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ABSTRACT

RESUMO

Introduction: Motor changes are observed in people living with
HIV/AIDS. These changes may be associated with the chronicity
of infection, continued use of antiretroviral medication, and/
or the presence of comorbidities. Objective: The objective
of the present study was to evaluate postural sway in people
living with asymptomatic HIV/AIDS under treatment with highly
active antiretroviral therapy. Methods: Twenty-seven subjects,
recruited at an HIV referral center, aged between 30 and 40 years,
participated in the study, divided into two groups: HIV group
(n=12) and non-HIV group (n=15). The participants performed an
experimental task, remaining on a force platform in a static position,
in bipedal support and semi-tandem positions, in conditions
with and without vision. Results: The results demonstrated that
visual occlusion, when the bipedal base was adopted, generated
significant differences in the area of oscillation and mean velocity
in both groups. Differences were also observed in the area and
mean velocity of both groups when the semi-tandem position
was adopted without vision. When comparing the groups, it was
possible to identify significant differences in the semi-tandem
base with vision. Conclusion: Considering these results, it was
found that postural oscillation was higher in the visual occlusion
condition for both groups. Concomitant to this, we conclude that in
the challenging condition, where the base of support is reduced,
the HIV group presents greater oscillation (medial-lateral) than the
non-HIV group.

Introdução: Alterações motoras são observadas em pessoas
vivendo com HIV/AIDS. Essas alterações podem estar associadas
à cronicidade da infecção, uso contínuo da medicação antiretroviral
e ou pela presença de comorbidades. Objetivo: O objetivo do
presente estudo foi avaliar a oscilação postural de pessoas
vivendo com HIV/AIDS assintomáticos em tratamento com terapia
antirretroviral altamente ativa. Métodos: Vinte e sete indivíduos,
recrutados em um centro de referência em HIV, com idade entre 30
e 40 anos, participaram do estudo, divididos em dois grupos: grupo
HIV (n=12) e grupo não HIV (n=15). Os participantes realizaram
uma tarefa experimental, permanecendo em uma plataforma
de força em posição estática, em posições de apoio bipodal e
semi-tandem, em condições com e sem visão. Resultados: Os
resultados demonstraram que a oclusão visual, quando adotada a
base bipodal, gerou diferenças significativas na área de oscilação
e velocidade média em ambos os grupos. Diferenças também
foram observadas na área e velocidade média de ambos os
grupos quando a posição semi-tandem foi adotada sem visão. Ao
comparar os grupos, foi possível identificar diferenças significativas
na base semi-tandem com visão. Conclusão: Considerando esses
resultados, constatou-se que a oscilação postural foi maior na
condição de oclusão visual para ambos os grupos. Concomitante
a isso, concluímos que na condição desafiadora, onde a base de
suporte é reduzida, o grupo HIV apresenta maior oscilação (médiolateral) que o grupo não HIV.
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INTRODUCTION
The advent of highly active antiretroviral therapy (HAART)
has led to an increase in the life expectancy of people living with
HIV/AIDS (PLHA)1,2. This has meant that PLHA are more exposed to the chronic effects of continued use of medication and
infection3-5. The present conjuncture causes several alterations
in PLHA that can, directly or indirectly, impact on the motor
components6,7.
Sway has been shown to be sensitive to the effects of continuous exposure to medication7. This occurs because prolonged
exposure to medication triggers alterations in the metabolic system and Central Nervous System (CNS)6,8-10. Changes in these
parameters imply in a reduction in muscular strength and efferent neural responses6,7.
The fragility that emerges from the progression of infection at
more advanced stages is another factor which can provoke changes in sway. In a symptomatic condition (AIDS) the PLHA is vulnerable to the presence of neuropathy and other comorbidities.
This condition can, directly or indirectly, influence postural sway,
specifically in more difficult tasks11,12.
However, the unfolding impacts of HIV and/or HAART on
postural sway still do not present consensus11. From this perspective, understanding postural sway behavior in PLHA allows
prophylaxis strategies to maintain functionality in tasks of daily
living11. The postural sway of PLHA compared to non-HIV individuals may indicate pathological conditions that are still in an
asymptomatic state3,6.
Thus, considering the lack of specificity and new nuances of the
infection, the objective of the present study was to evaluate the
static postural sway of people living with HIV/AIDS under treatment with HAART. It was expected that in light of the new characteristics of the HIV infection, sway in PLHA would be different
from that of non-PLHA. Therefore, another hypothesis raised by
this study is that the absence of visual information would increase
postural instability for both PLHA and non-PLHA.

