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Abstract
Those living with HIV experience a number of complications that
negatively affect gait. Gait speed is an important predictor of overall
health, and people living with the virus experience an accelerated
decline as the disease progresses.
Purpose: To identify components associated with gait speed
decreased.
Methods: Thirty individuals diagnosed with HIV, a stable immune
system (cd4=878.5) and aged 60.31±7.8 years (19 males, and
11 females) were recruited for this study from a clinical fitness
specialized in HIV. Participants completed the HIV dementia scale,
vestibular fukuda test, 5 challenging single leg balance tests, 5 time
sit to stand, and a 7-meter walk.
Results: A multiple linear regression analysis revealed the association
of all components to the prediction of gait speed (R2 = [.963], F(df
regression =15, df residual=6) = [F-10.5], p = [p-0.004]) except for
the lower limb strength.
Conclusion: Exercise interventions that include vestibular
stimulation, such as head rotations, single limb activities, and
dynamics turning tasks, should be added to a 3 point (cardio,
strengthening and stretching) exercise program. Physical therapists
and exercise physiologists should assess and treat all those
aforementioned components.

Introduction

According to UNAIDS, 37.7 million individuals worldwide
live with human immunodeficiency virus (HIV) disorder in 2020,
while approximately 1.5 million were newly infected in 2020.
HIV eventually evolves into acquired immunodeficiency syndrome
(AIDS), which progresses without treatment, causing many problems,
including declining motor function [1]. Reductions in motor function
begin when HIV invades CD4 cells, causing a decline in the immune
system. Microglial cells serve as a link between the immune system
and the central nervous system (CNS). Therefore, if the immune
system is deteriorating, the prolonged activation of microglial cells
leads to neurological deficits that directly impact motor function [2].
Additionally, the continued decline of the immune system can cause
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brain injuries, leading to impaired postural stability and psychomotor
decline [3]. Therefore, further assessment of changes in motor
function in those living with HIV is essential to preserve the quality
of life.
Balance is an aspect of motor function commonly altered in those
living with HIV [4]. Three sensory systems regulate balance: visual,
vestibular, and proprioceptive systems [5]. Gait and balance deficits
have been shown to exist in people living with HIV (PLHIV),
including slower gait speed and increased center of pressure
excursions [6,7]. In addition, challenging static balance tasks has
shown increased postural sway [8,9] and decreased functional
base of support (BoS) [10] in PLHIV. Evidence has also reported
impaired limits of stability and sway strategies in PLHIV [11]. As
stated before, visual, vestibular, and proprioceptive systems manage
balance, which can all be negatively affected by the progression of
HIV [8,12,13]. Based on the information above, it is apparent that
balance deficits exist in PLHIV, influencing different aspects of gait.
Specific balance deficits can be related to alterations to the lower
leg neuromuscular musculature [14], decreased function of the
vestibular system [13], and proprioceptive input [8]. Balance deficits
seen in PLHIV can be compared to balance deficits of fall-associated
parameters in the elderly [6]. Some of these parameters are related
to reduced functional BoS [10], a significant decrease in stability
limits, and a reduction in standing balance [10]. The obstacle is that
even in the asymptomatic stage before fall events, those with HIV
showed a reduction in balance and postural sway [14]. These postural
alterations cause significant difficulties due to significant balance
modifications and complications that are not readily seen until it is
too late and the quality of life of PLHIV is impacted [15].
Commonly, the quality of life in PLHIV is influenced when
experiencing falls associated with postural instability [16]. These
above-mentioned postural variations also influence dynamic balance,
such as gait speed [11,17]. PLHIV experience a prompt decline in
gait speed than those HIV negative [17], which affects their quality
of life. Further, research has established that PLHIV shows increased
gait difficulty among challenging conditions, such as dual-task
activities [18] and demanding conditions [6] involving the interplay
of the balance sensory systems.
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The conflict with attempting to single out proper intervention
strategies for PLHIV is that these gait and balance issues are related
to multifactorial components [19]. In order to reduce or slow
down the progression of HIV complications that influence gait and
balance, it is imperative to identify which components are directly
involved. Therefore, the present investigation aims to determine the
various components that negatively impact gait. Identifying these
components can facilitate the development of tailored interventions,
enhancing balance and thus the quality of life.

