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ABSTRACT

HIV can cause numerous health-related complications that can Keywords: Gait complications; HIV
lead to disabilities and affect the quality of life. Some problems ; Peripheral Neuropathy; Ross Test;
added with HIV, like peripheral neuropathy (PN), may develop Hispanic Latinx; Motor Complicatioadditional impediments in this population.
ns
Purpose: This study investigated PN’s impact on the cardiomotor profile of Hispanic Latino living with HIV.
*Correspondence to Author:
Methods: A submaximal cardiovascular test (Ross test) was Martín G. Rosario
conducted to obtain the study’s cardiomotor results. Cardiomotor Texas Woman’s University, Physical
data were compiled from records of members enrolled at La Therapy Program, Dallas Campus;
Perla de Gran Precio Community Centre on HIV in San Juan, 5500 Southwestern Medical Ave.
Puerto Rico.
Dallas, TX 75235-7299
Results: The motor profile included the speed and inclination of https://linktr.ee/Dr.MartinRosario
the treadmill. The cardiovascular data had blood pressure and
heart rate at the time Ross’s test was terminated. Two hundred How to cite this article:
and ninety-one participants were further designated as 225 Martín G. Rosario,Leah Jamison,
in the non-PN and 66 in the PN group. Both groups average Gabriel Gines. Peripheral Neurocomparable amounts of CD4 counts. An ANOVA was used to
determine variations in the PN group with a considerable (P <
0.05) increase in the time of HIV diagnosis and a reduction in
gait velocity and treadmill inclination distinguished to counterpart.
Conclusion: Hispanic Latino living with HIV and PN displayed
distinctive motor gait deficiencies. Gait parameters, such as
gait speed, were further impaired in those suffering from both
conditions. We encourage healthcare providers to incorporate
the specific cardio-motor items alluded to in this investigation to
identify the process influencing gait that further alters the quality
of life in those with HIV.
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Introduction
The human immunodeficiency virus (HIV) is a
global pandemic that affects over 36.9 million
people (http://www.unaids.org). HIV is currently
a condition of higher population diversity, involving all ages, genders, and races. In the United
States, considerable changes in the epidemiology perspective have greater involvement in
young adolescents, white, middle-class men
who have sex with men, and heterosexual contact in women from the early 1980s to the present (Moore et al., 2011). However, of the states
and territories, Texas and Puerto Rico are
among the top seven districts with the highest
rate of HIV diagnosis (per 100,000 people), with
15.4 and 13.3, respectively. Hispanic and Latino
men have four times more HIV infections than
white men in these US territories (www.cdc.gov).
According to the Center for Disease Control
(CDC), Latinx represent 18% of the number of
reported HIV since 1997 (http://hivinsite.ucsf.
edu).
The problem is that most HIV cases have increased in the 25-34-year-old population, with
men 4.8 times more infected than women. Unquestionably, HIV affects millions of people; the
longer they live with this illness, the more profound the HIV-related complications evolve.
That explained, some therapies can help reduce
the risk of HIV-related complications, such as
antiretroviral medications. Irrespective of the
progress of HIV treatment, the considerations
mentioned above make this condition a prime
cause of attention in the United States and its
territories (www.cdc.gov).
HIV is essentially an immunologic system disorder that can disturb the nervous system, leading
to neurological disruptions and degeneration of
the brain arrangements associated with motor
alterations (MNAs) that directly impact everyday
tasks (Sullivan E et al., 2011; Heinze B. et al.,
2013). These neurological changes are attributed to the disruption of cerebral regions associated with motor function, such as the frontal
lobe's motor cortex (Chang et al. 2004; Paul et
al. 2007; Sclar et al. 2000; von Giesen et al.
2001).

