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Abstracts
Introduction: Balance and gait impairments activation of lower 
extremity musculature has been shown to be affected in those with 
HIV. Nevertheless, the precise nature and evidence related to the 
effects of HIV on neuromuscular activation is limited.
Purpose: This study seeks to evaluate lower extremity neuromuscular 
activation and postural balance during dual tasks in individuals living 
with HIV.
Methods: Twenty-four participants of Hispanic-Latino origin 
diagnosed with HIV (13 male and 11 female, average age 59.2 ± 
1.7 years) with an average CD4 count of 612.25 (22 years of HIV 
diagnosis) enrolled in this study. Thirty-one healthy adults (7 male 
and 24 female, the average age of 25.07 ± 3.46 years) were recruited. 
Surface electromyography (EMG) on the tibialis anterior (TA) and 
gastrocnemius (GA) muscles were used on the participant’s dominant 
leg with accelerometers/gyroscopes placed on the trunk during 
balance activities. Each participant was instructed to stand in a bi-
pedal posture on a balance foam for 15 seconds per task. Four single 
balance and dual cognitive-balance tasks (count backward from 100 
in increments of 3) were performed on the balance foam.
Results: Significant differences (P< 0.01) were found in total Sway, 
AP/ML Jerk, and AP/ML Distance among groups.
Conclusions: Asymptomatic HIV participants exhibit increased 
postural instability when compared to controls in all balance tasks. 
As the GA plays a significant role in static balance, an increased fall 
risk could be the result of this delay in time to peak onset. As such, 
our research recommends lower extremity electromyography and 
strength assessment in this population to forestall or decrease fall 
hazards.
Keywords: HIV, Postural Instability, ACC.
Introduction
   In the United States, there were 38,739 HIV diagnoses in 2017 
with the southern states encompassing 52% of these new diagnoses 
[1]. Of the states and dependents within the United States, 
Puerto Rico has among the highest rates of HIV diagnoses [1]. 
Balance is achieved by the intricate coordination between three 
sensory systems: somatosensory, visual, and vestibular, and is 
subsequently integrated into the central nervous system [2]. In those 
diagnosed with HIV, the central nervous system has been shown 
to have some degree of alteration with associated neurocognitive

changes [3-5]. Balance and gait impairments may be present in 
those with HIV and may be influenced by several factors, including 
time since diagnosis and disease severity [6, 7]. HIV has also been 
associated with other diseases and comorbidities. These include 
dyslipidemia and other metabolic conditions, cardiovascular disease, 
diabetes mellitus, and polypharmacy [8-12]. Additionally, the 
activation of lower extremity musculature has also been shown to 
be affected in those with HIV, especially knee extensors and ankle 
dorsiflexors, which are important for correcting and maintaining 
balance [13]. Those with HIV may also have atypical skeletal muscle 
makeup on a biochemical level and reduced physical function 
compared to uninfected people [14]. However, the precise nature 
and effect of HIV on muscle activation is limited. The purpose of 
this study was to investigate whether there is a difference in postural 
control and the muscular activation of physical active asymptomatic 
people diagnosed with HIV compared to younger healthy adults.
Methods
Participants
   A total of 55 participants (Table 1) between the ages of 18 to 80 
years old were given the opportunity to participate in this study. The 
participants were divided into either HIV group or a control group. 
The HIV group study was conducted in San Juan Puerto Rico at a 
Hispanic/Latino Rehabilitation Clinic for HIV patients, called La 
Perla de Gran Precio. The control group was performed at Texas 
Woman’s University T. Boone Pickens Institute of Health Sciences.
   The HIV group consisted 24 participants of Hispanic-latino origin 
diagnosed with HIV (13 male and 11 female, average age 59.2 ± 
1.7 years, average BMI of 25.1 ± 5.7) with an average CD4 count 
of 612.25 (22 years of HIV diagnosis) and an average ABC score of 
72.4 ± 13.83 were enrolled in this study. These subjects signed an 
informed consent, were interviewed, and evaluated at the La Perla de 
Gran Precio (Community wellness center specialized in individuals 
with HIV) localized in San Juan, Puerto Rico. The consent form 
granted access to their medical records, HIV status, CD4+ cell counts 
and a prerequisite to take part in the study.
   The inclusion criteria were: 1) Diagnosed with HIV, 2) CD4 levels 
above 200 cells/uL, 3) Age within the variety of 25-80 years, 4) Walk 
without an assistive device, 5) Tolerate the standing position for at least 
30 minutes, 6) Stable cardiorespiratory system, 7) Perform 5 time sit 
to stand test. Since the goal of this study was to identify participants 
with no apparent balance difficulty, and to establish a baseline
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HIV Participants
Characteristics Study Participants n=24
Age M=59.2 +/- 1.7 years
Gender Male= 13; Female= 11
CD4 M= 612.25
BMI M= 25.1 +/- 5.7
ABC Scale M= 72.4 +/- 13.83
Control
Characteristics Study Participants n=31
Age 25.07 +/- 3.46 years
Gender Male= 7; Female = 24
BMI M= 23.92

