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Abstract

Background

Chronic pain is a widespread problem for both individuals and society. Chronic pain can be
defined as pain lasting for three months or more and symptoms can be depression and
decreased quality of life. Biomarkers are defined as quantities that can be measured and used
to imply normal or pathogenic biological processes. High density lipoproteins (HDLs) main
function is to transport excess cholesterol from peripheral tissue back to the liver while
Macrophage inflammatory protein-1a (MIP-1a) attracts inflammatory cells to the site of
inflammation. Higher levels of HDL have been shown to be associated with lower levels of

pain, whilst MIP-1a may have an association with higher pain perception.

Aim/objective/purpose

The study aimed to investigate if high-density lipoprotein and macrophage inflammatory
protein-1la could serve as biomarkers for chronic pain, particularly in studying the role of
physical activity by comparing healthy individuals to those with chronic pain (ageing
between 35-65 years). Biomarkers were analysed in saliva and capillary blood respectively to
see if these associate with self-reported pain prior to and post physical activity using the

Astrand bicycle ergometer test.

Method

A total of 18 participants were divided into two groups, pain group and control group. A
capillary bloodsample, a saliva sample and self-reported pain were obtained prior to, and post
a Astrands bicycle ergometer test. Saliva samples were analysed using Enzyme-linked
immunosorbent assay (ELISA) and HDL was analysed using Cardiocheck. The statistical
analysis was performed in SPSS using a Wilcoxon-signed ranked test, Spearman's correlation

test and a two-way ANOVA.

Result

The studied population were in the ages between 35-65 years old, baseline pain for the
paingroup were 4.11 and 1.22 for the controlgroup. HDL values were significantly higher
post the exercise session for both groups and MIP-1a values did not significantly differ post
the exercise. HDL was moderately negatively associated with self-reported pain and MIP-1a
was strongly positively associated with self-reported pain prior to the exercise intervention

but this association was no longer detectable post the intervention.



Conclusion

HDL was negatively associated with self-reported pain and increased similarly across groups,
while MIP-1a was unaffected by exercise. This suggests potential benefits of physical
activity for pain reduction and highlights the importance of further research on HDL and
MIP-1a in relation to physical activity.

Keywords: chronic pain, physical activity, biomarkers, MIP-1a , HDL, inflammation



Abstrakt

Bakgrund

Kronisk smaérta ar ett utbrett problem som paverkar bade individ och samhélle. Kronisk
smadrta kan definieras som smérta i tre manader eller mer och symptom kan vara depression
och minskad livskvalitet. Biomarkorer dr definierade som en méitbar mdngd som kan
anvindas for att hdvda normal eller patogen biologisk process. Hog-densitets lipoproteins
(HDLs) framsta funktion &r att transportera dverblivet kolesterol frén perifer vdvnad tillbaka
till levern medan Makrofag inflammatoriskt protein 1-a (MIP-1a) rekryterar inflammatoriska
celler till inflammerade omraden. Hogre nivaer av HDL har visats sig associerats med ldgre

nivéer av smirta, medan MIP-1a kan associeras med hogre nivaer av smérta.

Syfte

Denna studie syftar till att underséka om HDL och MIP-1a dr potentiella biomarkdrer for
kronisk smarta, sdrskilt med fokus pa fysisk aktivitet genom att jamfora friska individer med
individer med kronisk smérta (i dldrarna 35-65 ar) Biomarkdrerna analyserades i saliv och
kapilldrblod for att undersdka om dessa vara associerade med sjélvrapporterad smirta fore

och efter fysisk aktivitet, med hjilp av Astrand cykelergometertest.

Metod

Totalt 18 forsokspersoner delades in i tva grupper, en smartgrupp och en kontrollgrupp. Ett
kapilldrt blodprov, salivprov och sjélvrapporterad smérta samlades in innan och efter ett
Astrands cykel ergometer test. Salivprover analyserades med Enzymkopplad
immunadsorberande analys (ELISA) och HDL analyserades med Cardiocheck. Den
statistiska analysen genomfordes 1 SPSS med hjdlp av Wilcoxon-signed ranked test,

Spearmans korrelationstest och tvavigsa-ANOVA.

