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Abstract

Objective. Animal models have previously shown
that HIV is associated with hyperalgesia, or height-
ened sensitivity to painful stimuli. Efforts to deter-
mine whether this finding translates to humans are
presently lacking. Among persons living with HIV
(PLWH), those with detectable viral loads may be at
greatest risk for heightened pain sensitivity. It was

hypothesized that PLWH with detectable viral loads
would be more sensitive to painful stimuli com-
pared with PLWH without detectable viral loads and
healthy controls without HIV.

Design. A total of 47 PLWH and 50 community-
dwelling, healthy adults without HIV (controls) were
recruited. Participants completed a quantitative
sensory testing protocol to assess threshold, toler-
ance, and temporal summation in response to pain-
ful mechanical and heat stimuli. Most recent viral
load was collected from medical records, and viral
load was considered detectable if the count was
greater than 50 copies/mL of blood. Of the 47
PLWH, 11 (23.4%) had detectable viral loads, the
median viral load count was 10,200 copies/mL.

Results. PLWH with detectable viral loads demon-
strated significantly lower pain thresholds for me-
chanical stimuli (F2,89 5 3.15, P 5 0.049), significantly
lower heat pain tolerances (F2,89 5 3.38, P 5 0.039),
and significantly greater temporal summation of
heat pain at 48 �C (F2,89 5 10.66, P < 0.001) and 50 �C
(F2,89 5 3.82, P 5 0.026), compared with PLWH with-
out detectable viral loads and healthy controls.

Conclusions. These preliminary results tentatively
suggest that the detectable presence of the virus
may sensitize PLWH to painful mechanical and heat
stimuli.

Key Words. Human immunodeficiency virus (HIV);
viral load; pain sensitivity

Introduction

In the current antiretroviral treatment era, persons living
with HIV (PLWH) can achieve a near-normal life expec-
tancy. However, they experience a high burden of co-
morbidity, including chronic pain. The estimates of
chronic pain prevalence among PLWH range from 39%
to 85%, which is higher than reported in the general
population [1–3]. In addition to the classically described
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syndrome of HIV neuropathy, non-neuropathic pain in-
cluding regional musculoskeletal pain syndromes and
chronic multisite pain is common [4]. One possible ex-
planation for increased pain in PLWH is that HIV infec-
tion is associated with greater sensitivity to painful
stimuli. This possibility has yet to be directly tested in
humans. Research on this topic is important because
heightened pain sensitivity is a risk factor for the devel-
opment of chronic pain [5].

Animal studies suggest that envelope proteins such as
GP120, found on the surface of HIV, activate astrocytes
and microglia in the central nervous system [6,7]. In
turn, these GP120-activated astrocytes and microglia
facilitate the endogenous processing of painful stimuli,
thus leading to heightened pain sensitivity [7]. For in-
stance, mechanical allodynia and heat hyperalgesia
have been observed in rodents following intrathecal in-
jection of GP120 [8]. Given the increased presence of
GP120 due to circulating virus, we hypothesized that
PLWH with detectable viral loads would have height-
ened pain sensitivity compared with those who are viro-
logically suppressed (the biologic treatment end point of
antiretroviral therapy).

Our goal was to test this hypothesis in a preliminary
fashion by examining differences in pain sensitivity (i.e.,
threshold, tolerance, temporal summation of pain) be-
tween PLWH with and without detectable viral loads as
well as a group of healthy controls without HIV. To be
consistent with previous animal research [8], we specifi-
cally investigated sensitivity to mechanical and heat
stimuli. This study represents an important first step to-
ward determining whether PLWH with detectable viral
loads tend to have heightened pain sensitivity, a pur-
ported risk factor for the development of chronic pain.