Table 1: Demographic data of all participants

for standing postural control measurements, the following exclusion 
criteria was designed: 1) CD4 levels less than 200 cells/uL, 2) Severe 
balance impairments, 3) Severe visual acuity problems that are not 
treated, 4) Falls during the last 6 months, 5) Back or lower extremities 
lesion or surgery during the last 6 months, 6) Use of medications that 
cause drowsiness 24 hours previous to intervention, and 7) Women 
that are pregnant or think they might be pregnant.
   Each subject was evaluated by performing an interview and 
reviewing their medical record for the inclusion and exclusion criteria 
assessment. Medical records were examined by testers to approve the 
CD4 levels matched the criteria of being above 200 cells/uL. To rule 
out severe balance impairments, we used the Romberg Test. For the 
Romberg Test [15], subjects must maintain standing position for 30 
seconds with eyes closed. After the screening of the inclusion and 
exclusion criteria, a total of 24 subjects (13 male and 11 female) were 
able to participate in the study.
   For the control group, data collection was performed at Texas 
Woman’s University T. Boone Pickens Institute of Health Sciences 
(TWU). A total of 31 (7 male and 24 female) healthy participants 
(average age of 25.07±3.46 years, average BMI of 23.92 ) were 
recruited from the university and the surrounding community to 
participate in this research study benefitting the advancement of 
balance interventions in the HIV population. The control participants 
were recruited via information spread by word of mouth and flyers 
posted at TWU. The flyer clearly stated that individuals wanting to 
participate in the control group needed to be HIV negative. However, 
the control group will go through the same screening and balance 
protocol as the HIV group. The inclusion criteria, sex, of the non-
HIV participants will be comparable to the HIV group.
Measures
   Neuromuscular data was recorded by electromyography (EMG), 
using a surface electrode system (Delsys, Inc. Boston, MA). The 
EMG activity of the quadriceps, hamstrings, tibialis anterior, and 
gastrocnemius muscles were collected at 1,000 Hz with the electrodes 
placed according to the recommendations of Sacco & Kasman. EMG 
variables included time to peak, decay, duration and amplitude of 
muscle contraction.
Mobility Lab: APDM’s Mobility LabTM (APDM Inc, http://apdm.
com) is a transportable gait and balance laboratory designed for the 
assessment of motion analysis. The mobility lab is a set of sensors 
that are set in place with belts/straps with the purpose of measuring 
spatial/temporal gait and balance. This tool is designed to measure 
kinematics from the tunk, lower and upper extremities. Our variables 
of interest are anterior-posterior/ medial-lateral distance, velocity, 
and sway.