Methods

Procedures
IRB and the HIV institution approved this study (protocol #
FY2020-32). Participants were recruited from La Perla de Gran
Precio (LDGP) in San Juan, Puerto Rico. All participants signed
the consent documents before data collection. In addition, all
demographic information and baseline vitals were collected during
the screening process prior to data collection, including SaO2, heart
rate, and the use of glasses and contact lenses. Then, participant data
collection started, which included completion of the International
HIV Dementia Scale (IHDS), five times sit-to-stand test (5xSTS),
and the Fukuda stepping test (FST), 5 balance activities and gait
tasks.
International HIV Dementia Scale
IHDS, an assessment to determine a possible diagnosis of dementia
(https://www.hiv.uw.edu/page/mental-health-screening/ihds). The
IHDS contains four components: memory registration, motor speed,
psychomotor speed, and memory recall. The memory registration
component instructs the participants to say four words: "dog, hat,
bean, red." If the participants preferred Spanish, the four words
were spoken in Spanish as "perro, sombrero, habichuela, rojo." Each
component was scored from 0-4, with zero indicating "unable to
perform" the task. If the summed score was ≤ 10, more testing should
be performed due to the possibility of dementia.
Fukuda Stepping Test
The FST assesses alterations to the vestibular system. Specifically,
the test examines labyrinthine function via vestibulospinal reflexes.
Instructions were given to the participants to stand on a grid to grade
displacement and rotation while performing the tasks, marching in
place with eyes close. For these participants' ages, the normal rotation
range should be between 26.1-42.1 degrees (https://www.sralab.org/
sites/default/files/2017-06/Fukuda_Stepping_Test_SAMPLE.pdf).
Five Time Sit to Stand
The 5xSTS examines lower-extremity functional mobility and
strength. A free-standing chair was used during the assessment for all
participants. Participants cross their arms over their chest, stand up,
and sit down five times as quickly as possible. The time started when
the tester stated "go" and stopped when the participant touched the
chair on the fifth repetition.
Balance Assessment
After the above assessment, single-limb stance balance tests for

medial-lateral (ML) and anterior-posterior (AP) sway direction,
velocity, and distance were performed with the MobilityLab APDM
MobilityLabTM (APDM, Inc., http://apdm.com).
The assessment aimed to maintain balance until the signaling
tone ended the trial. Verbal instructions were given prior to each
trial, while the participants rested in a standing position on a firm
surface. The participant balanced on their dominant lower extremity
10 feet away from a blank white wall that displayed two crossed
pieces of black tape at eye level for participants to gaze towards.
The trial lasted 15s, followed by the completion of a tone signaling
trial. If necessary, the participant could regain balance during the
trial by utilizing the contralateral limb and continuing until the trial
was complete. During each trial, one researcher recorded the number
of times foot touchdowns occurred on the contralateral limb, and
another researcher stood behind the participant to protect against
falls. The specific balance activity was conducted as follows.
Balance 1: The trial was considered a baseline assessment. The
participants were instructed to maintain a double-leg stance (DL) on
a firm surface with their eyes open.
Balance 2: The participants performed a single-leg stance (SL firm)
on a firm surface with eyes open. This trial aimed to reduce the BoS,
which challenges balance.
Balance 3: Prior to starting tone, the participants stood on their
dominant lower extremity (SL) and performed rhythmic cervical
flexion and extension, also known as head up and down (HUD),
to a 60 bpm metronome while maintaining their gaze on the black
tape. At the start of the tone, the participants closed their eyes (SL
firm ECHUD). This trial aimed to cancel visual input, challenge the
vestibular input, and conserve proprioceptive input.
Balance 4: The participants balanced in a single-leg stance (SL)
on a foam surface with eyes open prior to starting tone. At the start
of the tone, the participants performed head up and down (HUD) to a
60 bpm metronome (SL foam EOHUD). This trial aimed to challenge
vestibular and proprioceptive inputs while preserving visual input.
Balance 5: The participants maintained a single-leg stance (SL)
on the foam surface before starting the tone. The subjects closed
their eyes (SL foam EC). This trial aimed to cancel the visual input,
challenge proprioceptive input, and conserve the vestibular system.
Gait Assessment
Gait speed was collected using APDM’s Mobility Lab (APDM Inc,
http://apdm.com). Rosario et al., [20], published the standardized gait
protocol in detail.

