (COP):
the total displacement; the anteroposterior and mediolateral amplitudes; the area; and
anteroposterior and mediolateral velocities. To evaluate the contribution of vision to posture
stabilization, the Romberg Quotient (RQ) was calculated, which is a proportion of the values
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of the COP variables obtained in the “eyes closed” and “eyes open” conditions. In the RQ, a
value of 1 corresponds to no contribution from vision®,

To obtain the participants' BW, a Marte scale (LS200) with a capacity of 201 kg and an
accuracy of 0.05 kg was used. Height was obtained using a stadiometer attached to the same
scale. BMI was calculated by dividing body mass by height squared [ BMI=BW/E?]. To classify
the nutritional status of elderly women into obese and non-obese the BMI values proposed by

the World Health Organization (WHO) were used (BMI > 30 kg/m? - obesity)'®.

Data analysis

Data normality was verified using the Shapiro-Wilk test and data were presented as
mean and standard deviation. Comparison of groups with normal distribution was performed
using the Student's t test for independent samples and Levene's test for equality of variances.
Comparison of groups with non-parametric data was performed using the Mann-Whitney U test
for non-parametric data. Spearman's correlation was applied to verify the relationship between
COP speed and BMI. Data were analyzed using the Statistical Package for Social Sciences
(v.25.0, IBM-SPSS®, USA). The significance value adopted was 5%. Admitting an effect size
0f 90%, an observed power of 78% was obtained when comparing the groups.

Results
Anthropometric characteristics
The anthropometric characteristics of the two groups of participants are presented in

Table 1. The groups were similar in terms of age and height.

Table 1 - General characteristics of elderly women divided between obese and non-obese.

Obese Non-Obese p-value
(n=17) (n=15)
Age (Years) 66.4+7.2 65.8£5.9 0.8161
Height (m) 1.52+0.05 1.53+0.09 0.655
Body mass (kg) 79.849.4 63.3£7.3 0.000*
BMI (kg/m?) 34.5+£3.5 27.0+£2.2 0.000*

Note: Body Mass Index (BMI).
Source: Authors

Body mass and BMI were significantly higher in obese women compared to non-obese
women (p<0.001).

COP parameters in the bipedal position in eyes open and eyes closed conditions

Table 2 presents the comparison of general COP parameters between obese and non-
obese elderly women in the bipedal posture and in the “Eyes open” and “Eyes closed”
conditions.

Table 2 - Comparison of COP variables between obese and non-obese elderly women in bipedal
posture, in the “Eyes open” and “Eyes closed” conditions.

Obese Non-Obese p-value
(n=17) (n=15)
Eyes open
AP amplitude (cm) 1.05(0.45) 1.41(0.69) 0.064
ML amplitude (cm) 1.92(0.64) 2.00(0.57) 0.493
Total Displacement (cm) 36.94(7.21) 43.94 (6.37) 0.004*
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Obese Non-Obese p-value
(n=17) (n=15)
Area (cm?) 1.36(0.90) 1.98(1.37) 0.230
Sway Angle (degrees) 1.13(2.73) -0.04(2.72) 0.411
Closed eyes
AP amplitude (cm) 1.12(0.40) 1.49(0.75) 0.261
ML amplitude (cm) 2.06(0.90) 2.56(1.07) 0.097
Total Displacement (cm) 48.53(21.58) 58.16(25.73) 0.044*
Area (cm?) 1.44(0.94) 2.63(2.44) 0.230
Sway Angle (degrees) 0.49(2.93) 1.37(2.71) 0.941
Note: AP=Anteroposterior; ML=Mediolateral; *Statistically significant difference (p<0.05); Mann-
Whitney test.

Source: Authors

No statistically significant differences were observed between the obese and non-obese
groups in the variables AP and ML Amplitude, Area and Sway Angle, in the two analysis
conditions. However, a difference was observed for total displacement in the Eyes Open
condition. The “Non-Obese” group showed greater total displacement (p=0.004) compared to
the “Obese” group. The same difference was not observed in the Eyes Closed condition.

COP parameters in the monopedal position in the open eyes condition, left and right legs

Table 3 presents the comparison of general COP parameters between obese and non-
obese elderly women in the monopedal posture and in the “Eyes open” and “Eyes closed”
conditions.

Table 3 - Comparison of COP variables between obese and non-obese elderly people in the
monopedal posture. “Eyes Open” condition.

