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ABSTRACT

Cognitive impairment and chronic pain are amongst the most prevalent neurological sequelae of
HIV infection, yet little is understood about the potential bidirectional relationship between the
two conditions. Cognitive dysfunction can occur in chronic pain populations whilst those with
cognitive impairment can display modified responses to experimentally induced painful stimuli.
To date, this has not been explored in HIV cohorts.This study aimed to identify any contribution
of chronic pain to cognitive impairment in HIV and to determine differences in pain
characteristics between those with and without cognitive dysfunction.This was an observational
cohort study involving people living with HIV (n=148) in the United Kingdom. Participants
underwent validated questionnaire-based measurement of pain severity, interference and
symptom quality as well as conditioned pain modulation and quantitative sensory testing. All
participants completed a computer-based cognitive function assessment.Fifty-seven participants
met the criteria for cognitive impairment and 73 for chronic pain. The cognitive impairment
group had a higher prevalence of chronic pain (p=0.004) and reported more neuropathic
symptoms (p=0.001). Those with chronic pain performed less well in emotional recognition
and verbal learning domains. The interaction identified between chronic pain and cognitive
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dysfunction warrants further exploration to identify causal links or shared pathology.

1. Introduction

Early, consistent and successful treatment with highly
active antiretroviral therapy (ART) has led to a change
in life expectancy of people with HIV to near normal
(May et al., 2014). However, the clinical consequences
of chronic infection in an increasingly ageing popu-
lation are now being realised. Those with long-term
infection appear to have an increased risk of co-mor-
bidity, including cardiovascular disease, cancer and
cognitive impairment, despite adequate viral suppres-
sion (Burdo et al., 2014; Duprez et al., 2009; Shiels
et al., 2009).

Milder forms of HIV-associated neurocognitive dis-
order (HAND) affect up to 50% of patients (Heaton
et al, 2010) and those with HIV are at high risk of
chronic pain, including musculoskeletal pain, painful
neuropathy and headache (Jiao et al., 2016; Miaskowski
et al., 2011; Navis et al., 2018; Uebelacker et al., 2015).
Currently, the role of chronic pain in observed cognitive
impairment in HIV is not well understood.

A series of systematic reviews have highlighted the
complex relationship between chronic pain and cogni-
tive impairment (Berryman et al., 2014, 2013; Higgins
et al., 2018; Moriarty et al., 2011). Several cognitive
domains, including attention (Oosterman et al., 2012),
memory (Berryman et al., 2013) and executive function
(Berryman et al., 2014; Moriarty et al., 2011) appear to
be altered in a variety of chronic pain conditions. Struc-
tural brain changes and altered connectivity associated
with both self-reported pain measures (Apkarian et al.,
2004; As-Sanie et al., 2012; Malfliet et al., 2017; Moriarty
et al., 2017; Schweinhardt et al., 2008) and cognitive per-
formance (Luerding & Bogdahn, 2008) are apparent in
those reporting chronic pain. However, the relationship
between pain and cognitive dysfunction appears to be
bi-directional. Experimental pain studies in non-pain
populations with cognitive impairment have demon-
strated altered pain reporting and psychophysical
responses (Binnekade et al., 2018; Fletcher et al., 2015;
Jensen-Dahm et al., 2012, 2015).
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In chronic pain cohorts, psychophysical pain assess-
ments, such as quantitative sensory testing (QST) and
conditioned pain modulation (CPM), can be used to
demonstrate patterns of sensory change hypothesised
to be linked to underlying pain mechanisms, with the
potential to guide individualised analgesic treatment
(Arendt-Nielsen et al., 2017; Baron et al., 2017; Campbell
etal., 2012; Demant et al., 2014; Hoper et al., 2014; Nah-
man-Averbuch et al., 2011; Owens et al., 2019; Simpson
et al., 2010; Westermann et al., 2012; Yarnitsky et al.,
2012). QST is a method of assessing somatosensory
function, providing a semi-objective quantification of
sensory large and small nerve fibre function (Gracely,
1999; Greenspan, 2001; Haanpaa et al., 1999). CPM is
used to quantify endogenous descending pain modu-
lation (Yarnitsky et al., 2010), designed to replicate des-
cending noxious inhibitory control (DNIC) identified in
animals (Le Bars et al., 1979).

