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Abstracts
Background: Chronic pain is commonly reported in people living 
with the human immunodeficiency virus (HIV). Chronic pain has 
been linked to decreased quality of life, mobility impairments, 
and increased risk of cardiovascular complications in the general 
population. Therefore, the purpose of this study was to determine the 
relationship between chronic pain and cardiovascular and locomotor 
function in people living with HIV (PLWH).
Subjects: A total of 291 participants were enrolled in this study, 251 
without chronic pain (non-CP), and 40 participants with chronic pain 
(CP). Both groups were comparable in terms of age and years of 
diagnosis.
Methods: Data was collected retrospectively from a community-
based exercise program in San Juan, Puerto Rico from 2000-2020. 
The cardiovascular and motor components of this study were 
collected using the Ross submaximal cardiovascular test. The 
presence of chronic pain and Cd4 count was collected by interview 
and results from the participants’ most recent blood work.
Results: For the cardiovascular component, the CP group 
demonstrated significantly reduced heart rate (p<.05), systolic blood 
pressure (p<.05), and time completed on the Ross test (p<.001). The 
motor component portrayed by gait velocity and treadmill inclination 
was significantly reduced in the CP group (p<.05).
Conclusion: This study found that the presence of chronic pain in 
PLWH negatively affected locomotor and cardiovascular function. 
More research is needed to investigate the differences in lower 
extremity muscular activation and spatiotemporal parameters that 
could be associated with a reduction in gait speed and inclination in 
PLWH and chronic pain.
Keywords: HIV, Cardio-Motor, Gait, Walking, Treadmill, Treadmill 
Assessment
Introduction
   Over 36.9 million individuals worldwide are living with the human 
immunodeficiency virus (HIV) [1]. According to the Center of 
Disease Control (CDC), there are more than 1.2 million people living 
with HIV (PLWH) in the United States [2]. Approximately 46% of 
PLWH reside in the southern part of the United States, with Texas

and Puerto Rico being among the top seven locations with the 
highest incidence rates of the infection. Therefore, it was to be 
expected that the number of HIV infections would be more prevalent 
among Hispanic/Latino males, with infection rates of this population 
exceeding four times the amount seen in white males within the 
United States and its territories (www.cdc.gov).
   While the incidence of HIV infections continues to rise, the 
advancement and availability of antiretroviral therapies (ART) 
has allowed for this population to live close to average life spans. 
However, this increase in life expectancy has been accompanied by 
the presence of comorbidities secondary to HIV infection, such as 
chronic inflammation, side effects of antiretroviral medications, and 
lifestyle factors often seen in PLWH [3,4]. With this, age-related 
illnesses including cardiovascular disease, kidney disease, liver 
disease, osteoporosis, sarcopenia, and neurocognitive impairments 
typically emerge earlier in PLWH than in seronegative age-matched 
controls [5].
   Chronic pain is defined as pain that persists for more than three 
months [6] and is one of the most commonly reported comorbidities 
among PLWH. In fact, previous studies have found that more than 
50% of PLWH will experience chronic pain at some point in their 
lifetime and that the prevalence of chronic pain in this population 
may be as high as 83% [7,8]. A systematic review that included 61 
studies by Parker et al. [8] found that PLWH reported chronic pain 
that was moderate to severe in intensity and occurred in more than one 
anatomical location. The etiology of chronic pain in this population 
is multifactorial and has been attributed to chronic inflammation, 
neurotoxic effects of the virus on the nervous system, side effects of 
antiretroviral medications, and psychological distress. Neuropathic 
and musculoskeletal pain are among the most common types of pain 
experienced by this population [6,7].
   While there is a high prevalence of chronic pain in PLWH, previous 
studies have found that pain is under-managed in this population and 
is more difficult to treat as a result of ART side effects, higher rates of 
psychiatric disorders, and the increased risk of substance abuse. For 
example, while opioids have been used for long-term management 
of chronic pain, the use of opioids is not recommended for PLWH 
due to the greater risk of substance abuse among this population 
[8,9]. Though non-pharmacological management treatments such as
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physical therapy, behavioral therapy, and cognitive therapy are less 
common, they continue to emerge for the treatment of chronic pain 
in PLWH.
   Like most comorbidities, chronic pain has been associated with 
decreased quality of life, greater physical impairment, difficulty 
with completing activities of daily living, and increased depressive 
symptoms [10,11]. A systematic review by Vancamport et al. [12]
found that while lower levels of physical activity were found to be 
associated with bodily pain and that this relationship is strengthened 
when coupled with depressive symptoms, bodily pain itself was a 
common barrier to physical activity in PLWH. Additionally, low 
levels of physical activity and greater physical impairment have 
been associated with poor cardiovascular fitness and slower gait 
speed in this population [13], though the effects of chronic pain on 
cardiovascular and locomotor function remains unknown. Therefore, 
the aim of this study was to determine how chronic pain influences 
cardiovascular function and locomotor components in PLWH. 
We hypothesize that PLWH and chronic pain will exhibit a poor 
cardiovascular profile and reduced locomotor outcomes, possibly 
due to decreased activity levels secondary to pain.
Methods
   All data used in this study was retrospectively collected from the 
records of participants who were enlisted and participated in the 
community-based exercise program at La Perla de Gran Precio in 
San Juan Puerto Rico from the year 2000 to 2020. The main focus of 
the La Perla de Gran Precio (LPGP) community center is to promote 
wellness and aid in improving quality of life for Hispanic Latino 
individuals living with HIV through exercise therapy. As previously 
published by Orozco and Rosario [14] the protocol included a variety 
of strengthening, cardiovascular and stretching exercises. The 
exercise protocol was designed for a one hour 3 times a week routine, 
tailored to each participants to meet intensity requirements. This 
study was approved by LPGP and the privacy and confidentiality 
standards established by the organization were followed.
  All subjects were cleared to participate in the community center 
by their primary physician, who was responsible for monitoring 
the progression of their patients’ HIV disease. Participants were 
evaluated by a physical therapist prior to any further involvement 
in the fitness center, followed by a certified personal trainer who 
administered a submaximal aerobic fitness test, known as the Ross 
treadmill test. The Ross test is a requirement of the LPGP and a pre-
exercise tool to participate in the program in addition to capture a 
cardio-motor baseline of each subject.
   As part of the LPGP requirements, all participants brought their 

