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ABSTRACT

Neurological symptoms, including pain, have been increasingly recognized as an area of
concern in symptomatic patients of COVID-19. COVID-19 initiates an inflammatory response
that can sensitize and activate nociceptors leading to painful symptoms. Localized and systemic
inflammation has been suggested to play a role in the impaired pain modulation. Dysfunction of
endogenous pain-modulatory mechanisms such as conditioned pain modulation (CPM) and
exercise-induced hypoalgesia (EIH) have been found across a host of chronic pain conditions. It
is unknown whether the COVID-19 virus has had an impact on pain sensitivity and pain
modulation. PURPOSE: The purpose of this study was to examine and compare pressure pain
sensitivity and pain modulatory function in individuals who have been previously exposed to
COVID-19, both symptomatically and asymptomatically, to a control group who have not been
exposed to the virus. METHODS: Pressure pain thresholds (PPT) of 59 participants were
assessed in the vastus lateralis (VL) and brachioradialis (BR) using a pressure algometer on the
dominant side of the body before and after submersion of their feet in an ice bath (2°C) for 1min
and an isometric knee extension, time to failure task based off of 25% of maximal contraction.
The difference between post and pre measures was defined CPM response (ice bath) and EIH
response (exercise condition). RESULTS: PPT’s were not different between groups when
normalized to lean body mass. CPM response was attenuated both locally and remotely in
individuals who have had symptomatic COVID-19 compared to asymptomatic COVID-19 and
control group. No differences were found in EIH response in individuals who have been exposed
to COVID-19 and those who have not. CONCLUSION: CPM was impaired in individuals who
had symptomatic COVID-19 and there were no differences found in individuals who had

symptomatic COVID-19 up to 6 months ago and 6 to 12 months ago. No differences between



groups were found in pressure pain sensitivity when normalized to lean mass, and no differences
between groups were found in EIH response. COVID-19 exposure may have a long term impact
on pain modulation, placing individuals who have had COVID-19 at risk increase for chronic

pain.



CHAPTERI
INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the pathogen
responsible for the coronavirus disease 2019 (COVID-19), has resulted in morbidity, mortality,
and an unprecedented global pandemic. This novel coronavirus was initially associated with an
upper respiratory infection and individuals who presented with clinical manifestations of
COVID-19 showed symptoms similar to that of influenza. It was initially characterized by fever
and cough (1-3) with symptoms developing after an incubation period of around 4—7 days (3). As
more people became infected with the virus, more severe signs and symptoms were reported
across a host of biological systems, including the nervous system.

Neurological symptoms of COVID-19 may include myalgia and fatigue, which are seen
in about 50% of COVID-19 cases (4), anosmia (loss of the sense of smell) and ageusia (loss of
the sense of taste) have been common early detection symptoms (5, 6). Sore throat and headache
were also regularly reported symptoms (3, 7). In addition to acute symptomology of COVID-19,
a growing number of scientific and clinical articles have demonstrated that subacute and long-
term effects of COVID-19 may lead to nervous system and psychiatric impairments (8). A
growing number of COVID-19 survivors have reported a post-viral syndrome consisting of
chronic malaise, diffuse myalgia, depressive symptoms and non-restorative sleep (9, 10) similar
to that of a chronic post-SARS syndrome that was observed following the SARS pandemic of
2003 and similar to chronic fatigue syndrome (CFS) (11). Other post-acute neurological
manifestations of COVID-19 include migraine-like headaches (12) and late-onset headaches

(10).



As neurological complications have been increasingly recognized as an area of concern
during acute infection with COVID-19 and in the preliminary named post-acute COVID-19
syndrome or “long COVID”, special attention must be made to how COVID-19 may impact the
nervous system both acutely and chronically. A common neurological manifestation of COVID-
19 that has been reported is pain. Pain from symptoms is likely originating from SARS-CoV-2,
one of the major causative agents of COVID-19, whereby cytokines are released by SARS-CoV-
2 affected cells and then an immune/inflammatory response negatively affects other cells both
locally and remotely (13, 14). Cytokines are released by cells affected by SARS-CoV-2 leading
to an inflammatory response (13, 14). Pro-inflammatory cytokines sensitize and/or activate
nociceptors and transmit painful stimuli to the brain (15). The surface expressed angiotensin
converting enzyme 2 (ACE2) has been found to be main receptor for uptake of SARS-CoV-2
spike protein (16). Evidence indicates that ACE2 expressing sensory neurons synapse with spinal
and brainstem central nervous system (CNS) neurons leading to neurological effects, including
headache and nerve pain (17, 18). Additionally, viral infections can cause localized and
systematic inflammation leading to tissue damage and the onset of pain.

Pain can be classified into nociceptive and non-nociceptive pain. Nociceptive pain occurs
when noxious stimuli of mechanical, thermal, chemical, or electrical origin activate sensory
receptors, known as nociceptors that signal to the brain to be perceived as painful, and elicit a
pain response. On the other hand, non-nociceptive pain is thought to be by triggered by
functional or structural abnormalities of the peripheral and/or central nervous system (CNS),
leading to neuropathic pain and chronic pain with the absence of an obvious external nociceptive
signal. It is possible that SARS-CoV-2 could play a role in acute nociceptive pain and could lead

to long term impairments of neurons thus leading to dysregulation of pain processing in the CNS.



Pain signaling pathways can be both pro-nociceptive and anti-nociceptive (19). The primary
afferent nerves that contain nociceptors are either A delta fibers, which are large and myelinated
and responsible for acute sharp pain, or C fibers, which are small and unmyelinated and
responsible for slow-onset, dull, lingering, or achy pain (20). These nerves can be excited
(activated) or sensitized (lower threshold) by a plethora of stimuli including the pressure from
edema and/or noxious chemicals such as pro-inflammatory cytokines that can bind to the
nociceptor (21). Once activated, the nociceptor afferents send signals to the brain (ascending
pathway) where they can be interpreted as painful (22). Modulation is the way the brain
(descending pathway) alters the intensity of the signal traveling up the ascending pathway
depending on the circumstance surrounding the initiation of the nociceptive signal and could
block pain (23).

Endogenous modulation of pain, a phenomenon whereby the CNS and/or peripheral
nervous system function to attenuate the perception of pain was originally described by
Sherrington and Sowton in 1915 (24). One of the most widely accepted measures of endogenous
pain inhibition uses the psychophysical paradigm of conditioned pain modulation (CPM), often
termed “pain inhibits pain” (25). In this model of modulation, an initial painful stimulus (the
conditioning stimulus) leads to an attenuated pain response to a second stimulus (the test
stimulus) (25). CPM is based on mechanisms originally tested by La Bars et al. (26) in rat
models. In these rats, there was a spino-bulbo-spinal loop, in which spinal dorsal horn neurons
receive a noxious conditioning stimulus from a particular area of the body. This noxious signal
ascends to the claudal medulla which then sends widespread descending inhibition to the spinal
secondary neurons. Some findings indicate that the CPM response does not exclusively involve a

spino-bulbo-spinal pathway, and that physiological and psychological pathways also interact



with this phenomenon (27) and that there may be an interaction between CPM and the
cardiovascular system (28). However, the underlying mechanisms of CPM, especially in
humans, and are still incompletely understood. Another commonly employed measure of
endogenous pain modulation occurs in response to exercise—termed exercise-induced
hypoalgesia (EIH) (29, 30). EIH is typically characterized by elevations in pain thresholds or
tolerances, including reductions in pain intensity ratings during and after a bout of resistance,
isometric, or aerobic exercise (31). Both CPM and EIH have been consistently demonstrated in
young, healthy, pain-free populations (31-33). However, reduced CPM responses have been
shown in chronic pain conditions such as fibromyalgia (34), osteoarthritis (35), and pancreatitis
(36) . Additionally, exercise often leads to sensitization to painful stimuli, rather than EIH in a
host of chronic pain conditions including fiboromyalgia (37), chronic whiplash disorder (38) and
Gulf War syndrome (39). The reason(s) for dysfunction in these groups is not well understood.
Chronic inflammation as well as emotional trauma have been suggested to play a role in the
dysfunction of CPM and EIH in these groups although there is little experimental evidence in
support of these ideas. Since dysfunction of the CPM and EIH systems has been shown in groups
(e.g. fibromyalgia and Gulf War Syndrome) who present with many of the same neurological
symptoms as long COVID, it seems plausible that COVID infection might also impact pain

modulation.

Gaps in the literature:

Based upon the novelty of COVID-19, little research has been conducted on how this
acute virus impacts pain processing. Calls for grants and papers from major funding sources and
high impact journals have been made to due to this lack of information. Very few studies have

examined the effects of an acute respiratory virus and its influence on pain processing



mechanisms. Using data from other chronic pain conditions that mimic some of the potential
long term effects of SARS-CoV-2 exposure, it is believed that pain and pain modulation may be
impacted in a negative fashion by the virus. The research question that we wish to address is; has
COVID-19 had an effect on pain and pain modulation in individuals who have been infected by
the virus versus those who have not. By addressing this question, we can begin to make inference
on how individuals perceive pain and modulate pain in COVID-19 survivors and can have
important implications on how we examined pain processing and chronic pain in the wake of
COVID-19.
Purpose

The purpose of this dissertation project was to examine and compare pressure pain
sensitivity and pain modulatory function in individuals who have been previously infected by
COVID-19, both symptomatically and asymptomatically, to a control group who have not been
infected by the virus (i.e. do not have the COVID-antibodies).
Significance

The COVID-19 pandemic has resulted in unprecedented morbidity and mortality globally
and has resulted in large-scale research efforts to understand the impacts of the virus. It has
highlighted the importance and challenges of real-time pandemic research in many research
avenues. As pain has been highlighted as one of the symptoms of COVID-19, as well as many
other coronavirus type infections, it is important to address and examine the impact this virus has
on the nociceptive system and whether there are any potential long term repercussions.

Additionally, chronic pain is the leading cause of long term disability in the United States
affecting upwards of 100 million people and costing an individual $6000 more a year in medical

bills than the average person (40). It is the most commonly reported reason for visiting a doctor



and reduces both physical function and quality of life to those suffering from long term ailments.
Prescription pain medicine and opioids are often prescribed to overcome pain barriers. However,
more than 130 people in the United States die per day from opioid overdose. Inflammation is a
common denominator in many chronic pain conditions and can be triggered by a viral infection.
Our goal is to better understand the nociceptive system with regards to pain associated with an
acute viral infection to improve treatment for acute and chronic infections that have
supplementary pain symptoms often associated with local and systemic inflammation.

Research Questions

1. Does previous infection with COVID-19 alter pain sensitivity assessed using pressure
pain thresholds?

2. Does previous infection with COVID-19 alter pain modulation assessed via conditioned
pain modulation and exercise-induced hypoalgesia?

Sub Questions

1. Do relationships exist between different symptoms of COVID-19 and pain sensitivity?

2. Do relationships exist between different symptoms of COVID-19 and measures of pain
modulation?

3. s there a difference between people who have had symptomatic COVID-19 in the past 6
months and people who have had COVID-19 in the past 6-12 months in pressure pain
sensitivity?

4. s there a difference between people who have had COVID-19 in the past 6 months and
people who have had symptomatic COVID-19 in the past 6-12 months in pain

modulatory function assessed via CPM and EIH?



Hypotheses

1.

Hy: Pressure pain thresholds will not be different between groups.

Hi: Pressure pain thresholds will be different between groups; with symptomatic
COVID-19 having lower pain thresholds than control and asymptomatic groups

Ho: The CPM response will not be different between groups

Hi: The CPM response will be different between groups; with symptomatic COVID-19
having a reduced CPM response than control and asymptomatic groups.

Ho: The EIH response will not be different between groups

H;: The EIH response will be different between groups; with symptomatic COVID-19

having a reduced EIH response than control and asymptomatic groups.

Sub-Hypotheses

1.

Ho:  There will be no relationship between common symptoms of COVID-19 and
pressure pain sensitivity.

H,: There will be a relationship between common symptoms of COVID-19 and pressure
pain sensitivity.

Ho: There will be no relationship between symptoms of COVID-19 and pain modulatory
function assessed via CPM and EIH.

H,. There will be a relationship between symptoms of COVID-19 and pain modulatory
function assessed via CPM and EIH.

Ho: People who have had COVID-19 in the past 6-12 months will not be different from
those who have had COVID-19 in the past 0-6 months in pressure pain sensitivity

H,. People who have had COVID-19 in the past 6-12 months will be different from those

who have had COVID-19 in the past 0-6 months in pressure pain sensitivity



4.

Ho: People who have had symptomatic COVID-19 in the past 6-12 months will not be
different from those who have had symptomatic COVID-19 in the past 0-6 months in
pain modulatory function assessed via CPM.

H,. People who have had symptomatic COVID-19 in the past 6-12 months will be
different from those who have had symptomatic COVID-19 in the past 0-6 months in
pain modulatory function assessed via CPM.

Ho: People who have had symptomatic COVID-19 in the past 6-12 months will not be
different from those who have had symptomatic COVID-19 in the past 0-6 months in
pain modulatory function assessed via EIH.

H,. People who have had symptomatic COVID-19 in the past 6-12 months will be
different from those who have had symptomatic COVID-19 in the past 0-6 months in

pain modulatory function assessed via EIH.

Delimitations

1.

The findings from this study will be applicable to people that have had COVID-19 with

symptoms, without symptoms, and who have not had COVID-19 at all.

Participants will be familiarized to PPT measurements, MVC protocols, and the EIH protocol

to limit training effects.

Participants will be free from injury and free from any chronic musculoskeletal pain for

>3months.

Participants will not be currently using NSAIDS and other over the counter pain medications

Participants will not be currently using ergogenic nutritional supplements, recreational drug

use, prescription pain or psychiatric medications (including medication for ADHD) for

>3months prior to the start of the study



6. Participants will complete questionnaires confirm they fit the criteria to participate in the
experiment.

7. Participants will be without multiple risk factors for cardiovascular disease as determined by
IPAQ questionnaire.

Limitations

1. Participants will be between the ages of 18-35 with no prior medically diagnosed chronic
pain and will be recruited within Norman, OK.

2. PPTs are subjective and cannot control for dishonest readings.

3. Participants will be asked to refrain from taking pain medication during the experiment, but

the daily routines of the participants cannot be controlled.
As testing will occur on multiple testing visits, day to day variation in mood and fatigue may

differ between visits

Assumptions

1.

2.

3.

Participants are without any symptoms of chronic pain.

Participants are honest on the perception of the onset of pain.

Participants are honest when completing questionnaires

Participants are honest when completing health history and medical information

Participants will give maximal effort during MVC protocols and time to task failure
protocols for EIH.

Participants are compliant with the directions and guidelines provided prior to testing visits.
This includes refraining from exercise, medication use, caffeine, and maintaining adequate

hydration status.



7.

The exercise protocol and method used for EIH and CPM are sufficient to produce the

desired response.

Operational Definitions

1.

2.

10.

11.

Algesia: Sensitivity to noxious stimuli.

Antibody: a protein component of the immune system that circulates in the blood,
recognizes foreign substances, and neutralizes them. After exposure to a foreign substance,
called an antigen, antibodies continue to circulate in the blood, providing protection against
future exposures to that antigen.

Body fat percentage: The percentage of total body composition that is fat

Catastrophize: to imagine the worst possible outcome of an action or event

Conditioned pain modulation: A decrease in pain sensitivity to noxious stimuli by
administering noxious stimuli to separate locations

COVID-19 - Coronavirus disease is a virus that has been identified as the cause of an
outbreak of respiratory infection first identified in Asia in late 2019 that has since spread
globally into a pandemic.

Exercise-induced hypoalgesia: A decrease in the perception of pain from noxious stimuli
following a bout of exercise.

Hypoalgesia: A decrease in the perception of pain from noxious stimuli.

Inflammation: when a physical factor triggers an immune reaction causing edema, redness,
heat, loss of function, and pain.

Maximal Voluntary Contraction (MVC): the highest force that can be produced during a
maximal isometric contraction

Physical activity: Body movement that requires additional caloric expenditure

10



12. Pressure pain threshold: The minimum amount of pressure required to interpret stimuli as
painful.

13. SARS-coV-2 - Severe acute respiratory syndrome coronavirus 2

14. Total body fat mass: The total amount of fat mass within an individual.

15. Total body lean tissue mass: The total amount of lean muscle mass within an individual.

11



CHAPTER II
LITERATURE REVIEW
COVID-19 introduction:

Coronavirus disease 2019 (COVID-19) is an acute respiratory illness caused by the novel
coronavirus severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). While the virus
primarily attacks the lungs, it causes the human body to produce an overactive immune response
leading to increased inflammation throughout the body. Risk factors for COVID-19 appear to
include close contact with someone who has COVID-19 (less than 6feet) and being coughed
and/or sneezed on my an infected individual (41, 42). The virus is spread by small
droplets/aerosols that can stay in the air for minutes to hours indicating an airborne transmitted
virus(41, 42). Transmission can also include surfaces and objects that have the virus on it, and if
an individual touches the surface that has been contaminated with the virus and then touches
their mouth, nose, or eyes then they can be infected by the virus(41, 42). Approximately, more
than half of COVID-19 transmission was via asymptomatic individuals, with 59% of all
transmission coming from asymptomatic people, comprising 35% from pre-symptomatic
individuals and 24% from individuals who never develop symptoms (43) indicating that
identifying and isolating individuals with symptomatic COVID-19 alone will not and does not
stop the spread of the virus.

Signs and symptoms of COVID-19

Some individuals who are in contact with the SARS-CoV-2 infection remain
asymptomatic, but others can exhibit mild to moderate COVID-19 disease and COVID-19
pneumonia, leading some patients to require intensive care support and, in some cases, to death,

especially in older adults and individuals with pre-existing conditions (44). People with mild

12



COVID-19 might experience cough, sore throat, high temperature, diarrhea, headache, muscle or
joint pain, fatigue, and loss of sense of smell and taste (45). More severe COVID-19 symptoms
associated with COVID-19 pneumonia dyspnea at rest, loss of appetite, confusion, pressure
and/or pain in chest, and elevated temperature (45)..

Common laboratory abnormalities among hospitalized patients include lymphopenia
(83%), elevated inflammatory markers (erythrocyte sedimentation rate, C-reactive protein,
ferritin, tumor necrosis factor-a, I1L-1, 1L-6) (46), and abnormal coagulation parameters (eg,

prolonged prothrombin time, thrombocytopenia, elevated D-dimer, low fibrinogen)(47).

Common radiographic findings of individuals with COVID-19 include bilateral, lower-
lobe predominate infiltrates on chest radiographic imaging and bilateral, peripheral, lower-lobe
ground-glass opacities and/or consolidation on chest computed tomographic imaging (48).
Pathophysiology of COVID-19

Coronaviruses are large enveloped, single-stranded RNA viruses. The current virus is the
novel coronavirus severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), but previous
coronaviruses that caused severe disease was severe acute respiratory syndrome (SARS), and the
coronavirus-caused Middle East respiratory syndrome (MERS) (49). SARS-CoV-2 that causes
COVID-19 symptoms has a diameter of 60 nm to 140 nm and distinctive spikes, ranging from 9
nm to 12 nm (50). Coronaviruses can adapt to and infect new hosts through genetic
recombination and variation and bats and pangolins have been considered natural reservoirs for
SARS-CoV-2 (51). It is important to understand where these viruses originate to prevent
reinfection and reemergence of SARS and other novel viruses.

During the initial infection, the SARS-CoV-2 spike protein targets cells in the respiratory

tract, such as the nasal and bronchial epithelial cells and pneumocytes, and binds to the
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angiotensin-converting enzyme-2 (ACE2) receptor (16). The presence of ACE2 has also been
demonstrated in the brain, kidney, vascular smooth muscle, and skeletal muscles (52, 53). The
host cell has a type 2 transmembrane serine protease (TMPRSS2) which allows viral uptake by
cleaving ACE2 and activating the SARS-CoV-2 spike protein giving the coronavirus opportunity
to enter into the host cell (16). Alveolar epithelial type 11 cells have high expression of ACE2 and
TMPRSS2 receptors which, when SARS-CoV-2 infects the host cell and enters via these
signaling pathways, induces a viral inflammatory response (54). Individuals with COVID-19
and SARS-CoV-2 can expect to experience a similar response to other respiratory viral diseases
(influenza), whereby lymphopenia may occur whereby the virus infects and kills T lymphocyte
cells(55). The viral inflammatory response can also impair lymphopoiesis and increase
lymphocyte apoptosis.

As the infection progresses, viral replication increases and the epithelial-endothelial
barrier of the lung tissue becomes compromised (56). SARS-CoV-2 can invade pulmonary
capillary endothelial cells, accentuating the inflammatory response by triggering an influx of
monocytes and neutrophils to try and fight the antigens entering circulation (56). Interstitial
mononuclear inflammatory infiltrates and edema develop furthering the inflammatory response
(57). At this stage opacities can be seen on computed tomographic imaging (58). Pulmonary
edema fills alveolar sacs leading to early-phase acute respiratory distress syndrome (ARDS)
(58). With disruption of the endothelial barrier, a reduced dysfunctional alveolar-capillary
oxygen transmission, and impaired oxygen diffusion capacity due to the inflammation caused by
the immune response, we now have the characteristic features of COVID-19 (56).

If a COVID-19 patient develops severe infection characteristics, they can expect

coagulation and consumption of clotting factors to occur(59). These are caused by inflamed lung
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tissues and pulmonary endothelial cells. This pathology results in microthrombus formation
which can lead to thrombotic complications, such as deep venous thrombosis, pulmonary
embolism, and thrombotic arterial complications including limb ischemia, ischemic stroke, and
myocardial infarction(60). Furthermore, viral sepsis could develop leading to organ dysfunction,
multi-organ failure and possibly death (61). There is some evidence in patients who have
recovered from COVID-19 that have reported the persistence of at least 1 symptom, particularly
fatigue and dyspnea (62).
COVID-19 and the Nervous System

The SARS-CoV-2 virus may affect the entire nervous system, including the brain, spinal
cord and nerves as well as the muscles. There are many different ways COVID-19 can cause
neurological dysfunction and as COVID-19 has been shown to affect multiple organs (lung,
kidney, heart); the brain may also suffer from lack of oxygenation or from clotting disorders that
may lead to ischemic or hemorrhagic strokes. In addition, the virus may cause direct infection of
the brain and meninges. Finally, the reaction of the immune system to the infection may cause
inflammation that can damage the brain and nerves. In a study of 214 patients 78 had
neurological symptoms, accounting for 36.4% of all confirmed COVID-19 patients(17). The
neurological signs and symptoms caused by the SARS-CoV-2 infection can be divided into three
main clinical presentations: (a) central nervous system presentations, such as headache,
dizziness, consciousness disturbances, and acute cerebrovascular disease; (b) peripheral nervous
system presentations, such as neuralgia, myalgia, and decreased taste, smell, and appetite; and (c)
skeletal muscle injury presentations (63). Patients with severe COVID-19 were more likely to
develop neurologic symptoms, such as acute cerebrovascular disease, impaired consciousness,

and skeletal muscle injury (17, 64).
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COVID-19 interaction on pain symptoms

It is clear that COVID-19 is associated with painful symptoms including myalgia,
abdominal pain, headache, sore throat and oral pain, even in those who are not admitted into the
ICU. In these instances of being in an intensive care environment pain and chronic pain
prevalence is reported by patients in up to 77% of cases.