These measures require participants to understand
instructions, interpret sensory input, report a threshold
or intensity, or perform a motor task. Since these tasks
require attention, memory, learning, psychomotor and
executive function, there is the potential for cognitive
dysfunction to influence the outcome of testing. Indeed
an international consensus concerning the assessment
of neuropathic pain (Backonja et al., 2013) acknowl-
edged this issue, stating QST “should be discouraged
... in those with clinically relevant cognitive deficits”.

It is, however, uncommon for pain cohorts to
undergo cognitive assessment in parallel with psycho-
physical testing other than as a method for exclusion
to the study. A closer examination of the relationship
between cognitive function and response to psycho-
physical testing in chronic pain cohorts is required to
elucidate any impact of cognitive dysfunction on test
results.

This study aimed:

1. To explore any contribution of chronic pain to cog-
nitive impairment in people living with HIV

2. To determine, in a cohort of participants with HIV
and chronic pain, any differences in pain character-
istics and sensory phenotype between those with
and without cognitive impairment

3. To examine any impact of cognitive impairment on
psychophysical testing.

2, Methods
2.1. Study design

This study was performed as part of the HIV-POGO
Study (NCT02555930), an observational cross-sectional

study approved by the English National Research Ethics
Service (14/LO/1574). All participants completed writ-
ten consent prior to enrolment.

Participants were recruited from HIV outpatient
clinics associated with Chelsea & Westminster Hospital
NHS Foundation Trust in London, UK and from UK-
based patient charities by general advertisement. For
inclusion, patients were required to be over the age of
18 and have a serological diagnosis of HIV infection.
Exclusion criteria included limited English language
skills, pregnancy and co-incident severe neurological
conditions (including dementia, but not other types of
mild cognitive disorder).

Participants attended a single appointment with a
clinical researcher (HIK). Demographic and medical
history data were collected, including participant-
reported substance misuse. Last recorded serum trigly-
ceride results were recorded from medical records.

Participants underwent structured neurological
examination (Philips et al. 2014) quantitative sensory
testing, a CPM protocol and sural nerve conduction
testing (where available). Computerised cognitive func-
tion assessment was delivered via CogState software
(Cogstate Ltd, Melbourne Australia). Participants were
then provided with a booklet of validated questionnaires
to complete.

2.2. Cognitive function assessment

Computerised assessment allows for standardisation
between individuals and can be performed by non-psychol-
ogists. CogState software has undergone validation com-
pared to traditional neuropsychological testing in HIV
cohorts (Overton et al., 2011). Eight cognitive domains
were assessed: psychomotor function (detection test),
attention (identification test), visual learning (one card
learning test), working memory (one card back test), execu-
tive function (Groton maze learning test), emotional recog-
nition (social-emotional cognition test), verbal learning
(International Shopping list), verbal memory (Inter-
national shopping list delayed recall test).

Raw scores for each test were converted to a standar-
dised T-score using age-adjusted normative data pro-
vided by CogState. A composite “global cognitive T-
score” was determined as the arithmetic mean of indi-
vidual test T-scores. Due to variability of a positive out-
come being associated with a better or worse
performance, dependent on the type of test, scores
where a negative difference was associated with a better
score were transformed so that all higher scores could be
interpreted as “better” cognitive function. The use of T-
scores is commonplace in psychometric practice and



enables values to be plotted on a scale of 0-100 with a
mean of 50(sd 10) (Iverson, 2011).

Memory was also assessed using the validated 28-
item Everyday Memory Questionnaire (EMQ), a subjec-
tive memory measure (Sunderland et al., 1984).