Obese Non-Obese p-value
(n=17) (n=15)
Left Monopedal Position
AP amplitude (cm) 8.25(4.44) 12.89(10.88) 0.246
ML amplitude (cm) 5.93(2.02) 8.72(7.28) 0.551
Total Displacement (cm) 198.30(74.82) 211.07 (68.92) 0.621
Area (cm?) 26.78(24.27) 57.06(88.66) 0.478
Sway Angle (degrees) 1.04(1.88) 1.96(0.46) 0.069
Right Monopedal Position
AP amplitude (cm) 7.71(4.36) 7.14(3.97) 0.704
ML amplitude (cm) 6.04(3.30) 4.98(2.21) 0.433
Total Displacement (cm) 181.66(61.25) 164.71(38.20) 0.363
Area (cm?) 20.32(14.49) 15.95(12.28) 0.433
Sway Angle (degrees) 0.50(1.84) 0.53(1.73) 0.737

Source: Authors

There was no significant difference in the variables of AP and ML amplitude, total
displacement, Area, Sway angle, in the “eyes open” condition, with either the left or right leg
between obese and non-obese elderly women. Table 4 presents the comparison of the Romberg
Quotient between the groups of elderly women.
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Table 4 - Comparison of the Romberg Quotient on the COP variables between obese and

non-obese elderly women in bipedal posture.
Obese Non-Obese p-value

(n=17) (n=15)

Romberg Quotient

AP amplitude (cm) 1.13(0.41) 1.14(0.49) 1.000
ML amplitude (cm) 1.15(0.53) 1.26(0.41) 0.216
Total Displacement (cm) 1.28(0.39) 1.21(0.31) 0.682
Area (sz) 1.31(1.08) 1.32(0.75) 0.823
Sway Angle (degrees) 0.60(0.96) -0.09(1.77) 0.390

Source: Authors.

No significant differences were observed for the Romberg Quotient in the variables of
AP and ML amplitude, total displacement, area and Sway angle.

COP speed parameters in two-pedal and single-pedal positions, left and right, in the “eyes

open” condition
Figure 1 shows the comparison of the speed of the Oscillation of the Center of Pressure

(COP) in the “Eyes Open” conditions.
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Figure 1 — Center of Pressure Oscillation (COP) AP Speed Values (A) AP eyes open, (B) ML
eyes open, (C) AP eyes closed and (D) ML eyes closed. *p<0.05.

Source: authors.
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Regarding COP speed in the bipedal condition, it was found that non-obese elderly
women had higher AP speed in both the “eyes open” (0.91£0.15; p<0.001) and “eyes closed”
(0. 95+0.19; p<0.033) when compared, respectively, to obese elderly women (A0O:0.72+0.13;
OF:0.81+0.21) (Figure 1). Furthermore, an inverse and significant correlation was observed
between COP speed in the AP direction in the bipedal condition and BMI (Figure 2).
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Figure 2 - Correlation between Anteroposterior (AP) AP Speed of the Oscillation of the

Center of Pressure (COP) in conditions (A) eyes open and (B) eyes closed.
Source: authors.

Discussion

The objective of this study was to evaluate balance in obese and non-obese elderly
women practicing a regular physical activity program. Our findings revealed lower values in
the total displacement and speed of the COP in the bipedal position in both the eyes open and
eyes closed conditions. These results indicate less COP oscillation and, consequently, better
balance in the bipedal position, suggesting better body balance in obese elderly women who
practice regular physical activities.

Conventionally, it is assumed that the decrease in stability is represented by the increase
in postural sway?’. Obese individuals sway more than people with lower BMI during static
posture, as they place greater demands on the positioning of the center of mass®°. According to
a literature review conducted by Alice et al**, body weight is a powerful predictor of postural
balance, as an increase in postural sway was associated with a higher BMI.
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However, these premises are not widely proven and may not be true in all
circumstances®’. It must be considered in this phenomenon that we are dealing with both the
effect of age and body composition. Also, COP variability has been understood as a central
mechanism of postural control in which changes in speed can represent strategies that the body
tries to adapt to maintain postural stability®%3!.

Postural balance declines with age in both men and women from 40 years of age
onwards, becoming more evident from 60 years of age onwards*?>. Among the mechanisms by
which balance declines during aging are the loss of receptor cells in the vestibular system,
reduced peripheral sensation, visual loss, increased reaction time and muscle weakness>2.

Although obesity is associated with harmful effects on the health of young people and
adults, the role of obesity in the elderly is paradoxical'’, in which the presence of obesity could
exert a protective factor in relation to mortality, especially cardiovascular®’. However, studies
have refuted this paradox in morbidity and mortality from cardiovascular diseases®*. The
presence of high body fat, more than just the presence of obesity, appears to have a deleterious
effect on the cardiovascular system and contributes to adverse cardiovascular events**. Some
studies have shown that mortality risks in the elderly are not associated with being overweight?’.
Therefore, higher BMI cut-off points are recommended for the elderly®>. However, the impact
of obesity on postural balance in the elderly is still unclear.