METHODS
The participants in the present study (PLHA and non-PLHA)
were approached at the Dr. Bruno Piancastelli Filho Reference
Center located in Londrina, Paraná, Brazil. The invitation to participate was random and without identification of the participant’s
serology. This procedure aimed to avoid possible exposure of the
individual, since the invitation occurred at the entrance of the
pharmacy at the Reference Center.
For this study 324 individuals were invited between July and
October in 2015. However, 183 did not agree to participate. The
141 who agreed to participate were taken to a private room where
it was verified that they met the inclusion criteria. Of the 141 participants, 61 did not meet some inclusion criterion (aged between

30 and 40 years; having knowledge, through examinations, of serological condition; not using prostheses or orthoses; not abusing
alcohol or drugs; and, being in an asymptomatic stage).
Following this triage, 53 individuals were invited to participate in the study and organized a scheduled return. The return
was necessary to apply an anamnesis to verify serological condition, time use of HAART, time of infection, age, frequency of
falls, and pathologies. In this meeting, the sway was also evaluated through experimental tasks. However, of the 53 individuals only 27 (fourteen males and thirteen females) performed the
anamnesis and tasks.
After procedures, the participants were grouped into an HIV
group (GHIV) and non-HIV group (GNHIV). Through the anamnesis, both the GHIV and GNHIV participants reported that
they rarely suffered falls, although two participants (one from the
GHIV and one from the GNHIV) reported having fallen once
in the 30 days prior to the anamnesis and tasks. The participants
(GHIV and GNHIV) also reported the absence of pathologies,
affirming that they were not undergoing any type of treatment,
except for HAART in the GHIV.
The GHIV, specifically, was composed of twelve participants,
eight men and four women, who had a mean time of diagnosis
of HIV infection of eleven years (SD 6.08) and an average time of
HAART use of 10.6 years (SD 6.48). The GNHIV was composed
of fifteen individuals, nine women and six men, who were not diagnosed with HIV.
In order to establish greater socioeconomic homogeneity, nonHIV participants were also recruited at the Reference Center,
emphasizing that their participation was conditional on the same
inclusion criteria as people living with HIV, however, they were
required to have a negative serological condition. As this research
involves humans, all the procedures adopted were in accordance
with the ethical precepts of the country.

Experimental Protocol
The tasks were characterized by the amount of time the participants remained in the bipedal (BP) and semi-tandem (ST) positions
on a force platform. During the execution of the tasks, BP and ST
positions, the participants adopted an upright and static position,
on a force platform, barefoot and with arms placed next to the body.
The BP and ST positions were standardized. In the BP position
all individuals kept their feet parallel, shoulder width apart, with
their heels separated by a distance of two centimeters and feet
open at 30º. In the semi-tandem condition, the feet were parallel
to each other, with the right foot positioned half a foot length in
front of the left. The position of the feet in both support bases was
traced on the force platform by means of adhesive tape, to guarantee the same position for all participants.
The experimental conditions outlined for the study included the
support bases bipedal (BP), in the conditions with vision (BPYV)
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and without vision (BPNV), and semi-tandem (ST), with vision
(STYV) and without vision (STNV). Three attempts were performed in each experimental condition (BPYV, BPNV, STCV, and
STNV), from which the mean was calculated. In this way, three attempts were established in the BPYV, BPNV, STYV, and STNV positions, totaling 12 experimental attempts, previously randomized
by a draw for each participant.
The permanence time in each experimental condition (BPYV,
BPNV, STYV, and STNV) was 30 seconds, with an interval of one
minute between conditions. In the case of disturbances to the individual, internal or external, during the 30 seconds, the attempt
was excluded and a retry performed.
In the BPYV and STYV conditions, participants were required
to keep their gaze fixed on a circular target positioned on the wall
two meters from the force platform. For the BPNV and STNV
conditions, the participants were required to wear a blindfold
that could be withdrawn at any report of discomfort. Lastly, the
participants were allowed one attempt to familiarize themselves
with the platform and experimental conditions. Two previously
trained researchers were present during the trials to ensure the
non-occurrence of falls in cases of large postural oscillation.