2.3. Definition of cognitive impairment

The three most commonly used methods for classifi-
cation of neurocognitive impairment in HIV are the
“Frascati criteria” (Antinori et al., 2007), the Global
Deficit Score (GDS) (Carey et al., 2004) and the Multi-
variate Normative Comparison (MNC) (Su et al., 2015).
However, a recent project used a simulated “normative”
dataset informed by real-world cognitive data from the
“POPPY” (Pharmacokinetic and Clinical Observations
in PeoPle Over fiftY) observational study to evaluate
the prevalence of cognitive impairment using traditional
methods, as well as a novel multivariate method based on
the Mahalanobis distance (Underwood et al., 2019). The
software from this work (https://jonathan-underwood.
shinyapps.io/cognitive_calculator/) was used to allocate
participants displaying cognitive impairment based on
Frascati criteria, GDS and the novel Mahalanobis dis-
tance method. Ultimately the Mahalanobis distance tech-
nique was used to dichotomise the cohort into those with
and without cognitive impairment as this method
accounts for covariance between tests, is not biased by
the number of cognitive domains tested and does not
rely on a study-specific control group, since the calcu-
lation is performed based on a hypothesised normative
population. It does however place equal weighting on
each variable. It has demonstrated the strongest positive
predictive value and accuracy and better association
with structural brain changes compared to other com-
monly utilised definitions in very large populations of
HIV subjects (Should be Underwood, Cole et al. 2017;
Underwood 2019; Underwood, de Francesco et al. 2017b

2.4. Symptom, psychological and quality of life
questionnaires

The Neuropathic Pain Symptom Inventory (NPSI)
(Bouhassira et al., 2004) was used to characterise neuro-
pathic symptoms, and the Brief Pain Inventory (BPI)
(Cleeland, 1989) to assess pain severity and interference.
The Depression Anxiety and Positive Outlook Scale
(Pincus et al., 2004) was used to assess mood and the
Short Form 36 of the Medical Outcomes Study (SF-
36) (Ware & Sherbourne, 1992) to assess for impact
on health-related quality of life.
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A simplified body map was used to document body
sites with pain. If the diagnostic reason for the pain
was known, this was also recorded.

2.5. Psychophysical testing

2.5.1. Quantitative sensory testing

QST was performed to the protocol designed by the
German Pain Research Network for Neuropathic Pain
(DENS) (Rolke et al., 2006). Testing was performed at
the S1 dermatome of the dorsum of the left foot. The
DENS protocol determines quantitative values for cold
and warm detection, cold and heat pain thresholds
(CDT, WDT, CPT, HPT), the presence of paradoxical
heat sensation (PHS), mechanical pain threshold
(MPT), mechanical pain sensitivity (MPS), wind up
ratio (WUR), mechanical detection threshold (MDT),
dynamic mechanical allodynia (DMA), pressure pain
threshold (PPT) and vibration detection threshold
(VDT). Results were z-transformed to control for age,
gender and body site using Equista software version
3.0 (Magerl et al., 2010).

2.5.2. Conditioned pain modulation
A handheld algometer was used to measure the test
stimulus, pressure pain threshold (PPT), on the dorsum
of the right arm prior to and during a conditioning
stimulus. The conditioning stimulus involved the par-
ticipant holding their left hand in a circulating water
bath set to 12°C for 90 seconds. At 60 seconds the test
stimulus was re-administered. The CPM response was
calculated as:

PPT during conditioning stimulus — PPT prior to
conditioning stimulus.

2.6. Definition of chronic pain

Participants were classified as having chronic pain if
they reported pain that lasted or recurred for at least 3
months, according to the IASP ICD-11 definition
(Treede et al., 2019), and at least 4 on the BPI “average
pain” item at least 4 out of 10, approximating to “at least
moderate” chronic pain, thought to be reflective of
“clinically meaningful pain” that interferes with func-
tion (Paul et al., 2005).

2.7. Definition of neuropathy and neuropathic
pain

To identify any co-prevalence or interaction of HIV-SN
and associated neuropathic pain on cognitive impair-
ment, neuropathic pain was classified following the
NeuPSIG grading (Finnerup et al., 2016). “Probable”
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neuropathic pain was based on the presence of pain in a
neuroanatomically plausible location (i.e., bilateral foot/
lower leg pain) and bilateral signs and symptoms of sen-
sory neuropathy (pain, numbness, reduced vibration
detection and reduced ankle reflexes), as described by
the validated Clinical HIV-associated Neuropathy
Tool (CHANT) (Woldeamanuel et al., 2016). “Definite”
neuropathic pain was determined if there was

Table 1. Comparison of demographic information and HIV
characteristics between participants with and without
cognitive impairment.