Several neurological manifestations and complications linked to SARS-CoV-2 have been
reported along with well-known respiratory pathology. One of the most common symptoms of
COVID-19 is pain likely originating from SARS-CoV-2, a causative agent of COVID-19,
whereby cytokines are released by affected cells and negatively affects other cells (13, 14). Pro-
inflammatory cytokines can sensitize or activate nociceptors; pain sensory neurons, and transmit
painful stimuli to the brain (15). The surface expressed angiotensin converting enzyme 2 (ACE2)
has been found to be main receptor for uptake of SARS-CoV-2 spike protein (16). Evidence
indicates that ACE2 expressing sensory neurons synapse with spinal and brainstem central
nervous system (CNS) neurons leading to neurological effects, including headache and nerve
pain (17, 18). Neuropilin-1 receptor (NRP-1) is an additional pathway that may trigger viral
entry of SARS-CoV-2 spike protein (65). Both spike protein and vascular endothelial growth
factor-A (VEGF-A) bind to NRP-1 leading to pro-nociceptive events. Moutal (65) reduced pain
signaling by blocking VEGF-A/NRP-1 signaling. Activation of these signaling pathways have
been suggested as a mechanism as to why certain individuals may or may not be asymptomatic
to COVID-19 (65). In addition to these pathways, a viral infection may cause localized and
systematic inflammation which can lead to tissue damage and the onset of pain.

Pain related symptoms of COVID-19 include: headaches, myalgia, and sore throat.
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The Story of Pain

Pain has been defined by the international Association for the Study of Pain as “an
unpleasant sensory and emotional experience associated with actual or potential tissue damage”.
By this definition, pain indicates that tissue damage is about to occur or is about to occur if the
stimulus continues, therefore pain is a necessary function that protects the human body from
potential or actual damage. Physiological pain occurs as a result of tissue injury and it is
associated with an inflammatory response that promotes healing. This pain subsides once tissue
has healed. Pathophysiological pain persists after tissue has healed and it is thought that
alterations in peripheral and central nervous system contributes to this form of pain and it is
believed these alterations lead to chronic pain conditions.

There are four phases of pain;

1. Transduction

2. Transmission

3. Perception

4. Modulation

Pain Transduction

When a nociceptor detects a noxious stimulus from the skin or from an internal organ
that is large enough to evoke pain, then a signal can be transmitted. Nociceptors are silent in the
absence of tissue injury or the potential for injury, but when activated through injury, their rate of
discharge increases in proportion to the amount of damage incurred (66). If actual injury occurs,
certain substances are released from tissue injury and in turn can activate (if threshold potential
is met) or sensitize (reduce threshold potential) nociceptors. These include; globulin and protein

kinases which are active pain producing substances, histamine which is released from mast cells
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and excites nociceptors, arachidonic acid which is metabolized into prostaglandins which block
potassium efflux released from nociceptors following injury causing additional depolarization
making the nociceptor more sensitive, nerve growth factor which is released during
inflammation and actives nociceptors, substance P and calcitonin gene-related peptide are also
released during inflammation and these substances not only excite nociceptors - they can also
cause vasodilation increasing edema around the damage site that can activate certain nociceptors
called mechanoreceptors by increasing intracellular and extracellular pressure, potassium which
is released during tissue damage, and serotonin, acetylcholine, low pH, ATP, and lactic acid,
which are metabolic bi-products, all excite nociceptors (67).

Nociceptor peripheral terminals and their respective ion channels and receptor
mechanisms can detect pain causing stimuli such as electrical, thermal, mechanical and
compressive stimuli as well pain associated with tissue damage and injury (21). Many stimuli
activate ion channels present on nociceptor terminals. These act as molecular transducers to
depolarize neurons, thereby setting off nociceptive impulses along the pain pathways (68, 69).
Channels involved in the detection of pain include the TRP, PX2 and ASIC channels (70). TRP
channels are not specific to pain only but also enable individual cells to sense changes in their
local environment (71). TRP receptors are cationic channels that are permeable to Ca®* allowing
these channels to participate in a wide range of physiological processes that require
Ca”* signaling. TRPV, TRPM, TRPA are TRP subfamilies in mammals. TRPV1 is a noxious
heat—activated channel and enables afferent nociceptors to detect temperature changes (72). In
TRPV1 knockout mice, the mice demonstrated deficits in acute thermal nociception which could
be indicative of TRPV1’s role in heat evoked pain. TRPV1 is also incredibly important as a

cellular signaling mechanism through injury that evokes thermal hyperalgesia thus providing a
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protective mechanism to prevent further injury to the affected tissue (73). TRPMS is activated
through cooling agents and cold thermal stimuli. TRPM8 knockout mice demonstrated complete
loss of cold sensitivity and profound deficits in injury invoked cold sensitivity were observed.
TRPAL is different from TRPV1 and TRPML1 in that it is a chemoreceptor for environmental
irritants rather than a thermoreceptor. It is activated by “pungent agents” such as wasabi and
mustard (74) as well as other environmental irritants which can promote neurogenic
inflammation that can be used a protective mechanism, such as those with asthma (75). PX2 is
involved in pain processing and P2X3 ion channel is a ligand gated ion channel that is activated
by extracellular ATP. ATP is the primary energy source in cellular reactions such as muscle
contraction and protein synthesis, but emerging information is demonstrating ATP’s role as an
activator of pain receptors. ATP released from damaged cells or cells that have become inflamed
can activate the P2X3 receptor to initiate nociceptive signals. Using a non-nucleotide antagonist
to the P2X3 receptor, Jarvis et al. (76) found a reduction in nociceptive pain and injury in rats
that could define this particular channels’ role in mediating pain and be viewed as a possible
target channel when developing analgesic agents. Tissue acidosis is related with inflammation
and injury and has been described as painful. Acid Sensing lon Channels (ASIC) are activated
when pH decreases causing extracellular acidosis to occur. ASIC are voltage-insensitive sodium
channels activated by extracellular protons permeable to Na* (77). In humans ASIC3, contributes
to hyperalgesia and allodynia in inflamed tissue.
Pain Transmission

Free nerve endings at the peripheral terminals detect the initial onset of pain and send
nociceptive signals via primary afferent neurons to second order neurons located in the dorsal

horn or trigeminal sub nucleus caudalis in spinal cord that are transmitted to the brain via the
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spinothalamic tracts. Propagating electrical signals between periphery and spinal cord (or
brainstem) follow a direct axonal pathway, and therefore the risk of conduction failure is reduced
(78). There are two distinct categories of nociceptive specific neurons; C fibers and A-Delta
fibers. They are classified based upon their conduction velocity and sensitivity and threshold to
various types of noxious stimuli (20). Nociceptive neurons that respond to thermal, chemical,
and mechanical are the mostly polymodal, C-fiber type, and A-Delta fibers are mechanosensitive
and also respond to heat stimuli. C-fibers are unmyelinated with small diameter axons and
central processes project to superficial rexed laminae | and Il, and A-Delta are myelinated and
project to superficial rexed laminae | and V (79). These receptors at the dorsal horn of the spinal
cord and brainstem are able to transmit the pain signal as sensory information to various regions
of the brain (79).

The afferent receptor terminals release excitatory neurotransmitters which transmit the
pain signals via the spinothalamic tract to nuclei in the thalamus. These ascending pathways that
mediate pain have two main separate tracts — the neospinothalmic, and the paleospinothalmic
(22). The first order neurons are located in the dorsal root ganglion for all three of the pathways
however the three tracts originate in differing spinal cord regions and terminate in different brain
regions. A-delta fibers reach the DRG and synapse onto rexed laminae | and V. A cascade of
interneuron synapses using glutamate as the primary neurotransmitter; occur until the impulse
crosses onto the contralateral side of the spinal cord and travels up the anterolateral side of the
spinal cord via the neospinothalamic tract to the thalamus (22). C fibers reach the DRG and
synapse onto rexed laminae | and Il using substance P as the primary neurotransmitter, second

order neurons cross onto the contralateral side of the spinal cord (although some collateral from
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c-fibers stay ipsilateral) and then travels up the anterolateral side of the spinal cord via the
paleospinothalamic tract to the reticular formation and to the thalamus (22).
Pain Perception

These third order neurons continue this ascending pathway to the somatosensory cortex
and periaqueductal grey matter where the noxious afferent signal will be perceived, processed,
and then terminated. There are two other well-known ascending pathways however; they are
thought to be involved in the expression and regulation of emotion during painful experiences
(80). The spinoreticular tract projects to the reticular formation at the level of the pons and
medulla, to the medial thalamus, then to the nucleus parigigantocellularis, and finally projecting
to locus coeruleus. The locus coeruleus connects with the limbic system which regulates mood
and emotion. The spinomesencephalic tract ascends from the lamina I and V to the pons and the
medulla, and then on to the thalamus, periaqueductal grey, and the hypothalamus that form
indirect pathways to the amygdala and the anterior cingulate cortex (22). There structures in the
brain have roles in the expression of pain behaviors such as freezing or hypervigilance. Stressful
environments can increase pain thresholds, and cause freezing in animal studies and stress/fear
induced hypoalgesia is blocked when lesions of the amygdala exist indicating its role in
regulating pain behaviors (81).

Both excitatory and inhibitory neurotransmitters are critical in pain processing and
modulation; when an excitatory neurotransmitter acts without an inhibitory system then pain will
be elicited. Nociceptors are excitatory neurons and release glutamate as their primary
neurotransmitter (22). Other neurotransmitters, including peptides (e.g., substance P, calcitonin
gene-related peptide, and somatostatin) are also important in both central synaptic signaling and

efferent signaling of noxious stimuli (22, 82). Glutamate transmits pain by binding to ligand
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gated ion channels located on myelinated a-delta afferents (83). Glutamate is involved in the
rapid transmission of acute pain that is associated with mechanical or heat stimuli that produces a
quick, sharp pain. Glutamate as neurotransmitter in the brain is more complex in that it can be
both nociceptive (thalamus and trigeminal regions) and anti-nociceptive (periaqueductal grey and
ventrolateral medulla). Substance P, another common pain associated neurotransmitter, is
released from nerves, and inflammatory cells and binds to neurokinin-1 receptors that are located
on unmyelinated primary c-fiber afferents (84). Substance P has a slow excitatory connection so
transmission of noxious stimuli via this axonal pathway results in duller, prolonged pain and is
often associated with chronic pain conditions (67, 84, 85).

Pain sensation can be classified into three major descriptors; pricking, dull, and pressing
(86). Pricking pain elicits a short, sharp, stinging pain that is carried by high velocity A-delta
fibers. It is also localized and of short duration making permits discrimination. Dull and pressing
pain is carried by C-fibers and is more of a diffuse type pain that is slower at onset and longer in
duration. This kind of pain is harder to localize and discriminate where the initial pain is coming
from.
Pain Modulation

There can be a delayed response to pain especially in high stress environments (23)
therefore a mechanism must be in place for altering and/or reducing the pain signal. Endogenous
circuits of pain modulation can inhibit or enhance the perception of noxious stimuli. Inhibitory
mechanisms are collectively termed endogenous analgesia. Modulation of pain has been
examined from as far back as Sherrington and Sowton in 1915 (24). They were able to
demonstrate a flexion reflex increase following a rat spinal cord transection suggesting a

presence of tonic inhibition that must descend from the brainstem. In 1965, Melzack and Wall
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(87) proposed a theory in which activation of nerves which do not transmit pain signals can
interfere with signals from nociceptors, thereby inhibiting pain. This was termed the “gate
control theory”. The excitation of A-beta fibers, which are larger in diameter than A-delta and C
fibers, can reduce the activity of spinothalamic tract neurons, thus reducing pain transmission.
This proposed mechanism acts as a “gate” to allow or not allow transmission of nociceptive
signals due to the override of the larger diameter fibers.

The brain is also heavily involved in pain modulation through various pathways known
as the descending pain modulating system. This system is compromised of the periaqueductal
grey matter (PAG) which is located in the midbrain, the rostral ventral medulla (RVM), and an
endogenous opioid system. These three components of the descending pain modulating system
collectively exert effects on descending signals to the sub nucleus caudalis and the dorsal horn of
the spinal cord.

In addition to the gate control theory and descending pain modulation there are other
mechanisms that can prevent pain perception. One of which is the release of endogenous opioids
(88). An example of how endogenous opiates work involves brainstem descending pathways that
excite interneurons in the spinal cord. This causes interneurons to release a neurotransmitter,
encephalin; an opiate that inhibits the spinothalamic neuron thus diminishing transmission (89).
Encephalin not only inhibits signaling back to the brain, it can also bind on the presynaptic nerve
terminal which blocks the release of substance P - the main neurotransmitter released by primary
afferents that excite the spinothalamic tract neurons (90). When the release of substance P is
reduced, this causes a reduction of excitatory input to the spinothalamic tract neuron, limiting

nociceptive input to higher centers of the brain.
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Experimental Pain Modulation

Experimentally, endogenous analgesia can be obtained by using the psychophysical
paradigm of conditioned pain modulation (CPM), which is tested using different “pain inhibits
pain” models (25). CPM is based on mechanisms originally tested by La Bars et al. (26) in rat
models. In these rats, there was a spino-bulbo-spinal loop, in which spinal dorsal horn neurons
receive a noxious conditioning stimulus from a particular area of the body. This noxious signal
ascends to the claudal medulla which then sends widespread descending inhibition to the spinal
secondary neurons. This particular phenomenon is termed diffuse noxious inhibitory control
(DNIC) when observed in animal models and termed CPM when experiments are used to
understand human behavior (25).

Nir and Yarnisky (91) declared CPM as a reliable test, and that various protocols to
induce CPM have been validated. When examining the methodologies of CPM protocols, type of
conditioning stimulus, location of conditioning stimulus, type of pain outcome measure, and
location of outcome measure have to be addressed. Pressure pain thresholds in the fingers (92),
the masseter muscle (93), forearm (93), tibialis anterior (93), the knee (94), the quadriceps (95)
and the trapezius (92) have been measured using test-retest measures in healthy populations.
Contact heat pain on the thenar eminence (96) and forearm (97), and nociceptive flexion reflex
on the biceps femoris (98, 99) have also been used as outcome measures. The intrasession
reliability of using PPT versus contact heat stimuli versus NFR varied. PPT (5 studies; good to
excellent) and NFR (2 studies; good to excellent) were greater that contact heat pain (2 studies;
poor to fair). Klyne et al. (100) used two outcome measures, PPT and suprathreshold heat test
following a conditioning stimulus and concluded that PPT would be a more valid test on

assessing CPM. This study, unlike the previously discussed studies used ipsilateral sites and
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homotopic site to see a general and localized response to CPM. The multi-site testing model is
also widely examined in the literature to assess endogenous inhibitory function from both a local
and global perspective.

Dysfunctional CPM has been found in multiple chronic pain conditions when compared
to healthy controls. These conditions include myalgia, fibromyalgia, temporomandibular
disorder, irritable bowel syndrome, migraines, tension type headaches, and low back pain,
among others. CPM efficiency was found to predict chronic postthoracotomy pain; patients with
less efficient CPM had higher risk to develop chronic pain and vice versa. The findings of this
study were replicated by Wilder-Smith et al.,*” in their study on chronic pain after abdominal
surgery. These longitudinal studies reasonably establish causative relations, suggesting less
efficient CPM to be a pathogenetic factor for future clinical pain. Thus, having a less efficient
CPM when being pain-free, suggests that upon a pain-generating event, such as surgery, the
person is at a higher risk to develop pain than subjects showing an efficient CPM at baseline.
These findings, however, do not rule out the possibility that CPM itself can change during, and
possibly due to, the presence of chronic pain. To further support this argument, a systematic
literature review compared the efficacy of CPM between chronic pain and healthy populations
and concluded that CPM is impaired in populations with chronic pain. CPM is reduced with age
and is more impaired in females with chronic pain conditions compared to males with chronic
pain conditions.

Another form of endogenous pain modulation that can be induced experimentally is
exercise induced hypoalgesia (EIH). EIH is typically characterized by elevations in pain
thresholds or tolerances, including reductions in pain intensity ratings during and after an

exercise bout. EIH has been consistently demonstrated in healthy, pain-free populations, (31)
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with both aerobic and resistance exercise reducing several different measures of pain sensitivity
including pressure and thermal pain thresholds, (31). Aerobic exercise elicits a greater EIH
response at higher intensities (101). Both dynamic and isometric resistance exercise induce EIH,
with isometric loads as low as 10-30% of maximum voluntary contraction capable of inducing
EIH. The greatest effects have been demonstrated using pressure pain thresholds following
isometric exercise to task failure (31).

While the mechanism of EIH has yet to be elucidated, it is thought that exercise induces
the release of endogenous opioids at peripheral, spinal and/or central sites and thus modulating
pain (102). It is thought that muscle contractions deform high threshold mechanoreceptors which
allow the influx of Na+ ions into the afferent neuron. This activates A-delta and C fibers in
skeletal muscle which in turn engages the endogenous opioid system (102). Elevated levels of
beta-endorphins in the blood have been reported following exercise (102) suggesting that
stimulation of peripheral afferents may modulate pain by activating inhibitory mechanisms.
However, Koltyn et al. (101) examined the opioid and endocannabinoid mechanisms of EIH and
while EIH occurred in the tested population, they concluded that there is a non-opioid
mechanism in EIH following isometric exercise since an administration of an opioid antagonist
or a placebo were not different with regards to the changes of pain sensitivity ratings. The results
from this study did show that EIH occurred following isometric exercise in conjunction with
significant elevations in circulating concentrations of endocannabinoids. The human body has an
endocannabinoid system, which is a neuromodulatory organization composed of cannabinoid
receptors (e.g., CB1, CB2), their endogenous ligands (the endocannabinoids (N-
arachidonylethanolamine (AEA) and 2-arachidonoylglycerol (2-AG)), and proteins responsible

for their metabolism. CB receptors have been found throughout the body in the brain, spinal
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cord, sensory neurons, muscles, endothelial cells, lungs. As CB receptors have been found in the
processing areas of the brain and spinal cord in rats (103, 104) and this suggests that endogenous
cannabinoids may play a role in the control of pain transmission in the central nervous system
(105, 106). Endocannabinoids AEA and 2-AG are arachidonic acid derivatives. Assumed targets
of endocannabinoid analogs, PEA, is the TRPV1 channel (107) and 2-OG binds to G-coupled
receptors (108). Neurophysiological evidence demonstrates cannabinoids suppresses nociceptive
processing and when CB1 receptors are blocked there is a hypersensitivity to pain (105). An
inhibitory arterial baroreceptor mechanism has been proposed as a further potential mechanism
for the hypoalgesic response to exercise (109). Exercise stress increases blood pressure which
activates arterial baroreceptors which can increase supraspinal inhibition. This could be seen as
an extension of the gate control theory; one neural input will inhibit the propagation of another.

Dysfunction of endogenous pain-modulatory mechanisms such as conditioned pain
modulation (CPM) and exercise-induced hypoalgesia (EIH) have been observed in various
chronic pain conditions such as arthritis (110) pancreatitis (36), musculoskeletal pain (111, 112),
and fibromyalgia (113, 114). CPM and EIH have been showed to correlate (115, 116).
Sensitization

Inflammation and some states of chronic pain, nociceptive and non-nociceptive sensory
afferents can become sensitized and sometimes pain signals and pain modulation can be altered
to elicit pain hypersensitivity. When this sensitization occurs in the peripheral nervous system it
is known as peripheral sensitization, and when sensitization occurs in the central nervous system

it is known as central sensitization.
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Peripheral sensitization

Nociceptor peripheral terminals become “sensitized” after injury, thus reducing their
threshold at the site of injury where the terminal was exposed to inflammatory modulators. This
is known as primary hyperalgesia (117) and it is a contributor to inflammatory pain
hypersensitivity (118). Hyperalgesia can be defined as an increase in the painfulness of a noxious
stimulus and a reduced threshold for pain (119). Whereas primary hyperalgesia is enhanced pain
felt at the site of injury, secondary hyperalgesia is felt at a site remote from the original injury. If
this primary hyperalgesia is prolonged, it is often termed peripheral sensitization which is a
prolonged increased sensitivity to noxious stimuli (120). Once tissue becomes injured
and/or experiences cell damage, a flare is produced in response to nociceptors releasing
neuropeptides. This increases sensitivity to heat and touch stimuli which are referred to as
primary hyperalgesia, or primary allodynia. This can occur as a result of inflammation (117,
121). Chemical mediators of inflammation such as histamine, bradykinin, prostaglandins
and serotonin are released and stimulate neurons making them depolarize and/or reduce
threshold potential and therefore sensitizing the afferent neurons (122). When chemical
mediators stimulate the receptors on the nociceptive terminals an intracellular cascade up-
regulates ion channels and sodium specific nociceptive channels resulting in an increased
sensitivity to the chemical mediators leading to an influx of ions (120). This influx of ions
stimulates an action potential which propagates to the brain and 'pain’ is perceived. This
hypersensitivity following an injury allows the injured tissue to heal. However, when this
hypersensitivity becomes prolonged it develops into peripheral sensitization and provides

the body with no benefit and is usually evident in states of chronic pain.
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Central Sensitization

It was previously thought that the CNS was a passive neural relay of encoded action
potentials, until Melzack and Wall in 1965 highlighted that this sensory relay system could be
modulated in the spinal cord by inhibitory controls; the gate control theory (87). From this
discovery, greater research emphasis was placed on identifying what was modulating pain in the
CNS, rather than what may be exciting it. It was not until 1983 when Woolf provided evidence
of a central component of post-injury pain hypersensitivity (123). He used electrophysiological
analysis using flexor reflexes in decerebrate rats following a peripheral injury. An increase in
excitability of the flexion reflex was found showing that changes in the activity of the spinal cord
may prolong duration of pain from an injury. A-delta and C stimulation even began to evoke
responses post-injury that had not been present before the injury. These efferent neurons
exhibited an expansion of their receptive fields to the contralateral foot. When using local
anesthetic to produce a complete sensory block at the site of the injury, the contralateral
receptive fields remained present and the sural evoked response remained above pre-injury
levels. This suggested that peripheral injury does therefore trigger an increase in the excitability
of the spinal cord. Since then, the term central sensitization was coined (124) and an explanation
as to why dynamic tactile allodynia, the temporal summation of pain, or secondary hyperalgesia
are experienced following a peripheral injury. Central sensitization changes the CNS, distorts or
amplifies pain, increases the degree, duration, and spatial extent in a manner that does not
reflects the specific qualities of peripheral noxious stimuli, but rather the functional aspects in
the CNS (125). Nociceptive pain reflects the perception of noxious stimuli; however when pain
is experienced without damaging stimuli this is no longer nociceptive pain and a noxious

stimulus is not necessary to produce pain. This pain reflects a state of induced pain
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hypersensitivity, with almost exactly the same “symptom” profile to that found in many clinical
conditions (125). In human research, capsaicin, a TRPV1 receptor activator, has been used to
cause localized pain that “spreads” inducing tactile allodynia and secondary hyperalgesia (126,
127). La Motte and colleagues (126) found that pain remained in the areas surrounding the
injection site, but not at the injection site, following local anesthetic indicating this pain
sensitivity was not due to local spread of capsaicin or a peripheral mediator but an increased
sensory inflow to the CNS. Torebjork et al. (127) also used intradermal injection of capsaicin to
induce an area of tactile allodynia. Using a lidocaine on the stimulated fiber did not reverse the
pain, showing that this was not peripheral in origin. A nerve block revealed that while the
capsaicin and heat pain was carried by C fibers, the mechanical allodynia was transferred to the
CNS by low threshold myelinated fibers further demonstrating central sensitization.
Inflammation and Pain

Inflammation is the immune systems response to harmful stimuli; it is adaptive and elicits
physiological responses that promote healing. During acute bouts of inflammation, cellular and
molecular interactions occur to minimize further injury and aid the body to return to
homeostasis. One of these mechanisms to protect from further damage is pain. Inflammatory
pain is a subset of nociceptive pain that results from activation and sensitization of nociceptors
by inflammatory mediators (128, 129). This is usually a resultant of tissue damage. Inflammatory
pain does not serve as an alarm to impending damage but it is a delayed response as a remainder
of recent injury, thus discouraging activities that might increase risk of re-injury. Under these
sensitized circumstances, a typically innocuous stimulus can be perceived as painful, termed
allodynia, and a noxious stimulus is exaggerated in both amplitude and duration, termed

hyperalgesia. This hypersensitivity to stimuli does not reflect neuronal changes, instead
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decreased threshold potential of mechanical and thermal nociceptors play a key role the
sensitivity changes. Although the inflammatory response process depends on where in the body
did the injury occur, the nature of the initial stimulus, and extent of the damage, the mechanism
remains similar and share a common mechanism: 1) cell receptors recognize harmful stimuli; 2)
inflammatory pathways are activated; 3) inflammatory markers are released; and 4)
inflammatory cells are recruited (130).