Data Analysis and Results

The current study recruited 30 individuals living with HIV aged
60.31±7.8 years, 19 males, and 11 females. Participants had a stable
immune system (cd4=878.5), and an average of years from diagnosis
was 23.6 years. Additionally, participant information is illustrated in
table 1. Table 2 shows the average of all data points collected prior
to the analysis.

Age (years)

M = 60.3±7.8

Gender

Male= 19 Female = 11

Year of Dx (years)

M= 23.6 years

Cd4

M= 878.5

Resting heart rate (RHR)

79 ± 2 beats per minute (bpm)

Resting oxygen saturation (SaO²) 97.5 ± 1.0%
Body mass index (BMI)
29.0 ± 8.1 kg/m².
Table 1: Demographic data of all participants.
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Variable

Mean

Std. Deviation

HIVD Score

8.409

1.7295

CD4

872.9864

311.94027

5-time sit to stand test

13.4909

6.14870

Fukuda

35.18

40.194

HIVD:1

2.64

1.002

HIVD:2

2.91

0.868

HIVD:3

3.000

1.2247

DLS

23.12727

5.187013

SLS

38.39409

2.578654

T-Duration

2.153311688

0.4289083452

T-Vel

186.4025909

38.89710118

SL Sway Area

3.16071386

3.590503198

SL Sway Area ECHUD

6.643564

4.7213405

SL Sway Area Foam EOHUD

9.037809

6.1345911

SL Sway Area Foam EC

8.772900

9.1645868

HIVD; IHV dementia scale, DSL: Double limb Support, SLS: Single limb support, T: time,
Vel: Velocity, SL: single limb, ECHUD: eyes close head up-down, EOHUD: eyes open head
up-down
Table 2: Average of all test and variables considered.
A secondary analysis employing multiple linear regression with
SPSS version 28 was used to test if balance (single-leg tests),
cognitive (HIVD Scale), vestibular (Fukuda), dynamic gait (turns),
and lower strength (5xSTS) components significantly predicted
or affected gait speed in those living with HIV. A P value of 0.05
Variable

B

or less was stabilized as significant. Table 3 depicts the overall
regression as statistically significant (R2 = [.963], F(df regression
=15, df residual=6) = [F-10.5], p = [p-0.004]). Besides the lower limb
strength, all other four components added statistically significantly to
the prediction, p <.05.

95% CI

95% CI

Lower B

Upper B

Standard
Coefficient
Beta

t

P value
(sig)