current lab work and performed a series of exercise tests. Demographic 
information and the presence of chronic pain were collected by 
interview, whereas cd4 count was retrieved from the most recent lab 
report. For this study, chronic pain was defined as pain lasting for 
more than three months. Cardiovascular and motor components were 
collected using the Ross submaximal cardiovascular test.
Motor and Cardiovascular components:
   The current study follows the Ross protocol used in previous 
studies by Rosario et al. [15] and Rosario et al. [16], which also 
recruited PLWH. Data retrieved from participants' records for this 
study included heart rate and blood pressure for the cardiovascular 
components and gait velocity and inclination for the motor 
components. Vitals were collected prior to cardiovascular testing, 
afterwhich the Ross treadmill test started with participants walking 
at a 2.0 mph speed and a 0% inclination. The Ross test is designed 
to gradually increase to a speed of 3.4 mph and inclination of 15% at 
21 minutes. The test stopped when the 21 minute mark was achieved, 
maximal cardiac frequency was reached, when participants reported 
fatigue or lower limb pain.
    The cardiovascular data reported in this study were the values 
found at the end of the Ross treadmill test.
Data Analysis
   This study performed an analysis of variance (ANOVA) with 
SPSS version 25 to compare the two groups, those with chronic 
pain and those with no chronic pain. Based on the diagnosis of CP, 
251 participants were allocated  to the Non-CP and 40 to the CP 
group. The two constituents collected and compared among groups 
were the cardiovascular and motor components. Cardiovascular 
components included heart rate, blood pressure, and time completed 
on the Ross test. The motor components included gait velocity and 
treadmill inclination. In the current study, a P value of 0.05 or less 
was considered significant.
Results
   To ascertain the association mentioned above, participant data 
were allocated into two groups prior to comparing the values of the 
cardiovascular and motor components: 1) 251 participants without 
chronic pain (non-CP), and 2) 40 participants with chronic pain (CP).
   Table 1 depicts the demographic information of the participants 
in this study. The non-CP and CP groups were comparable in age 
(non-CP =53.20+/-10.60 years and CP=54.20 +/7.80 years), years 
of diagnosis (Non-CP 18.60+/-8.30 and CP 20.40+/-9.50), and sex 
ratio, with the majority being males. Regarding cd4 count, the non-
CP group had a lower cd4 count at 604.4+/329.2 compared to the CP 
group 816.7+/- 439.1.