Methods

Procedures and Participants

A total of 47 PLWH without chronic pain were recruited
from a large, urban HIV clinic in the Southeast that pro-
vides comprehensive medical, behavioral, and social
services to adults with HIV. Fifty community-dwelling,
healthy control participants without chronic pain were
also recruited from local libraries and low-income com-
munity shelters via posted fliers. Only healthy controls
without HIV (by self-report) were included. Study proce-
dures were approved by our Institutional Review Board
and carried out in accordance with guidelines for the
ethical conduct of research. Written informed consent
was obtained from each participant prior to the study,
and they were compensated for their involvement.

Sociodemographic information was collected from all
participants and included age, sex, and racial back-
ground, as well as educational attainment and poverty
status. Annual household income adjusted for number
of occupants was used to determine poverty status ac-
cording to 2016 guidelines put forth by the US

Department of Health and Human Services [9]. Further,
depressive symptoms [10] and pain catastrophizing [11]
can be potent predictors of pain sensitivity; therefore, in-
formation regarding these psychological processes was
collected and included in data analysis as statistical
controls. Pain sensitivity was objectively evaluated using
a quantitative sensory testing protocol that included
noxious mechanical and heat stimuli.

For PLWH, medical record review was completed to de-
termine whether any participants were actively being
prescribed medications that could affect their pain sen-
sitivity, such as selective serotonin reuptake inhibitors
(SSRIs)/serotonin-norepinephrine reuptake inhibitors
(SNRIs) or neuroleptics. Medical records were also used
to determine most recent CD4þ T-cell count, a mea-
sure of immune status, and most recent viral load value.
Most recent CD4þ and viral load counts were obtained
within 12 months of study participation for all PLWH.
Mean number of days between most recent viral load
assessment and study participation was 93.2 days
(SD¼87.3 days) and ranged from two days to 363
days. Those PLWH with 50 or more copies of virus/mL
were considered to have a detectable viral load; all
others were considered virologically suppressed (i.e.,
without detectable viral loads). This cutoff (�50) was se-
lected due to its clinical relevance as an HIV treatment
end point [12,13] and also because we hypothesized
that even a small amount of detectable HIV virus in the
blood may be sufficient to augment pain sensitivity.
PLWH self-reported the date (month, year) when first di-
agnosed with HIV. This information was used to deter-
mine duration of HIV diagnosis (in months) by
subtracting date of HIV diagnosis from date of study
participation.

Measures

Center for Epidemiological Studies–Depression
Scale

The Center for Epidemiological Studies–Depression
Scale (CES-D) is a 20-item measure of depressive
symptoms including negative mood, guilt/worthlessness,
helplessness/hopelessness, psychomotor retardation,
loss of appetite, and sleep disturbance [14]. The CES-D
is generally accepted as a useful tool for screening de-
pressive symptomatology. The CES-D total score is cal-
culated by summing the 20-item responses. Higher
scores on the CES-D are indicative of greater depres-
sive symptoms.

Pain Catastrophizing Scale

The standard Pain Catastrophizing Scale (PCS) 54 is a
13-item scale that assesses catastrophic thinking in re-
sponse to pain [15]. The standard PCS assesses cata-
strophic pain-related cognitive-emotional processes by
asking participants to recall their experiences during a
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past occurrence of pain. The PCS total score is calcu-
lated by summing the 13-item responses. Higher scores
on the PCS are indicative of greater pain-related
catastrophizing.

Quantitative Sensory Testing

Mechanical Sensitivity. To test mechanical pain sensitiv-
ity, we assessed pressure pain thresholds (PPTs) on the
right distal third of the dorsal forearm and the ipsilateral
trapezius. A digital algometer (Medoc, Ltd., AlgoMed,
Ramat Yishai, Israel) was used to deliver noxious pres-
sure (measured in kilopascals) stimulation via a
handheld stainless steel probe with a circular, rubber-
tipped contact surface of 1.0 cm2 [16]. The algometer
was applied three separate times at each anatomic lo-
cation in counterbalanced fashion. Participants indicated
when the increasing pressure stimulation first became
painful (i.e., pain threshold). Results of the three pain
threshold readings for each anatomic location were av-
eraged to obtain forearm and trapezius PPTs.