-.080

0.939

Constant

-.72

-22.848

21.403

HIVD Score

-.270

-.529

-.010

-1.922

-2.542

0.05

CD4

.000

.000

.001

.461

2.837

0.05

5XSTS

.015

-.005

.034

.368

1.846

0.114

Fukuda

-0.005

-.008

-.003

-.897

-5.666

0.001

HIVD:1

.408

.060

.756

1.684

2.866

0.05

HIVD:2

.526

.175

.878

1.883

3.660

0.05

HIVD:3

.318

.043

.594

1.608

2.828

0.05

DLS

-0.026

-.251

.200

-.552

-.280

0.789

SLS

-0.001

-.452

.451

-.006

-.003

0.998

T-Duration

.194

.049

.338

.342

3.273

0.05

T-Vel

-0.001

-.003

.001

-.144

-1.064

0.328

SL Sway Area

0.071

.026

.116

1.048

3.832

0.01

SL Sway Area
ECHUD

.053

.011

.094

1.022

3.086

0.05

SL Sway Area Foam
EOHUD

.001

-.017

.020

.037

.189

0.86

SL Sway Area Foam
EC

-.015

-.037

.007

-.553

-1.619

0.16

HIVD; IHV dementia scale, DSL: Double limb Support, SLS: Single limb support, T: time, Vel:
Velocity, SL: single limb, ECHUD: eyes close head up-down, EOHUD: eyes open head up-down
Table 3 Association gait speed and HIVD, CD4, balance, fukuda and 5xSTS.
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Balance component: Single-leg balance on firm surface EO and
ECHUD significantly predicted gait speed (β =0.071, p =0.001 and β
=0.053, p =0.05). It was also found that single-leg balance on foam
surface EOHUD and EC did not predict gait speed (β =0.001, p =0.86,
and β =-0.015, p =0.16). Cognitive component: Results showed that
all three HVID, HIVD1 (β =0.408, p =0.05), HIVD2 (β =0.526, p
=0.05) and HIVD3 (β =0.318, p =0.05) parts of the scale significantly
predicted gait speed. Vestibular component: The Fukuda test, which
tests for peripheral problems, significantly predicted gait speed (β
=10.005, p =0.001). Finally, dynamic gait variables time during turns
significantly predicted gait speed (β =0.194, p =0.005).