Procedures
   The entirety of time commitment for the participant will consist 
of 30 minutes for testing/screening protocol and 30-45 min for 
balance testing protocol, for a maximum total time of 1.5 hours in 
one session. After completing an assessment and receiving consent, 
participants were asked to identify their dominant leg. This was 
done by asking each individual which leg they would use to kick 
a soccer ball. If necessary, areas of the dominant leg were shaved 
with a non-electric razor in order to attach and secure the placement 
of the various Electromyography (EMG) sensors. Electromyography 
(EMG) surface electrodes were placed on their dominant leg over the 
quadriceps (QUAD), hamstrings (HAM), anterior tibialis (TA), and 
gastrocnemius (GA). Each participant wore Mobility Lab sensors 
around bilateral wrist and ankle as well as their chest and lower back.
   The participant was asked to perform a maximal contraction test 
for each muscle group. Maximum contraction for the quadriceps 
muscle was tested by asking the participant to sit in a chair with a 
gait belt surrounding the legs of the chair. The participant placed their 
dominant leg posterior to the gait belt and asked to extend the leg into 
belt with full force, holding the contraction. For the hamstrings, the 
participant remained in the same chair but was asked to place their leg 
anterior to the gait belt and to perform a knee flexion force into belt. 
The anterior tibialis was tested while the participant stood supported 
with a hand on the chair, heels on the ground, and toes in the air while 
a tester applied a resistive force distal to the foot. The gastrocnemius 
was tested by having the patient lift their heel off the ground and onto 
their toes while pushing into the ground. Each of the positions were 
held for 10 seconds as the participant held a maximal contraction 
force. The EMG surface electrodes and Mobility Lab sensors were 
worn for the entirety of the participants. The five times sit to stand 
test was also administered to all participants in order to quantify 
functional lower extremity strength and/or identify movement 
strategies a patient uses to complete transitional movements. The 
subject will be seated in a static chair with a backrest, no arm rest, 
and also placed near a wall to prevent backward displacement of the 
chair during the test. The evaluators will indicate the subject to sit 
and [16] stand five times as fast as possible and will record the time 
it takes to complete the test.  For this study, we expect our subjects 
to do this task in 10 seconds or less. Persons less than 60 years of 
age that requires more than 10 seconds to complete the task could 
present balance disturbances due to decreased functional strength in 
the lower extremities. If the subject cannot complete the task in the 
required time they will be excluded from the study.
Balance Assessment
   Balance was measured not only using instrumented (mobility lab 
accelerometers) but also a clinical test (ABC scale). After signing the
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informed consent and collecting demographic data, participants 
completed the activity-specific balance confidence (ABC) scale. A 
member of the research team placed a lumbar accelerometer on each 
subject. Each participant was instructed to stand in a static bi-pedal 
posture on a firm surface or a thick foam pad (having the mobility 
lab belt accelerometers sensors on) and perform eight balance tasks. 
Data of anterior-posterior sway, medial- lateral sway, and sway were 
collected in each of the conditions. Each task took 15 seconds to 
be performed, plus the 2 minutes of rest between every two tasks. 
The first task was performed on a foam pad surface with eyes open, 
representing the baseline for this study. Balance task were divided 
into four single and four dual cognitive tasks.
   First component of the balance assessment (measured balance) 
included one tasks on firm surface and four tasks performed on a 
thick foam pad on a hard surface of the floor. These five tasks were 
considered the single tasks and are depicted as follows: 1-2) Eyes 
open looking at a fixed point on the wall to examine all systems on 
a firm surface (all systems unaltered) and on a  thick foam pad to 
(alter somatosensory) (EO); 3) Eyes closed on a thick foam pad (with 
the head fixed approximately 90 degrees) to alter somatosensory and 
cancel out the visual input (EC); 4) Eyes open looking at a fixed 
point on the wall and actively moving head upward and downward 
to alter vestibular inputs (The subject was instructed to maintain the 
movement frequency of 60 bpm with a metronome in the room and 
amplitude of approximately 45 degrees in each direction: neck flexion 
and extension; 5) Eyes closed (with head fixed approximately 90 
degrees) to cancel out visual input and active upward and downward 
head movement to modify vestibular inputs (EC+HUD). The subject 
is instructed to maintain the movement frequency and amplitude as 
described in previous task.
   The subjects were asked to perform four more tasks, continuing to 
stand on a thick foam pad placed on a firm surface. The remaining 
four tasks were like the aforementioned 2-5 tasks. Nonetheless, to 
add the dual cognitive task components of the balance assessment we 
asked participants to count backwards by threes. Since neurocognitive 
impairments are evident at some stages of the diseases we added 
the cognitive dual task to the balance test to divide attention and 
identify alterations that potentially can affect motor control in these 
individuals.