Heat Sensitivity. Thermal stimulation procedures were
completed to assess heat pain threshold (HPTh), heat
pain tolerance (HPTo), and temporal summation (TS) of
heat pain at 48 �C and 50 �C (i.e., pain sensitivity) using
established protocols [17]. Heat pain sensitivity was as-
sessed using a Medoc Pathway Neurosensory Analyzer
(Medoc, Ltd., Ramat Yishai, Israel) with a 30�30 mm
thermode. For HPTh, participants indicated when the
sensation first became painful, and for HPTo they indi-
cated when the painful sensation was no longer tolera-
ble. Three trials for HPTh and three for HPTo were
delivered to the dorsal and ventral aspects of the domi-
nant forearm, respectively. The three individual trials
were averaged together to create overall HPTh and
HPTo indices.

For TS of heat pain, participants underwent two sepa-
rate trials using thermal stimulus intensities of 48 �C and
50 �C as target temperatures with 32 �C as the in-
terpulse temperature. For each TS trial, sequences of
five consecutive heat pulses of one-second duration
were delivered with interpulse intervals of 2.5 seconds.
Participants were instructed to rate the intensity of pain
produced by each heat pulse on a 0 to 100 numeric
rating scale such that 0¼ no pain and 100¼ the most
intense pain imaginable. TS of heat pain at 48 �C and
50 �C was calculated by subtracting the first pain rating
from the fifth pain rating as this reflected the D change
score for the greatest amount of TS obtained.

Data Analysis

Differences in participant characteristics were examined
using analysis of variance (ANOVA) for continuously
measured variables and chi-square for categorically
measured variables. Pearson correlations were used to
examine zero-order relationships. Differences in

mechanical and heat pain sensitivity were examined us-
ing analysis of covariance (ANCOVA) with post hoc
analyses for pairwise comparisons across the three
study groups: 1) PLWH with detectable viral loads, 2)
PLWH without detectable viral loads, and 3) healthy
controls. Statistical adjustments for multiple compari-
sons and inflated family-wise error rates were employed.
To accomplish this, we first categorized our dependent
variables into separate “families” that included: 1) HPTh,
2) HPTo, 3) TS of heat pain at 48 �C, and 4) TS of heat
pain at 50 �C. We then performed a Holm-Bonferroni
procedure to obtain corrected P values [18]. There were
no missing data for any of the study variables. All analy-
ses were carried out using SPSS, version 23.

Results

Participant Characteristics

Participant characteristics are shown in Table 1. Medical
records confirmed that all 47 PLWH were actively being
prescribed antiretroviral therapy, while 15% were being
prescribed an SSRI/SNRI and 8.5% were being pre-
scribed a neuroleptic. Eleven PLWH (23.4%) had detect-
able viral loads. The median viral load for these individuals
was 10,200 copies/mL with an interquartile range of 220
to 45,500. The difference in mean CD4þ between PLWH
with and without detectable viral loads approached signif-
icance (F1,45 ¼ 3.95, P¼0.053), such that PLWH with
detectable viral loads had lower CD4. Time since HIV di-
agnosis (in months) did not significantly differ between
those with and without detectable viral loads.

The mean age of the study sample was 47.8 years
(SD¼11.3 years), and the sample was comprised of
46.4% women and 66% African Americans (the remain-
ing 34% were Caucasians). Age and sex did not signifi-
cantly differ across the three study groups. Among
PLWH, irrespective of viral load detectability, a signifi-
cantly greater proportion were African American com-
pared with Caucasian (v2¼9.63, P¼ 0.008). Further,
significantly greater proportions of PLWH had educa-
tional attainment of high school or less (v2¼25.51,
P<0.001) and were living below the poverty line
(v2¼ 34.16, P< 0.001) compared with healthy controls,
again, irrespective of viral load detectability.