Characteristics Non-CP
 n=251

CP
 n=40

P value

Age (years) M= 53.2+/-10.6 
years

M=54.2 +/7.8 
years

P= 0.55

Gender Male= 200
Female = 51
M= 0.24+/-0.42

Male= 29
Female= 11
M=0.40+/-0.49

P= 0.03

Year of Dx (years) M= 18.6+/-8.3 M=20.4+/-9.5 P= 0.26
Cd4 M=604.4+/-

329.2
M= 816.7+/-
439.1

Non-CP= Non-Chronic Pain; CP= Chronic Pain; Dx= Diagnosis 
*Significant difference between two groups (p<0.05)

Table 1: Demographic data of all participants. Results of ANOVA performed 
comparing Non-CP and CP groups Significance level set at p≤0.05.
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   Cardiovascular and motor components: Table 2 shows the differences 
in cardiovascular and motor factors between the two groups. The CP 
group exhibited significantly reduced heart rate (p<.05), systolic 
blood pressure (p<.05), and time completed on the Ross test (p<.001) 

in comparison to the non-CP group. Diastolic blood pressure was 
comparable between the two groups (p>.05). The motor component 
portrayed by gait velocity and treadmill inclination (as seen in Table 
2) was significantly reduced in the CP group (p<.05).

Characteristics Non-CP
 n=251

CP
 n=40

F Value P value

Heart Rate 
(bpm)

M=139.2 +/- 
17.1

M=130.1 +/- 
23.6

8.7 P= 0.05

Systolic BP 
(mmHg)

M=125.2 +/- 
16.5

M=118.4 +/- 
18.4

4.7 P= 0.05

Diastolic BP 
(mmHg)

M=75.1 +/ 
11.20

M=73.9 +/- 
10.7

0.32 P= 0.57

Cardio test 
Time

M=10.8 +/- 4.7 M=7.11 +/- 
43.9

22.9 P=0.001

Motor Component at the end of the Ross Submaximal Test
Velocity M=3.3 +/- 0.25 M=3.2+/- 0.37 8.2 P= 0.05
Inclination M=5.9 +/-4.2 M=2.6+/- 2.9 23.6 P= 0.001
Non-CP= Non-Chronic Pain; CP= Chronic Pain; BP= Blood Pressure 
*Significant difference between two groups (p<0.05)

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

Discussion 
   This study aimed to identify differences in cardiovascular and 
motor components secondary to chronic pain in people living with 
HIV. This study found that velocity, inclination, and time completed 
on the Ross test were significantly lower in the group with chronic 
pain. To our knowledge, this is the first study to investigate 
cardiovascular and motor components in individuals living with HIV 
accompanied by chronic pain. The study results were aligned with 
our hypothesis that participants with chronic pain would present with 
reduced cardiovascular and motor function; therefore, we accept our 
previously stated premise.  
Motor Component: Our first main outcome focused on the time 
completed on the Ross test; the chronic pain group completed 
approximately 3-4 minutes less than the group without chronic pain. 
While both groups performed relatively lower than the standard of 
the test, the performance of the CP group was significantly inferior, 
demonstrating a magnified impairment in cardiovascular function. 
Similar findings have been discovered in people with chronic low 
back pain, as reported in the study by Smeets et al. [17] which 
identified that men with chronic low back pain performed worse 
during a submaximal test than age-matched healthy controls, 
indicating reduced cardiovascular fitness levels in the chronic pain 
group. It has also been reported that people with chronic pain are 
more likely to be deconditioned and present with deficits in strength 
[18,19].
   Pain has been well documented in the literature as a barrier to physical 
activity in PLHIV, which would explain the lower times observed 
during the submaximal exercise test in this study [20]. However, 
one limitation of our study is that we were unable to assess whether 
pain was a contributing factor to the termination of the submaximal 
test rather than decreased aerobic fitness levels, alone, indicating the 
need for further research to clarify whether pain is a limiting factor in 
exercise testing. In addition, we support the participation of PLWH 
in aerobic exercise to improve the physiological and psychological 
aspects of chronic pain, as it is known that aerobic exercise increases