In young adults, the presence of obesity appears to negatively affect postural
balance®!'%?*3¢ These findings were initially reported in aviation school entrants in the 1960s,
demonstrating that waist circumference, endomorphy and body mass negatively affect
balance®®. Subsequently, another study found that increasing body mass by 20%, artificially,
negatively affected body balance®2. The study by Garcia et al** found no significant difference
in balance between the group of obese and non-obese elderly people. Although the mechanisms
by which obesity could affect balance are not fully understood, two hypotheses have been
proposed. The first, proposed by Corbeil et al'>, suggests that there is a greater mechanical strain
on the body due to excess body mass overloading the ankle due to an increase in joint torque,
generating a greater effort to cancel this disturbance through muscular torques. And the second
hypothesis, proposed by Hue et al'*, suggests that a body with high mass tends to increase
plantar pressure, increasing the activation of mechanoreceptors, as a consequence, reducing
their sensitivity due to the large continuous load affecting the postural control feedback control
system. According to results found by Ostolin et al>>, obesity has little influence on maintaining
static balance and also does not seem to determine the occurrence of falls in individuals over
40 years of age.

On the other hand, it appears that obesity in the elderly has a protective effect in
maintaining postural control, reducing the risk of falls and especially injuries. Blaszczyk et al'®
found that obese women had less AP and ML displacement compared to the normal weight
control group, suggesting a functional adaptation of upright postural control, with stability only
being affected in a severe degree of obesity (>40 kg/m?). The authors also found a reduction in
postural control oscillation and suggest the hypothesis that increased body mass generates
biomechanical restrictions, however, these restrictions cause a reduction in postural
oscillation'®. These results corroborate our findings, in which we found less COP oscillation
and speed in obese elderly women compared to non-obese women. Furthermore, we verified
an inverse correlation and significant difference between BMI and COP speed, indicating that
the higher the BMI in elderly women, the lower the COP oscillation speed.

When the elderly women were subjected to a monopedal support condition, there was
no statistically significant difference between obese and non-obese women. This suggests that
obese elderly women have preserved balance even in conditions of greater instability, as is the
case with monopedal support. These results are against with those reported by Pereira et al.?!
who found similar values in postural balance in the monopedal position of elderly women when
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compared in different nutritional states (low body mass vs normal weight vs pre-obese vs
obese).

Considering the findings of the present study, obese elderly women present an improved
postural balance in the bipedal and monopedal position similar to non-obese elderly women.
These results reinforce the paradoxical effect of obesity, including on balance, in which in
young people it seems to deteriorate balance parameters, but in elderly women who practice
regular physical activities, the presence of obesity seems to be favorable in the bipedal condition
and not harmful in the monopedal condition. Although these findings, in part, corroborate
current literature, the paradoxical effect of obesity in the elderly is still the subject of much
debate®®. An important point for this discussion is the degree of obesity, the greater the degree
of obesity, especially severe obesity (>40 kg/m?), the greater the loss of muscle mass and
reduction in activities of daily living appears to be?. In this sense, Silva et al*® found that in
adults with severe obesity, excess body fat was related to a worsening of dynamic balance and
reduced functional mobility.

Although the sample in the present study was composed only of elderly women, the
average age was 65 years old, being considered young elderly women*® . Perhaps, in older
women, obesity could have a deleterious effect, due to the association of the effects of aging
added to the negative effects of obesity on postural balance. The elderly population with obesity
has poor balance capacity and is associated with decreased strength in the lower limbs and
compromised postural stability'®. On the other hand, the morphofunctional adaptations
promoted by the additional load in elderly women could contribute to improving balance,
generating a greater protective effect in relation to falls and fractures®>. And finally, the fact
that they are physically active elderly women could contribute to positive adaptations in balance
even in the presence of obesity, given the positive effects of regular physical exercise on the
balance of elderly women'!?%7,

The present study has some limitations. First, the small sample size considering the type
of study. Second, the elderly women's usual activities were not assessed, which could influence
variables related to balance; however, they all regularly participated in a physical activity
program. Third, the small number of studies that compare balance between obese and non-
obese elderly people makes it difficult to compare our findings, with the majority of studies
being carried out with young people or adults.

Conclusion

In summary, the present study demonstrated that the presence of obesity in elderly
women participating in a regular physical activity program positively affected the balance of
obese elderly women in the bipedal condition and did not affect the monopedal condition. These
findings reinforce the paradoxical effect of obesity on body systems in the elderly population.
Although obesity is associated with several harmful effects on health, the presence of obesity
in physically active elderly women appears to contribute to the maintenance and/or
improvement of postural balance. Future studies are needed to investigate the mechanisms by
which obesity could affect postural balance, as well as confounding factors in the relationship
between obesity and balance in the elderly.
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