Depressive symptoms did not significantly differ across
groups (F2,94 ¼ 1.66, P¼ 0.197). Conversely, pain cata-
strophizing was found to significantly differ (F2,93

¼ 10.91, P<0.001). Specifically, PLWH without detect-
able viral loads catstrophized more about pain than
healthy controls (P< 0.001). The pain catastrophizing of
PLWH with detectable viral loads did not significantly
differ from the other two groups.

Covariates

Participants’ race (coded as 0¼African American,
1¼Caucasian), educational attainment (coded as
0¼ high school degree or less, 1¼ some college or more),
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poverty status (coded as 0¼below poverty line,
1¼ above poverty line), depressive symptoms, and pain
catastrophizing were included as covariates in all analy-
ses presented below. Participants’ age, sex, SSRI/SNRI
and neuroleptic use were not included as covariates in
any analyses.

Mechanical Pressure Pain Threshold

As demonstrated in Table 2, there were significant group
differences found for PPT assessed at the trapezius
(F2,89 ¼3.15, P¼ 0.049). PLWH with detectable viral
loads demonstrated significantly lower PPT in compari-
sion with healthy controls (P¼ 0.019), but not PLWH
without detectable viral loads (P¼ 0.152). The PPT of
PLWH without detectable viral loads was not significantly
different from healthy controls. The signficant difference
remained even after Holm-Bonferroni adjustment. There
were no signficant group differnces found for PPT as-
sessed at the forearm (F2,89 ¼0.82, P¼0.370).

Heat Pain Threshold and Tolerance

There were no significant differences for HPTh across
the three groups (F2,89 ¼ 0.81, P¼ 0.449). However, re-
sults showed significant group differences for HPTo (F2,89

¼ 3.38, P¼0.039). Specifically, PLWH with detectable vi-
ral loads had signficantly lower HPTo compared with
PLWH without detectable viral loads (P¼ 0.035) and
healthy controls (P¼ 0.012). These differences remained
significant after Holm-Bonferroni adjustment. The HPTo

of PLWH without detectable viral loads did not signifi-
cantly differ from that of healthy controls (Table 2).

Temporal Summation of Heat Pain at 48 �C and 50 �C

Results presented in Table 2 showed significant differ-
ences in TS of heat pain at 48 �C (F2,89 ¼ 10.66,
P<0.001) and 50 �C (F2,89 ¼ 3.82, P¼0.026) with
Holm-Bonferroni adjustment. At 48 �C, PLWH with de-
tectable viral loads demonstrated significantly greater TS
of heat pain than PLWH without detectable viral loads
(P¼0.016) and healthy controls (P< 0.001). Further,
PLWH without detectable viral loads had significantly
greater TS of heat pain than healthy controls
(P¼0.001). At 50 �C, PLWH with detectable viral loads
demonstrated significantly greater TS of heat pain than
healthy controls (P¼ 0.008), but not PLWH without de-
tectable viral loads (P¼ 0.11). PLWH without detectable
viral loads also had significantly greater TS of heat pain
than healthy controls (P¼ 0.024).

Discussion

To our knowledge, this is the first study to test the hy-
pothesis that detectable levels of HIV are associated
with heightened pain sensitivity. Our preliminary findings
suggest that PLWH with detectable viral loads may pos-
sess increased senstivity to painful mechanical and heat
stimuli when compared with PLWH without detectable
viral loads and healthy controls. In the case of heat pain
TS, PLWH without detectable viral loads were more

Table 1 Participant characteristics

Healthy controls

(N¼ 50)

HIV without

detectable viral

load (N¼ 36)

HIV with

detectable viral

load (N¼ 11)