Instrument
The instrument used in the present study was a Bertec
Corporation® brand load cell, model 4060-08, size (LxWxH)
60cm x 40cm x 5cm, with a 1000Hz sampling frequency and a
capacity of 220 Kg.
The center of pressure (COP) data provided by the platform
were exported to Matlab software where they were analyzed using
a specific routine, smoothed by means of a 4th order Butterworth
low pass filter and a defined cut-off frequency of 5Hz, through
residual analysis.
The variables calculated from the COP provided by the platform were: the area of oscillation (cm2) being calculated by means
of 95% of the ellipse, which, in turn, is obtained by means of the
dispersion measurements of the COP; the mean amplitude (cm),
which refers to the distance between the minimum and maximum
displacement in the anterior-posterior and medial-lateral directions of the COP; and the mean velocity (cm/s), which represents
the COP total displacement over time.

Statistical Analysis
The independent variables under analysis were the groups,
GHIV and GNHIV, and the conditions BPYV, BPNV, STYV, and
STNV. The dependent variables were the area of oscillation of
COP (AR), anterior-posterior (AP) and medial-lateral (ML) amplitude, and mean velocity of COP displacement (VE). The study
variables, dependent and independent, were adjusted using log
base 10 and the normality and sphericity assumptions were analyzed by the Shapiro-Wilk and Mauchly’s tests, respectively.
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Given the assumptions, the descriptive analysis of the data
are presented as mean and standard deviation. The means of the
variables were compared using two-way ANOVA for repeated
measures, with the Bonferroni post hoc to indicate possible differences (p<.05). The effect size in the group factor and conditions
with and without vision was calculated by means of the partial Eta
squared (partial η2).
The values of anthropometric variables (body weight and
height) and age were compared intergroup to ensure homogeneity among the participants. Comparisons were performed using
the Mann-Whitney test (p<.05), and the descriptive statistics are
presented as median and interquartile range, since these variables
did not present normality. All analysis in the present study were
performed using the software SPSS (v.21).