Total Cognitive No cognitive
cohort n= impairment impairment
140 n=57 n=283 p-value
Age, years 52.2 (9.7) 49.2 (10.2) 54.2 (9.0) 0.003*
Male, n (%) 116 (83) 43 (75) 73 (88) 0.054
BMI, kg/m2 25.2 (4.8) 25.6 (5.7) 24.9 (4.1) 0.412
Years since HIV 16.9 (9.0) 16.4 (9.5) 17.2 (8.7) 0.583
diagnosis
Years between 3.8 (44) 4.0 (4.1) 3.8 (4.6) 0.807
diagnosis and
treatment
CD4 c?unt cells/ 670 (301) 656 (253) 679 (331) 0.673
mm
CD4 n3adir cells/ 218 (162) 224 (168) 208 (158) 0.383
mm
Proportion 124 (89) 49 (86) 75 (90) 0.422
subjects
undetectable
viral load, n (%)
Proportion with 47 (34) 18 (32) 29 (35) 0.679
AIDS defining
illness, n (%)
Employment, n
(%)
Employed 77 (55) 24 (42) 53 (64) 0.024**
Sick 37 (27) 21 (36) 16 (19)
Unemployed 9 (6) 6(11) 3(4)
Retired 16 (11) 6 (11) 10 (12)
Education level, n
(%)
Completed 80 (58) 24 (42) 56 (68) 0.014*
tertiary
education
A level or 39 (28) 23 (40) 16 (19)
equivalent
GCSE or 20 (14) 10 (18) 10 (12)
equivalent
Current illicit 31 (22) 11 (19) 20 (24) 0.502
drug use, n (%)
History of illicit 81 (58) 29 (51) 52 (63) 0.166
drug use, n (%)
Current use of 135 (96) 55 (96) 80 (96) 0.974
ART, n (%)
Exposure to d- 54 (39) 21 (37) 33 (40) 0.904
type NRTI, n (%)
Serum 2.11 (1.54) 2.61(1.79) 1.81 (1.29) 0.010*
triglyceride
mmol/L (sd)
Diabetes 10 (7) 6 (11) 4 (5) 0.316
diagnosis, n (%)
Previous 13 (9) 6 (11) 7 (8) 0.675
chemotherapy,
n (%)

Presented as mean (sd) unless stated. *indicates significance. *more partici-
pants were employed in the no cognitive impairment group (p = 0.009)
and less were unemployed (p = 0.034); Smore participants had completed
tertiary education in the no cognitive impairment group (p = 0.002).

neurophysiological evidence of neuropathy from clini-
cal nerve conduction tests or evidence of abnormal
sural nerve conduction from hand-held testing using
the DPNCheck device (Neurometrix, Waltham, USA).

2.8. Statistical analysis

Data were tested for normality visually and by using the
Shapiro Wilk test. Normally distributed data are pre-
sented as mean (sd) or, for QST z-scores as mean
1+95% confidence interval. Comparison of normal data
between groups was conducted using t-tests or
ANOVA (LSD post hoc analysis). Non-normally dis-
tributed data are presented as median (IQR) and com-
parison conducted using Mann Whitney or Kruskal
Wallis tests (Dunn post hoc analysis). Categorical data
were compared using chi-squared or Fisher’s exact test
(for small groups <5). Correlations between measures
were performed using Spearman or Pearson corre-
lations depending on normality. Where multiple com-
parisons were conducted, and the significance level
was adjusted using the Benjamini-Hochberg procedure
to decrease the false discovery rate.

Comparison of prevalence of chronic pain and HIV-
SN, demographic information, pain characteristics, QST
and CPM were performed between those with and with-
out cognitive impairment. Comparisons were repeated
in the subgroups with chronic pain and with neuropa-
thy to identify the influence of these factors on any
observed differences. Correlations between cognitive
domain T-scores and self-reported memory impairment
and psychophysical tests were also performed.