Antiretroviral medications (ART) have gained
much importance because of the success of expanding lifespan (Woods SP et al., 2009) and
taming down the MNAs associated with HIV
(Watkins CC et al., 2015) therefore improving
the quality of life of this population (Erlandson K.
et al., 2012). While antiretroviral therapy helps
preserve a healthy immune system with normal
CD4 cells, mild MNAs involving the central nervous system can be identified in HIV-positive individuals. As time and disease progress, inevitably, neurological motor impairments become
more severe (Grant et al. 1987). These HIV-related MNAs can produce an alteration in several
areas such as the cardiovascular system, gait,
balance, vestibular, and lower limb musculature,
all of which enhance the risk of falls, injury, and
early death in these individuals (Erlandson K. et
al., 2012, Cohen H. et al. 2012 & Heinze B.
2011).
Of particular concern is that most cases (>50%)
of HIV-related MNAs show asymptomatic deterioration, characterized by neuropathological abnormalities that will undoubtedly increase the
risk of early mortality. Other individuals encounter mild-to-severe MNAs at some point in their
lives (Woods SP et al., 2009). Even in its mildest
form, neurological alterations are still prevalent
and negatively impact the individuals' quality of
life (Havlik RJ et al., 2011; Cross S et al., 2013).
Some MNAs are associated with the virus attacking the nervous system, provoking cardiovascular problems (Rosario MG et al., 2018) and
peripheral neuropathy involving gait and posture
(Bauer et al.,2005).
Peripheral neuropathy among people that are residing with HIV is rising worldwide because of
the virus. The disease itself produces inflammation that can damage the sensory and motor
nerves more commonly in the body's distal segments (Saylor D. et al., 2017). Therefore, people
living with HIV could be more prone to peripheral
neuropathy because of both illnesses, provoking
unusual sensations (paresthesia), pain, and
muscle weakness in this group (www.hopkinsmedicine.org).
Given the above clinical manifestations, individ-
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uals experiencing HIV-neuropathic problems
may have compromised balance or gait, increasing the risk of falls in this population. Previous
investigations have highlighted gait and balance
complications related to HIV sensorimotor issues. In their study, Bauer et al. observed increased postural sway when HIV participants
were measured using a force-sensitive platform
(Bauer et al., 2005). According to Bauer et al.,
there is clinical evidence of balance and gait disturbances in over 57% of symptomatic HIV
cases and 25% of their asymptomatic peers.
Given that any of the above can manifest differently (moderate to severe) during the HIV timeline, and cardiovascular disorder and peripheral
neuropathy are frequent occurrences in this population, we ask, what are the cardio-motor distinctions in people with peripheral neuropathy
and HIV contrast to only the HIV diagnosis? We
aim to further understand the implications on the
cardiovascular and the gait motor system to prevent some HIV-related complications that might
increase the risks of falls in those living with this
disease.
II. METHODS
The current study compiled retrospective data
from participants' records over the last 20 years
(2000-2020). This research was approved by the
La Perla de Gran Precio (LPDG) and fulfilled the
establishment's privacy and confidentiality
standards.
All participants in the current study were enrolled
in a Community Based center (La Perla de Gran
Precio) in San Juan, Puerto Rico. The LPGP is
a community center specializing in wellness and
promoting life quality for those living with HIV. In
order to be part of the LPGP, all subjects signed
informed consent, were cleared by a medical
doctor, a physical therapist, and performed an
exercise assessment by a certified personal
trainer.
We compiled data related to age, cd4 values,
sex, other medical conditions, and time since
HIV diagnosis. Associated with the cardio-motor
data, we used the outcomes from the Ross submaximal cardiovascular test. The Ross test
measures the cardiovascular (blood pressure

and heart frequency) and motor (treadmill speed
and inclination) values during each participant's
test.
Cardiovascular and Motor components:
First, before initiating the test, vitals were collected, blood pressure, and heart rate. The Ross
treadmill test commenced at a speed of 2.0 mph
with 0 inclination. Second, we adjusted the first
3 minutes of the tests for speed with constant inclination; 2.5 mph at minute 2, 3.0 mph at minute
3, and 3.4 mph at minute 4. Third, we modified
the degrees of inclination every 3 min at a constant speed of 3.4 mph, reaching a maximal inclination of 15 °at minute 21. Fourth, the examination was halted, and vitals re-assessed when
the maximal cardiac frequency was achieved,
cardiovascular/muscle fatigue was reported, or
when reaching the intended 21 min of the test.
Regardless of the reason to end the test, the cardio-motor data documented in this investigation
were the values when the Ross test culminated.
Data Analysis
This study aimed to compare the implication of
peripheral neuropathy (PN) on the cardio-motor
profile in those living with HIV; thus, we allocated
the data into two groups, PN and non-PN.
The specific two components collected and compared in the current report were cardiovascular
and motor profiles. The motor factors included
the treadmill's speed and inclination as values of
interest. The cardiorespiratory components utilized the time of test completion and vitals (heart
rate and blood pressure) when the Ross test
ended. We performed an analysis of variance
(ANOVA) with SPSS version 25 to compare the
PN and non-PN groups. A p-value of 0.05 or less
was considered statistically significant.
III. Results
As depicted in Table 1 (demographic data), this
investigation collected data from 291 participants' records (mostly males) further divided into
66 PN and 225 non-PN groups. The PN group
exhibited a higher cd4 count value (Cd4=
752.6+/-335.5) than (Cd4=598.6+/-351.3) nonPN. In addition, the PN group was older than the
non-PN (PN 58 +/8.1 ·years and non-PN 52+/10.4 ·years). Finally, both groups were analog-

IJSMR: https://escipub.com/internal-journal-of-sports-medicine-and-rehabilitation/

3

Martín G. Rosario et al., IJSMR, 2021; x:xx

ous in years of diagnosis (PN=20.2+/-7.6 and
non-PN 18.4+/-8.7 years). Table 2 illustrates the
comparison of cardio-motor factors between the
groups. The PN group exhibited a decrease

(P<0.05) in treadmill time and inclination compared to the non-PN group. The cardio components portrayed by BP and HR (Table 2) were
equivalent among the groups (P>0.05).