   The second part of our assessment included the perception of 
balance (balance perception) or confidence among different activities. 
We used the ABC scale [17] for this purpose. The ABC scale is a 
16-item questionnaire pertaining to various activities that require 
maintaining balance to achieve. Participants rate each item on a scale 
from zero percent to 100 percent. A rating of zero percent indicates 
no confidence in maintaining balance during the activity, while 100 
percent indicates full confidence that they would maintain their 
balance. The activities vary in difficulty and cognitive requirement.
Results
   The variables of interest in this study were 1) time to peak, 2) 
decay and, 3) duration of muscle activation for TA and GA. A 
repeated measure MANOVA analysis was used to compare all 
variables of interest. Table 2 & 3 show no significant difference is 
indicated between duration and decay of muscle activation for TA 
and GA across the various tasks assessed. Table 2&3  also show no 
significant difference between asymptomatic HIV group and control 
group in Electromyographic (EMG) amplitude or percent of task for 
amplitude. Next we analyzed 1) total Sway (m2/s4), 2) AP Jerk (m2/
s5) and ML Jerk (m2/s5), and 3) AP Distance (m/s2), ML Distance 
(m/s2) and AP Velocity (m/s), ML Velocity (m/s). A non-parametric 
Wilcoxon Signed Ranks test was performed to compare the variables 
between control and HIV participants. According to Table 4, HIV 
group swayed significantly more during all balance tasks. Table 5&6 
showed that HIV participants moved significantly further (P<.001) 
in both the anteroposterior and medial jerk. AP and ML distance 
was also significantly increased (P<.001) in the HIV group when 
compared to the controls as shown in Tables 7&8. According to Table 
9, HIV participants performed significantly slower in the AP velocity 
during EO COG (P<.001) and EO firm(P<.01). However, the HIV 
participants moved significantly faster during the eyes closed, head 
up and down task while counting backwards (P<.025). Table 10 
stated that EO COG was the only task that the HIV group performed 
significantly slower (P<.025) in ML velocity. No significant 
differences were found in the remaining tasks when comparing the 
velocity component of sway.

Task Variables Control
 (N = 19)

Asymptomatic HIV 
 (N = 18)

P-value

Gastrocnemius
EO Firm Amplitude* 27.94±17.75 19.44±13.79 .081

Amplitude %** 33.81±32.36 40.04±29.75 .500
Time to Peak (sec) .33±.14 .37±.20 .568
Duration (sec) .73±.18 .73±.29 .979
Decay (sec) .39±.12 .37±.19 .545

EO Foam Amplitude* 33.26±24.95 27.29±15.99 .357
Amplitude %** 36.38±28.09 47.78±27.90 .169
Time to Peak (sec) .34±.13 .38±.17 .490
Duration (sec) .70±.14 .72±.16 .693
Decay (sec) .35±.12 .34±.14 .742

EC Foam Amplitude* 41.59±22.74 32.46±13.34 .119
Amplitude %** 37.40±28.52 44.52±30.80 .410
Time to Peak (sec) .38±.16 .34±.14 .424
Duration (sec) .71±.21 .77±.21 .431
Decay (sec) .33±.14 .42±.19 .094