3. Results
3.1. Demographic and HIV-related characteristics

148 subjects were enrolled. Due to either time limitation
or a request to stop testing, eight were unable to com-
plete enough of the cognitive testing to assess for cogni-
tive impairment. The majority of participants were male
(n=123, 83%), self-reported being of “white” ethnicity
(n=114, 81% (“black” ethnicity n =18, 13%; “other” n
=8, 6%)) and had an undetectable viral load (n =132,
89%). Only 5 subjects (3%) were not stable on ART at
the time of inclusion. There was a high rate of reported
previous illicit drug use (n =81, 58%) but less than a
quarter (n =31, 22%) reported currently regular use.
According to the Mahalanobis criteria, 57 partici-
pants (41%) met the definition for cognitive impairment
(proportion based on other criteria presented in Sup-
plemental Table 1). A comparison of demographic
and HIV-specific characteristics between those with



and without cognitive impairment is presented in Table
1. Those without cognitive impairment were older,
more likely to be employed and to have completed uni-
versity-level education. Those with cognitive impair-
ment demonstrated higher serum triglyceride levels.

3.2. Pain characteristics

Chronic pain was prevalent in this cohort: 73 (52%) par-
ticipants had chronic pain (as per case definition) and
52 (37%) painful HIV-SN (“probable” (n=12) and
“definite” cases (n =40)). Nearly three-quarters of sub-
jects (n =104, 74%) reported another chronic pain diag-
nosis other than HIV-SN.

Although there was no significant difference in the
number of subjects with HIV-SN between those with
and without cognitive impairment (37/57 versus 48/83,
p =0.399), significantly more subjects had painful HIV-
SN in the cognitively impaired group (29/57 versus 23/
83, p=0.005). A higher proportion of those in the cogni-
tive impairment group met the case definition for chronic

Table 2. A comparison of pain diagnoses and treatment
between participants with and without cognitive impairment.

Total Cognitive No cognitive
cohort impairmentn  impairment n p-
n=140 =57 =83 value

5(1-11) 6 (1.5-11) 4 (1-11) 0.234

Number of painful
sites, median
(IQR)

Number of 73 (52)
participants
with chronic
pain, n (%)

Number 52 (37)
participants
with painful
HIV-SN, n (%)

Number
participants
with painless
HIV-SN, n (%)

Number of non 1(0-2)
HIV-SN chronic
pain diagnoses,
median (IQR)

Number of
participants
with non HIV-SN
chronic pain
diagnosis, n (%)

Participants
reporting
current strong
opiate use, n
(%)

Participants
reporting
current weak
opiate use, n
(%)

HIV-SN = HIV-associated sensory neuropathy * indicates significance after
correction for multiple comparisons.

38 (67) 35 (42) 0.004*

29 (51) 23 (28)

0.005*

33 (24) 8 (14) 25 (30) 0.028

1(0-2) 1(0-2) 0.597

104 (74) 41 (72) 62 (75) 0.715

23 (16) 12 (21) 11 (13) 0.221

20 (14) 11(19) 9(11) 0.160
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Table 3. Comparison of pain symptoms and interference in
participants with chronic pain between those with and
without cognitive impairment.

Cognitive No cognitive
Total cohort  impairment  impairment p-
n=73 n=38 n=35 value
NPSI Burning 5.0 (1.0-8.0) 6.0 (4.0-9.0) 4.0 (0-7.0) 0.009
NPSI Pressure 4 0 (1.25-6.8) 4 5(2.5-7.3) 2.75 (0-5.5) 0.067
NPSI Paroxysmal 5(1.3-73) 0 (2.5-8.0) 3.5 (0-6.5) 0.034
NPSI Evoked 3 (1.7-6.0) 47 (23-6.7) 2.3 (0.5-5.2) 0.100
NPSI Paraesthesia 6 0 (2.3-7.8) 6.0 (3.5-8.0) 43 (1.1-7.0) 0.095
NPSI Intensity 42 (26-6.1) 49(3.6-7.1) 3.0(1.9-52) 0.001*

total
BPI Severity Score 5.3 (3.8-6.9)
BPI Interference 4.5 (3.0-5.6)
Score

Data presented as median (IQR). NPSI = Neuropathic Pain Symptom Inven-
tory; BPI=Brief Pain Inventory. *indicates significance after controlling
for multiple comparisons.

5.5 (4.8-7.1)  4.8(2.0-6.3) 0.025
45(33-57) 44(22-56) 0474

pain (38/57 versus 35/83; p=0.004) but there was no
difference in the proportion of subjects using opioids
(Table 2). Neuropathic symptom intensity (total NPSI
score) but not pain severity (BPI severity score) was
higher in those with cognitive impairment (Table 3).