Table 1: Demographic data of all participants. Results of ANOVA performed comparing Non-PN and
PN groups Significance level set at p≤0.05.
Characteristics

Non-PN
n=225

PN
n=66

P value

Age (years)

M= 52+/-10.4 years

M=58 +/8.1years

P= 0.001

Gender

Male= 0
Female = 1
*M= 0.26+/-0.44

Male= 0
Female= 1
*M=0.27+/-0.45

P= 0.81

Year of Dx (years)

M= 18.4+/-8.7

M=20.2+/-7.6

P= 0.18

Cd4

M=598.6+/-351.3

M= 752.6+/-335.5

P= 0.01

PN=Peripheral Neuropathy
*In this study, for the purpose of comparison, we assigned 0 for each male and a 1 for each female.

Table 2 A Cardiovascular Component at the end of the Ross Submaximal Test. Results of ANOVA performed comparing Non-PN and PN groups Significance level set at p≤0.05.
Characteristics

Non-PN
n=225

PN
n=66

F Value

P value

Heart Rate (bpm)

M=140.04 +/- 18.55

M=135.63 +/19.04

11.6

P= .001

Systolic BP
(mmHg)

M=123.4 +/- 15.8

M=126.9 +/- 19.8

1.8

P= .18

Diastolic BP
(mmHg)

M=74.4 +/ 11.2

M=76.7 +/- 10.1

1.8

P= .18

Cardio test Time

M=10.7 +/- 4.8

M=9.2 +/- 4.2

4.9

P=0.05

Motor Component at the end of the Ross Submaximal Test
Velocity

M=3.32 +/- .25

M=3.33+/- .34

1.5

P= 0.2

Inclination

M=5.8 +/-4.4

M=4.6+/- 3.5

4.7

P= 0.05

PN=Peripheral Neuropathy

IV. Discussion:
This study intended to identify the impact of PN
on the cardiomotor components in people with
HIV. To establish the distinction related to PN,
this study examined the comparison between
the motor (speed and inclination on a treadmill)
and cardiorespiratory (time, HR, and BP when

the test ended) among PN subjects and HIV versus non-PN and HIV Hispanic Latinos.
In this regard, this project addresses the following question: Is there a cardio-motor difference
in those living with HIV with an additional diagnosis of PN? In those suffering from both HIV
and PN, cardiovascular values were parallel
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among the groups. However, PN distorts the motor aspect by reducing speed and inclination
when compared to the non-PN group.
The study's key feature is that the cardiovascular
components compiled when the Ross test ended
showed similarities between the two groups. Notably, cardiac dysfunction is common among
people living with HIV and may contribute to reduced functional aerobic capacity (Prior, D. E.,
Song, N., & Cohen, J. A., 2018). The participants
in the present investigation engaged in routine
exercises in the LPDG. As a result, our findings
suggest that regular exercise can halt or at least
slow cardiovascular HIV-related problems even
with PN's addition, hence the resemblances
among groups. In the literature and supporting of
our previous remark, substantial research had
identified the benefits of continuous involvement
in aerobic exercise to diminish cardiovascular
impairments in this population (O'Brien KK et al.,
2016; Jaggers JR, Hand GA., 2014; Hand GA,
2008; Prior, D. E., Song, N., & Cohen, J. A.,
2018). In a review, O'Brien KK et al. (2017)
showed that cardiorespiratory benefits could be
achieved in HIV-positive individuals taking part
in an aerobic and strengthening program. We
suggested participation in a regular combined
exercise program (cardio and strengthening)
among people living with HIV, as it appears to
have cardiovascular advantages regardless of
the diagnosis of PN.
Another important discovery of the prevailing
study was the altered motor components displayed in the PN group. The PN group exhibited
a lower speed and inclination when they stopped
the Ross test. We could associate a reason behind the previous result with the amount of time
diagnosed with HIV. As shown in Table 1, the PN
group had lived with the disease for far longer
than the non-PN group. Although antiretroviral
(ART) treatment alleviated some viral complications in the host, the fact remains that the longer
individuals survive with HIV, the more health
problems they encounter, such as chronic neuropathic pain (Madden, V. J., Parker, R., &
Goodin, B. R., 2020). In our review, all participants used ART regularly, with CD4 values