Table. 2 To be Cont.....
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EO HUD Amplitude* 32.13±20.24 38.16±22.90 .336
Amplitude %** 36.67±27.95 51.20±30.92 .093
Time to Peak (sec) .36±.16 .41±.14 .354
Duration (sec) .70±.24 .77±.16 .753
Decay (sec) .34±.17 .35±.09 .368

EC HUD Amplitude* 41.69±25.07 46.97±22.09 .454
Amplitude %** 34.65±25.54 49.27±30.36 .074
Time to Peak (sec) .32±.16 .35±.20 .519
Duration (sec) .67±.19 .77±.22 .179
Decay (sec) .35±.12 .41±.16 .261

EO COG Amplitude* 36.23±23.51 24.17±15.49 .053
Amplitude %** 48.11±30.71 32.68±24.06 .333
Time to Peak (sec) .31±.14 .47±.20 .008
Duration (sec) .63±.17 .85±.27 .008
Decay (sec) .31±.12 .37±.17 .264

EC COG Amplitude* 34.01±15.93 32.68±14.33 .769
Amplitude %** 46.59±30.15 49.17±30.81 .772
Time to Peak (sec) .32±.12 .32±.14 .979
Duration (sec) .67± .16 .71±.20 .528
Decay (sec) .34± .11 .38±.18 .421

EO HUD COG Amplitude* 37.06±20.46 33.41±20.03 .539
Amplitude %** 42.90±33.89 37.25±29.58 .552
Time to Peak (sec) .32±.13 .29±.18 .645
Duration (sec) .68±.19 .71±.18 .373
Decay (sec) .36±.14 .41±.20 .667

EC HUD COG Amplitude* 34.93±18.00 41.92±18.94 .197
Amplitude %** 44.11±33.11 54.50±31.54 .279
Time to Peak (sec) 7.49± .99 7.67±.66 .538
Duration (sec) .35± .10 .44±.15 .366
Decay (sec) .39±.14 .35±.15 .049

*Proportion of maximal recorded amplitude
**Percent time of task in which amplitude occurred

Table 2: Electromyographic (EMG) amplitude, percent (%) of task for amplitude, time to peak, duration, and decay of 
gastrocnemius during  balance tasks. Results of multivariate analysis of variance (MANOVA) performed between 

asymptomatic HIV group and control group. Significance level set at p≤0.05.

Task Variables Control (N = 19) Asymptomatic HIV (N = 18) P-value
Tibialis Anterior

EO Firm Amplitude* 43.25±33.15 35.29±18.55 .346
Amplitude %** 43.59±28.84 46.40±31.37 .751
Time to Peak (sec) .36±.14 .33±.15 .530
Duration (sec) .72±.17 .79±.28 .335
Decay (sec) .36±.13 .46±.26 .137

EO Foam Amplitude* 39.16±21.31 39.78±21.20 .921
Amplitude %** 48.08±23.84 48.21±32.46 .987
Time to Peak (sec) .33±.16 .32±.13 .830
Duration (sec) .70±.18 .71±.29 .878
Decay (sec) .37±.14 .39±.25 .741

Table. 3 To be Cont.......
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EC Foam Amplitude* 44.19±24.91 55.92±26.54 .127
Amplitude %** 41.42±26.96 38.91±26.95 .754
Time to Peak (sec) .34±.17 .43±.29 .257
Duration (sec) .75±.21 .82±.35 .442
Decay (sec) .40±.12 .38±.27 .804

EO HUD Amplitude* 45.88±22.33 54.83±22.80 .185
Amplitude %** 45.07±24.84 57.82±36.52 .156
Time to Peak (sec) .34±.19 .36±.19 .749
Duration (sec) .70±.25 .64±.59 .699
Decay (sec) .35±.14 .27±.64 .612