Variable P

Age (SD), y 49.0 (12.1) 47.2 (10.7) 44.4 (8.9) 0.422

Sex, % 0.147

Male 44.0 63.9 63.6

Female 56.0 36.1 36.4

Race, % 0.008

African American 52.0 77.8 90.9

Caucasian 48.0 22.2 9.1

Educational attainment, % <0.001

HS or less 36.0 83.3 90.9

Some college or more 64.0 16.7 9.1

Poverty status, % <0.001

Below poverty line 24.0 80.6 90.9

Above poverty line 76.0 19.4 9.1

CES-D (SD) 13.5 (10.0) 16.7 (10.3) 11.4 (9.4) 0.197

PCS (SD) 8.9 (7.7) 18.1 (10.2) 11.5 (10.3) <0.001

CD4þ (SD) N/A 758.6 (466.2) 460.8 (300.1) 0.053

Duration of HIV diagnosis, mo N/A 149.3 (111.8) 128.6 (72.1) 0.570

CES-D¼Center for Epidemiological Studies–Depression Scale; HS¼high school; PCS¼Pain Catastrophizing Scale.
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pain sensitive than healthy controls at 48 �C and 50 �C
stimuli. Consistent with our hypothesis, PLWH with de-
tectable viral loads consistently demontrated the great-
est magnitude of mechanical and heat pain sensitivity,
as shown in Table 2.

The detectable presence of HIV circulating in the blood
may contribute to increased pain sensitivity by directly
impacting the central nervous system. For example, in a
recent translational study conducted by Yuan and col-
leagues, it was found that the presence of envelope
protein GP120 was significantly greater in the spinal
dorsal horns of PLWH with chronic pain when com-
pared with PLWH without chronic pain [7]. In the same
study, GP120 was injected intrathecally into mice and
the resulting pathology was compared between these
mice and PLWH with chronic pain. Results showed ex-
tensive similarities between mice and human patholo-
gies, including comparable pain behaviors, peripheral
neuropathy, glial reactivation, synapse degeneration,
and aberrant activation of pain-related signaling path-
ways in the spinal dorsal horn. It will be important for fu-
ture confirmatory research in humans to examine
whether GP120 and/or other HIV surface proteins are
indeed responsible for eliciting increased pain sensitivity.

Chronic pain is quite prevalent in HIV, and as such it will
be important for future research to continue examining
pain sensitivity in PLWH. This is because it has been
shown, albeit not yet in HIV, that increased sensitivity to
painful stimuli is predictive of chronic pain development
as well as poor chronic pain outcomes including greater
severity of clinical pain and decreased physical function-
ing [5]. It is possible that the heightened pain sensitivity
observed in this study may be representative of central
sensitization [19]. Central sensitization of afferent noci-
ceptive pathways could be a potentially important deter-
minant of neuropathic and non-neuropathic chronic pain
in PLWH [20], and those with detectable viral loads may
be at greatest risk given the impact of HIV on the central
nervous system. If future research on this topic confirms
our findings, this could have important implications for

HIV clinical care. For example, recent HIV treatment
guidelines recommend that all PLWH receive antiretroviral
therapy as this has been shown to improve long-term
outcomes including mortality [21]. However, recent stud-
ies have found that more than half of PLWH are not in
care [22], and as many as one-third of PLWH who are in
care are not virologically suppressed [23]. Given the high
prevalence of chronic pain in PLWH, pain prevention and
management could perhaps be used in the future as mo-
tivators for PLWH to initiate antiretroviral therapy.

The following limitations must be considered when inter-
preting the current study’s preliminary findings. First, the
number of PLWH with detectable viral loads included in
this study is low (N¼11), which limits the ability to reli-
ably generalize our results to broader populations of
PLWH with detectable viral loads. It is noteworthy that
the percentage of PLWH with detectable viral loads in
this study (23.4%) is consistent with the published point
prevalence of detectable viral loads commonly found in
the clinic from which PLWH were recruited [24]. We did
not specifically over-recruit PLWH with detectable viral
loads due to the exploratory nature of this work; there-
fore, their numbers were appropriately small in our sam-
ple. Second, viral load was not assessed at the time of
study participation, but rather as part of routine clinical
care. In some instances, most recent viral load was eval-
uated multiple months prior to study participation.
Therefore, we cannot confirm the accuracy of viral loads
in this study as some PLWH with detectable viral loads
may have experienced improved viral suppression with
treatment leading up to study participation. Third, we did
not collect data related to viremia copy-years, a measure
of cumulative HIV burden. This study incorporated a
cross-sectional viral load measure, which fails to capture
longitudinal exposure to HIV replication. It has been sug-
gested that measurement of cumulative viral load burden
over time (i.e., viremia copy-years) is important for under-
standing morbidity and mortality among PLWH in the
modern treatment era [25]. This may also hold true for
understanding chronic pain development in PLWH.
Fourth, information pertaining to the different classes of