Resultat

Deltagarna var mellan 35 och 65 ér. Baslinjesmaérta var 4,11 i smértgruppen och 1,22 1
kontrollgruppen. HDL vérden var signifikant hdgre efter traning i bada grupperna och
MIP-1a vérden skiljde sig inte signifikant efter trdning i ndgon av grupperna. HDL var
moderat negativt korrelerat till sjdlvrapporterad smirta och MIP-1a var starkt positivt
korrelerat till sjélvrapporterad smérta innan tréning men denna korrelation kunde inte noteras

efter interventionen.



Konklusion

HDL var negativt korrelerat med sjélvrapporterad smérta och 6kade lika mycket i bada
grupper, medan MIP-1a var opaverkat av traning. Detta tyder pa potentiella fordelar med
fysisk aktivitet for att lindra smérta och pdpekar vikten av framtida forskning kring HDL och
MIP-1a i relation till fysisk aktivitet.

Nyckelord: kronisk smérta, fysisk aktivitet, biomarkorer, MIP-1a, HDL, inflammation
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Background

Chronic pain

Chronic pain is a widespread issue for both individuals and society and is often a result of
injury or disease (Mills et al., 2019). According to the international association for the study
of pain, chronic pain can be defined as pain lasting for three months or more which is beyond
the normal tissue healing time (Mills, et al, 2019). Whilst acute pain protects humans and
animals from potentially harmful stimuli, no such benefits exist in chronic pain (Chen et al.,
2023). Chronic pain has been shown to induce depression, anxiety, decreased quality of life,
sleep deprivation and increased medical expenses (Geneen et al., 2017). Chronic pain affects
the Central nervous system (CNS) by causing an imbalance in the neural pathways (Moller et
al., 2023). This imbalance leads to increased pain and to suppressed pain inhibition which
results in plastic changes in the neural system. Plastic changes refer to the CNS capacity to
reconstruct and create new synaptic connections between nerve cells (Castaldi et al., 2020).
After these changes occur, the body becomes more susceptible to pain and other stimuli in
addition to fatigue and depression (Moller et al., 2023). Asymptomatic individuals, which are
those who do not currently have chronic pain, are not affected by these induced medical

1Ssues.

Research indicates that exercise has the potential to be an effective pain management strategy
(Rice et al., 2019). Exercise improves mood and the motion capability as well as potentially
being a non-pharmacologic treatment for chronic pain (Rice et al., 2019). However, the
evidence is limited on which type of exercise is optimal to reduce pain (Van Dillen et al.,

2021).

Pain mechanisms

Pain can be described as a compilation of uncomfortable experiences caused by real or
imagined tissue damage which can result in changes in behavior or psychological well-being
(Dubin & Patapoutian, 2010). Pain is detected by nociceptors, which are peripheral sensory
neurons. The cell body of the nociceptor is in the dorsal root ganglia (DRG) and has both
central and peripheral axial branches connecting the spinal cord to its target organ (Basbaum
et al., 2009). The nociceptors can be activated by either pressure, chemical signals indicating

tissue damage or extreme temperatures (Dubin & Patapoutian, 2010). When activated, the



nociceptor initiates an action potential to the DRG (Wood et al., 2022). From the DRG, the
signal travels to the dorsal horn and reaches the somatosensory cortex via thalamus where
pain location and intensity are processed (Figure 1) (Wood et al., 2022; Basbaum et al.,
2009). However, this alone is not enough to stimulate pain, pain perception depends on the
frequency of action potentials (Dubin & Patapoutian, 2010). The velocity of the action
potential depends on two factors, neuron diameter and if the neuron is myelinated. Pain
transmission involves two types of fibers, A-fibers and C-fibers. A-fibers can be further
separated into Ad-fibers and AB-fibers. Ad-fibers are myelinated and signal acute localised
pain whilst AB-fibers are also myelinated but larger in diameter and do not conduct any pain
signals. Instead they transmit signals regarding sensations such as light touch. C-fibers, which
are the smallest in diameter, are unmyelinated and responsible for transmitting slow, poorly
localised pain (Basbaum et al., 2009). The most central pain-fibers in chronic pain are
C-fibers (Middleton et al., 2021). C-fibers have a crucial role in the development of chronic
pain due to their sensitivity to changes in the nervous system. Research on Ad-fibers role in
chronic pain is still limited and a connection between chronic pain and Ad-fibers is yet to be

found.
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Figure 1: Pathway of pain signal from nociceptor to pain perception. Adapted from (Wood et
al., 2022; Basbaum et al., 2009).
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Neuronal plasticity