Discussion

This study examined the relationship between diverse components
and their impact on gait parameters, such as gait speed. The objective
was to discern which components are affected in those with HIV.
Therefore, a more appropriate intervention can be formulated to
enhance the quality of life by improving gait through working on
the affected components. This study identifies multiple components
related to gait speed, such as standing balance, cognitive variables,
vestibular inputs.
Gait speed is one of the most critical parameters of gait, as it is
commonly referred to as the sixth vital sign [21]. Gait speed is
correlated with functional abilities, meaning a decline in gait speed
indicates deterioration in functional mobility [22]. A reduction in
gait speed is associated with increased difficulties in maintaining
instrumental activities of daily living, mild cognitive decline, and
risk of cardiovascular death [22]. Furthermore, gait speed is used
to predict future health status and disease occurrences, which could
provide information regarding hospitalization, discharge location,
and mortality [21]. Those living with HIV experience a faster decline
in gait speed than those without HIV infection [17]. Based on the
above, gait speed is an important parameter that should be considered
when examining interventions for the HIV population. Therefore, the
current work focused on this variable.
Balance component: The first main finding of this study is that a
single leg balance on firm surface EO and ECHUD sway significantly
affects gait speed. The results show that postural instability affecting
gait can be observed by increased sway with EO or without visual
input while engaging the vestibular system, which reduces gait
speed. In a systematic review, Berner highlighted reductions in SLS
time, increased COP sway path, and increased sway velocity [6]
as potential factors altered in those living with HIV. These factors
affecting posture have been related to increased postural sway
in PLHIV [8, 9,23]. One of the reasons for a reduced balance and
therefore increased fall risk in PLHIV is poor lower extremity muscle
performance [24,25]. Nevertheless, the participants in this study had
normal lower limb strength for their age range, indicating that other
components are responsible for the gait deficits in this group. Hence,
we infer that the participants in the current study exhibit balance
impairments affecting gait performance through postural instability
and alterations in neuromuscular activation [23,7,26].
The main reason that balance is affected in those living with HIV is
the progressive course of HIV and the indirect effects of antiretroviral
therapy (ART) medications [2,3,6]. HIV leads to an alteration in
the immune system, affecting microglial cells, leading to changes
in the nervous system, causing balance deficits [2]. It has been
shown that pontocerebellar changes occur during the course of HIV,
affecting balance [3]. Rosario et al. concluded that comorbidities,
specifically peripheral neuropathy, could contribute to changes in
motor components, such as gait in PLHIV [27]; but further research
is needed over the correlation between peripheral neuropathy and
balance deficits [6,14].
Future investigations could include longitudinal studies examining
the alterations in balance and gait. Suppose studies look at the course
of HIV over time, and explicitly the onset of balance and gait deficits.
J Pub Health Issue Pract
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In that case, an exercise program could be implemented to limit
balance deficits and gait speed alterations, and therefore maintain
quality of life in those living with HIV. We recommend balance
training to reduce postural sway risk of falls and improve gait
velocity. Many inquiries have assessed balance training protocols in
older people with variable dosages and heterogeneity [28]. Since HIV
accelerated the aging progression of those who live with the virus,
the ongoing study proposes tackling balance issues as if they were
experiencing advanced aging complications. Based on evidence,
balance training protocol should promote stability and reduce falls
in community-dwelling older adults when incorporated with strength
exercise [29]. Overall, addressing balance deficits will contribute to
improvements in gait and improve their quality of life [30].
Prior studies determined that the recommended dosage parameters
for balance exercise in older adults are: 11-12 weeks, three sessions
per week, 31-45 minutes per session for balance exercises [28]. A
balance training protocol could include static, dynamic, reactive, and
proactive balances [29]. Dynamic balance training could consist of
performing normal gait, narrow gait, overlapping gait, and tandem
gait with progressions, as described before, in static balance with the
addition of direction and rhythm.
Cognitive component: The second outcome of this study showed
that the HVID scale significantly predicted gait speed. Previous
studies have shown that the HDS is a reliable tool for measuring
dementia or the onset of dementia in those living with HIV [31]. This
study suggests HDS can also be associated with gait speed. Previous
studies have examined the relationship between physical and
cognitive function, indicating that these connections are prevalent
and can help create intervention strategies for those living with HIV.
PLHIV with a faster gait speed also showed better cognitive function
than those with a slower gait speed [32]. Seo et al. [33] also identified
an association between slower gait speed and cognitive decline.
Furthermore, these cognitive alterations are associated with
various brain areas, such as the frontal lobe. The problem with
these alterations is that they affect the central nervous system and
provoke cognitive decline, among other complications [2]. Since
ART medication slows down the progression of the disease, motor
cognitive changes manifest slowly, making it difficult to predict
how and when it impacts the lifestyle of these people [34]. Based
on our findings, future studies could investigate the benefits of gait
training combined with cognitive tasks in different stages of the
disease. We recommend treadmill gait training and gait on different
challenging surfaces, combined with memory registration, motor
speed, psychomotor speed, and memory recall tasks.
Vestibular component: The third main finding shows that
peripheral vestibular components play a part in gait speed. Evidence
from several studies indicates that HIV deteriorates the anatomy and
physiology of the vestibular system, which appears to directly affect
the central nervous system [35]. Like several pathogens, HIV can
localize in the labyrinth, as Smith et al. stated in 1988. The labyrinth
is located in the inner ear, consisting of two functions: hearing and
balance. In addition, signals travel from the labyrinth to the brain from
the vestibulocochlear nerve, which transmits messages to postural
muscles to stay balanced. When infection or virus is present, it affects