1. Cell receptors recognize harmful stimuli

Pathogen-associated molecular patterns trigger the inflammatory process by activating
germline-encoded pattern-recognition receptors that are expressed in both immune and
nonimmune cells (131, 132) . The pattern-recognition receptor that sense tissue or cell damage is
referred to as danger associated molecular patterns (132). Signaling through pattern-recognition
receptors, specifically toll-like receptors, activates an intracellular signaling cascade, leading to
nuclear translocation of transcription factors such as activator protein 1, NF-KB, or interferon
regulatory factor 3 (133).

2. Inflammatory pathways are activated:;

Inflammatory stimuli which include cytokines such as interleukin 1 —beta (IL-1B),
interleukin 6(1L-6), tumor necrosis factor-alpha (TNF-alpha), activate intracellular signaling
pathways and mediate inflammation through the interaction with toll-like receptors (134).
Activation of these receptors triggers the cascade of intracellular signaling pathways; mitogen-
activated protein kinase (MAPK) pathway (135), nuclear factor kappa-B (NF-xB) pathway
(136), and Janus kinase (JAK) signal transducer and activator of transcription (STAT) pathway
(137).

3. Inflammatory markers are released:;
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Cytokines such as IL-1B, IL-6, TNF-alpha are released from monocytes, macrophages,
and lymphocytes and modulate the immune response (138). Inflammatory proteins, including c-
reactive protein, haptoglobin, serum amyloid A, fibrinogen, and alpha 1-acid glycoprotein aid in
the restoration of homeostasis and reduce microbial growth following trauma to prevent infection
(139). Additionally, some enzymes are released, including cyclooxygenase (COX)-2, play a key
role in inflammation (140). COX-2 indirectly influences the pain pathways associated with
inflammation as it increases the rate of metabolism of arachidonic acid to prostaglandins which
sensitizes nociceptors.

4. Inflammatory cells are recruited

The first cells recruited to the site of the injury are neutrophils, followed by monocytes
and lypmphocytes, including NK cells, T-cells, and B-cells, finally followed by mast cells. Mast
cells are most likely responsible for inflammatory pain as they release a host of inflammatory
mediators including prostaglandins, cytokines, proteases, histamine, bradykinin, and
leukotrienes. Some of these biochemicals excite and/or sensitize nociceptors to prevent further
damage while the healing process is underway.

Arachidonic acid is released from a phospholipid molecule following tissue damage for
signaling purposes during inflammation. Cyclooxygenase metabolizes arachidonic acid to
prostaglandins and cytokines. Prostaglandins exert their effects by activating G-protein-coupled
receptors. PGE2 is involved in all processes leading to the classic signs of inflammation: redness,
swelling and pain. Increased blood flow increases redness and edema within the inflamed tissue
through PGE2-mediated augmentation of arterial dilatation and increased microvascular
permeability (141, 142). This can indirectly cause hyperalgesia through the activation of high

threshold mechanoreceptors due in to increase intracellular pressure which may deform voltage
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gated channels and induce an influx of Na+ into the cell. Pain caused more directly by
prostaglandins, results from the action of PGE2 on peripheral sensory neurons and on central
sites within the spinal cord and the brain which elicits a hyperalgesic effect (142).

Kininogens are precursors of bradykinin which is assembled along cell surfaces in the events
following tissue damage (143). Bradykinin acts locally to the site in which it was formed. The
effects produced by bradykinin are due to activation of bradykinin receptors; B1 and B2. The
acute activation of nociceptors are mediated through the B2 receptor which cause an immediate
depolarization of nociceptive fibers due to an increased permeability to Na* (144). Bradykinin
not only activates nociceptors, it also sensitizes nociceptors that lead to more long term pain
from damage (145). BK stimulates the production and release of a number of endogenous
substances including prostaglandins from cells and sympathetic neurons, and from cytokines IL-
1 and IL-6 and TNF-alpha from macrophages which induce sensitization of nociceptors (145).
The activation of sensory fibers from bradykinin also causes the release of neuropeptides such as
substance P and calcitonin gene-related peptide (CGRP) (146). Substance P activates
nociceptors. It is also involved in localized vasodilation by releasing nitric oxide, thus increasing
blood flow resulting in edema which in turn indirectly activates mechanoreceptors (145).
Substance P and neurokinin A may also induce degranulation of mast cells and release
histamine, another pro-inflammatory mediator. In addition to this, serotonin (147) and ATP
(148) gain access to nociceptors and contribute to sensitization for example, low doses sensitizes
neurons to bradykinin, so less bradykinin is needed to reach threshold potential and depolarize

the neuron. Serotonin in large doses activates nociceptors.
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Qualitative Nociceptive Testing

Pain scales provide information on how an individual perceives pain. There are different
pain scales such as a visual analogue scale (VAS) (149), verbal rating scale , numerical rating
scale (150), and descriptor differential scale (54) which have been used in previous studies to
assess DOMS. The rating of pain intensity using different scales has been used to quantify
muscle pain by applying stimuli that could evoke pain such as muscle contraction, palpation, or
hypertonic saline injection (151, 152). VAS is most commonly used for pain assessment (153)
with a certain length of line (usually 100 mm) in which one end of the line indicates no pain and
the other end indicates extreme pain. Huskisson concluded that VAS is a sensitive, simple,
reproducible and universal self-rating pain scale and Price et al. reported the VAS to be a reliable
measure to assess musculoskeletal pain (154). It is important to note that VAS is often criticized
because the pain sensation can vary among subjects and the ambiguity in the palpation procedure
as the pressure applied to the muscle an also vary (155).
Quantitative Nociceptive Testing

The quantification of pain in human research has been achieved through 4 main types of
procedures. 1) Pain thresholds using psychophysical methods, 2) pain ratings where participants
rate their perception of pain, 3) magnitude estimation procedures where by direct judgments of
stimulus intensity or quality are made by the participant, 4) measurements of performance
behavior on tasks to detect pain (156, 157). More recently, quantitative sensory testing (QST)
has been of use in pain research in that we can examine somatosensory function in humans.
Rolke et al. (158) presented a QST protocol for somatosensory function to be used in the clinical
setting by using mechanical (pressure) stimuli and thermal (hot and cold) stimuli. Quantitative

sensory tests are psychophysical in nature, with an objective physical stimulus but use a
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subjective report from a subject as the response. Quantitative sensory testing is used for the
noninvasive assessment and quantification of sensory nerve function of the somatosensory
system. Multiple tests are used to evaluate the function of c-fibers, A-delta fibers, and A-beta
fibers. To determine the sensitivity of each subject, different procedures are often utilized. For
example; examining the method of levels whereby a stimulus is applied above and below the
perception of the pain threshold repeatedly. Participants are asked to rate their perception of the
stimulus as painful or not until threshold is detected. However, repeated measures to determine
threshold could lead to sensitization and repeated measures also leads to a longer protocol.
Alternatively, method of limits could be utilized whereby pain threshold is measured as the first
identified stimulus under increasing stimulus intensities. However, this method sometimes over-
estimates the actual threshold due to reaction time artifact.

Pressure pain thresholds measure mechanical sensitivity of peripheral origin. Pressure
pain threshold is a single point method to detect pain threshold, the minimum stimulus required
to evoke pain, by using a pressure algometer. Previous studies (159-161) documented that the
stimulating area (size of the probe), the skin sensitivity, muscle and subcutaneous tissue
thickness also influence the PPT assessments. Using a larger stimulating area reduces the
cutaneous sensitization during measurement due to the spread of pressure over a larger area of
the tissue (159). Caution has to be used when using PPT’s as skin pressure sensitivity influences
and muscle thickness can cause variability in PPT values. Despite these concerns, PPT has been
demonstrated to be reliable for measuring pain threshold (162) and has been utilized to assess
DOMS following eccentric contractions (163, 164).

Thermal pain threshold measures sensitivity to temperature. Thermal testing examines

the function of the c-fibers and A-delta fibers. Hyperalgesia to heat on the skin could be due to a
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decrease in deafferentation and an increase in peripheral sensitization. With regards to central
sensitization, sensitivity remains unchanged with heat stimuli; however this has not be
adequately studied. Hyperalgesia to cold on the skin could be due to a decrease in deafferentation
and an increase central sensitization as a possible underlying neurobiological mechanisms
however central sensitization needs further review as it has not be adequately studied with
regards to cold. Temperature is transmitted along both c-fibers and A-delta fibers and these
neurons originate in the tissue as free nerve endings. lon channel sensors in the plasma
membrane of axon terminals, called transient receptor potential (TRP) proteins, are the actual
temperature sensors. Different isoforms of TRP channels have gates that open in different
temperature ranges. TRPV1 senses temperature above 43°C, TRPM8 senses cooler temperatures,
and TRPAL senses temperatures below 17 °C. Once activated by a stimulus, these channel types
allow an inward flux of Na*, which depolarizes the receptor and initiates action potentials in the
afferent neuron.

Quantitative sensory tests are psychophysical in nature, with an objective physical
stimulus but a subjective report from the subject as the response. The nociceptive flexion reflex
(NFR) objectively measures pain by using a noninvasive electrophysiological technique which
targets A-Delta fibers (165) and can be used as a measure of central sensitization (125). NFR
assessment involves determining the amount of electrical stimulus required to evoke a reflex
(166). Pain researchers have been interested primarily in two dependent measures that can be
obtained during NFR testing — the threshold and the amplitude. The most commonly reported
NFR measure is the R-111 reflex threshold. The strong association between pain intensity ratings

and the R-III reflex has led to the consideration of the R-IIl reflex objective measure of
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pain(167). The NFR has not been widely used by researcher’s interested relationships between
pain and physical activity and adds rigor and innovation to any study that chooses to use it.
Chronic Pain Impacts of COVID-19 on Nervous System

Chronic pain conditions can be initiated by psychosocial stressors or organ-specific
biological factors, often occurring in patients with a delicate stress response system (168, 169)
and the fear of the COVID-19 pandemic alongside actually contracting the virus could trigger
both central and peripheral sensitization. Myalgia and fatigue are often symptoms that are
present with acute viral illnesses as seen in previous pandemics (170, 171). While these outcome
have focused mostly on the immediate care of patients, one study found that those infected
during the SARS epidemic, a chronic post-SARS syndrome consisting of fatigue, diffuse
myalgia, depression, and nonrestorative sleep persisted for almost 2 years (11).
Respiratory illnesses/conditions and pain sensitivity

During the initial infection, the SARS-CoV-2 spike protein targets cells in the respiratory
tract and induces inflammation; in turn this inflammation may play a role in pain symptoms.
However, little is understood about how previous and current SARS-CoV infections influence
any alterations in pain sensitivity. Very limited research has examined the effects of acute
ilinesses of the respiratory tract effect pain sensitivity. Similarly in chronic respiratory
conditions, little attention has been drawn towards. One study that examined respiratory
movement and pain thresholds in airway environmental sensitivity, asthma and COPD patients
found that the groups differed in lung function, respiratory rate and pain sensitivity. Using
pressure pain thresholds with an algometer, pressure was applied to multiple points of the thumb,
knee, chest, shoulder, and back. Pressure pain thresholds were significantly higher in the control

group compared to the asthmatic group, the COPD group, and the airway sensory hyperactivity
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group at all pressure points except from the distal thumb. Chest pain and discomfort are common
symptoms of these three chronic conditions; despite this, limited data exist on pain sensitivity
differences. The authors suggested that the lowered pain thresholds in the three patient groups
may be due to up-regulation of TRP channels in the nervous system. These lowered pain
thresholds and potential sensitization could develop further complications of the pre-existing
conditions.
Viral Infections and pain sensitivity

While there is limited research with regards to viral infections that affect the respiratory
system, similarly to COVID-19, it is still widely accepted that viral infections cause an
inflammatory response, regardless to which physiological system they propagate. Though
somewhat rare, viral infections can induce a neuropathy and/or neuroinflammation. Neuropathies
result in damage to the nerves outside of the central nervous system and can induce peripheral
sensitization, whereas neuroinflammation can drive central sensitization. It has been recently
demonstrated that COVID-19 is affecting both the central and peripheral nervous system causing
neuroinflammation and neuropathies. While initially this is an acute effect of the SARS-CoV-2
virus, it is unknown if there are any lasting effects on the nervous system, and the function of
nociception. There has been no definitive study that assesses this specifically.
Myalgia: a symptom of COVID-19 and previous pain research in myalgia

Myalgia reflects generalized inflammation and cytokine response and can be the onset
symptom of 36% of patients with COVID-19 and throughout the duration of infection myalgia is
reported in patients up to 61%. Myalgia is mostly caused by local or systemic infection that
initiates muscle pain and/or discomfort. Myalgia during a viral infection is often mediated by IL-

6 or muscle injury caused by inflammation. The typical response of myalgia is diffuse rather than
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localized and can cause referred pain in other locations of the body. Myalgia can negatively
affect quality of life.
Headache: a symptom of COVID-19 and previous pain research in headaches.

Up to 33.9% of people who have contracted COVID-19 will experience headaches as a
symptom. While the mechanism of COVID-induced headache remains unclear, it is thought that
the higher level of cytokines (TNF-a, IL-2, and granulocyte macrophage stimulating factor)
found in the serum of patients who have contracted COVID-19 were released by immune cells in
response to the virus are to blame. These cytokines can activate pain receptors and initiate pain.
An additional mechanism that may induce headache like pain in COVID-19 patients is hypoxia.
When the virus enters the lung tissue, it is possible that gas exchange in the alveoli becomes
compromised, which may reduce O2 transport to the brain and initiate anaerobic metabolism of
mitochondria which in turn will lead to accumulation of metabolites. This phenomenon may lead
to obstruction of blood flow, cerebrovascular dilation and increased swelling of neurons which in
turn can cause headaches. Due to other neurological manifestations of COVID-19 including
dizziness, nausea, and concentration difficulties, it is plausible that SARS-CoV-2 may directly
infiltrate the brain via the blood brain barrier. SARS- CoV-2 has been detected in the
cerebrospinal fluid in COVID-19 patients, and autopsies have revealed congestion and edema of
brain tissue, leading to apoptosis of neurons in the brain. Previous studies in past pandemic
research on mice have shown that MERS and SARS virus’ can also invade the nervous system
via the olfactory bulb. The primary route of transmission of SARS-CoV-2 is via close contact
and droplet contagion which reach the nasal muscosa, and bind to the ACE-2 receptors located
on the olfactory nerves.

COVID-19 and pain modulatory function
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Localized and systemic inflammation has been suggested to play a role in the dysfunction
of CPM and EIH although there is little experimental evidence to support this idea. Furthermore,
minimal research has been conducted examining the effect of short term respiratory conditions
such as flu, bronchitis, and COVID-19 on CPM, EIH and pressure pain sensitivity. Further
examination is warranted to identify whether asymptomatic or minimally symptomatic
individuals have naturally higher pain thresholds or have enhanced endogenous pain-modulatory
function that enables them to remain unaffected by SARS-CoV-2, thus appearing asymptomatic
or minimally symptomatic, and therefore increasing the risk of COVID-19 transmission.

A chronic post-SARS syndrome was characterized by persistent fatigue similar to that of
individuals with Chronic Fatigue Syndrome (CFS), diffuse myalgia similar to that of individuals
with fibromyalgia and myalgia, depression, headaches, and sleep disturbances (11). It would be
beneficial to examine the link of some of these potential long term symptoms associated with the
post SARS syndrome and pain modulation to generate a hypothesis on how central sensitization
may play a role following COVID-19 exposure.

The onset of CFS is sometimes due to exposure to an infectious disease (172) or can be
preceded by negative, stressful life events (173, 174), both of which can be attributed to the
current pandemic. Some patients with CFS show evidence for infectious agents in their blood
(175), which could be due to altered immune functioning (176). Stress aggravated CFS could be
a malfunctioning of the short-term (autonomic nervous system) and long-term (hypothalamus—

pituitary—adrenal axis) stress response systems (177, 178).

When examining how CFS impacts CPM, Ullrich et al (179) used 15 sets of twins with
one serving as a control to the other having CFS and assessed tolerance and VAS pain ratings

before and following a cold pressor test. Although pain tolerance following the CPT was slightly
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lower in twins with CFS these differences failed to reach statistical significance. Subjective
ratings of pain were also made at multiple time points during the experimental protocol and the
twins that had CFS demonstrated higher ratings of pain and fatigue than the control twins.
Schmaling et al (2011) examined pain perception using a cold pressor test, pain thresholds, and
the McGill Pain Questionnaire in patients with CFS, major depression and healthy controls. No
differences were found between the groups for pain threshold or intolerance levels following
cold pressor tests. However, CFS and depressed subjects endorsed significantly more self-
reported pain complaints than did control subjects. Generalized hyperalgesia in CFS was found
to be amplified, rather than decreased, following noxious heat pain (180). Furthermore, Meeus et
al (181) found that following a submersion of the dominant arm into hot water, individuals with

CFS demonstrated an increase in pain perception and a delayed activation of pain modulation.

Exercise usually increases pain thresholds in healthy participants. A study from Van-
Oosterwick et al (182) showed that pain thresholds decreased following a submaximal exercise
test and a self-paced exercise test, both on a cycle ergometer, in patients with CFS, while
pressure pain thresholds increased in the control group indicating that people with CFS had
impairment in pain inhibition. They also demonstrated a heightened symptom complex following
exercise, indicating a post-exertional malaise in CFS patients. Another study (183) used the
McGill pain scale, rather than PPT’s to assess pain following physical activity (cycle ergometer)
in patients with CFS and found that CFS patients had increases in their symptoms of pain, at
various times post-exercise compared to controls. a study from Cook et al (184) examine d the
neural consequences of acute exercise using functional brain imaging and required CFS
participants and controls to complete30 min of submaximal exercise on a cycle ergometer and

found that ratings of muscle and joint pain were higher following exercise whereas the control
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group exhibited rated muscle and joint pain lower following the bout of exercise. Using VAS
scales, a pilot study (185) examined the effect of aerobic exercise on pain and fatigue symptoms
in multiple sclerosis and CFS and found that individuals with CFS had an increase in pain
30mins, 2 hours and 24hours following a 15min bout of cycling. PPT’s and treadmill exercise
were used in one study (186) and found that PPT’s increased in control subjects following
exercise while it decreased in the CFS subjects. Increased pain and/or fatigue after exercise may

be indicative of a dysfunction of pain modulation in CFS patients.

Both active cases of COVID-19 and post SARS syndrome have been associated with
myalgia and joint pain. Furthermore, Moldofsky (11) compared symptoms of post SARS
syndrome to symptoms of fibromyalgia, therefore examining how fibromyalgia has an impact on
pain modulation would be beneficial to understand.

Conditioned pain modulation has been shown to be deficient in fibromyalgia but the
extent and even the presence of impairment is inconsistent. Using ischemia as the conditioning
stimulus and PPT’s as the test stimulus, Kosek et al (187) found that individuals with
fibromyalgia had an impaired CPM response compared to controls. This impairment was also
observed following a CPT as the conditioning stimulus and heat pain thresholds with pain ratings
as the test stimulus in several studies (34, 188-190). However, this finding was not consistent due
to conflicting findings in other studies that found no impairment when using heat as a
conditioning stimulus, and a noxious electrical stimulus for the testing measure (189) and
thermal test stimulus with pain ratings (113).

When examining the effects of aerobic exercise in individuals with fiboromyalgia, Stoud
et al., (191) found following arm ergometry to failure that PPT’s and heat pain thresholds were

no different to that of the control group. Conversely, Vierck et al (192) found heat pain
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sensations using VAS scales were reported higher compared to the control group following
treadmill exercise to failure. Kosek et al., (193), Tour et al., (194), Lannerston et al., (195) and
Kadetoff et al., (196) used isometric leg extension to exhaustion and PPT’s to assess EIH,
however only Kosek et al., (193) and Lannerston et al., (195) found that pain sensitivity was
higher in fibromyalgia patients compared to controls indicating conflicting findings. Using a
handgrip exercise at 30% to failure, it was demonstrated that pain sensitivity using PPT’s and
heat pain intensity were higher in fiboromyalgia group than control group, indicating a heightened
sensitivity to pain (197). Ge et al., (198) and Lannerston et al., (195) used a shoulder resistance
exercise and PPT’s to elicit an EIH response and Ge et al., (198) found that fibromyalgia patients
were more sensitive to PPT’s than controls following exercise remotely and no change locally,
similar to that of controls. Lannerston et al., (195) found no change following exercise in the

fibromyalgia group whereas the control group was less sensitive to pain.

43



CHAPTER I11
METHODS
Introduction

The following chapter presents the methodology and justification of the instruments that
were used to evaluate differences in pain sensitivity and pain modulation following COVID-19
exposure. This includes the participants that were recruited for this study, the inclusion and
exclusion criteria, the study design, the data collection procedures, the instrumentation that were
used and the justification on why these methods were the most appropriate and most feasible for
this study, and how we analyzed the data.