3.3. Type of cognitive dysfunction

Mean raw scores for each cognitive domain are presented
in Supplemental Table 2. Participants with chronic pain
performed less well globally during cognitive testing and
showed significantly poorer performance in verbal learn-
ing and emotional recognition (Figure 1). Pain severity
negatively correlated with psychomotor function (r=
—0.423, p=0.001) and pain interference with verbal
memory (r=-0.345, p=0.004). Evoked pain and
pressure symptoms (on NPSI) were associated with a
worse psychomotor function (r=—0.403, p = 0.003 and
—0.369, p =0.003). Other correlations were non-signifi-
cant (for severity r = —0.322-0.164 and interference r =
—0.284-0.157). The use of strong opiates in those with
chronic pain was not associated with any significant
difference in individual or global cognitive scores (p =
0.085-0.990).

There were no significant differences in cognitive
impairment identified between those with painless
HIV-SN and those without neuropathy (Figure 2).
However, those with painful HIV-SN performed less
well than those without neuropathy in verbal learning
and less well globally than those with painless neuropa-
thy suggesting pain, not neuropathy, is associated with
worse cognitive performance.

3.4. Self-reported memory

Those with chronic pain self-reported poorer memory
than those without chronic pain (EMQ score 91.9
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Table 4. Comparison of psychological and quality life measures between those with and without cognitive impairment (with results

reported separately for those with and without chronic pain).

Total cohort Chronic pain No chronic pain
Cognitive No cognitive p- Cognitive No cognitive p- Cognitive No cognitive p-
impairment impairment value impairment impairment value impairment impairment value
DAPOS 123 (5.4) 10.6 (5.1) 0.081 12,6 (5.4) 13.1 (4.9) 0.657 11.6 (5.6) 8.6 (4.2) 0.035
Depression
score
DAPOS Anxiety 7.8 (4.0) 6.1 (3.3) 0.010* 8.7 (4.0) 7.0 (3.8) 0.075 59 (3.7) 5.4 (2.8) 0.567
Score
DAPOS Positive 8.5 (3.4) 10.3 (2.8) 0.002* 7.6 (3.3) 9.3 (2.3) 0.015* 10.5 (3.4) 11.1 (3.0) 0.519
Outlook Score
SF-36 General 32.6 (23.3) 453 (28.1) 0.007* 23.9 (16.4) 26.9 (20.1) 0513 51.5 (25.4) 59.8 (24.9) 0.278

Health Score

Data presented as mean (sd). * indicates significance after correction for multiple comparisons. DAPOS = Depression Anxiety and Positive Outlook Scale; SF-36

=36 Item Short Form Survey for health-related quality of life.

(59.3) vs 47.2 (38.9), p = 0.004). EMQ total scores corre-
lated negatively with Cogstate Global Impairment
scores (r=—0.369, p=0.002), i.e., higher self-reported
memory problems correlated with worse scores on com-
puterised testing of cognitive function.

3.5. Cognitive function and psychological and
quality of life measures

Although those with cognitive impairment reported
higher anxiety and lower positive outlook and health-
related quality of life, only the difference in positive out-
look remained significant after the presence of pain was
controlled for (Table 4), suggesting pain may contribute
to poorer quality of life and anxiety in those with cogni-
tive dysfunction.

3.6. Psychophysical measures and cognitive
impairment

There were no significant differences in QST z-scores
between those with and without cognitive impairment
(Supplemental Material Figure 1), even after controlling
for the presence of chronic pain and neuropathy. A full
CPM paradigm was conducted in 58 participants (28 with-
out cognitive impairment and 30 with cognitive impair-
ment). There was no significant difference in CPM
response between those with and without cognitive impair-
ment (0.74 (0.85) vs 0.92 (0.79); 0 = 0.403), and this per-
sisted when the presence of chronic pain was controlled
for (p=0.843). There was however a significant positive
correlation between emotional recognition (SECT test)
and CPM response in the whole cohort (r=0.486, p <
0.001) which remained significant when the analysis was
repeated in those with chronic pain (r=0.571, p < 0.001)
indicating a greater inhibitory CPM response in those
with higher emotional recognition scores.