Table 2 Pain sensitivity outcomes

Healthy controls

(N¼50)

HIV without detectable

viral load (N¼36)

HIV with detectable

viral load (N¼ 11)

Variable P

PPT–forearm (SD) 404.3 (189.9) 359.2 (181.7) 316.6 (197.8) 0.370

PPT–trapezius (SD) 458.1 (242.7) 386.8 (247.0) 271.6 (143.3) 0.049

HPTh (SD) 44.6 (3.9) 44.1 (3.5) 42.0 (3.9) 0.449

HPTo (SD) 48.7 (2.0) 47.9 (1.6) 46.1 (2.5) 0.039

TS 48 �C (SD) –4.9 (16.3) 9.6 (18.3) 24.5 (27.4) <0.001

TS 50 �C (SD) 4.5 (15.6) 13.8 (21.8) 25.9 (28.3) 0.026

TS is a D change score representing the difference in 0–100 pain ratings following the first heat pulse and the fifth heat pulse.

Pressure was measured in kiloPascals, while heat was measured in Celsius.

HPTh¼heat pain threshold; HPTo¼heat pain tolerance; PPT¼pressure pain threshold; TS¼ temporal summation.
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antiretroviral therapy (ART) being prescribed to the PLWH
in this study was not systematically collected (e.g., prote-
ase inhibitors, nucleoside reverse transcriptase inhibitors,
non-nucleoside reverse transcriptase inhibitors). Although
ART regimens in the current HIV treatment era are much
less toxic than in the past, it may be important for future
research to examine whether type of ART regimen is as-
sociated with pain sensitivity in PLWH. Fifth, we were un-
able to ascertain ART exposure histories for PLWH or
how long PLWH in this study had been using their cur-
rent ART regimen. This information could be important
for future HIV and pain sensitivity research to consider
given that, in the past, use of dideoxynucleoside reverse
transcription inhibitors has been associated with painful
antiretroviral toxic neuropathy [26] and initiation of an
ART regimen in ART-naı̈ve PLWH has also been associ-
ated with onset of neuropathy for approximately the first
year following initiation [27]. Lastly, healthy controls were
asked to self-report their negative HIV status. However,
we did not confirm this with blood tests.

Despite these limitations, our preliminary findings sug-
gest that the detectable presence of HIV may be asso-
ciated with increased mechanical and heat pain
sensitivity. Although individuals with HIV appear to be at
increased risk for chronic pain, the factors that contrib-
ute to its development and severity remain poorly under-
stood. This pilot study is significant because it
represents an initial step toward addressing this very
knowledge gap. Further research is needed to replicate
and expand the current study’s findings, as well as to
investigate the relationship between heightened pain
sensitivity and the development of chronic pain in
PLWH. It would also be worthwhile for future research
to consider the various ways in which PLWH with de-
tectable viral loads are likely to differ from those whose
HIV is well controlled. For instance, some PLWH with
detectable viral loads may be poorly adherent to their
antiretroviral therapy regimens for reasons including so-
cial instability, burden of psychiatric disease, substance
abuse, and other comorbid medical illness. Any or all of
these factors could account, at least in part, for the
heightened pain sensitivity observed among PLWH with
detectable viral loads in this study.
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