blood flow throughout the body, enhancing the delivery of oxygen 
and other nutrients to the joints and surrounding muscles. In addition, 
aerobic exercise facilitates the release of endorphins, which can help 
reduce pain and improve mood [21]. Therefore, we recommend that 
people living with HIV and chronic pain participate in regular aerobic 
exercise to improve the cardiorespiratory fitness and pain reduction 
necessary in maintaining or improving functional performance. 
   The second main finding in this study was the significant reduction 
in gait speed during the Ross test in the chronic pain group. The 
previous report suggests that PLWH exhibit changes in neuromuscular 
function in the form of gait deficits, resulting in adaptations such as a 
decrease in gait speed. Similar findings of decreased gait speed have 
been reported in people experiencing neuropathic pain from diabetes 
and individuals with musculoskeletal pain [22,23]. A study by Lalli 
et al. [24] found that individuals with neuropathic pain secondary to 
diabetes mellitus demonstrated decreased step length and gait speed 
in comparison to those without neuropathic pain, indicating that 
the presence of pain is a contributor to slower gait speed. Similarly, 
Sawa et al. [23] found that moderate to severe pain was associated 
with slower gait speed in community-dwelling older adults who 
experienced chronic musculoskeletal pain.  
   As previously mentioned, neuropathic and musculoskeletal pain 
are the most common types of chronic pain experienced by people 
living with HIV [6,7]. The presence of neuropathy is associated 
with pain and damage to the sensory and motor nerves, which can 
affect dynamic stability, resulting in slower gait speed [22]. It is also 
known that musculoskeletal pain can alter gait mechanics and lead to 
compensation elsewhere, requiring greater energy expenditure with 
gait and decreasing gait speed. Therefore, it was expected that the CP 
group would experience a slower gait speed in our study.
   Since the data in this study was collected retrospectively, we were 
unable to distinguish between types of chronic pain (i.e., neuropathic 
or musculoskeletal) experienced in our sample and how chronic pain 
affects gait mechanics (i.e., step length, cadence, etc.), making these 
factors limitations to our research. Gait speed is an important measure
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of functional mobility and has been shown to detect functional 
decline in people living with HIV [25]. Our study demonstrated that 
the presence of chronic pain can negatively affect gait; however, 
further investigation is needed to determine if there is a difference 
in gait speed based on the type of pain present in this population 
and which components of gait are most affected by the presence of 
chronic pain.  
   The third main finding of this study was a reduction in the treadmill 
inclination during the Ross test. Treadmill inclination mimics 
real ground walking and the difficulty increases with the angle of 
inclination [26,27], therefore this decrease in grade of inclination 
implies a lack of surface adaptability in relation to chronic pain. 
Previous studies have shown that walking at an incline requires 
increased joint range of motion at the hip, knee, and ankle, along with 
greater activation of the quadriceps, hamstrings, and gastrocnemius 
muscles [28-30]. While our study did not examine joint mechanics 
and muscle activation, we investigated whether pain can affect the 
level of inclination that can be achieved during a submaximal test. To 
the best of our knowledge, this is the first study to compare the level 
of inclination achieved during a submaximal test in people with and 
without chronic pain. Since inclined walking requires a greater range 
of motion and further muscle activation, we expected that the CP 
group would achieve less inclination on the Ross Test than the group 
without CP. One study found that people with chronic low back pain 
presented with impaired motor control of the lumbopelvic muscles 
and demonstrated a more stiff and guarded posture while walking 
[31]. Therefore, a reduction in range of motion and deficits in motor 
control would make it difficult to withstand the challenge of walking 
up an inclined surface. 
   As mentioned earlier, because this data was collected retrospectively, 
one limitation of this study is that it was not recorded whether pain due 
to inclination was a reason for termination of the Ross Test. Further 
research is needed to determine whether a lack of range of motion or 
poor muscle activation secondary to pain are reasons for the reduced 
inclination achieved during a submaximal exercise test. Additionally, 
there is insufficient information to identify the mechanisms that affect 
motor control in PLWH, therefore, gait training and assessment under 
various conditions, such as compliant surfaces, hills, and ramps that 
challenge the lower extremity musculature and the cardiorespiratory 
system, are encouraged for this population.
   Cardiovascular component: The fourth main finding in our study 
demonstrated heart rate and systolic blood pressure were significantly 
reduced during the Ross Test in the CP group. Since the CP group 
completed less time on the Ross test, one possible explanation is 
that the CP group was less likely to achieve a higher heart rate and 
systolic blood pressure in comparison to the non-CP group, indicating 
potential deficiencies in cardiorespiratory fitness. It is important 
to point out that our study assessed heart rate and blood pressure 
achieved at the termination of the Ross test rather than with the 
addition of resting blood pressure data, which may have allowed for 
the identification other factors, such as an increase in systolic blood 
pressure in the CP group compared to the non-CP group, leading 
to other associations. For instance, research has shown a positive 
correlation between chronic pain and hypertension [32], and various 
studies have focused on the cardiovascular components of PLHIV 
and established an association between having the HIV disease and 
cardiovascular dysfunction, particularly diastolic dysfunction [33]. 
Our findings indicate that pain may also be a contributing factor to 
cardiovascular function in PLHIV, potentially negatively affecting 
cardiorespiratory fitness. A recent systematic review and meta-
analysis by Fayaz et al. [34] found that the presence of chronic pain 
may be associated with an increased risk of cardiovascular disease. 
   However, since this study measured blood pressure at the 
termination of the Ross test, we were unable to adequately identify 
a physiological explanation for our findings, therefore making the
previous report a limitation of this research. Future studies should