EC HUD Amplitude* 43.86±23.19 66.90±25.30 .002
Amplitude %** 47.37±28.34 48.79±30.54 .869
Time to Peak (sec) .35±.13 .37±.17 .793
Duration (sec) .65±.21 .68±.24 .699
Decay (sec) .30±.12 .31±.11 .694

EO COG Amplitude* 42.42±21.94 37.60±18.66 .435
Amplitude %** 43.45±25.06 48.83±29.96 .504
Time to Peak (sec) .33±.13 .31±.12 .756
Duration (sec) .64±.19 .72±.25 .259
Decay (sec) .31±.10 .40±.21 .081

EC COG Amplitude* 41.20±23.31 47.46±25.07 .382
Amplitude %** 45.00±25.16 33.36±26.54 .132
Time to Peak (sec) .35±.16 .32±.16 .695
Duration (sec) .68±.19 .65±.21 .712
Decay (sec) .33±.12 .33±.10 .915

EO HUD COG Amplitude* 47.15±21.75 48.10±22.48 .885
Amplitude %** 48.14±27.70 38.12±27.98 .228
Time to Peak (sec) .30±.07 .35±.12 .119
Duration (sec) .59±.13 .64±.15 .267
Decay (sec) .29±.12 .29±.10 .992

EC HUD COG Amplitude* 45.34±20.85 59.84±24.59 .033
Amplitude %** 43.95±30.84 36.49±27.95 .400
Time to Peak (sec) .35±.13 .30±.13 .291
Duration (sec) .70±.18 .67±.23 .683
Decay (sec) .35±.15 .36±.17 .738

*Proportion of maximal recorded amplitude
**Percent time of task in which amplitude occurred

Table 3: Electromyographic (EMG) amplitude, percent (%) of task for amplitude, time to peak, duration, and decay 
of tibialis anterior during  balance tasks. Results of multivariate analysis of variance (MANOVA) performed between 

asymptomatic HIV group and control group. Significance level set at p≤0.05.

Total Sway (m2/s4)
Task Control Group HIV Group P-value
EO Firm .008±.016 1.20±3.14 0.01
EO Foam .032±.080 4.05±17.00 0.01
EC Foam .031±.063 9.75±31.57 0.01
EO HUD .018±.008 3.95±8.83 0.01
EC HUD .047±.050 21.47±69.60 0.01
EO COG .032±.037 4.08±13.25 0.01

Table.4 To be Cont......
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EC COG .037±.062 6.77±21.80 0.01
EO HUD COG .051±.100 6.74±12.19 0.01
EC HUD COG .047±.043 13.87±40.13 0.01
EO= Eyes Open, EC=Eyes Closed, HUD= Head up and down, COG = cognitive task counting backwards from 100

Table 4: Total Sway during balance tasks. Results of non-parametric test (Wilcoxon Signed Rank Test) performed between 
asymptomatic HIV group and control group. Significance level set at p≤0.05.

AP Jerk (m2/s5)
Task Control Group HIV Group P-value
EO Firm .016±.062 3.58±15.57 .000
EO Foam .024±.042 9.33±53.83 .000
EC Foam .037±.085 15.00±58.45 .000
EO HUD .038±.025 12.65±48.53 .000
EC HUD .093±.117 28.55±99.50 .000
EO COG .067±.079 8.72±32.33 .000
EC COG .075±.205 9.59±23.27 .000
EO HUD COG .132±.195 19.06±57.72 .000
EC HUD COG .103±.116 30.77±88.04 .000
EO= Eyes Open, EC=Eyes Closed, HUD= Head up and down, COG = cognitive task counting backwards from 100

Table 5: Anterior-posterior Jerk during balance tasks. Results of non-parametric test (Wilcoxon Signed Rank Test) 
performed between asymptomatic HIV group and control group. Significance level set at p≤0.05.