Sample Population

All participants for this experiment were recruited within the University of Oklahoma and
the extended area of Norman, OK. By conducting a priory power analysis based upon findings
from Black et al. (199), and using an effect size of 0.5 SD, with an alpha level of 0.05, and power
of 0.8 we estimated that a total of 42 participants (14 participants in each of the symptomatic,
asymptomatic, and control groups) were needed to achieve the power required to detect a
clinically meaningful difference. To further minimize the likelihood of type Il error, and account
for participant attrition, 20 participants per group were targeted for recruitment.

A total of 64 individuals were screened and began testing, however 4 were excluded as
they had recently been vaccinated and therefore tested positive for COVID-19 antibodies, and
one was excluded because they were unable to complete the DXA scan due to a positive
pregnancy test. A final total of 59 participants were included in the analysis; 26 in the
symptomatic COVID-19 group, 13 in the asymptomatic COVID-19 group, and 20 in the no

detectable previous infection control group.
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Exclusion/Inclusion Criteria

There were certain inclusion/exclusion criteria associated with this study to determine

eligibility;

1.

2.

Both males and females aged 18-35.

Females were not pregnant and provided a negative in-house pregnancy test during the
visit that assessed body composition (conducted prior to the DXA scan).

Participants self-reported being free from any chronic pain conditions.

Participants self-reported being free from any lower body injury or any condition that
could impair their ability to perform the knee extension exercise protocol.

Participants were instructed to refrain from resistance training, consuming NSAIDS and
other pain medications, or using other pain treatment modalities and/or therapies over the

duration of the study, failure to comply resulted in the removal from the study.

If the participants met the criteria listed above, we grouped participants by whether they met one

of the following criteria:

1.

A non-infected control group that was determined by providing both a negative IgG
antibody test indicating no infection within the previous 6-9 months, no self-reported
symptoms during the pandemic up to the time of testing, and a negative PCR test
immediately prior to the onset of testing.

A group that self-reported being symptomatic with COVID-19, and who were able to
provide evidence of a positive 1gG antibody test and/or a positive PCR test to confirm
infection previous infection.

A group that self-reported no COVID-19 symptoms, and could provide a positive 1gG

antibody test, and/or a positive PCR test to confirm previous infection.
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Pre-Screening and Recruitment
All participants for this experiment were recruited within the University of Oklahoma and
the extended area of Norman, OK. Participants were recruited through direct contact, in-class
announcements, committee meetings, recruitment flyers, and mass emails sent by the primary
co-investigators. Flyers were placed throughout the Norman campus of the University of
Oklahoma and contained a brief overview of the study, the co-primary investigator contact
information, and IRB approval number. OU mass email was utilized multiple times over a 6
week period to communicate the project with potential participants. Potential participants were
then pre-screened via email, calls and text messages to ensure that they were eligible for the
study. Participants were asked pre-screening questions regarding their:
1. Age
2. Medical history including prescription, OTC, and recreational drug use
3. Exercise history
4. Previous injuries
5. COVID-19 status
6. Whether they had/or hadn’t had a vaccine
If they were eligible, participants were provided more information on the nature and
duration of the study, they were informed that participation is voluntary and they will be invited

to the laboratory for visit one for consent, additional screening and familiarization.

Experimental Protocol

This study employed a cross-sectional study design, comparing three groups at a single
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point in time. Participants were placed one of three groups; 1) symptomatic COVID-19 infection,
2) asymptomatic COVID-19 infection or a 3) no evidence of previous infection control group.
The experiment consisted of three visits with each visit lasting roughly 30 minutes occurring
over the course of seven days.

On the first visit, written and verbal description of the experiment and all procedures was
given and any questions were answered. Written informed consent was completed. Following
consent, female participants of child bearing potential completed a pregnancy test. A physical
activity readiness questionnaire (PAR-Q), menstrual and drug history questionnaire,
International Physical Activity Questionnaire (IPAQ), and a COVID-19 symptom review survey
were completed. Potential participants deemed eligible for the study were asked to orally state to
the researchers what they will be expected to do in the study and explain the risks and benefits of
the study to confirm they understand the procedures, time commitment, freedom to withdraw,
and risk and benefits of study participation. Following consent and preliminary questionnaires,
the participants then completed a battery of psychological/pain questionnaires: 1) profile of
mood states (POMS), 2) pain catastrophizing scale (PCS), 3) pain attitudes questionnaire-revised
(PAQ-R), and 4) current pain location questionnaire.

Participants were familiarized with the procedure for pressure pain threshold (PPT)
testing. PPT assessment involves determining the amount of applied pressure (force) required to
evoke “pain.” Progressively increasing amounts of pressure (30kPa’s per second) were applied to
the vastus lateralis and brachioradialis using the TSA-II pressure algometer. Participants were
instructed to press a button when they deem the applied pressure first “hurts.” Three assessments
were taken on each muscle. This was completed on the participant’s dominant leg and the

ipsilateral arm.
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During visit two, participants had their height and weight measured and completed a
whole body DXA scan to determine body composition (Lunar Prodigy Advance; GE-Medical
Systems, Madison, WI). A urine sample was taken prior to the DXA scan to assess urine specific
gravity. Participants lay in a supine position with their arms resting against the sides of the body.
A triangular block was positioned between their feet and the participants were instructed to
maintain a stationary position for the duration of the scan. DXA equipment was calibrated on a
daily basis following the protocol provided by the manufacturer.

Following the DXA scan, CPM was assessed using a cold pressor test (CPT) where the
participants submersed their dominant foot into room temperature water for one minute.
Following the room temperature water, ten minutes of quiet rest was completed, whereby PPT’s
were measured three times in the dominant vastus lateralis, and three times in the ipsilateral
brachioradialis. Once ten minutes of rest were completed, the participants were instructed to
submerse their dominant foot into ice water (2°C) for one minute and PPT’s were measured at
two additional time points following the CPT; immediately after the cold water submersion, and
15minutes post. Participants were asked to rate the pain intensity of the CPT 30-40seconds into
the trial.

During visit three, EIH was measured using PPT’s before, immediately after, and 15
minutes following an exercise task using an isometric leg extension exercise that first involved
three maximal voluntary contractions (MVC), followed by a time to task failure (TTF) procedure
of contacting the quadriceps at 25% of the highest MVVC. An isometric dynamometer (KinCom;
Goleta, CA, USA) was used to measure MVC’s. The participants were seated with their dominant
knee at 110 degrees (full leg extension being 180 degrees) for both the TTF and MV C protocols.

The ankle of each leg was secured against the end of an immobile lever arm. The force signal
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was digitalized with Biopac MP-150 converter. The signals were instantly displayed to
participants via acknowledge software and recorded for analysis. Initially, three MVC’s were
performed by kicking against the locked isokinetic dynamometer as forcefully as possible for a
3s bout. Three minutes of rest were provided between attempts. The highest value was taken as
their MVC and used to calculate the target force for the time to task failure exercise bout.
Participants were instructed to hold 25% of their MVC until volitional exhaustion or when the
participant could no longer produce the force required. Verbal encouragement was provided to
the participants. The pre PPT’s during visit 2 and 3 served as baseline pain sensitivity measures

for PPT’s (200).

We attempted to test each participant at the same time of the day at every visit throughout
the duration of the study. Participants were asked to abstain from caffeine, exercise, pain
medications, alcohol, and marijuana for 24 hours prior to visit 1 and were asked to refrain from
consuming the aforementioned substances until the completion of visit 3. While it is has been
found that the menstrual cycle phase may not play a significant role of pain perception following
exercise (201), we collected information regarding menstrual history and tested females in the
luteal phase. As we collected data in college aged individuals we attempted to avoid testing
during stressful times such as mid-terms and finals. Most students scheduled visits when they
were less busy during the semester. We did gather data on mood by utilizing the POMS
questionnaire to assess any negative moods the participants may have and aimed to control for
that.

Questionnaires
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Several questionnaires were utilized to screen participants to see if they meet inclusion/
exclusion criteria, to assess their health, to help control for inter-subject variations, and to assess
pain perception.

1. PAR-Q
Questions on the PAR-Q are designed to uncover any potential health risks associated with
exercise. The most serious potential risk of intense exercise is that of a heart attack or other
sudden cardiac event in individuals that may have undiagnosed heart conditions. This will be
used as a tool to assess if the participants are healthy enough to complete intense exercise.

2. COVID-19 Symptom Checklist

All participants who had tested positive for COVID-19 were instructed to complete a symptom
checklist of common COVID-19 symptoms. Asymptomatic COVID-19 individuals also were
asked to complete this form and were determined asymptomatic if they did not check any of the
symptoms of the form. This form included space to add in additional symptoms experienced,
date of symptom onset, and when they tested positive for COVID-19.

3. Menstrual History Questionnaire

Menstrual history questionnaire will be completed by females only. It will ask constructs
relating to period onset, age of menarche, date of last period, and any birth control the participant
may be on. Date of last period and birth control method will ensure that we can potentially
control for cycle phases. While it is has been found that the menstrual cycle phase may not play a
significant role of pain perception following exercise (201), we still collected information
regarding menstrual history.

4. Pain Location Questionnaire
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The pain location questionnaire asks the participant if they are experiencing pain, and if
so to shade or circle specific locations on a diagram of two cross sections of a human body
(posterior/anterior). It then asks the participant how intense that pain is, and what is the most
pain that they have ever experienced on a scale of 1-10. This was used to see if the participant
was experiencing any additional pain from the interventions.

5. Pain Catastrophizing Scale

PCS quantifies an individual's pain experience, asking questions regarding how they
feel and what they think about when they are in pain however the individual does not need
to be in pain while completing it. Pain catastrophizing affects how individuals experience
pain. Sullivan et al. (202) explained that people who catastrophize tend to do three things;
ruminate about their pain, magnify their pain and feel helpless to manage their pain. This
questionnaire measures all three of these dimensions. We used this measure to assess
catastrophic thinking related to pain among adults with or without chronic pain and to compare
this catastrophic thinking between the three COVID-19 groups.

6. Pain Attitudes Questionnaire

Yong et al. (203) developed a pain attitudes questionnaire (PAQ) assessing the constructs
of stoicism and cautiousness relevant to pain perception. Stoicism and cautiousness have been
claimed to influence pain perception in older adults. It is important to understand pain attitudes
as there may be reluctance to label a sensation as painful in individuals. We used this measure
to assess attitudes towards pain and to compare pain attitudes between the three COVID-19
groups.

7. Profile of Mood States
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The amygdala, insula, prefrontal cortex, anterior cingulate cortex, posterior cingulate
cortex and posterior parietal cortex are involved in both the perception and regulation of mood
and pain. This common circuit explains a lot about the direct relationship between persistent
depression and stress with persistent pain. Tang et al. (204) found that the induction of depressed
mood resulted in significantly higher pain ratings at rest and lower pain tolerance. Therefore
identifying mood of the participants and how it relates to pain sensitivity will give us a
comprehensive understanding of their mood from the past 7 days and whether or not previously
having COVID-19 has influenced mood. The Profile of Mood States (POMS) questionnaire is a
standard validated psychological test (205). The POMS questionnaire is available as full-length
(65 items) and short versions (35 items). We used the 35 item questionnaire. The questionnaire
contains a series of descriptive words/statements that describe feelings people have. Subjects
self-report on each of these areas using a 5-point Likert scale. The scoring is from 0-4; 0 being
not at all and 4 being extremely. A Total Mood Disturbance (TMD) score is calculated by
summing the totals for the tension, depression, fatigue, confusion, anger and then subtracting the
totals for vigor and esteem-related affect.

8. IPAQ
The International Physical Activity Questionnaires (IPAQ) includes 5 activity domains asked
independently (206). The purpose of the questionnaires is to provide a common instrument to
obtain comparable data on health-related physical activity (PA) for use in young and middle
aged adults (15-69 year olds). This was used as a tool to assess and control for physical activity
level as well as examine group differences in walking, moderate PA, vigorous PA, time spent
sitting, and total PA.

Antibody testing
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Due to the asymptomatic nature of some COVID-19 disease cases, we required every
participant who had not been diagnosed with COVID-19 to receive an antibody test through
Norman Regional Health System. If the participant had been exposed to COVID-19 or had been
vaccinated, they would produce antibodies as part of the immune response to SARS-CoV-

2. Serology tests look for antibodies in the participant’s blood to determine if they had a past
infection with the SARS-CoV-2. Antibodies testing for the current study were out sourced to
Normal Regional Health system and the serologic test that they used was an enzyme-linked
immunosorbent assay (ELISA)-based test to detect SARS-CoV-2 antibodies in serum or plasma
components of blood. The ELISA test uses purified SARS-CoV-2 S protein (no live virus) as
antigen. This test was originally designed to minimize cross-reactivity to antibodies generated to
other common coronaviruses that cause less severe illnesses, such as colds. The serologic test has
a specificity of greater than 99% and a sensitivity of 96% based on performance evaluations. It
can be used to identify past SARS-CoV-2 infection in people who were infected at least 1 to 3
weeks previously and up to 8 months following exposure.

The SARS-CoV-2 IgM/IgG serological test is an enzyme-linked immunosorbent assay
(ELISA)-based test for the qualitative detection and differentiation of Immunoglobulin M(IgM)
and Immunoglobulin G(IgG) antibodies to SARS-CoV-2 in human serum, plasma (heparin,
dipotassium EDTA, and sodium citrate), and venous whole blood (heparin, dipotassium EDTA,
and sodium citrate). It is possible that false positive results for SARS-CoV-2 IgM/IgG Antibody
Test Kit may occur due to cross-reactivity from pre-existing antibodies or other possible causes.
The SARS-CoV-2 IgM/IgG serological test assesses both IgM and IgG antibodies. IgM
antibodies show up earlier following a COVID-19 infection, and 1gG antibodies are more likely

to show up later following COVID-19 infection.
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Body Composition:

Height was collected prior to body composition data collection as the DXA requires
height and weight to normalize the data. The literature to date that has assessed the relationship
between pain and “fatness” has used body mass index (BMI) as the measure to categorize
groups. BMI is a derivative of height and weight and does not actually measure fat mass. Our
study added rigor and transparency to the current literature in that we indirectly measured fat
mass and muscle mass using DXA.

1. Height

Height was measured using a stadiometer (Seca model 242, Chino, CA). The participants
were asked to remove their shoes, and to stand with their heels together and against the wall.
They took a deep breath in, stood up tall with shoulders back, and their head aligned in the
sagittal plane with neutral spine, not extending the cervical spine upwards or outwards.

2. Body Mass and Body Mass Index

Body mass was measured using a digital electronic scale (Tanita Model WB-627A,
Tokyo Japan). The participants were asked to remove their shoes, and remove excess weight
from pockets before stepping onto the digital scale. Body Mass Index (BMI) was calculated by
dividing body mass in kilograms by height in meters squared.

3. Dual Energy X-ray Absorptiometry

Total body composition was measured using a whole body Dual Energy X-ray
Absorptiometry (DXA) Scanner (Lunar Prodigy Advance; GE-Medical Systems, Madison, W1)
and corresponding analysis software (enCore 2011, version 13.60, GE-Healthcare, Madison, WI)
for the following variables; tissue (% fat), fat mass (kg), lean mass (kg) and bone mineral density

(g/cm?). Custom regions of interest (ROI) boxes were drawn for the two specific sites and were
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identified by using the enCore DXA analysis software by drawing quadrilateral shapes around
the forearm with intersects occurring at the coronoid process and the styloid process, and in the
thigh with intersects occurring at the neck of the femur and at the intercondylar notch. Body
composition has been shown to affect pain sensitivity so we want to ensure this does not
confound our results. Participants lay in a supine position with their arms resting against the
sides of the body. A block was placed between their feet to provide better clarity for thigh
composition during the scans. DXA equipment was calibrated on a daily basis using
manufacturer produced phantom of a known density to ensure day to day accuracy. Pre-scan
calibration quality assurance indicates a low correlation of variance (<0.2%). Participants will be
required to wear loose and light fitted clothing, without metal pieces (such as bra underwire,
buttons, zippers, and belts), hair loose if long, and tied up, and jewelry and eyewear were
removed.
Pain Outcome Measures

To measure pain sensitivity changes in CPM and EIH, we used a quantitative sensory testing
measure; pressure pain threshold. Whereas questionnaires are formal assessments of a
participant’s pain history; quantitative sensory testing (QST) is a more direct examination of
somatosensory function. Rolke and collegeues (158) designed a QST protocol for somatosensory
function to be used in the clinical setting. One of these tests is pain threshold testing for
mechanical pain.

1. Pressure Pain Thresholds

Pressure pain thresholds (PPT) were assessed using the Medoc Algomed software
(Medoc Ltd., Ramat Yishai, Israel) and a FDIX Force One Pressure Algometer (Wagner

Instruments, Greenwich, CT), which has a 1-cm rubber tip. Pressure pain thresholds were
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performed over the belly of the dominant vastus lateralis muscle while the participant sat with
their feet flat on the ground, quadriceps relaxed, and knees flexed at approximately 90°. Pressure
pain threshold were also taken on the ipsilateral forearm, on the belly of the brsachioradialis
muscle. Participants were requested to stay relaxed during the measure. Both algometer
placement sites were marked, and remarked to ensure the measures were taken from the same
location each time throughout the study. If the participant bruised from the stimulus, we moved
away from the original testing site by no more than 1cm from the original site. Pressure was
applied to the muscle by the investigator at a rate of 30 kilopascals (kPa) per second with the
algometer placed perpendicular, pressing into the muscle belly of the vastus lateralis and
brachioradialis. Participants indicated when the pressure became painful by pressing a handheld
button that stopped the data collection software, informing the investigator to quit applying
pressure, and record the associated pressure value. Three trials were made on the vastus lateralis
and brachoradialis, and then averaged to provide the PPT. The pressure stimulus increased in
pressure intensity, and the indication of PPT was the moment when the pressure goes from a
pressure sensation to a painful sensation. This was completed in both muscle groups, three times
through.
Endogenous Pain Inhibitory Function

To measure inhibitory pain function, cold water submersion and an isometric exercise to
fatigue were used to as a conditioning stimulus (pain inhibits pain) and to see if descending pain
pathways were effected by COVID-19 exposure.

1. Exercise-Induced Hypoalgesia

Exercise-induced hypoalgesia (EIH) is characterized by a reduction in sensitivity to

painful stimuli, lasting up to 30 minutes following a single bout of exercise (31). EIH is usually
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quantified as a calculation of pre and post measures by applying a painful stimulus to the body
before and after a defined dose of exercise and measuring the change in pain sensitivity such as
pain thresholds or reduced pain intensity. EIH has been consistently demonstrated in healthy,
pain-free populations, (31) with both aerobic and resistance exercise reducing several different
measures of pain sensitivity including pressure and thermal pain thresholds, (31).

Aerobic exercise elicits a greater EIH response at higher intensities (101). Both dynamic
and isometric resistance exercise induce EIH, with isometric loads as low as 10-30% of
maximum voluntary contraction capable of inducing EIH. The greatest effects have been
demonstrated using pressure pain thresholds following isometric exercise to task failure (31).

Therefore, in order to produce EIH, we used an isometric leg extension exercise protocol
that was performed using the dominant leg. Time-to- task failure will be performed at 25% of
each participant’s pre-determined MVC. During the time-to-task failure exercise bout,
participants were able to see the required force value by a line marked in the Biopac program and
participants were asked to contract with a force equal to the mark and maintain this force for as
long as possible. Using the same protocol from the PPT description, pre measurements of PPTs
in the dominant vastus lateralis and the ipsilateral brachioradialis were made prior to the
performance of three MVC’s and the time to task failure protocol. Post measures of PPT’s in
both the arm and leg were made immediately following failure of force maintenance or volitional
fatigue and again fifteen minutes following the cessation of the exercise task. The difference
between the pre and post values will determine the exercise induced hypoalgesic response.

2. Conditioned Pain Modulation Test

Conditioned pain modulation (CPM) has the potential to reflect states and changes in

central pain processing, and cold water submersion is the most commonly used to elicit CPM
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(33, 94). The noxious stimulus, which is measured before and after the application of the
conditioning stimulus, is referred to as the test stimulus. The test stimulus can be thermal,
electrical or tactile. Tactile stimulus, such as pressure, is often used as the testing stimulus. As
pressure pain activates mechanoreceptors in the muscle, this would be the most appropriate test
stimulus to use when measuring pain associated with potential myalgic effects of COVID-
19. The conditioning stimulus typically consists of either a cold or hot water bath applied to a
distal extremity.

A cold water stimulus was used during this study as this is more commonly seen in the
literature. When the participants came into the lab, they removed the shoe and sock of their
dominant foot and submerged it into room temperature water, in an attempt to control for
additional sensitivity related to submerging feet. This lasted for one minute followed by
10minutes of quiet rest. Using the same protocol from the PPT description, pre measurements of
PPTs in both the dominant vastus lateralis and ipsilateral brachioradialis were made prior to the
submersion of the dominant foot into a cold ice bath for one minute (< 3°C). Post measures of
PPT’s in both legs were made immediately following the removal of the foot from the ice bath
and again fifteen minutes post. The difference between the pre and post values will determine the
conditioned pain modulatory response.

Statistical Analysis

The data collected during the experiment was analyzed using SPSS 26. Alpha was set at
<0.05 for statistical significance. Averages of three trails were taken for the PPT’s in both the
arm and the leg measures. Day-to day-reliability was measured using single measures intraclass

correlations coefficients (ICC’s) to assess consistency. Percent changes from pre-values were
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calculated for CPM and EIH responses using the pre and post measures (immediately post and
15-min post).

One-way ANOVA was performed to assess differences among the 3 groups on
participant characteristics (height, weight, age, DXA measures) and self-reported physical
activity, pain attitudes, pain catastrophizing, and profile of mood states questionnaires. A 3 group
(symptomatic, asymptomatic, and control) x 2 time points (immediately post and 15-min post)
mixed model ANOVA was performed to assess differences in the CPM and EIH responses.
Significant interactions were followed up by performance of one-way ANOVAs to assess
differences over time and among the groups. If the group one-way ANOVA was significant
simple comparisons were made using a Tukey post-hoc test. A 3 group (symptomatic,
asymptomatic, and control) x 3 time points (pre/baseline, immediately post and 15-min post)
mixed model ANOVA was performed to assess differences in PPT in the CPM and EIH
protocols. Significant interactions were followed up by performance of one-way ANOVAs to
assess differences over time and among the groups. If the group one-way ANOVA was
significant simple comparisons were made using a Tukey post-hoc test. Additional exploratory
analysis was performed by splitting COVID-19 symptomatic group into two groups: 1) 0-6
months since initial symptom onset (N=12) and 2) 6-12 months since initial symptom onset
(N=14). Independent samples t-tests were run between the two groups to assess differences
among the groups. Pearson’s correlations were used to determine relationships between CPM,
EIH, and pressure pain measures. Pearson correlations were also used to determine relationships
between CPM, EIH, and pressure pain measures with questionnaire results. Point-biserial
correlations were used to identify relationships between common COVID-19 symptoms and

PPT, CPM, or EIH.
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CHAPTER IV
RESULTS
Participant characteristics:

The total sample resulted in 59 eligible participants that were split into three groups based
upon whether they had tested positive for COVID-19 with symptoms (N=26, 53% female),
tested positive for COVID-19 without symptoms or had tested positive for antibodies (N=13;
66% female), or had tested negative for COVID-19 and had tested negative for present
antibodies (N=20; 44% female). Descriptive statistics for the sample that we had collected are
shown in table 1. Differences in height, weight, BF%, lean mass, and PPT’s in both arm and leg

were found between men and women.