consider investigating how resting blood pressure compares between 
the two groups to better understand whether hypertension is more 
prevalent in the CP group. Furthermore, we encourage heart rate 
monitoring and the utilization of target heart rates tailored to aerobic 
interventions during all stages of the disease. Similar to previous 
studies, we recommend frequent cardiopulmonary assessments in 
PLHIV to reduce the occurrence of cardiovascular complications in 
this population [35,36].
Conclusion
   The aim of this study was to determine whether there was a 
relationship between chronic pain, cardiovascular function, and motor 
components in PLWH. Our study found that pain may negatively 
influence gait, resulting in a reduction in gait speed and possible 
alterations in neuromuscular activation that create difficulties in 
walking up inclined surfaces. Additionally, this study found that the 
presence of chronic pain may negatively affect cardiorespiratory 
fitness, as evidenced by a reduction in time completed on the 
submaximal test, along with reductions in heart rate and blood 
pressure. The major limitation of this study was that the data was 
collected retrospectively, which created barriers to determining the 
presence of and extent to the following in  accordance with our data: 
if the submaximal test was terminated due to pain, the type of pain 
experienced in this sample, if spatiotemporal factors were affected 
by the presence of pain, and whether resting blood pressure and heart 
rate were significantly different between the CP and non-CP groups.
   Therefore, future studies should consider investigating the difference 
in lower extremity muscle activation in the presence of pain when 
walking on an even surface in comparison to an inclined surface. 
Similarly, spatiotemporal measures of gait should be collected and 
compared to determine how pain affects different components of 
gait speed, such as cadence, stride length, and double limb support 
time versus single limb support time. This information would 
further explain the differences in gait speed and inclination observed 
in the current study. Regarding the cardiovascular component, 
more research is preferred to determine whether hypertension and 
tachycardia are prevalent at rest in the presence of PLWH and chronic 
pain. In addition to the aforementioned, further evidence is needed to 
understand how pain affects cardiorespiratory fitness levels. If lower 
extremity pain or low back pain was the reason for termination of the 
test, a submaximal test utilizing an upper extremity ergometer may 
be more appropriate for aerobic testing in those with both HIV and 
chronic pain.
   The findings of this study provide clinicians with a general 
understanding of how chronic pain can affect locomotor and 
cardiovascular function in people living with HIV. Chronic pain 
should be considered when assessing gait to better understand the 
differences observed in the mechanics and spatiotemporal parameters 
secondary to alterations induced by pain. Lastly, clinicians should be 
aware of the presence and cause of chronic pain in their patients who 
have HIV in order to effectively and comprehensively tailor gait and 
aerobic training to reduce pain and ultimately improve function.
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