4. Discussion

This study identified that chronic pain and painful HIV-
SN were more prevalent in those with cognitive impair-
ment and that both pain severity and interference corre-
lated with psychomotor function and memory. Those
with chronic pain performed less well globally, and on
tasks involving verbal learning and emotional recognition.
Neuropathic symptom intensity was associated with cog-
nitive impairment, potentially indicating a specific inter-
action with neuropathic pain. Chronic pain may also
account for a self-reported increase in anxiety and poorer
quality of life in those with cognitive impairment. Mild
cognitive impairment had minimal effect on psychophysi-
cal testing thus, supporting use in these cohorts.

4.1. Measurement of cognitive impairment in HIV

Although cognitive impairment is reported in up to 50%
of people with HIV (Robertson et al., 2007), prevalence
is known to be sensitive to the diagnostic criteria (Su
et al., 2015). There is increasing evidence that earlier
reported prevalence of cognitive dysfunction was over-
estimated. The high rate appears to be at odds with
clinical experience (De Francesco et al., 2016; Under-
wood et al., 2017) and prevalence has since been
found to be lower and more in line with prevalence
identified in more “demographically-matched” HIV
negative controls (Mcdonnell et al., 2014; Su et al,
2015).

In our cohort, 41% met the study definition for cog-
nitive impairment, a slightly higher prevalence than that
identified in demographically comparable HIV cohorts
in the UK using similar methods ([Underwood et al.,
2017] prevalence: 22-35%; [Mcdonnell et al., 2014]:
21-32%). This may be due to the high rate of chronic
pain, or differences in psychosocial factors such as
depression, anxiety or substance abuse that have been
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associated with cognitive dysfunction in HIV cohorts
(De Francesco et al., 2019).

Our findings demonstrate that emotional recognition
was impaired in those with chronic pain - this type of
dysfunction is thought to be a very early, subclinical
marker of cognitive dysfunction so our test battery
may have identified those with subtle symptoms (Virta-
nen et al,, 2017). The median global T-score in a large
study of an aging Western European HIV population,
(De Francesco et al., 2016) was 48.7, compared to 49.6
in this cohort suggesting a similar severity of
impairment.

4.2. Cognitive impairment and pain

Although attempts have been made to assess the impact
of cognitive function on physical and mental function
(Underwood et al., 2017) and quality of life (Gorman
et al, 2009) little is known about the association
between pain and cognitive impairment in HIV. In
the POPPY study, self-reported pain recall over a one-
month period, rather than the more typical definition
of chronic pain at 3 months was collected (Sabin
et al, 2018). Although cognitive function and pain
data were both collected, we are not aware of any pub-
lished analysis including both outcomes.

In our study, although chronic pain and painful neu-
ropathy were more prevalent in the cognitive impair-
ment group, it is not possible to elucidate any
direction of causality or direct association. There are a
number of possible hypotheses for the association.
Firstly, chronic pain could directly cause cognitive
impairment. In other chronic pain cohorts, markers of
dysregulated pain processing, including deep tissue allo-
dynia and facilitatory descending pain control were
associated with poorer cognitive performance (Coppi-
eters et al., 2015; Galvez-Sanchez et al., 2018). Chronic
pain is most associated with deficits in attention, mem-
ory and executive function and these are also the most
prevalent cognitive deficits identified in contemporary
HIV populations (De Francesco et al., 2019; Heaton
et al., 2010). This highlights an overlap of features
between two potentially independent conditions. The
high prevalence of chronic pain in the HIV population
(Parker et al., 2014) means previous studies examining
cognitive impairment in HIV likely included subjects
with chronic pain, potentially influencing results.

Alternatively, those with cognitive impairment could
be particularly prone to perceiving or reporting pain.
However, it appears those with frank cognitive impair-
ment, for example in dementia (Achterberg et al,
2010), report less pain (Hadjistavropoulos et al., 2014).
Experimental pain studies in participants with cognitive

impairment, but without chronic pain, demonstrate a
variety of results. Some indicated altered temperature
responsiveness (Fletcher et al., 2015) and thermal detec-
tion thresholds (Monroe et al., 2017) whilst others
suggested lower cold pain (Jensen-Dahm et al., 2015)
or pressure pain tolerance (Jensen-Dahm et al., 2014)
with normal detection.