Table 1: Descriptive Statistics (means + SD’s) for all Participants (N=59)

Mean Females (N=34) Males (N=25) P-value
Age 22.8+3.7 22.4+3.11 23.40+4.41 0.33
Height (in) 68.2+3.6 66.31 +2.87 70.75 + 3.00* 0.00
Weight (I1bs) 1642 +31.4 150.27 £24.77 183.06 +29.79* 0.00
BMI 248 £4.0 24.04 +£3.92 25.72 +3.99 0.11
BF% 299+ 11.1 35.04 + 8.85 22.82 +10.14* 0.00
Fat mass total (g) 21472 £ 10070 23438 £ 9321 18799 + 10614 0.08
Lean mass total (g) 48730+ 13165 41471 £4944 58602 + 14459* 0.00
PPT leg (kPa) 555.2+£241.2 472.60 +208.24 667.65 +241.08* 0.00
PPT arm (kPa) 407.5 +200.5 352.52 £169.38 482.34 +£218.05* 0.01

Group Demographic differences (One-Way ANOVAS):

One way ANOVAS with Tukey post hoc analysis were run to determine group
differences for symptomatic COVID-19 (N=26), asymptomatic COVID-19 (N=13), and control
(N=20) groups (table 2). There were differences in age (One-way ANOVA,; P=0.042;
np2=0.107) between the symptomatic group and the control group (P=0.034). There were no

group differences for height (P=0.308; np2=0.041), weight (P=0.331; np2=0.038), BMI
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(P=0.344; mp2=0.037), Body fat% (P=0.079; np2=0.086), and total fat mass (P=0.262;
np2=0.047). There were differences between groups (One-way ANOVA,; P=0.048; np2=0.102),
with the control group having significantly greater lean mass than the asymptomatic group
(P=0.047).
Physical activity

Regarding self-report physical activity within the past seven days prior to the
commencement of the study, no differences were found between any of the groups in all
dimensions of the IPAQ including walking (P=0.647; np2=0.016), moderate exercise (P=0.334;
np2=0.039), vigorous exercise (P=0.453; np2=0.028), time spent sitting (P=0.509; np2=0.024),
and total physical activity (P=0.522; np2=0.023).
Pain Questionnaires

The PCS was used to determine group differences in pain catastrophizing and no
differences were found among the three groups (P=0.09; np2=0.082). Furthermore, no
differences were found in the stoic fortitude (P=0.697; np2=0.014), stoic concealment (P=0.341;
np2=0.04), stoic superiority (P=0.933; np2=0.003), and cautious reluctance (P=0.800;
np2=0.009) dimensions of the pain attitudes questionnaire with the exception of one dimension;
cautious self-doubt (One-way ANOBA,; P=0.034; np2=0.122), which demonstrated differences
between asymptomatic and control groups (P=0.027).
Profile of Mood States

There were no group differences in all dimensions of the profile of mood states
questionnaire including tension (P=484; np2=0.026), anger (P=0.776; np2=0.009), fatigue
(P=0.645; np2 =0.016), vigor (P=0.449; np2 =0.028), confusion (P=0.681; np2 =0.014),

depression (P=0.607; np2 = 0.018), and total mood disturbance (P=0.396; np2 = 0.033).
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Table 2: Group descriptive for symptomatic, asymptomatic, and control groups (means + SD's)

Symptomatic Asymptomatic COVID- . Partial-Eta

COVID-19 (N=26) 19 (N=13) Control (N=20) P-value 0 ared
Age 21.6+25 23.2+3.2 243+ 48" 0.04 0.11
Height (in) 67.9+34 67.2+3.8 69.1+3.8 0.31 0.04
Weight (Ibs) 166.8 £ 23.2 152.7 £ 38.5 168.2 £ 35.2 0.33 0.04
BMI 255+4.1 2351472 246 £ 3.6 0.34 0.04
BF% 32.8+12.6 30.8+£95 255+£9.0 0.08 0.09
Fat mass total (g) 23770.2 £ 10859.3 208292 + 10056.5 18904.0 + 8721.6 0.26 0.05
Lean mass total (g) 46005.0 £ 13451.8 45237.1 £ 11307.8 54544.9 + 12496.2" 0.05 0.10
PPT leg (kPa) 566.9 + 198.9 424.36 = 150.4 625.2 + 306.8 0.06 0.10
PPT arm (kPa) 396.5 +151.5 312.7+127.1 483.6 +264.3 0.05 0.10
IPAQ Walking (MET/mins) 3286.7 £5711.6 2923.3+3171.4 2077.3 £ 2089.6 0.65 0.02
IPAQ Moderate (MET/mins) 1769.6 £ 1949.9 2432.3 £3170.4 1285.8 + 1375.6 0.33 0.04
IPAQ Vigorous (MET/mins) 3639.7 £ 5001.8 2450.0 £ 2742.2 2280.8 + 2452.6 0.45 0.03
IPAQ Time Sitting (hours) 440+17.4 46.3 +£19.6 50.4 +£18.7 0.51 0.02
IPAQ Total (MET/mins) 8696.0 £ 11013.0 7805.3 £ 8595.5 5643.8 + 8832.2 0.52 0.02
PCS 10.9+5.7 10.6 £ 6.5 15.6 +10.3 0.09 0.08
PAQ SF 16.6 +4.6 157+ 3.2 158+ 34 0.70 0.01
PAQ SC 120+ 35 124+ 3.2 13.4+27 0.34 0.04
PAQ SS 13.7+4.4 14124 141+3.7 0.93 0.00
PAQ CSD 16.4+5.2 13.2+4.0 17.8+4.3" 0.03 0.12
PAQ CR 13.6 +3.7 13.1+3.2 140+ 3.0 0.80 0.01
POMS Tension 6.1+£4.0 52+34 4747 0.48 0.03
POMS Anger 3229 3.6£3.0 28+t44 0.78 0.01
POMS Fatigue 78149 74+£55 6.5+3.9 0.65 0.02
POMS Vigor 8.1x4.1 94+£24 94+44 0.45 0.03
POMS Confusion 4334 3.8+£34 3.6x24 0.68 0.01
POMS Depression 44+42 42+38 3.3+36 0.61 0.02
POMS TMD 17.8 +£15.7 149+15.9 11.2 +16.3 0.40 0.03

*difference between symptomatic vs asymptomatic, * difference between symptomatic and control, * difference between asymptomatic and control. BMI = Body
mass index, BF% = body fat percentage, PPT = pressure pain threshold, IPAQ = international physical activity questionnaire, PCS = pain catastrophizing scale,
PAQ = Pain attitudes questionnaire, SF = stoic fortitude, SC = stoic concealment, SS = stoic superiority, CSD = cautious self-doubt, CR — cautious reluctance,
TMD = total mood disturbance
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Reliability in PPT’s between Visits (Intraclass Correlation Coefficient)

Intraclass Correlation Coefficient (ICC) statistics were run among baseline PPT’s across
all three visits. ICC’s indicated that PPT’s in the leg, across all three visits, were consistent and
demonstrated high reliability (ICC = 0.965). ICC’s indicated that PPT’s in the arm, across all
three visits, were consistent and demonstrated high reliability (ICC = 0.940).

Differences in Pressure Pain Sensitivity:

No differences were found in pre/baseline PPT’s between groups in the leg (P=0.059;
np2=0.096), even though a moderate effect was seen, however group differences were found in
the arm (P=0.050; np2=0.101) with the control group having significantly higher baseline PPT’s
than asymptomatic group (P=0.042) but no differences were observed between symptomatic and
asymptomatic COVID-19 (P=0.415) and symptomatic COVID-19 and control groups (P=0.292)
m Symptomatic
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Figure 1: Group differences in pressure pain threshold between symptomatic COVID-19, asymptomatic
COVID-19, and control groups. *denotes significance (P<0.05) between asymptomatic and control group.
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Differences in Normalized Pressure Pain Sensitivity to Limb Specific Fat/Lean Mass:

When PPT’s were normalized to site specific lean mass, no group differences were seen
in the arm (P=0.563) or the leg (P=0.586). However, when normalized to fat mass, group
differences were observed in the arm (P=0.019) but not the leg (P=0.285). Using Tukey’s, the
difference between normalized PPT to limb specific lean mass was seen between COVID-19
symptomatic and control (P=0.044) and between asymptomatic and control (P=0.037).
Differences in Pain modulation:

A significant group x time interaction was observed for CPM in both the leg (P=0.008)
and the arm (P=0.001). Follow up post-hoc testing demonstrated a significant effect of group
immediately following the ice bath in the leg (P=0.02) and arm (P<0.001). The magnitude of
CPM differed between the symptomatic and asymptomatic groups in the leg (12.8% + 22.0 vs
33.8% = 28.2; P=0.014), but not between the symptomatic and control (12.8% + 22.0 vs 18.1% +
14.1; P=0.678), or the asymptomatic and control groups (33.8% + 28.2 vs 18.1% + 14.1;
P=0.107) (Figure 1). In the arm significant differences were observed between symptomatic and
asymptomatic groups (-1.0% £ 20.3 vs 33.3% + 26.2; P<0.001), between the symptomatic and
control group (-1.0% * 26.2 vs 23.4% + 28.2; P=0.004), but not between the asymptomatic and
control groups (33.3% * 26.2 vs 23.4% + 28.2; P=0.504) (Figure 2). There were no group
differences observed at 15-min post ice bath in the leg (P=0.15) or arm (P=0.70). Within groups,
no change in CPM was observed between the immediately post time point and 15-min post in the
symptomatic group (P=0.75), however, significant reductions in the magnitude of CPM were
observed in the asymptomatic group (P=0.014) and control group (P=0.01). Similar findings
were observed in the legs with no change in the symptomatic group (P=0.18), with reductions

observed in the asymptomatic (P=0.0002) and control groups (P= 0.008).
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The group by time interaction for EIH in the leg was not significant (P=0.94), but there
was a main effect for both group (P=0.04) and time (36.1% vs. 20.8% for immediately post and
15-min post; P<0.001) (Figure 3). Main comparisons for groups demonstrated differences
between the asymptomatic and symptomatic (P=0.02) and control (P=0.03), but not symptomatic
and control (P=0.91). No differences were observed in the arm (P=0.82 for the interaction,

P=0.63 for main effect for group, and P=0.39 for time).
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Figure 1: Group differences in Condition Pain Modulation between symptomatic COVID-19,
asymptomatic COVID-19, and control groups in the leg. *denotes significant difference between
symptomatic and asymptomatic. IP = immediately post, 15P = 15minutes post.
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Figure 3: Group differences in Condition Pain Modulation between symptomatic COVID-19,
asymptomatic COVID-19, and control groups in the arm. *denotes significant difference between
symptomatic and asymptomatic. # denotes significant difference between symptomatic and control group.
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Figure 4: Group differences in Exercise Induced Hypoalgesia between symptomatic COVID-19,
asymptomatic COVID-19, and control groups in the leg.
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Figure 5: Group differences in Exercise Induced Hypoalgesia between symptomatic COVID-19,
asymptomatic COVID-19, and control groups in the arm.

Time Post Infection:

Mean values for COVID-19 infected individuals split by <6months and 6-12months since
infection can be found in Table 2. There were no group differences for age (P=0.15; d=0.62),
height (P=0.43; d=0.32), weight (P=0.16; d=0.58), BMI (P=0.42; d=0.32), BF% (P=0.98; d=
0.01), total fat mass (P=0.71; d=0.14) and total lean mass (P=0.88; d=0.06). No differences were
found among the groups in all dimensions of the IPAQ including walking (P=0.98; d=0.01),
moderate exercise (P=0.06; d=0.074), vigorous exercise (P=0.29; d=0.42), time spent sitting
(P=0.81; d=0.09), and total exercise (P=0.42; d=0.32). No differences in PCS were found among
the three groups (P=0.19; d=0.53). No differences were found in in all dimensions of the PAQ

including stoic fortitude (P=0.53; d=0.25), stoic concealment (P=0.74; d=0.25), stoic superiority
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(P=0.34; d=0.39), cautious reluctance (P=0.98; d=0.01), and cautious self-doubt (P=0.11,
d=0.67). There were no group differences in all dimensions of the POMS questionnaire including
tension (P=484; n,> =0.026), anger (P=0.776; n," =0.009), fatigue (P=0.645; n,> =0.016),
vigor (P=0.449; n,” =0.028), confusion (P=0.681; m," =0.014), depression (P=0.607; m," =
0.018), and total mood disturbance (P=0.396; np2 = 0.033). Differences were found between
individuals who were infected within the past 6 months and 6-12 months since infection in total
number of total symptoms (P=0.04; d=0.87) and number of neurological symptoms (P=0.04;
d=0.86) with <6 months having more symptoms. No differences were found in total number of
respiratory symptoms (P=0.29; d=0.43) and total number of GI symptoms (P=0.38; d-0.35)

between groups.

Differences in pain sensitivity in individuals 0-6 months post exposure and 6-12 months
post exposure:

The COVID-19 symptomatic group were split into two groups; 0-6 months since initial
symptom onset (N=12) and 6-12 months since initial symptom onset (N=14). Using an
independent samples t-test, this study found that there were no differences between the 0-6
month group (604.4kPa + 247.3) and the 6-12 month group (564.3kPa + 193.1) in pressure pain
sensitivity in the leg (P=0.647; d=0.181). There were also no differences found between the 0-6
month group (406.0kPa + 195.7) and the 6-12 month group (432.1kPa + 177.6) in pressure pain

sensitivity in the arm (P=0.725; d=0.140).
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Figure 6: Group differences in pressure pain sensitivity between groups who had symptomatic COVID-
19 0-6 months ago, and 6-12 months ago.

Differences in pain modulatory function in individuals 0-6 months post exposure and 6-12
months post exposure:

There were no differences between the 0-6 month group (9.3% + 26.3) and the 6-12
month group (15.7% + 18.1) in the CPM response in the leg (P= 0.475; d=0.283). There were
also no differences found between the 0-6 month group (-6.6% + 13.1) and the 6-12 month group
(3.8% * 24.4) in CPM in the arm (P=0.199; d=0.531). Additionally, there were no differences
between the 0-6 month group (22.3 £ 25.0) and the 6-12 month group (36.1% = 16.2) in the EIH
response in the leg (P=0.102; d=0.655). There were also no differences found between the 0-6
month group (10.9% + 25.4) and the 6-12 month group (22.6% * 29.2) in EIH in the arm

(P=0.291; d=0.428).
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Figure 7: Group differences in conditioned pain modulation between groups who had symptomatic
COVID-19 0-6 months ago, and 6-12 months ago.
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Figure 8: Group differences in exercise induced hypoalgesia between groups who had symptomatic
COVID-19 0-6 months ago, and 6-12 months ago.
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Symptomatic COVID-19 symptomology (Descriptive data):

Individuals who had tested positive for COVID-19 filled out a symptom checklist (figure
9). Fever was seen in 60% of participants (N=15) who experienced symptomatic COVID-19.
Regarding respiratory symptoms, cough was experienced in 60% (N=15), hemoptysis in 4%
(N=1), congested nose in 80% (N=20), phlegm in 68% (N=17), and 72% experienced some
shortness of breath (N=18). All but one individual experienced at least one respiratory symptom
of COVID-19. Every individual who had symptomatic COVID-19 (N=26; 100%) developed at
least one neurological symptom. Fatigue and headaches were seen in 84% of asymptomatic
COVID-19 participants (N=21), myalgia in 72% (N=18), anosmia in 60% (N-15), angeusia in
56% (N=14), sore throat in 48% (N=12), 44% had difficulties in concentration (N=11) and
jaw/facial pain was experienced in 12% (N=3). Gastrointestinal manifestations of COVID-19
were less common (N=14; 56%), with 44% experiencing diarrhea (N=11) and 28% experiencing

nausea (N=7).

Other
Thrombocytopenia
Nausea

Anosmia

Fatigue

Jaw/facial pain
Headache

Phlegm
Haemopotysis

Fever

0 10 20 30 40 50 60 70 80 90 100
Figure 9: Common symptoms experienced/reported in symptomatic COVID-19 participants (%)

71



Relationships between COVID-19 symptomology and pressure pain sensitivity:

When running a biserial correlation between number of symptoms and PPT’s (table 3)
there no correlations found between total number of symptoms and leg (r=0.081; P=0.694) and
arm PPTs (r=-0.021; P=0.917). Likewise no relationship was found between total number of
respiratory symptoms, and total number of neurological symptoms. However, there was a
negative relationship found between total number of Gl symptoms and both leg (r=-0.414;
P=0.036) and arm (r=-0.467; P=0.016) PPT’s.

When examining individual symptoms, a biserial correlation was run and there were no
relationships found between leg PPT’s and individual symptoms with the exception of fever,
which demonstrated a positive correlation (r=0.461; P=0.018). A negative relationship between
congestion and arm PPT’s were found (r=-0.416; P= 0.035), and concentration difficulties and

arm PPT’s (r=-0.407; P=0.039). However, no other symptom correlated with arm PPT’s.

Relationships between COVID-19 symptomology and pain modulatory function (Biserial
correlations):

When running a biseral correlation between number of symptoms and the CPM response
(table 3) there were no correlations found between total number of symptoms and leg and arm
CPM. Likewise no relationship was found between total number of respiratory symptoms, total
number of neurological symptoms, total number of GI symptoms and both leg and arm CPM.

When examining individual symptoms, biserial correlations were run and there were no
relationships found between leg CPM and individual symptoms. A negative relationship
between nausea and arm CPM were found (r=-0.405; P=0.040). However, no other symptom

correlated with arm CPM.
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Biserial correlations were run between number of symptoms and the EIH response (table
3) there were no correlations found between total number of symptoms and leg EIH. However,
there was a relationship between arm EIH and total number of symptoms (r=0.474; P=0.015).
Likewise a relationship was found between total number of respiratory symptoms (r=0.462;
P=0.018), total number of neurological symptoms (r=0.446; P= 0.022) in the arm, but no
relationship was demonstrated in total number of Gl symptoms and both leg (r=-0.358; P=
0.073) and arm EIH (r=0.090; P= 0.661). No relationship was demonstrated in total number of
respiratory symptoms (r=0.102; P=0.621) and total number of neurological symptoms (r=-0.230;
P=0.258) in leg EIH.

When examining individual symptoms, biserial correlations were ran and there were no
relationships found between leg EIH and individual symptoms. However positive relationships
were found between myalgia and arm EIH (r=0.445; P=0.016), jaw pain and arm EIH (r=0.469;
P=0.023), and hemoptysis and arm EIH (r=0.566; P=0.003). However, no other symptom
correlated with arm EIH.

Relationship between EIH and CPM:

The CPM response in the leg correlated with CPM in the arm (r=0.265; P=0.43). EIH in
the leg correlated with EIH in the arm (r=0.433; P=0.001). CPM in the leg did not correlate with
EIH response in the leg (r=0.201; P=0.127) (Figure 10) or with EIH in the arm (r=0.154;
P=0.244). CPM in the arm correlated with EIH response in the arm (r=0.359; P=0.005) (Figure

11) and EIH response in the leg(r=0.339; P=0.009).
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Figure 10: Relationship between CPM in the leg and EIH in the leg.
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Figure 11: Relationship between CPM in the arm and EIH in the arm.
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Table 3: Pearson and Point-biserial correlations showing relationships between common COVID-19 symptoms and Pain/Pain
Modulation measures.

Leg PPT Arm PPT Leg CPM Arm CPM Leg EIH Arm EIH

Total # of Symptoms 0.08 -0.02 0.14 -0.21 -0.23 0.47"
Total # of Respiratory Symptoms 0.01 0.08 0.01 -0.15 0.10 0.46"
Total # of Neurological Symptoms 0.38 0.24 0.00 -0.31 -0.23 0.45"
Total # of GI Symptoms -0.41%* -0.47" 0.26 -0.18 -0.36 0.09
Fever 0.46" 0.37 0.05 -0.03 0.12 0.06
Cough 0.23 0.05 -0.02 0.10 -0.04 0.14
Hemoptysis -0.19 -0.20 0.01 -0.05 0.15 0.57"
Congestion -0.16 -0.42" -0.15 -0.24 -0.05 0.19
Phlegm -0.23 -0.23 -0.08 -0.29 0.09 0.07
Shortness of Breath 0.20 -0.13 -0.04 0.35 -0.02 0.21
Headache -0.03 -0.12 0.15 0.03 -0.21 0.15
Sore Throat 0.14 -0.11 0.04 0.01 0.01 0.12
Jaw and Facial Pain 0.08 -0.17 0.18 0.34 0.00 0.45"
Myalgia 0.34 0.26 -0.11 0.05 0.14 0.47
Fatigue 0.08 -0.12 -0.17 -0.38 -0.22 0.08
Concentration Difficulties -0.17 -0.41" -0.24 -0.29 -0.33 0.27
Anosmia -0.15 -0.20 -0.15 -0.04 -0.17 0.10
Aguesia 0.27 0.12 -0.02 0.05 0.02 0.12
Nausea 0.26 0.18 -0.03 -41° 0.09 0.24
Diarrhea 0.35 0.08 0.23 -0.08 0.12 0.17

*significance at p<0.05, ** significance at p<0.01
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DISCUSSION:

This study aimed to assess group differences in pressure pain sensitivity and pain
modulatory function in individuals who have had symptoms of COVID-19, were infected but
asymptomatic, and control groups with no COVID-19 infection.

The primary findings of the study were that 1) pressure pain sensitivity did not differ
between symptomatic COVID-19 and control group, 2) the magnitude of EIH response was
similar between groups, and 3) the CPM response in symptomatic COVID-19 was significantly
lower than the asymptomatic group in the leg, and the magnitude of the CPM response in the arm
was significantly lower than both the asymptomatic group and COVID-19 group, whereby the
symptomatic COVID-19 group showed a lack of CPM response. Furthermore, when
symptomatic COVID-19 individuals were split between the past 6 months and 6-12 months since
COVID-19 infection, there was no difference in CPM response between the two-time frames.
Similarities in Pressure Pain Sensitivity:

Our finding that pressure pain sensitivity was higher (e.g. requiring less force application)
in asymptomatic COVID-19 compared to symptomatic COVID-19 in the arm but not the leg was
not expected. It was hypothesized that COVID-19 groups would be to pain than the control
group, our results show that this was not the case.