this signal, resulting in disruption of the vestibular system, leading to
dizziness or vertigo. (vestibular.org/article/diagnosis-treatment/type
of disorders). Previous studies showed a high prevalence of PLHIV
present with vestibular dysfunction due to these complications from
the disease, based on evidence from Shangase KK et al., [36]. Katijah
monitored the vestibular status in a group of PLHIV/AIDS receiving
antiretroviral therapy compared to a control group receiving other
therapies for the presence of acute vertigo within six months. Their
findings revealed that vestibular dysfunction with acute vertigo
occurred frequently in the PLHIV/AIDS participant group than in
the control group.
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The issue is that in light of all other medical conditions associated
with HIV, vertigo may be low on the priority list compared to other
life-threatening conditions that cause the individual to not report their
symptoms for management and assessment [36]. We recommend
providing vestibular training exercises that could re-educate the
peripheral and central nervous system for those living with HIV by
promoting substitution or adaptation to perform their daily living
activities. Different exercise approaches have been proposed to
address these problems. However, vestibular rehabilitation exercises
include many components, such as balance and gait exercises,
that help improve postural stability and decrease symptoms [37].
The vestibular exercises include voluntary eye movements, active
head movements, active body movements, visual dependency, and
somatosensory dependence exercises. For this study, the approaches
performed were vestibular exercises for PLHIV, including sensory
integration balance training and gaze stabilization training with
VOR re-education and cancellation. Finally, vestibular rehabilitation
therapy reduces dizziness by provoking head movements in a busy
environment, which has been shown to improve mobility, postural
stability, and gaze stability [38].
Related to the sensory integration balance training exercises, it
included challenging the visual and sensory system by performing
standing balance on firm and foam surfaces with eyes open and
closed. For the gaze stabilization training, with VOR re-education
exercises, we proposed that the patient hold their thumb up an
arm's length away, while maintaining a clear visual focus on their
thumb while rotating their head left to right in a 45° range. For VOR
cancellation, the same technique is performed. However, while
moving their head left to right, the arm moves synchronously in the
same direction while maintaining eyes on the target (thumb) [38].
Dynamic Gait: The fourth main finding illustrates that the time
during turns, but not velocity, impacts gait. The results indicate that
an increase in turn duration reduces gait speed in this group. Previous
studies have revealed that instability in turns may derive from unique
physiological and cognitive demands. It has been speculated that
turning is not automatic and involves cognitive processing throughout
the whole movement [39]. Studies on specific factors affecting turns
have explained that visual acuity affects gait speed and balance
in older populations. Therefore, those with poor vision used more
cautious walking strategies, such as slower gait and changing midline
center of mass, to help them overcome the difficulty of turning [40].
In cases diagnosed with Parkinson's disease, turning is associated
with instability, falls, and freezing [41]. Based on our results, we
infer that gait is altered in PLHIV due to decreased balance and
increased sway, affecting postural control and stability required to
execute turns. A review identified that static balance decreased with
an increase in overall sway, notably in subjects with severe HIV.
Dynamic balance has also been shown to be altered, especially in
those who are obese or have chronic HIV symptoms. Factors such
as neurocognitive decline have been reported with other common
symptoms of HIV, such as executive function, motor skills, and
attention/working memory, which have been presented to change gait
by reducing speed and increasing initiation time. These components
have also contributed to the significant fall rate detected in HIV cases
[6]. Future investigations could delve into the more distinct effects of
the loss of cognitive function in people with HIV by having subjects
with HIV complete cognitive test outcome measures like the MoCA
[42] to regulate the rating of cognitive function among HIV cases.
Once identifying the information about the level of cognitive function
as scored by an outcome measure, we can identify how this influences
their ability to turn, as we reviewed that turning is not automatic. We
speculate that the reduction in cognitive function in people with HIV
could be associated with the duration of the extended turn.
We recommend increasing dynamic and static stability to reduce
postural sway help augment faster turns and better dynamic gait.
Studies have indicated that implementing a merger of exercises
J Pub Health Issue Pract
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found in the Otago exercise program five times a week for six
months showed gains in balance and stability that contributed to
improvement in gait. The strength exercises included straight leg
raise with ankle weight, prone hamstring curl with ankle weight,
side-lying leg raise with ankle weight, and calf and toe raises. The
balance exercises included backward walking, walking and turning,
sideways walking, heel-toe stand, and heel-toe walking. The program
concluded with walking for 30 minutes at an average pace with the
usual assistive device. Improvements were observed in turn-time,
turn-sway, and balance and strength testing. It is suggested that a
combination of strength training of the lower extremity muscle and
balance training exercises can decrease postural sway by increasing
static and dynamic stability. The improvement of stability will lead to
advances in dynamic gait and performing turns [43].

Conclusion
This current study aimed to identify factors that could alter gait
variables, such as gait speed. Findings indicate that components
such as balance, HIV dementia scale, vestibular, and the time during
turns predicted gait speed modifications in PLHIV. This investigation
ushers in making a connection between the above variables and gait.
Since reduced gait speed is an essential indicator of diminished quality
of life, identifying elements to supplement intervention programs is
crucial to slow down the progression of HIV complications. Future
research should look into including aspects, such as the ones pointed
out in this study, in addition to a three-point exercise program
(cardiovascular, strengthening, and stretching). Based on the results
of this study, we recommend implementing exercises that incorporate
vestibular challenge, balance, and dynamic aspects of gait, such as
the turns.
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