adequate for both groups. Therefore, we believe
that the long-term use of ART and the extended
period of living with HIV might be related to PN
occurrence and, in turn, affect gait even further
in this group. As our results compare, Oliveira et
al. (2018) determined in their research that both
strength deficits and neuropathies are frequent
in those affected by HIV using ART.
Gait deterioration due to PN justifies our current
findings. The PN group was diagnosed with HIV
for a longer time, which led to a more significant
decrease in walking, as represented in our study
by reducing treadmill speed and inclination. Consistent with our findings, in a longitudinal study,
Schrack et al. (2015) distinguished the rate of
gait speed decline in men aged 40 years and
older affected with HIV matched to non-HIV participants. The authors discovered that HIV-infected older men had a greater risk of developing
clinically slow gait speed and established this to
be predictive of advanced aging among this population, including a swifter rate of functional decline. Generally, as we age, walking speed decreases on average; however, studies confirm
that walking speed decreases faster for men
over 50 with HIV (Schrack et al., 2015). This
study identified an additional potential factor affecting gait in people living with HIV based on the
above.
PN could lead to an early onset of muscle weakness in people living with HIV, affecting gait. Previous reports have confirmed that HIV-infected
males have considerably less dynamic muscular
strength and a decrease in maximum torque in
the lower limb musculatures, such as flexors and
knee extensors. Muscular insufficiency attributed to HIV-related complications has already
been studied. Richert et al. (2011), in a crosssectional examination, assessed balance, walking ability, functional capacity, and lower limb
muscle performance in non-PN subjects. Based
on this review, one in two adults living with HIV
had poor muscle performance in their lower
limbs. Gait deterioration can be elicited by alterations to lower limb muscle strength and power,
lessened in this population. We agree with the
preceding research regarding lower limb and
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gait alterations as an essential aspect considered in those living with HIV. Further, additional
studies are required to single out the onset of
these lower extremity and gait abnormalities before the history of falls and injuries in this community.
Another reason for the decrease in gait characteristics is that PN aggravates the nervous and
neuromuscular systems, resulting in reduced
walking speed, increased postural sway, and decreased postural reflexes. Berner et al. ’s systematic review (2017) indicates that these deteriorations are more pronounced during challenging conditions and are connected to the effects
that HIV has directly on the central nervous system (CNS) than to ART medications. Rosario
MG reported disturbances in balance (Rosario
MG. 2020a) and neuromuscular alterations in
the lower limbs (Rosario MG. 2020b) in a community of people living with HIV. A crucial concept of the Rosario investigations is that all subjects took their ART regularly and had no history
of falls. These earlier remarks underscore the
importance of carrying out inquiries to assess
the gait and balance of people living with HIV,
however, at all stages of the disease.
As we have already mentioned, the consequence of further studies is that there are currently many HIV-related burdens that cause deterioration. For instance, a vast range of neuromuscular disorders and impairments are associated with HIV that can disturb the body's musculature and peripheral nerves (Prior, Song, & Cohen, 2018). Some conjectures on why people living with HIV are experiencing a decline in gait
are presented in a review by Berner et al. (2017).
One premise is that, although ART carries its advantages, the drugs could damage the mitochondria, in turn diminishing muscle function,
contributing to musculoskeletal deterioration.
Another inference applied to gait and lower limb
strength impairments stem from leg muscles' inadequate coactivation, resulting in increased
use of hip strategy and postural sway. Finally,
HIV directly impacts the vestibular system, causing increased movement frequency and postural
sway. Regarding the above statements, two

concepts are indisputable: first, identifying the
root of the problem will help avoid other complexities like falls and decrease the life quality.
Second, PN's assessment, gait, and balance are
essential when serving people living with HIV at
any disease stage.
Conclusion
In this study, we intended to recognize PN's impact on cardio-motor components in people living with HIV. This examination ushers in identifying that HIV further disturbs the gait motor aspects of HIV and PN. Furthermore, this research
favors the notion that even with a stable immune
system, which means an average level of cd4,
gait deterioration is possible. We presented gait
alteration as a diminished speed and treadmill
inclination during a gait submaximal cardiovascular assessment. Likewise, the participants with
PN were significantly older than the non-PN
group. This age difference between groups suggests that the longer people are affected by HIV
live, the more challenges and disabilities will appear, as discussed in this study.
A limitation of this investigation was that BMI
was not reviewed. Because we compiled data
from files, most BMI measures were missing and
therefore were not analyzed. In comparison with
Bauer et al. (2011), we acknowledged the importance of BMI, especially in this population.
Bauer et al. (2011) discussed the impact of the
adverse effects of HIV/AIDS on balance and gait
as an individual's body mass increases. As a result, we recommend exploring BMI's involvement in people with HIV and PN in future examinations.
We also advocate looking at the advancement of
HIV and PN progression in this population. We
propose to compare PN-induced deficits in the
diagnosis of HIV with other PN-causing disorders, such as diabetes. Perhaps this correlation
between conditions will shed some light on the
similarity that will facilitate more targeted interventions. Finally, healthcare professionals working with people living with HIV should regularly
assess their gait and peripheral neuropathic status.
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