The asymptomatic group had a slightly higher proportion of females to males. Sex
differences in clinical and experimental pain have been well established (207-210). Women are,
in general, more sensitive to pain (207-210) and are at higher risk of developing chronic pain
conditions compared to their male counterparts (207, 211-214). It is widely accepted that males
and females have whole body and site-specific differences in fat mass, with higher fat mass

favoring females (24, 29) and higher lean tissue favoring males. A recent, unpublished study
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from our lab has demonstrated that there were sex differences between males and females in
PPT’s but when PPT’s were normalized to whole body lean mass, the sex difference
disappeared. When examining sex differences in the current study, there were significant
differences between males and females. When normalized to limb specific lean mass, the sex
differences in PPT’s were eliminated. Furthermore, when we normalized to limb specific lean
mass, the group difference was eliminated. This suggests that sex does play a role in pressure
pain sensitivity and sex differences should be considered during pressure pain sensitivity
analysis.
Differences in CPM response

CPM response was attenuated both locally (in the leg) and remotely (in the arm) in
individuals who had symptomatic COVID-19 compared to asymptomatic COVID-19 and
controls. Individuals who had symptomatic COVID-19 had a dysfunctional CPM response in a
remote location; the forearm. The mean arm CPM response was - 1% in the symptomatic
COVID-19 group compared to the control group and the asymptomatic group both of which
increased their pain thresholds following the cold pressor test (CPT) by 33% and 26%
respectfully. The approximated magnitude of CPM evoked in studies using healthy controls was
29% (215). The included studies in this review used CPT (32, 113, 216-221), heat (113, 221-
223), ischemia (224-227), and chemical stimuli (198, 228-230) as the conditioning stimulus, with
the most common being CPT (215). Our finding in the symptomatic COVID-19 group was
similar to those who have been diagnosed with chronic pain conditions such as fibromyalgia (34,
187, 188, 190), tension type headache (231-234), arthritis (35, 110, 235), irritable bowel
syndrome (236, 237) among others (238, 239) whereby the CPM response magnitude was

significantly lower compared to the control groups.
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One emerging hypothesis as to whether an individual would become symptomatic for
COVID-19 is that the SARS-CoV-2 spike protein binds to Neuropilin-1 receptor (NRP-1).
Usually vascular endothelial growth factor-A (VEGF-A) binds to NRP-1 and elicits pro-
angiogenic, and pro-nociceptive effects (240), however initial data (65) has demonstrated that
SARS-CoV-2 Spike protein disrupts VEGF-A/NRP-1 pro-nociceptive signaling. While there
have been reported increases in VEGF-A levels in COVID-19 patients (241), Moutal et al (65)
found that SARS-CoV-2 spike protein hijacks NRP-1 signaling to dampen VEGF-A mediated
pain. Activation of this particular signaling pathway has therefore been suggested as a
mechanism as to why certain individuals may or may not be asymptomatic to COVID-19 (65). It
does not however, explain why so many other individuals experience varying symptoms of
COVID-19. NRP-1 is a neuropilin that is located on neurons, and expression level of these
proteins could be a potential mechanism as to why asymptomatic COVID-19 individuals have a
more robust CPM response compared to symptomatic COVID-19 in both the arm and leg.

Another potential for COVID-19 related effects on pain involves ACE-2 receptor
expression. Surface expressed ACE-2 has been found to be main receptor for uptake of SARS-
CoV-2 spike protein (16). Evidence indicates that ACE-2 expressing sensory neurons synapse
with spinal and brainstem central nervous system (CNS) neurons and can lead to symptoms such
as headache and nerve pain (5, 6) which are evident in many COVID-19 cases. Therefore,
individuals who have an increased number of ACE-2 receptors could be at risk of experiencing
increased symptomology compared to those with less ACE2 expression, especially with regards

to neurological symptoms such as pain. The role of ACE2 and NRP-1 in EIH and CPM
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Enhanced excitability in the central nervous system is a common phenomenon observed
in people with chronic pain (242-245). Central sensitization is the persistent state of high
reactivity to nociceptive inputs and amplified pain due to this enhanced excitability and can lead
to a dampened CPM response. CPM has been used as a measure descending tract functions that
contribute to the control and modulation of pain perception. The periaqueductal grey (PAG),
locus coeruleus (LC) and rostral ventromedial medulla (RVM) are key nuclei that project
nociceptive information to the dorsal horn; the RVM is considered the last relay point by which
modulatory (facilitatory or inhibitory) stimuli pass to the spinal cord. A noxious stimulus applied
in one part of the body can inhibit pain in another part of the body, by activating the descending
inhibitory system via a spino-bulbo-spinal loop; spinal dorsal horn neurons receive a noxious
conditioning stimulus from a particular area of the body. During normal functioning of the
descending pain modulatory system, these painful stimuli exert inhibitory effects over
subsequent painful stimuli. CPM assessments provide ways to measure the functional status of
the patient’s pain modulatory system and identify the risk of a chronic pain trajectory and
likelihood of developing central sensitization. Accumulating evidence suggests that central
sensitization may be driven by neuroinflammation in the CNS and peripheral nervous system
(PNS) (246). A characteristic feature of neuroinflammation is the activation of glial cells, such as
microglia and astrocytes in the spinal cord and brain leading to the release of pro-inflammatory
cytokines and chemokines (246). Recent studies suggest that central cytokines and chemokines
are powerful neuromodulators and play a role in inducing hyperalgesia (increased sensitivity to
painful stimuli) and allodynia (pain from normally innocuous stimuli) (246, 247). Sustained
increase of cytokines and chemokines in the central nervous system may also contribute to

chronic widespread pain that can affect multiple body sites (246). Based upon this hypothesis,
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neuroinflammtion may be driving widespread chronic pain via central sensitization. Furthermore,
acute systemic inflammation initiated by SARS-CoV-2 can induce mast cell activation,
psychological stress, cytokine storm, and neuro-inflammation (248), a perfect recipe for pain
sensitization. Symptoms of neuro-inflammation include headache, myalgia, concentration
difficulties, nausea, and fatigue among others. These symptoms of neuroinflammation are
analogous to the neurological symptoms of COVID-19 infection. As neuroinflammation can
drive central sensitization, COVID-19 induced neuroinflammation may have an impact on the
central nervous system and could be a mechanism by which symptomatic COVID-19 group had
a dysfunctional CPM response compared with the other two groups.

In 2003, a Severe Acute Respiratory Syndrome (SARS) emerged from South East Asia
and became a global health issue that affected mostly health care workers in North America. This
original SARS was considered controlled by June 2003 as no new cases appeared. However, one
year after hospitals returned to normalcy, a set of SARS-survivors remained disabled and unable
to return to work. They had symptoms of myalgia (muscle pain), weakness, fatigue, shortness of
breath, and sleep disturbances that persisted for up to two years following infection onset (11). A
larger study cohort of 107 patients from Toronto, (249) had shown that, after one year, patients
continued to describe problems with pain, reduced vitality, physical, mental, and social
functioning. Only 14 (13%) were asymptomatic, leaving 93 patients (87%) symptomatic, where
18 (17%) had not returned to work, and 10 (9%) had returned to modified work. The disabling
chronic fatigue, variable non-specific myalgia and sleep disturbances in patients associated with
Post-SARS syndrome were similar to those experienced by patients with Chronic Fatigue
Syndrome (CFS) (250) and Fibromyalgia Syndrome (FMS) (251). A comprehensive review

suggests that the pattern of CPM inefficiency is most overtly expressed in patients with
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fibromyalgia, among other chronic pain conditions such as irritable bowel syndrome,
temporomandibular disorders, and tension-type headache (25). Due to the similarities of this
post-SARS syndrome and fibromyalgia, it is plausible that a component observed in both of
these conditions could be contributing to the dysfunctional CPM response observed in this
current study. Additionally, myalgia has demonstrated a dysfunctional CPM response (187, 188,
190). Pro-inflammatory cytokine levels (i.e. IL-1RA, IL-6, and IL-8) and chemokine levels have
been found to be increased in patients with fibromyalgia. Cytokine and chemokine involvement
has also been observed in hyperinflammation in post SARS-CoV2 infection. Leow et al. (252)
describe a post-SARS (severe acute respiratory syndrome) condition characterized by mild
sickness syndrome manifestations (malaise, concentration difficulties, fatigue, myalgia).
Sickness syndrome is usually a response to a peripheral infection, whereby innate immune cells
produce pro-inflammatory cytokines (IL-1, IL-6, and TNF-alpha) that act on the brain to cause
sickness behavior (253). This cytokine involvement in the CNS could have an impact on pain
modulation.

Another potential explanation as to why symptomatic COVID-19 survivors have a
dysfunctional CPM response is that it has a direct effect on ACE-2 receptors. ACE-2 receptors
are a part of renin—angiotensin—aldosterone system (RAAS). Elevated levels of ACE-2 are
associated with cardiovascular disease; however downregulated ACE-2 receptors can impact the
RAAS system and blunt the blood pressure (BP) response due to RAAS involvement as a central
regulator of BP (61). It has been shown that a positive linear association exists between blood
pressure and magnitude of CPM (28, 254). If the RAAS system becomes impaired due to
damage to the ACE-2 receptor caused by the SARS-CoV-2 pathogen then blood pressure

responses may become dysregulated. The blood pressure response following a cold pressor test
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could lead to a blunted CPM response (28). This is a phenomenon that should be further
explored as we did not examine BP changes before or after the CPT.

A final potential mechanism that may explain why CPM response was lower in
individuals who had symptomatic COVID-19 is a fear response known as “amygdala hijack”
(255). Images of an intensive care unit correlated with a stronger activation of bilateral amygdala
than did other tasks indicating that the COVID-19 pandemic has disrupted normal psychological
functioning. The amygdala is an important brain center for the emotional-affective dimension
of pain and for pain modulation, including CPM. Changes in neuronal plasticity in this limbic
area could play a role in a dysfunctional CPM response. RVM, PAG, and Amygdala are key
brain locations for descending inhibition of pain. While some case study reports have
demonstrated amygdala activity changes, no research has examined COVID-19 and its influence
on RVM and PAG areas of the brain.

In summary, a dysfunctional CPM response in COVID-19 survivors may be due to
neuroinflammation caused by a cytokine storm induced by SARS-CoV-2 leading to central
sensitization, a chronic post-COVID-19 syndrome that may have similar effects to fiboromyalgia,
a cardiovascular response mechanism due to RAAS and ACE-2 dysregulation, or an amygdala
hijack due to emotional and psychological consequences of the pandemic.

Similarities in EIH response between groups:

Despite our findings of differences in CPM among groups, we found no differences in the
EIH response in individuals who have had COVID-19 and those who have not. CPM and EIH
have been shown to correlate (115, 116), however in younger adults, this relationship has been
found less often (256). As our symptomatic COVID-19 group demonstrated a dysfunctional

CPM response in the arm it would be plausible to believe that the symptomatic COVID-19 group
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might also have a dysfunctional EIH response in the arm. However, this was not the case. A
possible explanation on why there might have been no differences among groups, was that our
sample, other than COVID-19 infection status, was relatively homogenous. There were no
differences in age and physical activity amount between groups—both of which have been
previously shown to influence EIH. Endogenous opioids (101), hemodynamics (257), pro-
inflammatory cytokines(258), and distraction (259) have been proposed as possible mechanisms
underlying the EIH response. Our findings seem to indicate that COVID infection does not seem
to alter this pathway(s). This further highlights existing evidence (260) that CPM and EIH do not
necessarily modulate pain sensitivity using the same shared pathways.
COVID-19 symptomology

In our sample, the most common symptoms experienced were fatigue (84%), headaches
(84%), congestion (80%), myalgia (72%) and shortness of breath (72%). Three of the top five
symptoms experienced were neurological manifestations of COVID-19. 100% of our sample
population experienced at least one neurological symptom of COVID-19. Since headaches,
myalgia, and fatigue have been associated with impaired modulatory function (25, 182, 185, 189,
191, 223, 231, 232, 234, 238, 261, 262), we sought to examine the relationship between
symptoms and pain sensitivity and symptoms and modulatory function. Using biserial
correlations, it was found that there was a strong, negative relationship between the number of
Gl symptoms and baselines PPT’s in the arm and the leg indicating that individuals who had
more GI symptoms had lower PPT’s on average (more sensitive to pain). There was a strong
positive correlation between individuals who had a fever and leg PPT’s, and negative
relationships were found between congestion and concentration difficulties in arm PPT’s. No

other relationships were found in symptomology and pain sensitivity. The only relationship
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observed between COVID-19 symptomology and CPM was nausea, which demonstrated a
negative relationship. Due to our results with regards to symptomatic COVID-19 diagnosis and
CPM, it was thought that CPM may have correlated with some of the symptoms associated with
reduced CPM such as myalgia, headaches, and fatigue. However, that was not the case in our
sample but it is difficult to draw definitive conclusions due to our relatively small sample. No
symptoms of COVID-19 correlated with leg EIH, however the total number of symptoms, total
number of respiratory, and total number of neurological symptoms all had a positive relationship
with arm EIH. Additionally, hemoptysis, facial pain, and myalgia had a positive relationship
with arm EIH. This indicates that the more symptoms an individual had, the more robust the EIH
response was.

COVID-19; long term effect

When we split the symptomatic COVID-19 group into two groups, 0-6 months since
positive symptomatic diagnosis, and 6-12 months post positive symptomatic diagnosis we found
that there were no differences between groups in baseline PPT, CPM, and EIH. This finding is
quite concerning as it indicates a potential long term effect on modulatory functioning in terms
of CPM response, and could further indicate the development central sensitization following
COVID-19 initial infection and during recovery.

CPM response in the leg was on average lower in the 0-6 months compared to 6-12
months. CPM in the arm, the remote location and a biomarker for central sensitization, was - 8%
indicating dysfunction; however the trend seemed to improve in the 6-12 month group with the
percent change above baseline at approximately 3%. While this was not significantly different,
there was a moderate effect. Regardless, the CPM response in symptomatic COVID-19 survivors

was still much lower than the control group and asymptomatic group.

82



Group differences and similarities in questionnaires:

The modified Profile of Mood States (POMSs) assessed six different mood states; energy
(vigor), fatigue, tension, depression, anger, and confusion. No differences in the dimensions of
the POMS were found between groups. This could be explained by the overall extent of the
pandemic, albeit our TMD score from the POMS data was, on average, lower than other studies
that have measured mood disturbances in younger populations’ during the pandemic (263).
While there is evidence that suggests that contracting COVID-19 can lead to depression,
depressive symptoms can also stem from stressful events, such as loss of a loved one and
economic difficulties which have been evident from the duration of the pandemic. Due to the
COVID-19 pandemic countries all over the globe adopted social distancing mandates to slow the
transmission of the disease, negative mental health outcomes including depression and anxiety
have been associated with social distancing and/or social isolation(263). A study we conducted
in 2021 found that across multiple time points during the pandemic the sample population had
significantly higher rates of depressive symptoms compared to rates before COVID-19(263). The
Centers for Disease Control and Prevention (CDC) reported that 8.1% of adults in the US over
the age of 20 had depressive symptoms (264) and research examining social isolation during the
SARS-epidemic, found that 31.2% of participants had depressive symptoms (265).

As previously mentioned physical activity in terms of walking, moderate intensity,
vigorous intensity, and total weekly physical activity did not differ between groups. The five
dimensions of pain attitudes did not differ between groups. While there were no differences in
pain catastrophizing between the three groups; there were similarities between symptomatic and
asymptomatic groups. When we collapsed the COVID-19 groups and compared them to the

control group, a difference appeared whereby the control group had a higher pain catastrophizing
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score. While the pain catastrophizing scale does not necessarily measure overall catastrophizing,

it could be a reason as to why the control group did not get COVID-19.
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CHAPTER VI

CONCLUSION
Purpose

The purpose of this dissertation project was to examine and compare pressure pain

sensitivity and pain modulatory function in individuals who have been previously exposed to
COVID-19, both symptomatically and asymptomatically, to a control group who have not been
exposed to the virus (i.e. do not have the COVID-antibodies).
Hypothesis:

1. Pressure pain thresholds will be different between groups; with symptomatic COVID-19 having
lower pain thresholds than control and asymptomatic groups.

The asymptomatic COVID-19 group was more sensitive to pressure pain in the arm but
not the leg than controls and symptomatic COVID-19. The asymptomatic group had a higher
ratio of females to males, and when normalized to lean body mass, the difference in pain
sensitivity between groups was eliminated.

2. The CPM response will be different between groups; with symptomatic COVID-19 having a
reduced CPM response than control and asymptomatic groups.

CPM response was attenuated both locally and remotely in individuals who have had
symptomatic COVID-19 compared to asymptomatic COVID-19 and control group. The finding
of less efficient CPM prevailing in COVID-19 exposed individuals calls for an explanation,
which, theoretically, poses a “chicken and egg” question suggesting that either a) participants
had a normal CPM efficiency, but the virus had disturbed their pain inhibition capacity because
of an effort to overcome the neurological effects of the virus or b) that patients had a less
efficient CPM to begin with. A dysfunctional CPM response in COVID-19 survivors may be due

to neuroinflammation caused by a cytokine storm induced by SARS-CoV-2 leading to central
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sensitization, a chronic post-COVID-19 syndrome that may have similar effects to fiboromyalgia,
a cardiovascular response mechanism due to RAAS and ACE-2 dysregulation, or an amydala
hijack due to emotional and psychological consequences of the pandemic.
This impairment was apparent in individuals who had been exposed to COVID-19 up to
12 months since initial infection.
3. The EIH response will be different between groups; with symptomatic COVID-19 having a
reduced EIH response than control and asymptomatic groups.

No differences were found in EIH response in individuals who have been exposed to
COVID-19 and those who have not. Regular physical activity across all three groups may
attribute to the COVID-19 groups not having an impaired EIH response following SARS-CoV-2
exposure as exercise elicits an anti-inflammatory mechanism that may reduce artifact of COVID-
19. EIH and CPM typically correlate yet the COVID-19 symptomatic group had an impaired
CPM response and a normal EIH response when compared to the other groups. This suggests
that different underlying mechanisms of EIH and CPM exist.

Sub-Hypotheses

6. There will be a relationship between common symptoms of COVID-19 and pressure

pain sensitivity.

There was a strong, negative relationship between number of GI symptoms and PPT’s in the
arm and the leg indicating that individuals who had more Gl symptoms had lower PPT’s on
average, however the individual GI symptoms did not correlate. There was a strong positive
correlation between individuals who had a fever and leg PPT’s, and negative relationships were
found between congestion and concentration difficulties in arm PPT’s. No other relationships

were found in symptomology and pain sensitivity.
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7. There will be a relationship between common symptoms of COVID-19 and pain
modulatory function assessed via conditioned pain modulation and exercise induced
hypoalgesia.

The only relationship observed between COVID-19 symptomology and CPM was nausea,
which demonstrated a negative relationship. Due to our results with regards to symptomatic
COVID-19 diagnosis and CPM, it was thought that CPM may have correlated with some of the
symptoms associated with reduced CPM such as myalgia, headaches, and fatigue. However, that
was not the case. This may have been due to the acuteness of the disease and that there may not
be any chronic overlap in this sense.

8. People who have had COVID-19 in the past 6-12 months will be different from those

who have had COVID-19 in the past 0-6 months in pressure pain sensitivity

We found that there were no differences between 0-6 months and 6-12 months since COVID-
19 exposure groups. Since there was no difference between symptomatic, asymptomatic, and
control groups in PPT’s, this finding did not warrant further exploration.

9. People who have had symptomatic COVID-19 in the past 6-12 months will be different from
those who have had symptomatic COVID-19 in the past 0-6 months in pain modulatory

function assessed via conditioned pain modulation.

We found no difference in the two time groups since the onset of symptomatic COVID-19.
This finding shows promise of a potential long term effect on modulatory functioning, and could
indicate the development central sensitization following COVID-19 exposure. CPM in the leg
was on average lower in the 0-6 months compared to 6-12 months and both were greater than
baseline levels. CPM in the arm, the remote location and a biomarker for central sensitization,

decreased approximately 8% from baseline indicating dysfunction; however the trend seemed to
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improve in the 6-12 month group with the percent change above baseline at approximately 3%.
While this was not significantly different, there was a moderate effect. Regardless, the CPM
response in symptomatic COVID-19 survivors was still much lower than the control group and
asymptomatic group.

10. People who have had symptomatic COVID-19 in the past 6-12 months will be
different from those who have had symptomatic COVID-19 in the past 0-6 months
in pain modulatory function assessed via exercise induced hypoalgesia.

We found that there were no differences in EIH between 0-6 months and 6-12 months since
COVID-19 exposure groups. Since there was no difference between symptomatic,
asymptomatic, and control groups in EIH response, this finding did not warrant further
exploration.

Limitations

While our study design measured what was intended to measure, there were several
limitations to the study. The essence of studying a pandemic type disease is to measure disease
occurrence and make comparisons between population groups, however cross-sectional research
designs make it difficult to determine whether the outcome followed exposure or exposure
resulted from the outcome. While we were able to see a potential impact of COVID-19 on pain
modulation, we also cannot be certain that dysfunctional pain modulatory functioning in our
sample was the reason why individuals developed symptomatic COVID-19 or whether COVID-
19 led to a dysfunctional CPM response. An ideal study would have utilized a longitudinal study
design by measuring pain sensitivity and pain modulation pre SARS-CoV-2 exposure, then

following up with the study participants while they had COVID-19, when they were no longer
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sick with COVID-19, and then have monthly/ quarterly follow ups to see if there was a long term
effect of COVID-19.

Our sample population was younger and COVID-19 disease progression has had
differing effects on people of various ages with people who are older having more severe and life
threatening symptomology which has led to ICU admission(266). While our sample did not
exclude those who may have had hospital care, we did not have anyone who was admitted. This
may been seen as a controlled variable rather than a limitation, as ICU admission can result in an
increase in developing post intensive care syndrome which can lead to physical, cognitive, and
psychological dysfunction, regardless of COVID-19 symptoms (267). Estimates of chronic pain
prevalence in ICU discharges ranges from 14-77% (268, 269). Furthermore, more data has been
collected within the hospital setting with more severe symptoms than those who are at home and
are not seen by professionals.

CPM can be measured in several different ways. While we chose to use CPT in a single
foot to match the dominant leg used for isometric leg extension with PPT’s as the testing
stimulus, others have used CPT as the conditioning stimulus in the upper extremity rather than
lower extremity(34, 188, 219), ischemia as the conditioning stimulus (187), conditioning heat
stimuli, and chemical stimuli (239) as the conditioning stimulus. Each of these produced
different responses in different chronic pain populations (270) and therefore further research is
warranted on different measures of CPM in populations who have survived COVID-19 exposure.

We chose isometric leg extension as our conditioning stimulus for our EIH protocol.
Other studies have utilized aerobic exercise (38, 181, 182, 191, 192, 238), and isometric

grip(37), and shoulder exercise(195, 198) as the exercise conditioning protocol to induce EIH.
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Testing stimulus and location could have had an impact on EIH response and therefore other
methods should be examined such as upper body exercise and possibly aerobic exercise.

We did not control for time of day when we ran the PPT testing as our schedule offered
participants the option to come in from 8am until 8pm. It has been suggested that time of day is a
contributing factor to pain sensitivity; however, inconsistent findings have been found at which
time participants were most sensitive to pain at its peak (271, 272). To limit this potential
limitation and maximize time, we tested the same participants at a similar time of day at each of
the three visits.