ML Jerk (m2/s5)
Task Control Group HIV Group P-value
EO Firm .007±.023 211.82±410.15 .000
EO Foam .056±.168 230.45±425.58 .000
EC Foam .031±.074 241.51±449.41 .000
EO HUD .009±.005 215.75±409.24 .000
EC HUD .032±.047 230.22±410.81 .000
EO COG .022±.023 230.94±424.15 .000
EC COG .035±.068 228.96±419.05 .000
EO HUD COG .023±.025 220.25±409.40 .000
EC HUD COG .035±.050 222.81±409.00 .000
EO= Eyes Open, EC=Eyes Closed, HUD= Head up and down, COG = cognitive task counting backwards from 100

Table 6: Medial-lateral Jerk during balance tasks. Results of non-parametric test (Wilcoxon Signed Rank Test) performed 
between asymptomatic HIV group and control group. Significance level set at p≤0.05.

AP Distance (m/s2)
Task Control Group HIV Group P-value
EO Firm .062±.042 3.93±8.30 .000
EO Foam .067±.039 5.47±15.81 .000
EC Foam .087±.036 8.59±17.60 .000
EO HUD .117±.044 9.47±16.21 .000
EC HUD .153±.057 16.32±30.71 .000
EO COG .115±.090 7.41±13.20 .001
EC COG .106±.067 12.39±29.28 .000
EO HUD COG .169±.142 12.26±19.34 .000
EC HUD COG .147±.057 15.86±25.89 .000
EO= Eyes Open, EC=Eyes Closed, HUD= Head up and down, COG = cognitive task counting backwards from 100

Table 7: Anterior-posterior distance during balance tasks. Results of non-parametric test (Wilcoxon Signed Rank Test) 
performed between asymptomatic HIV group and control group. Significance level set at p≤0.05.
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ML Distance (m/s2) 
Task Control Group HIV Group P-value
EO Firm .022±.012 2.67±4.55 .000
EO Foam .050±.028 3.02±4.30 .000
EC Foam .058±.021 9.85±34.47 .000
EO HUD .043±.010 5.44±12.37 .000
EC HUD .066±.028 11.41±29.10 .000
EO COG .055±.027 8.19±26.92 .000
EC COG .059±.031 9.26±25.94 .000
EO HUD COG .060±.044 7.86±18.06 .000
EC HUD COG .065±.030 9.37±21.78 .000
EO= Eyes Open, EC=Eyes Closed, HUD= Head up and down, COG = cognitive task counting backwards from 100

Table 8:  Medial-lateral distance during balance tasks. Results of non-parametric test (Wilcoxon Signed Rank Test) 
performed between asymptomatic HIV group and control group. Significance level set at p≤0.05. 

AP Velocity (m/s)
Task Control Group HIV Group P-value
EO Firm .118±.105 .081±.063 .009
EO Foam .118±.095 .110±.078 .591
EC Foam .135±.104 .203±.246 .225
EO HUD .145±.123 .177±.125 .700
EC HUD .203±.169 .260±.254 .536
EO COG .216±.281 .131±.116 .000
EC COG .160±.139 .186±.238 .763
EO HUD COG 0.221±.320 .194±.207 .690
EC HUD COG 0.158±.100 .240±.210 .024
EO= Eyes Open, EC=Eyes Closed, HUD= Head up and down, COG = cognitive task counting backwards from 100

Table 9: Anterior-posterior velocity during balance tasks. Results of non-parametric test (Wilcoxon Signed Rank Test) 
performed between asymptomatic HIV group and control group. Significance level set at p≤0.05. 