Chronic pain and cognitive dysfunction may share a
common underlying neuropathology in HIV. For
example, a neuroimmune process, such as microglial
activation, has been implicated in the pathogenesis of
both HAND and painful HIV-SN (Wallace et al.,
2007; Williams et al., 2014). Disordered lipid metab-
olism has also been associated with both HIV-SN (Phil-
lips et al., 2014) and HAND (Bandaru et al., 2013) and,
although our study was not designed to specifically
identify an association, serum triglyceride levels were
higher in those with cognitive dysfunction.

Our results suggest an increase in neuropathic symp-
toms specifically in those with a cognitive impairment
which either supports a common pathology in the ner-
vous system or suggests that neuropathic symptoms,
known to more heavily influence pain interference
(Attal et al., 2011), are more impactful on cognitive
dysfunction.

Finally, risk factors associated with chronic pain in
HIV overlap with those identified in HAND, including
mental health co-morbidity, lower educational attain-
ment, increasing age and substance misuse, thereby
increasing the risk of both conditions within the same
individual (Fazeli et al., 2013; Lawson et al., 2015; Mias-
kowski et al., 2011; Weber et al., 2013).

The presence of chronic pain appeared to account for
the effect of cognitive impairment on both anxiety and
quality of life and the complex interplay between pain,
cognitive impairment and psychosocial outcomes war-
rants further investigation. The collection of robust
pain-related data in cognitive impairment studies, as
well as cognitive function data in chronic pain cohorts,
would enhance understanding.

4.3. Cognitive function and psychophysical
testing

Studies, including participants with Alzheimer’s disease
(but without chronic pain diagnoses), demonstrated a
minimal difference in QST results compared to healthy
controls, and good reliability (Jensen-Dahm et al.,
2014). Our results similarly did not demonstrate a
difference in QST parameters in those with cognitive
impairment, further supporting the use of this type of
testing in those with milder cognitive impairment,
also important in other conditions such as painful



diabetic polyneuropathy and chemotherapy-induced
neuropathy (Biessels et al., 2006; Hutchinson et al.,
2012).

Our findings are in contrast to a study involving
patients with fibromyalgia which demonstrated a corre-
lation between positive CPM efficiency and measures of
psychomotor function, attention and choice reaction.
This may be due to the inherent differences in pain pro-
cessing between underlying pain conditions, limited
sample size or use of different experimental methods.
Many environmental and subject-related factors can
influence CPM. Our finding that emotional recognition
correlated positively with CPM response, indicating
those with higher ability to recognise emotion in inter-
personal communication showed a more inhibitory
response, supports the hypothesis that subtle changes
in participant-researcher dynamic may affect results
obtained.

4.4. Strengths and limitations

The computerised Cogstate testing is comprehensive,
easy to understand, requires no specialised neuropsy-
chological training, demonstrates good test-rest
reliability and has been validated against traditional
neuropsychological tests (Fredrickson et al., 2010;
Maruff et al., 2009). Age-adjusted normative data are
also available. However, Cogstate is limited by poten-
tially low face validity in comparison to traditional neu-
ropsychological testing in certain tasks (Crook et al,
2009) and, due to limitations on assessment time, we
did not control for generalised intelligence (IQ) which
may influence this type of testing (Kataja et al., 2017).

The cohort recruited was predominantly male, of
“white” ethnicity, and in general had long-standing,
but well-controlled HIV. The educational level attained
was also very high and these factors should be taken into
account when comparing to other cohorts. Due to lim-
ited previous work on this topic, this study was explora-
tory and therefore may have been underpowered to
show significance in some areas.

5. Conclusion

Chronic pain appears to be an important, yet under-
researched correlate of cognitive performance in people
with HIV. Verbal learning and emotional recognition
were particularly influenced by chronic pain, and neu-
ropathic symptoms were more prominent in those
with cognitive impairment. A further investigation of
the bi-directional relationships with psychosocial vari-
ables and an identification of causal links or shared
pathology between the two conditions have the
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potential to yield targets for therapeutic intervention
in both realms.
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