As more COVID-19 data came out on psychological and neurological impacts of the
disease, we had already reached the half way point on data collecting. Additional questionnaires
relating to anxiety and depression would have been beneficial. While we do have data on some
anxiety and depressive symptoms from certain dimension of the POMS questionnaire, a more
comprehensive analysis of current mental health in our population and how it related to pain
thresholds would have strengthened some of our discussed points.

Significance of Findings

Based upon the novelty of COVID-19, little research to date has been conducted on how
this acute virus impacts pain processing. Calls for grants and papers from major funding sources
and high impact journals have been made due to this lack of information. Very few studies have
examined the effects of an acute respiratory virus and its influence on pain processing
mechanisms. The research question that we addressed was simple; has COVID-19 had an effect
on pain and pain modulation in individuals who have been exposed to the virus versus those who
have not. By addressing this question, we were able to make inference on how individuals

perceive pain and modulate pain in COVID-19 survivors and can have important implications on
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how we examined pain processing and chronic pain in the wake of COVID-19. Having an
impaired CPM response indicates a potential long term effect of COVID-19 and could be an
indicator of chronic pain development in the future of these individuals. As EIH response was
remained unaffected by COVID-19 exposure, the role of physical activity needs further
exploration. Understanding
Conclusions

The results from the study indicate conditioned pain modulatory functioning was
impaired in individuals who had symptomatic COVID-19 and there were no differences found in
individuals who had symptomatic COVID-19 up to 6 months ago and 6 to 12 months ago. No
differences between groups were found in pressure pain sensitivity when normalized to lean
mass, and no differences between groups were found in exercise induced hypoalgesia. Impaired
CPM response could be an indication on whether or not COVID-19 exposure may have a long
term impact on pain modulation and risk increase of chronic pain.
Future Research Directions

Further research is warranted to examine additional noxious stimuli on pain sensitivity
measures following COVID-19 exposure. CPM seemed to be effected by COVID-19 with the
EIH response remaining unaffected by COVID-19 exposure; the exact mechanisms of CPM and
EIH need further exploration especially with regards to acute systematic inflammation. This
study used younger adults who were not admitted into the ICU; additional research in older
adults and those who had more severe symptoms of COVID-19 is warranted. This study serves
as a great pilot study for future grants and understanding the long term implications of COVID-

19 and its influence on pain and pain modulation.
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Consent Form to Participate in a Research Study
University of Oklahoma Health Sciences Center (OUHSC)

University of Oklahoma — Norman Campus

Study Title: Differences in Pressure Pain Sensitivity and Pain Modulatory Function following
COVID-19 exposure

Sponsor: Department of Health and Exercise Science
Principal Investigator: Christopher D. Black
Phone Number: 706-255-3750

KEY INFORMATION ABOUT THE RESEARCH STUDY

You are being asked to participate in a research study. Research studies are voluntary and include only
people who choose to take part. This consent form begins with a 'Key Information’ section to provide
impertant information to help you decide whether or not to participate in this study. More detailed
information is provided after the key information. Please take your time, discuss this with family and
friends, and ask the investigator and study team any questions you may have.

WHY HAVE | BEEN ASKED TO PARTICIPATE IN THIS STUDY?
You are being asked to participate in this research study because you had symptomatic COVID-19,
asymptomatic COVID-19, or have not been infected with COVID-19 and are a healthy adult (18-35)
without any chronic pain. For females: you are not currently pregnant.

WHY IS THIS STUDY BEING DONE AND HOW LONG WILL IT LAST?

The purpose of this study is to see if there are differences in body composition and/or pain sensitivity
among people who have had symptomatic COVID-19, asymptomatic COVID-19, or have not been
exposed to COVID-19.

We think that you will be in the study for approximately 1 week. It will involve 3 testing visits, each lasting
approximately 30-45 minutes each of which will be separated by 24-72 hours.

WHAT WILL | BE ASKED TO DO IN THIS STUDY?

If you agree and qualify to be in this research, you will be asked to visit the Sensory and Muscle Function
lab within the Health and Exercise Science Department at the University of Oklahoma Norman Campus
for 3 separate visits which may occur over the course of approximately 1 week. We will determine how
hard we have to press on the muscles of your arm and leg for you to tell us it “hurts”™. We will have your
either place a foot in an ice-water bath or perform a short bout of exercise and then retest how hard we
have to press on your arm or leg before it *hurts.”

WHY MIGHT | WANT TO PARTICIPATE IN THIS STUDY?
If you agree to take part in this study, there will not be direct medical benefit to you. We hope that the
information learned from this study will benefit other patients with this disease in the future.

WHY MIGHT | NOT WANT TO PARTICIPATE IN THIS STUDY?
If you participate in this research, you will be exposed to radiation from a DXA scan (a type of x-ray). The

amount of radiation to which you will be exposed from one DXA scan is approximately less than 1% of
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the amount of radiation that we are exposed to each year from natural background sources of radiation.
The risk of radiation exposure is cumulative over your lifetime.

Performing maximal effort leg extensions may cause some discomfort and the effort required to produce
maximal force may be uncomfortable. You may experience some lightheadedness or nausea. There is
also the risk for cardiovascular events when performing leg extensions. There may also be some
discomfort during the pressure pain protocol which may cause pain and possible reddening of the skin.
Having your foot submerged in ice water for may lead to temporary discomfort or pain. You will be closely
menitored for any issues and may stop at any time.

The researchers do not know all of the side effects that could happen. For a complete description of
known risks, refer to the Detailed Information section of the consent form.

WHAT OTHER OPTIONS ARE THERE?
You may choose not to participate in this study.

Please Elk to your regular doctor about these and other options.
HOW WILL PARTICIPATING IN THE STUDY AFFECT ME FINANCIALLY?

There is no additional cost to you if you participate in this study. However, once the participant has
completed the study they will be given a $10 gift card at the end of visit 3.

DETAILED INFORMATION ABOUT THE RESEARCH STUDY

The following pages of the consent form will provide you with more information about this study. Please
take your time in reviewing this information and ask the investigator and study team any questions you
may have.

HOW MANY PEOPLE WILL TAKE PART IN THE STUDY?
About 100 people will take part in this study in the greater Norman and Oklahoma City area. About 100 of
these individuals will participate at this location.

WHAT IS INVOLVED IN THE STUDY?

If you agree and qualify to be in this research, you will be asked to visit the Sensory and Muscle Function
lab within the Health and Exercise Science Department at the University of Oklahoma Norman Campus
for 3 separate visits which may occur over the course of approximately 1 week.

Visit 1:

After you have consented to participate, you will be asked whether you have tested positive for COVID-
19 (PCR test or antibody test). If so, we will ask that you provide this documentation for us or you may
sign a release form and the researchers will contract your physician to obtain this information. If you
believe you have not had COVID-13 you will be asked to get both a PCR and antibody test in the next
few days to confirm you are negative and have not been infected (but asymptomatic) in the previous 3
months. You may get a PCR test at the Goddard Health Center on campus or at an Immy lab testing site
in MNorman, at no cost to you. The antibody, rapid test which involves collecting a finger stick for collection
of a small amount of blood, can be performed at the Norman Regional Hospital or several other local
health care providers. The researchers will pay for the antibody test. You will complete Questionnaires
regarding health status, amount of physical activity, and COVID-19 symptoms. Height, weight, and fat
thickness measurements at the forearms and thigh will be taken. Fat thickness will be measured by
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ultrasound and skinfolds. A single DXA scan will be performed and you will provide a urine sample to
check hydration status. If you are female, you will complete a pregnancy test before the DXA scan and a
menstrual history questionnaire. Pressure pain thresholds (PPT) will be assessed in the dominant arm
{brachioradialis muscles) and dominant thigh (vastus lateralis muscles) for familiarization with the
procedures. Following PPT, you will complete 3 maximal leg extensions on their dominant leg while you
are seated and your leg in tied in at the ankle.

Visit 2:

The second visit, PPT will again be assessed at the same forearm and thigh. You will then place one foot
in a room temperature water bath for 1 minute, PPT will be assessed immediately after remaoving your
foot from the water. You will then rest quietly for 10 minutes. You will then place your foot in an ice water
bath (2 degrees Celsius) for 1 minute. PPT will be assessed immediately after, and 15 minutes after the
foot is removed from the ice water.

Visit 3:

The third visit, PPT will again be assessed at the dominant forearm and thigh. Following the PPT
assessment, you will perform a leg extension that is equal to 25% of your maximal effort with your r
dominant leg, while seated with the dominant leg secured at the ankle. You will hold that position for as
long as you can. PPT will again be assessed immediately after, and 15 minutes after the leg extension
exercise.

Recommended social distancing and use of personal protective equipment are used in the research
sefting. You will be expected to wear a face mask at all times. The researchers will wear masks and/or
face shields and wear gloves throughout data collection. Work surfaces and equipment will be sanitized
before and after every visit. Actual time that the researcher will be in contact with you will be less than 5
minutes each visit. The researcher will remain & feet away or step out of the room to reduce contact time
with you and will continue practicing social distancing when data is not being collected (such as wait
times). Cleansing wipes and alcohol cleansing gel will be made available for you.

CAN | WITHDRAW FROM THE STUDY?
You can stop participating in this study at any time. However, if you decide to stop participating in the
study, we encourage you to talk to the researcher and your regular doctor first.

There may be circumstances under which your participation may be terminated by the investigator
without your consent.

For Example: You fail to follow study requirements or the study is stopped by the sponsor.

WHAT ARE THE RISKS OF THE STUDY?

If you participate in this research, you will be exposed to radiation from a DEXA scan (a type of x-ray).
The amount of radiation to which you will be exposed from one DEXA scan is approximately less than 1%
of the amount of radiation that we are exposed to each year from natural background sources of
radiation. The risk of radiation exposure is cumulative over your lifetime.

Performing maximal effort leg extensions may cause some discomfort and the effort required to produce
maximal force may be uncomfortable. ¥ou may experience some lightheadedness or nausea. There is
also the risk for cardiovascular events when performing leg extensions. There may also be some
discomfort during the pressure pain protocol which may cause pain and possible reddening of the skin.
Having your foot submerged in ice water for may lead to temporary discomfort or pain. You will be closely

monitored for any issues and may stop at any time. RS NUMBER: 13020
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RADIATION RISKS:

In addition to any radiographic procedures that are being done as part of this research, you may also be
exposed to radiation from procedures that are part of your normal care. The number and frequency of
these procedures are based on standard clinical practices for a person with your condition; however, your
doctor may order an additional radiographic test if he/she thinks it is necessary for your care. The risk
from radiation exposure increases over your lifetime as you receive additional exposure to radiation.

REPRODUCTIVE RISKS FOR WOMEMN AND MEM:

If you are a female, you must not be and should not become pregnant nor breast-feed an infant while on
this study. Taking the study drug(s) or undergeing a particular procedure or treatment invelved in this
study while you are pregnant or breastfeeding may involve risks to an embryo, fetus, or infant, including
birth defects which are currently unforeseeable. In order to reduce your risk of pregnancy, you or your
partner should use one or mare of the acceptable methods of birth control listed below, regularly and
consistently, while you are in this study.

Acceptable methods of birth control (continuing throughout the study) include:

o An approved oral contraceptive (birth control pill)

Intra-uterine device (IUD)

Hormone implants

Contraceptive injection (Depo-Provera)

Barrier methods (diaphragm with spermicidal gel or condoms)
Transdermal contraceptives (birth control patch)

Vaginal contraception ring (birth control ring)

Sterilization (tubal ligation, hysterectomy or vasectomy)

c o o o o o o

If you are already using a method of birth control, you should check with the study doctor to make sure it
is considered acceptable for this study. Certain drugs may interact with contraceptive agents and reduce
their effectiveness; therefore, you should inform the study doctor of all medications (prescription and
over-the-counter) that you are currently taking or begin taking during the study.

IN CASE OF PREGMANCY:

If you become pregnant or suspect that you are pregnant, or (for males) if you make someone pregnant
during this study, you should immediately inform the study personnel. If you become pregnant or suspect
that you are pregnant while on this study, tell the study doctor immediately; the study doctor will perform
a pregnancy test. The study drug may be discontinued until the result of the pregnancy test is known. If
pregnancy is confirmed, you may be withdrawn from the study. The study doctor will assist you in getting
obstetrical care at your cost. The study doctor and the Sponsor will follow the progress of your
pregnancy and will request access to your and/or your infant's medical records for least eight weeks after
delivery. Payment for all aspects of obstefrical, child, or related care will be your responsibility.

TO WHAT EXTENT WILL MY INFORMATION BE KEPT CONFIDENTIAL?

Efforts will be made to keep your personal information confidential. You will not be identifiable by name or
description in any reports or publications about this study. We cannot guarantee absolute confidentiality.
Your personal information may be disclosed if required by law. You will be asked to sign a separate
authorization form for use or sharing of your protected health information.
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There are organizations outside the OUHSC that may inspect and/or copy your research records for
quality assurance and data analysis. These organizations may include the US Food & Drug
Administration and other regulatory agencies. The OUHSC Human Research Participant Program office,
the OUHSC Institutional Review Board, OUHSC Office of Compliance, and other University
administrative offices may also inspect and/or copy your research records for these purposes.

Identifiable Private Information

Your sample may be used for future studies without your additional consent. We will remove
direct identifiers from your [information/specimen] and assign a code. The key to this code will be
kept separately and only the researcher for this study will have access to the code. If your
information is shared with another investigator for research purposes, they will not have access to
the key code and will not be able to re-identify you.

WHAT ARE THE COSTS?
The study sponsor will pay for all costs related to your participation in this study which may
include the antibody test to determine if you have been or are currently infected with COVID-19.

In the case of injury or illness results from this study, emergency medical treatment is available.

Complications arising as a result of the natural progression of an underlying or pre-existing
condition may be billed to you or your insurance. Please check with the investigator or with your
insurance company if you have guestions.

Mo other funds have been set aside by the University of Oklahoma Health Sciences Center, to
compensate you in the event of injury, iliness, or for other damages related to your event of injury
or illness.

WHAT ARE MY RIGHTS AS A PARTICIPANT?
Taking part in this study is voluntary. You may choose not to participate. Refusal to participate will
involve no penalty or loss of benefits to which you are otherwise entitled.

If you agree to participate and then decide against it, you can withdraw for any reason and leave the
study at any time. However, at certain times during the treatment, it may be harmful for you to withdraw,
so please be sure to discuss leaving the study with the principal investigator or your regular doctor. You
may discontinue your participation at any time without penalty or loss of benefits to which you are
otherwise entitled.

We will provide you with any significant new findings developed during the course of the research (which
will likely not occur until the study is complete) that may affect your health, welfare, or willingness to
continue your participation in this study.

You have the right to access the medical information that has been collected about you as a part of this
research study. However, you may not have access to this medical information until the enfire research
study has completely finished. You consent to this temporary restriction.

DO | HAVE ANY OTHER RIGHTS OVER MY DATA?
Depending on where the sponsor for your study is located and other factors, you may have additional
rights over your personal data collected in this study. For example, the European UniorrRGquggl_E%ta
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Protection Regulation (GDPR) and some state privacy laws might apply. If the GDPR applies, generally
you may have the following rights:

1. The right to request the information collected to be comected.
2. The right to withdraw your consent for the use of your personal information at any time.

3. The right, in some circumstances, to receive your personal information in a structured, commonly
used and machine-readable format and the right to provide your information to a third party.

The right to strict confidentiality of your personal data when it is used/shared.
The right to limit the use/sharing of your personal information in certain circumstances.
The right under some circumstances to request the erasure of your personal data.

No@ o e

The right to file a complaint with a privacy protection regulator if you believe any of the rights
above have been violated.

You can receive more information regarding these rights in the Privacy Notice for Research Participants,
located on the OUHSC Office of Human Research Participant Protection (HRPP) website at
hitps:/fcompliance ouhsc. edu/HRPP/Paricipant/Privacy-Motice.

If you have any questions and requests, please contact the HRPP Office at 405-271-2045.

WHOM DO | CALL IF | HAVE QUESTIONS, SUGGESTIONS, OR CONCERNS?
If you have guestions, concerns, or complaints about the study or have a research-related injury, contact
Christopher D. Black at 706-255-3750

If you cannot reach the Investigator or wish to speak to someone other than the investigator and for
questions about your rights as a research participant, contact the OUHSC Director, Office of Human
Research Participant Protection, at 405-271-2045.

SIGNATURE:

By signing this form, you are agreeing to participate in this research study under the conditions
described. You have not given up any of your legal rights or released any individual or entity from liability
for negligence. You have been given an opportunity to ask questions. You will be given a copy of this
consent document.

| agree to participate in this study:

PARTICIPANT SIGNATURE (age >18) Printed Name Date
(Or Legally Authonzed Representative)

SIGNATURE OF PERSON Printed Name Date
OBTAINING CONSENT
RE MUMEER: 13020
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University of Oklahoma Health Sciences CenterResearch Privacy Form 1
PHI Research Authorization

AUTHORIZATION TO USE or SHARE
HEALTH INFORMATION THAT IDENTIFIES YOU FOR RESEARCH
An Informed Consent Document for Research Participation may also be required.
Form 2 must be used for research imvolving psychotherapy notes.

Title of Research Project: Differences in Pressure Pain Sensitivity and Pain Modulatory Function
following COVID-19 exposure

Leader of Research Team: Christopher D. Black, PhD
Address: 1401 Asp Avenue, #110 SFC, Norman, OK, 73019

Phone Number: T06-255-3750 (cell); 405-325-7668 (office)

If you decide to sign this document, University of Oklahoma Health Sciences Center (OUHSC)
rescarchers may use or share information that identifies you (protected health information) for their
research. Protected health information will be called PHI in this document.

PHI To Be Used or Shared. Federal law requires that researchers get your permission
{authorization) to use or share your PHL. If you give permission, the researchers may use or share
with the people identified in this Authorization any PHI related to this research from your medical
records and from any test results. Information used or shared may include all information relating to
any lests, procedures, surveys, or interviews as outlined in the consent form; medical records and
charts; name, address, telephone number, date of birth, race, government-issued identification
numbers, and nothing else.

Purposes for Using or Sharing PHL. If you give permission, the researchers may use your PHI 1o
assess pressure pain thresholds among participants with varying body compositions to determine the
realionship among site-specific fat, lean mass, and pressure pam sensitivity. We would like for vou or
vour primary care provider to provide documentation in the form of a positive or negative COVID-19

PCR or antibody test.

Other Use and Sharing of PHIL. If you give permission, the researchers may also use vour PHI to
develop new procedures or commercial products. They may share your PHI with other researchers,
the research sponsor and its agents, the OUHSC Institutional Review Board, auditors and inspectors
who check the research, and government agencies such as the Food and Drug Admimstration (FDA)
and the Department of Health and Human Services (HHS), and when required by law. The
researchers may also share your PHI with with your physician and/or a University of Oklahoma
physician in the event of a serious health risk or adverse event that oceurs during the study.

! Protected Health Information includes all identifiable information relating to any aspect of an individual's
health whether past, present or future, created or maintained by a Covered Entity.

IRE Office Use Only IRBNUMBER: 13020
Version 01/06/2015 @ IRE APPROVAL DATE: (cM01/202
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University of Oklahoma Health Sciences CenterResearch Privacy Form 1
PHI Research Authorization

Confidentiality. Although the rescarchers may report their findings in scientific journals or meetings,
they will not identify you in their reports. The researchers will try to keep your information
confidential, but confidentiality is not guaranteed. The law does not require everyone receiving the
information covered by this document to keep it confidential, so they could release it to others, and
federal law may no longer protect it.

YOU UNDERSTAND THAT YOUR PROTECTED HEALTH INFORMATION MAY
INCLUDE INFORMATION REGARDING A COMMUNICABLE OR NONCOMMUNICABLE
DISEASE.

Voluntary Choice. The choice to give OUHSC researchers permission to use or share vour PHI for
their research is voluntary. It is completely up to you. No one can foree you to give permission.

However, you must give permission for OUHSC rescarchers to use or share your PHI if you want to
participate in the research and, if you cancel your authorization, you can no longer participate in this

study.

Refusing to give permission will not affect your ability to get routine treatment or health care unrelated
to this study from OUHSC.

Canceling Permission. If you give the OUHSC researchers permission to use or share your PHIL
}N'JLI. 113.‘!": a ﬁghl Lo L'E.nf_'fl }'U-Llr P‘_‘m’liﬁﬁiﬂn Wl‘li_"rli_"h'::r }'U-LI want. H.uwi:\-'r:r, CH“C‘:I"I“E }'Dur PmiHiiﬂn
will not apply to information that the resecarchers have already used, relied on, or shared or 1o
information necessary to maintain the reliability or integrity of this research.

End of Permission. Unless you cancel it, permission for OUHSC researchers to use or share your
PHI for their research will never end.

Contacting OUHSC: You may find out if your PHI has been shared, get a copy of your PHI, or

cancel your permission at any time by writing to:

Privacy Official or Privacy Board

University of Oklahoma Health Sciences Center  University of Oklahoma Health Sciences Center
PO Box 26901 PO Box 26901

Oklahoma City, OK 73190 Oklahoma City, OK 73190

If you have questions, call: (405) 271-2511 or (405)271-2045.

Access to Information. You have the right to access the medical information that has been collected
about you as a part of this research study. However, you may not have access to this medical
information until the entire research study is completely finished. You consent to this temporary
restriction.

Giving Permission. By signing this form, vou give OUHSC and OUHSCs researchers led by the
Research Team Leader permission to share your PHI for the rescarch project listed at the top of this
form.

IRB Office Use Only IRZNUMBER: 13020
Version 01062016 Q' arkovin | IRE APPROVAL DATE: 0304/
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University of Oklahoma Health Sciences CenterResearch Privacy Form 1
PHI Research Authorization

Patient/Participant Name (Print):

Signature of Patient-Participant Date
or Parent if Participant 15 a minor

Or

Signature of Legal Representative™®* Date

**[f signed by a Legal Representative of the Patient-Participant, provide a description of the
relationship to the Patient-Participant and the authority to act as Legal Representative:

OUHSC may ask you to produce evidence of your relationship.

A signed copy of this form must be given to the Patient-Participant or the Legal Representative at
the time this signed form is provided to the researcher or his representative.

IRB Office Use Only IR WL '\1BE_F|cf 'EL?E I
Version 01/062016 Q' arrrvin | IRE APPROVAL DATE: 0301202
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APPENDIX B: PAR-Q, Menstrual History, and Symptom Checklist

Pewsieal Activity Readiress.
Questiennaire - PAR-Q [ ]
{revisad 2002)

(A Questionnaire for People Aged 15 to 69)

Reqular physical activity is fun and healthy, and increasingly more people are starting to become more active every day  Being more active is very safe for maost

people. However, some people should chedk with their doctor before they start becoming much more physically active.

If you are planning to become much more physically active than you are now, start by answering the seven questions in the box below. |f you are between the
ages of 15 and 63, the PAR-G) will tell you if you should check with your doctor before you start. If you are owver 69 years of age, and you are not used to being

very active, check with your doctor

Comman sense is your best guide when you answer these questions. Please read the questions carefully and answer each one honestly: check YES or NOU

recommended by a doctor?
Do you feel pain in your chest when you do physical activity?