RESULTS
The participants in the GNHIV were characterized as 36 years
(Q1=33, Q3=38), 72.4kg (Q1=62, Q3=80), and 1.6m (Q1=1.6,
Q3=1.76) and the GHIV as 38.5 years (Q1=34.5, Q3=40), 74.2kg
(Q1=63.1, Q3=86.5), and 1.7m (Q1=1.5, Q3=1.78). There were
no differences in the intergroup comparisons of weight (p=0.58),
height (p>0.99), and age (p=0.06), confirming the homogeneity of
the groups for these parameters.
The results of the descriptive statistical analysis, means and
standard deviation, and comparisons between the GHIV and
GNHIV for the variables, AR; VE; ML; and AP in the BPYV and
BPNV conditions can be observed in Figure 1.
The absence of visual information was responsible for the increase in postural instability for the GHIV in the variables AR
(F=7.60, df=1, p=0.011, partial η2=.233), AP (F=13.14, df=1,
p=0.001, partial η2=0.343), ML (F=4.45, df=1, p=0.04, partial
η2=0.151), and VE (F=20.04, df=1, p=0.001, partial η2=0.445).
On the other hand, in the GNHIV, the difference between the
BPYV and BPNV conditions was significant for the variables AR
(F=5.30, df=1, p=0.004, partial η2=0.152), AP (F= 9.82, df=1,
p=0.004; partial η2=0.282), and VE (F=24.33, df=1, p=0.001, partial η2= 0.493).
In the comparison between BPYV and BPNV, in the GNHIV,
the ML presented no difference (F=1.52, df=1, p=0.22, partial
η2=0.058). Through these findings, it was observed that although
the ML amplitude was significantly higher in the BPNV condition
than in the BPYV condition for the GHIV group, the same was
not observed for the GNHIV.
The comparison between the groups, GHIV and GNHIV, did
not present significant differences in any of the variables in the
conditions BPYV (F=1.01, df=1, p=0.32, partial η2=0.03; AP,
F=0.007, df=1, p=0.93, partial η2=0.001; ML, F=0.005, df=1,
p=0.94, partial η2=0.000; VE, F=0.189, df=1, p=0.66, partial
η2=0.007) or BPNV (F=0.186, df=1, p=0.67, partial η2=0.007;
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AP, F=0.45, df=1, p=0.50, partial η2=0.018; ML, F=0.188, df=1,
p=0.66, partial η2=0.007; VE, F=0.031, df=1, p=0.86, partial
η2=0.001). Thus, under these conditions, the sway behavior of
both groups is assumed to be similar.
Figure 2 illustrate the results of the descriptive and analytical statistical analysis of the variables - AR; VE; ML; and AP
of the GHIV and GNHIV groups under the STYV and STNV
conditions.
Visual occlusion also triggered greater instability in the GHIV
group when compared to the STYV and STNV conditions. Thus,
with visual occlusion, greater and significant values were observed
in the AR, AP, ML, and VE (F=11.91, df=1, p=0.002, η2=0.323;
f=18.94, df=1, p=0.001, partial η2=0.431; F=26.30, df=1 , p=0.001,
partial η2=0.513; F=25.62, df=1, p=0.001, partial η2=0.506).
The same impact of visual occlusion was observed in the
GNHIV group when comparing the STYV and STNV conditions.
In this group the values were greater and significant in all variables when the visual information was removed; AR (F=16.64,
df=1, p=0.001, partial η2=0.40), AP (F=19.48, df=1, p=0.001, partial η2 = 0.438), ML (F=23.65, df=1, p=0.001, partial η2=0.486),
and VE (F=28.92, df=1, p=0.001, partial η2=0.536).
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posturographic analysis, greater medial lateral (ML) amplitude of
the PLHA was identified in the STYV than the non-PLHA.
The data also allowed us to identify that visual information is
essential for the maintenance of postural sway for both PLHA and
non-PLHA. In this context, the hypothesis that the PVHA sway
would be different from the non-PLHA was accepted, and that
occlusion of visual information is a factor which increases sway
in both groups.
Previous studies have identified that the postural sway of
PLHA may be compromised by several factors, in addition to
being a condition present in asymptomatic individuals11,13-15. The
scholars6,15 have suggested that increased postural oscillation is
associated with manifestations of HIV in the central nervous
system (CNS). These manifestations tend to affect the subcortical structures and the infratentorial brain system, compromising
efferent signals6,15,16.
On the other hand, some authors associate HAART with generalized toxicity in the organism8,9, stemming from the continued
use of HAART and impacting muscle function, the sensory system, and fat distribution8,9. This variability in the condition implies in the maintenance of sway10,13,15.
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Maintenance of balance using a muscular strategy depends
initially on the sensory information. Studies21-25 indicate that the
reduction or manipulation of sensory information results in increased postural sway. This is because the muscular response to disturbances is intrinsically conditioned to the sensory perception20,26.
Specifically, the reduction in visual information has been related
to the postural sway of several populations27-29, this being the most
reliable information for humans, as its relevance for the maintenance of balance can reach 50% in challenging conditions23.
The results of the present study showed the importance of visual
information for both groups (GHIV and GNHIV). With the occlusion of visual information, there was greater instability in all experimental tasks. In the absence of sensory information, the central
nervous system (CNS) has the ability to modulate the participation
of sensory channels to maintain balance28,29 however, this modulation does not completely compensate for suppression of vision30,31.
In summary, the present research accepted the initial hypothesis that postural balance of the GHIV under continuous HAART

use differs from GNHIV. Concomitantly, the hypothesis that the
absence of visual feedback would generate greater sway in both
groups was also accepted.
Some limitations should be considered in order to better understand our results, for example: the sample size, which does
not allow our results to be generalized; and the median age of the
GHIV, as younger adults could better adapt to the experimental
tasks. However, the present study has some significant points such
as: intragroup and intergroup homogenization and the sensitivity
of the instrument used to evaluate postural sway.
Finally, we believe that these findings are relevant to specialists
and non-specialists in this area. The results corroborate with previous research, evidencing the need for better understanding of
the changes in balance and impacts on the quality of life in PLHA.
For this, we suggest the investigation of the muscular strategies
adopted in day-to-day tasks, through electromyography, in addition to the realization of linear regression to map the variables
that can impact balance.
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