ML Velocity (m/s)
Task Control Group HIV Group P-value
EO Firm .032±.023 .032±.024 .879
EO Foam .060±.041 .064±.050 .935
EC Foam .064±.037 .069±.065 .454
EO HUD .056±.033 .079±.075 .199
EC HUD .062±.038 .119±.205 .035
EO COG .073±.050 .059±.048 019
EC COG .061±.050 .069±.052 .293
EO HUD COG .083±.112 .074±.050 .847
EC HUD COG .067±.033 .084±.057 .385
EO= Eyes Open, EC=Eyes Closed, HUD= Head up and down, COG = cognitive task counting backwards from 100

Table 10: Medial-lateral velocity during balance tasks. Results of non-parametric test (Wilcoxon Signed Rank Test) 
performed between asymptomatic HIV group and control group. Significance level set at p≤0.05. 

Discussion
   The purpose of this study was to investigate whether there is a 
difference in muscular activation and balance alteration in physically 
active people living with HIV compared to healthy adults. Our 
study focuses on a multi-balance task with a cognitive component 
to identify postural and neuromuscular alterations in HIV diagnosed 
participants compared to control. 

Postural Balance: Our study found that people living with 
asymptomatic HIV have increased multi-directional postural sway 
and reduced balance compared to healthy adults.This is consistent 
with one meta-analysis that shows balance impairments in people with 
HIV that resemble fall risk characteristics in non-HIV older adults 
[6]. Prior studies have also shown an increased number of fall risk 
factors and the number of falls in those living with HIV compared to 
uninfected adults [18]. Another study found pontocerebellar changes
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in those with HIV that contributed to postural instability and balance 
deficits [19]. This aforementioned helps support our findings of 
multi-directional balance impairment, despite HIV participants 
being asymptomatic. This multi-directional postural instability has 
clinical importance when treating patients with asymptomatic HIV. 
Balance and falls assessments should be performed and interventions 
should be implemented in a preventative manner that targets and 
improves balance before overt balance deficits present themselves 
and potentially lead to falls. The performance of balance and falls 
assessments with HIV patients has also been proposed by other 
researchers [20].
Neuromuscular Control and Balance: There is a wide range of 
neuromuscular diseases and impairments associated with HIV that 
can affect the musculature and peripheral nerves of the body [21]. 
Previous studies have found impaired neuromuscular control and 
motor impairments in those living with HIV as well [13, 22]. We 
assessed the neuromuscular activation of the TA and GA in healthy 
adults and in those living with asymptomatic HIV. No significant 
difference in activation was seen in amplitude, duration, time-to-
peak or decay for all tasks between groups. A similar study that 
looked at balance in people living with HIV found that early stages 
of HIV had postural instability, but they did not see a significant 
correlation with EMG findings [23]. This may help explain why we 
found postural instability in our HIV participants, but no significance 
when looking at neuromuscular activation. Another explanation for 
this finding is that the recruited asymptomatic HIV participants were 
actively exercising at a community clinic. Exercise has been shown 
to mitigate the effects of the reduction in efferent drive and may have 
counteract losses in neuromuscular activation [24]. A trend was seen 
in the asymptomatic HIV group towards longer duration of muscle 
activation during more difficult, dual-task activities. Individuals with 
HIV have been found to have decreased dual-task performance [25]. 
Within the duration of muscle activation, we again found a trend with 
HIV participants taking longer to reach peak muscle contraction. 
This suggests that those with HIV may have slower muscle activation 
compared to healthy adults. Clinically, this may manifest when 
performing actions that require quick reactions such as transitioning 
from one surface to another during gait.
Conclusion
   This study found static postural alteration in a primarily in a sagittal 
direction in people living with HIV. Future studies should look at 
dynamic activities such as walking on different surfaces. Dynamic 
activities are more functional in nature than static posture, which 
was assessed in this study. Musculature activation and timing in 
physically active HIV diagnosed individuals is not a factor affecting 
balance. This study’s results suggest that regular exercise can 
mitigate some of the neuromuscular alterations that are known to 
affect these individuals. However, neuromuscular control assessment 
is recommended further up the kinetic chain, such as at the knee, 
hip, or trunk, to ascertain the origin previously mentioned balance 
alteration.
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