Do you lose your balance because of dizziness or do you ever lose consciousness?

change in your physical activity?

dition?
7. Do you know of any other reason why you should not do physical activity?

O O OO0OO0 Og
O O OOOO0O Os
W W M

1. Has your doctor ever said that you have a heart condition and that you should only do physical activity

In the past month, have you had chest pain when you were not doing physical activity?

Do you have a bone or joint problem (for example, back, knee or hip) that could be made worse by a

6. Is your doctor currently prescribing drugs (for example, water pills) for your blood pressure or heart con-

If YES to one or more questions

Talk with your doctor by phone or in person BEFORE you start becoming much more physically active or BEFORE you have a fitness appraisal. Tel

,‘ou your doctor about the PAR-) and which questions you answered TES.

= You may be able io do any adiivity you want — as long as you start slowty and buld up gradualty. Or, you may need to resinict your actvities to
ans"ered those which are safe for you. Talk with your doctor about the kinds of activities you wish to participate in and follow his/her advice,

* Find out which community programs are safe and helpbul for you,

NO to all questions

If you answered MO honestly to gl PR questions, you can be reasonably sure that you can:
+ start becoming much more physically active — begin slowly and buld up gradually This is the
safest and easiest way to go.

DELAY BECOMING MUCH MORE ACTIVE:

= if you are not feeling well because of a temparary iliness such as
acold or a fever — wait until you feel better; or

= if you are or may be pregnant — tak to your doctor before you
start becoming more active.

* take part in a fitness aporaisal — this i an excellent way to determine your basic fitness so

that you can plan the best way for you to ive actively [t i also highly recommended that you
have your bload pressure evaluated. |f your reading is ower 144734, talk with your doctor
biefore you start beooming much more physically active.

FLEASE MOTE: If your health changes so that you then answer YES io
any of the above questions, tell your fitness or health prodessional.

Ask whether you should change your physical activity plan.

Informed Use of the PAR-Q: The Camadian Sodety for Exerdes Physiology, Health Canada and their sgents assume na lablity for perases wha undertabe physical scthty, and if in deubt after completing

the questicanaire, consult your doctor prier to pRysical acthdly.

No changes permitted. You are encouraged to photocopy the PAR-Q but only if you use the entire form.

MOTE: K the PAR-( &5 beg ghwen 1o a persan befone be or she participates in & prysical activity program or a fitness apprakal, this section may be wsed for legal or adminisrative purpasss.

"I have read, understood and completed this questionnaire. Any questions | had were answered to my full satisfaction.”

HAME
SEHATURE DWTE
SEHATURE OF PARENT WITHESS

or GLARDIAN (for partidipants under the ag= of majority)

Mote: This physical activity clearance is valid for a maximum of 12 months from the it is complebed and: oF 13020
becomes invalid if your condition changes so that you would answer YES to any of aven ‘questiohs " ROYAL DATE 031012021

cse|™ .
_‘hﬂ &2 Canadian Society for Exercise Physiology Supperted by I*I gﬁ:,a g:.l“:da
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Department of Health and Exercise Science
University of Oklahoma

MENSTRUAL HISTORY QUESTIONNAIRE

Participant 1D: Date:

We are asking you to give us as complete a menstrual history as possible. All information is strictly confidential.
Are you pregnant (circle your response)

YES- Do not complete the rest of this form

NO- Continue to section A
SECTION A: CURRENT MENSTRUAL STATUS

1. Approximately how many menstrual periods have you had during the past 12 months?
|please circle what months you have had a period. This means from this time last year to the present month)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec

2. What is the usual length of your menstrual cycle (first day of your period to the next onset of your period)?

days. Today is day of your present menstrual cycle.

3. When was the date of the onset of your last period?

4. When do you expect you next period?

5. What is the average length (number of days) of your menstrual flow? days

How many of these days do you consider “heavy”? days

6. Doyou take oral contraceptives or any other medication that includes estrogen and/or progesterone?

If yes, how long have you been taking this medication?

What is the brand name and dosage of this mediation?

Has this medication affected your menstrual cycle {regularity, length and amount of flow)? If yes, indicate changes.

RE NUMBER: 13020
@l RE APPROVAL DATE: 0300172021
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COVID-19 SYMPTOM CHECK SHEET

Name:

Date of Birth:

Date of infection:

Date of first symptom:

Date of PCR test:

Date of Antibody test:

Please recollect when you had a positive COVID-19 test, which symptoms did you experience (please mark with a X):

Fewver

Cough

Haemoptysis (Coughing up blood, spitting blood)

Congested Nose

Phlegm

sShortness of Breath / Respiratory Difficulties

Headache -

Sore Throat

Jaw / Facial Pain

General Muscle / Joint Pain

Fatigue / Exhaustion

Concentration Difficulties -

Loss of smell

Loss of Taste L

Mausea / Vomiting

Diarrhea

Thrombeocytopenia (low platelet count)

a2 (alal2z]R]2[3]e 0|~ o fn]a|w[n |~

Lymphopenia (low lympocyte count)

Total number of Symptoms

Other symptoms experienced:
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APPENDIX C: Pain, Psychometric, Physical Activity Questionnaires

L.D. Number: Session Number: Date:

PAIN QUESTIONNAIRE

1. Are you experiencing any pain whatsoever today? (Yes or No)

2. If you answered yes then draw on the figure below to indicate the locations on your body where you
feel pain.

3. How much does the pain hurt? Use the scale below to indicate the overall intensity of the pain you are
feeling. A score of 0 represents “no pain.” A score of 10 represents “the highest possible pain
intensity” that you can imagine.

I High
|

Possible Pain

z
]
o
£
El
1 ——
- =
-
-
- -
—
e
P -

4. Use the scale below to report the highest intensity pain that you have ever experiencedHow much
does the pain hurt? A score of 0 represents “no pain.” A score of 10 represents “the highest pain
intensity” that you can imagine.

Nefem — | ———— e
Possible Pain
0 | 2 3 B 5 6 7 8 9
IRB NUMBER: 13020
Q’ 0| RB APPROVAL DATE: 030172021
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Participant #: Testing Session: Date:

Pain Attitudes Questionnaire—Revised

Instructions

Rate how much you agree or disagree with each statement below using a | — 5 scale; where
1 is Strongly Disagree and 5 is Strongly Agree.

1. Itake along time to decide whether a sensation is painful or not
1 2 3 4 5

2. When I am in pain [ should keep it to myself
1 2 3 4 5

3. When a sensation is mild, I tend to not trust myself in deciding whether it is painful or not
1 2 3 4 5

4. 1keep a stiff upper lip when I am in pain
1 2 3 4 5

5. [Ilack confidence in making judgments about whether a sensation is painful or not
1 2 3 4 5

6. 1think I can tolerate more pain than other people
1 2 3 4 5

7. Ineed time to decide whether a sensation is painful or not
1 2 3 4 5

&. ['would rather not make a decision about pain when it is difficult to decide whether a sensation is
painful or not
1 2 3 4 5

9. Ithink I can control my pain better than other people
1 2 3 4 5

10. I avoid making a decision about pain when [ am not sure whether a sensation is considered
painful or not
1 2 3 4 5

11. I'take great care to avoid labelling a sensation as painful unless I am very certain
1 2 3 4 5

IRE NUMEER: 13020
Ql IRE APPROVAL DATE: 0301 /2021
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20

21.

22,

23

24

. When [ get odd sensations, | don't necessarily think they are pamnful

1 2 3 4 5

. I'tend to be reluctant to label a sensation as painful unless | am very certain

1 2 3 4 5

. I am seldom emotional when in pain

1 2 3 4 5

. I do not see any good in complaining when | am in pamn

1 2 3 4 5

. [ go on as if nothing has happened when [ am in pain

1 2 3 4 5

. I maintain my pride and keep a stiff upper lip when | am in pain

1 2 3 4 5

. I have good control over my pain compared to others

1 2 3 4 5

. I make light of pamn; | refuse to get too serious about it when in pain

1 2 3 4 5

Relative to other people, | am not as emotional when in pain
1 2 3 4 5

[ get on with life despite being in pain

1 2 3 4 5
| hide my pain from others
1 2 3 4 5

[ think I can endure more pain than other people
1 2 3 4 5

I need to be absolutely certain a sensation 1s painful before 1 will label it as pamnful
1 2 3 4 5

QI IRE NUMBER: 13020

IRE APPROVAL DATE: I 2021
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Copyright i 1993
Méickacl 11 Sullivan

Client Mo.: Age: Sex: M[_) F_) Date:

Everyone experiences painful situations at some point In their Iives, Such experiences may include
headaches, tooth pain, joint or muscle pain. People are often exposed to situations that may cause
palnsuch as iliness, Injury, dental procedures ar sungery.

‘We are interested in the types of thoughts and feelings that you heve when you are in pain, Listed
below ane thirleen statements describing different thoughts and feelings that may be aseociated with
pain. Using the fallowing scale, please indicate the degres o which you have these thoughts and
faelings when you are experiencing pain.

O-rnotatall 1=-toasightdegree 2-toamoderatedegres 3 —foagrestdegree 4 —althetime

When I'm in pain ...

T'warry all the time about whether the pain will end.

I feel 1 can't go on.

It"s termible and I think it's never going to get any better.

w

1t"s awful and I feel that it overwhelms me.

-

OOoOOoOOoOoooDoog

Ifeel I can’t stand it anymore.

1 become afraid that the pain will get woms.

-

Ikeep thinking of other painfial events,

I anxiowsly want the pain to go away.

1 can’t seem to keep it out of my mind.

I keep thinking about how much it hona.

=

I keep thinking abowt how badly [ want the pain to stop.

O OO

There's nothing 1 can do 1o reduce the intensity of the pain,

=3

g
1
-

1 der whether something serious may happen.

o Tatal

35
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POMS™ Brief Form

BY DOUGLAS ML MeNAIR, P, MAURICE LORR, Ph.D., JW P. HEUCHERT, Phb. & LEO E DROPPLEMAN, Fi.D

ClientID: ___ Gender: Male Female
(Cirele ome)
BirthDate:  / / Today’s Date: / /

Moath  Day  Year Mooth Day  Year

To the Respondent:

Below is a list of words that describe feelings that people have. Please read
each word carefully. Then circle the number that best describes
Phice 2 chisckinaik ' ¥ [] how you have been feeling during the PAST WEEK, INCLUDING TODAY.

in one box to specify the D how 'you feel RIGHT NOW.
time period of interest. D ottier:

To the Administrator:

If no box is marked, please follow the instructions for the first box.

1.
2,
3.
4.
5.
6.
7.
8.
9.

Grouchy ....
Energetic
Unworthy ....
Uneasy

Fatigued ....

Discouraged .
Nervous ........
Lonely....
Muddled.....
Exhausted .
Anxious ...
Gloomy .....

Sluggish ....

Bewildered ...
Furious
Efficient ....

w

Forgetful
VIBOTOUS 8- io: iisetas diacstiapassitass 0

W w

Please ensure you have answered every item.

i Copyright 1989, 2003, Douglas M. McNair, Ph.D., Joan Lo, Ph.D., and Leo F. Droppleman, PhD. under exclusive licesse 10 Multi-Health Systems Inc. All righes
g MHS reserved. I the USA, P.O. Bax 950, Nogth Tanawaodn, NY 14120-0950, 1-800-456:3003, In Canada, 3770 Victaria Park Ave,, Toroeto, ON M2H IM6, 1.800.268-6011

y Internntionally, +1-416-492.2627. Fax, +1.416-492-3343
Prauted in Catads
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INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE
(October 2002)

LONG LAST 7 DAYS SELF-ADMINISTERED FORMAT

FOR USE WITH YOUNG AND MIDDLE-AGED ADULTS (15-69 years)

The International Physical Activity Questionnaires (IPAQ) comprises a set of 4 gquestionnaires.
Long (5 activity domains asked independently) and short (4 generic items) versions for use by
either telephone or self-administered methods are available. The purpose of the questionnaires
is to provide common instruments that can be used to obtain internationally comparable data on
health—related physical activity.

Background on IPAQ

The development of an international measure for physical activity commenced in Geneva in
1998 and was followed by extensive reliability and validity testing undertaken across 12
countries (14 sites) during 2000. The final results suggest that these measures have acceptable
measurement properties for use in many settings and in different languages, and are suitable
for national population-based prevalence studies of participation in physical activity.

Using IPAQ

Use of the IPAQ instruments for monitoring and research purposes is encouraged. It is
recommended that no changes be made to the order or wording of the guestions as this will
affect the psychometric properties of the instruments.

Translation from English and Cultural Adaptation

Translation from English is encouraged to facilitate worldwide use of IPAQ. Information on the
availability of IPAQ in different languages can be cbtained at www.ipag.ki.se. If a new
translation is undertaken we highly recommend using the prescribed back translation methods
available on the IPAQ website. If possible please consider making your translated version of
IPAQ available to others by contributing it to the IPAQ website. Further details on translation
and cultural adaptation can be downloaded from the website.

Further Developments of IPAQ
International collaboration on IPAQ is on-going and an International Physical Activity
Prevalence Study is in progress. For further information see the IPAQ website.

More Information

More detailed information on the IPAQ process and the research methods used in the
development of IPAQ instruments is available at www.ipag.ki.se and Booth, M.L. (2000).
Assessment of Physical Activity: An International Perspective. Research Quarterly for Exercise
and Sport, 71 (2): 5114-20. Other scientific publications and presentations on the use of IPAC
are summarized on the website.

IRE NUMBER: 13020
@| IRE APPROVAL DATE: D31 2021

LONG LAST 7 DAYS SELF-ADMINISTERED version of the IPAQ. Revised October 2002.
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INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE

We are interested in finding out about the kinds of physical activities that people do as part of
their everyday lives. The questions will ask you about the time you spent being physically active
in the last 7 days. Please answer each question even if you do not consider yourself to be an
active person. Please think about the activities you do at work, as part of your house and yard
work, to get from place to place, and in your spare time for recreation, exercise or sport.

Think about all the vigorous and moderate activities that you did in the last 7 days. Vigorous
physical activities refer to activities that take hard physical effort and make you breathe much
harder than normal. Moderate activities refer to activities that take moderate physical effort and
make you breathe somewhat harder than normal.

PART 1: JOB-RELATED PHYSICAL ACTIVITY

The first section is about your work. This includes paid jobs, farming, volunteer work, course
work, and any other unpaid work that you did outside your home. Do not include unpaid work
you might do around your home, like housework, yard work, general maintenance, and caring
for your family. These are asked in Part 3.

1. Do you currently have a job or do any unpaid work outside your home?
I:I Yes
|:| No =P Skip to PART 2: TRANSPORTATION

The next gquestions are about all the physical activity you did in the last 7 days as part of your
paid or unpaid work. This does not include traveling to and from work.

2. During the last 7 days. on how many days did you do vigorous physical activities like
heavy lifting, digging, heavy construction, or climbing up stairs as part of your work?
Think about only those physical activities that you did for at least 10 minutes at a time.

days per week
[:I Mo vigorous job-related physical activity - Skip to question 4
3. How much time did you usually spend on one of those days doing vigorous physical

activities as part of your work?

hours per day
minutes per day

4. Again, think about only those physical activities that you did for at least 10 minutes at a
time. During the last 7 days, on how many days did you do moderate physical activities
like carrying light loads as part of your work? Please do not include walking.

days per week

[ ] Nomoderate job-related physical activity = Skip to question 6

IRE NUMBER: 13020
Q' IRE APPROAAL DATE: 3N 2021

LONG LAST T DAYS SELF-ADMINISTERED version of the IPAQ. Revised October 2002.
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How much time did you usually spend on one of those days doing moderate physical
activities as part of your work?

hours per day
minutes per day

During the last 7 days, on how many days did you walk for at least 10 minutes at a time
as part of your work? Please do not count any walking you did to travel to or from
work.

days per week

|:| No job-related walking - Skip to PART 2: TRANSPORTATION

How much time did you usually spend on one of those days walking as part of your
work?

hours per day
minutes per day

PART 2: TRANSPORTATION PHYSICAL ACTIVITY

These guestions are about how you traveled from place to place, including to places like work,
stores, movies, and so on.

8.

During the last 7 days, on how many days did you travel in a motor vehicle like a train,
bus, car, or tram?

days per week

D Mo traveling in 2 motor vehicle — Skip to question 10

How much time did you usually spend on one of those days traveling in a train, bus,
car, tram, or other kind of motor vehicle?

hours per day
minutes per day

Mow think only about the bicyeling and walking you might have done to fravel to and from
work, to do errands, or to go from place to place.

10.

During the last 7 days, on how many days did you bicycle for at least 10 minutes at a
time to go from place to place?
days per week

[:I Mo bicycling from place to place - Skip to question 12

ql IRE NUUMBER: 13020
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11. How much time did you usually spend on one of those days to bicycle from place to
place?

hours per day
minutes per day

12. During the last T days, on how many days did you walk for at least 10 minutes at a time
to go from place to place?

days per week

[:| No walking from place to place —J  Skip to PART 3: HOUSEWORK,
HOUSE MAINTENANCE, AND
CARING FOR FAMILY

13. How much time did you usually spend on one of those days walking from place to
place?

hours per day
minutes per day

PART 3: HOUSEWORK, HOUSE MAINTENANCE, AND CARING FOR FAMILY

This section is about some of the physical activities you might have done in the last 7 days in
and around your home, like housework, gardening, yard work, general maintenance work, and
caring for your family.

14.  Think about only those physical activities that you did for at least 10 minutes at a time.
During the last 7 days, on how many days did you do vigorous physical activities like
heavy lifting, chopping wood, shoveling snow, or digging in the garden or yard?

days per week

D No vigorous activity in garden or yard - Skip to question 16
15. How much time did you usually spend on one of those days doing vigorous physical
activities in the garden or yard?

hours per day
minutes per day

16.  Again, think about only those physical activities that you did for at least 10 minutes at a
time. During the last 7 days, on how many days did you do moderate activities like
carrying light loads, sweeping, washing windows, and raking in the garden or yard?

days per week

|:| Mo moderate activity in garden or yard + Skip to question 18

IRE NUMEBER: 13020
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17. How much time did you usually spend on one of those days doing moderate physical
activities in the garden or yard?

hours per day
minutes per day

18. Once again, think about only those physical activities that you did for at least 10 minutes
at a time. During the last 7 days, on how many days did you do moderate activities like
carrying light loads, washing windows, scrubbing floors and sweeping inside your
home?

days per week

|:| No moderate activity inside home ~ ==J9»  Skip to PART 4: RECREATION,
SPORT AND LEISURE-TIME
PHYSICAL ACTIVITY

18. How much time did you usually spend on one of those days doing moderate physical
activities inside your home?

hours per day

minutes per day
FART 4: RECREATION, SPORT, AND LEISURE-TIME PHYSICAL ACTIVITY
This section is about all the physical activities that you did in the last 7 days solely for
recreation, sport, exercise or leisure. Please do not include any activities you have already

mentioned.

20. Mot counting any walking you have already mentioned, during the last 7 days, on how
many days did you walk for at least 10 minutes at a time in your leisure time?

days per week
[:I Mo walking in leisure time + Skip to guestion 22
21. How much time did you usually spend on one of those days walking in your leisure

time?

hours per day
minutes per day

22 Think about only those physical activities that you did for at least 10 minutes at a time.

During the last 7 days, on how many days did you do vigorous physical activities like
aerobics, running, fast bicycling, or fast swimming in your leisure time?

days per week

[ ] Novigorous activity in leisure time —» Skip to question 24
IRE NUMBER: 13020
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23. How much time did you usually spend on one of those days doing vigorous physical
activities in youFleisure time?

hours per day
minutes per day

24. Again, think about only those physical activities that you did for at least 10 minutes at a
time. During the last T days, on how many days did you do moderate physical activities
like bicycling at a regular pace, swimming at a regular pace, and doubles tennis in your
leisure time?

days per week

|:| No moderate activity in leisure time ~ ==J Skip to PART 5: TIME SPENT
SITTING

25. How much time did you usually spend on one of those days doing moderate physical
activities in your leisure time?

hours per day
minutes per day

FART 5: TIME SPENT SITTING

The last questions are about the time you spend sitting while at work, at home, while doing
course work and during leisure time. This may include time spent sitting at a desk, visiting
friends, reading or sitting or lying down to watch television. Do not include any time spent sitting
in a motor vehicle that you have already told me about.

26. During the last 7 days, how much time did you usually spend sitting on a weekday?

hours per day
minutes per day

27. During the last 7 days, how much time did you usually spend sitting on a weekend
day?

hours per day
minutes per day

This is the end of the questionnaire, thank you for participating.

IRE NUMBER: 13020
Q' IRE APPROVAL DATE: 03012021

LONG LAST T DAYS SELF-ADMINISTERED version of the IPACQ. Revised October 2002

131



APPENDIX D: Recruitment Materials

Email Recruitment

To whom it may concern,

Hello, my name is Jessica Peterson and I am a PhD student in the Department of Health
and Exercise Science. Dir. Chris Black and [ are looking for research participants for a
study titled: Differences in Pressure Pain Sensitivity and Pain Modulatory Funetion
following COVID-19 exposure. We are conducting research looking at differences in
pain thresholds. If you are between the ages of 18-35, have had symptomatic COVID-19,

asymptomatic COVID-19, or have not been exposed to COVID-19 we encourage you to

participate.

Participation in this research includes completing informed consent and a battery of
questionnaires, which will take 30-45 minutes. You will be required to come to our lab
for a total of 3 visits to assess your body composition via a DXA scan and your pain
thresholds will be examined by experimentally induced pain prior to and following
isometric exercising and placing your feet in a cold-water bath. The visits will be roughly
30-45 minutes in length for a total time commitment of 2 hrs.. If you have any questions
or would like to participate, please contact me at 405-318-9494 or Jessica.a peterson-

l{@ow.edu or contact Dr. Black at 705-2535-3750 or chlacki@ou.edu.

All the best,

Jessica Peterson and Christopher Black
The University of Oklahoma is an egual opportunity institution
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Research Participants Needed

Have you had symptomatic COVID-19, asymptomatic COVID-19, or maybe you have
not been exposed to COVID-19?
Are you interested in learning about your sensitivity to pain?
Are you interested in learning your body composition via DXA scans?

The sensory and muscle function lab is conducting a study titled: Differences in Pressure
Pain Sensitivity and Pain Modulatory Function following COVID-19 exposure to
determine whether COVID-19 has an impact on your pain responses.

To participate
- Be between 18-35 years of age.

- Healthy participants with no cardiovascular or neurological disorders and free
from any musculoskeletal injuries

- Females: you are not pregnant

- Participants must not consume any chronic pain medication.

3 visits required

s Total time commitment is approximately 2 hours.

s Testing will take place in the Sensory and Neuromuscular Functions lab at the
University of Oklahoma Norman Campus

If you are eligible and interested please contact:
Jessica Peterson, Jessica.a.peterson-1@ou.edu or Dr. Chris Black (Primary Investigator),
chlack@ou.edu

—_—

The University of Oklahoma is an equal opportunity institution.
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