While nociceptive fibers are essential in transmitting pain signals, chronic pain can persist
even after the original injury has healed, suggesting that the nervous system itself adapts (Ji et
al., 2016). This phenomenon, often described as neuronal plasticity, plays a crucial role in
how pain is experienced and maintained over time. Research has shown that neuronal
plasticity is essential for developing and maintaining chronic pain (Ji et al., 2016). The key
mechanism for transitioning pain into chronic pain is peripheral sensitization. Peripheral
sensitization indicates that the peripheral ends at sensory nerves increase their responsiveness
and/or reduce the threshold of the response (Gangadharan & Kuner, 2013). Peripheral
sensitization is triggered by non-neural cells (e.g. macrophages, neutrophils, mast cells)

releasing chemical mediators at the inflammatory site (Gangadharan & Kuner, 2013).

Another important mechanism for chronic pain is central sensitization (Ji et al., 2016).
Central sensitization implies that the CNS undergoes functional, chemical and structural
changes resulting in the CNS being more sensitive to stimuli (Volcheck et al., 2023). This
means that the pain response from the spinal cord and the brain is amplified, spreading
beyond the injury site and affects the emotional and psychological aspects of pain (Ji et al.,

2016).

When developing chronic pain, the body can no longer separate between nociceptive input
and pain perception (Hassan & Mahran, 2023). This type of long-lasting pain activates
N-Methyl-D-Aspartate (NMDA) receptors. NMDA receptors are involved during certain
types of learning to strengthen the neural connections. The spinal cord interprets stimuli as

more painful than it actually attends to be (L. Chimenti et al., 2023).

Neuroinflammation

Research has shown that central sensitization is triggered by neuroinflammation and is a
central part of chronic pain (Ji et al., 2018). Neuroinflammation is a form of inflammation
that occurs in both the central and peripheral nervous system (Ji et al., 2018). The
consequences of neuroinflammation are an increase in activation of glial cells, increased
permeability of blood vessels, elevated leukocyte levels around the site of inflammation and
an increase in the production of cytokines and chemokines. When comparing

neuroinflammation to inflammation, it has been shown that neuroinflammation is more



prolonged in patients with chronic pain (Ji et al., 2016). For example, there is an association
between neuroinflammation and fibromyalgia. Fibromyalgia is a form of chronic pain that
involves abnormal pain processing in the CNS and is characterised by musculoskeletal pain,

fatigue and cognitive difficulties (Giannotti et al., 2014).

Inflammation

While neuroinflammation refers specifically to inflammatory processes within the central
nervous system, it is important to also consider systemic or physiological inflammation,
which plays a fundamental role in immune defense and tissue repair (Ji et al., 2018; Choi et
al., 2023). Inflammation can be described as the bodys' response to harmful stimuli, such as
damaged cells, toxic substances or pathogens (Chen et al., 2017). This results in redness,
swelling, heat, pain and loss of function at the tissue level. The inflammatory response begins
after tissue damage occurs due to infection or tissue injury. The response can vary depending
on the initial stimuli and location in the body, but most inflammatory responses tend to follow
four general steps. These steps are: 1) recognition of stimuli by cell surface receptors; 2)
activation of inflammatory pathways; 3) secretion of different inflammatory markers; 4)

recruitment of inflammatory cells (Chen et al., 2017).

The inflammatory response is initiated by the activation of pattern-recognition receptors
(PRRs) (Gudkov & Komarova, 2016). There are several different variations of PRRs but the
most studied receptor is Toll-like-receptor (TLRs) (Chen et al., 2017). PRRs can be activated
by recognising either pathogen-associated molecular patterns (PAMPs) or damage-associated
molecular patterns (DAMPs) (Gudkov & Komarova, 2016). The difference between PAMPs
and DAMPs is their origin. PAMPs originate from pathogens (viruses or bacteria) whilst
DAMPs are released due to tissue damage or programmed cell-death (apoptosis). The
activated receptor initiates intracellular signaling, resulting in transcription factor being
translocated into the nucleus. The transcription factors regulate cytokine production and
recruitment of inflammatory cells (Chen et al., 2017). Cytokines are central mediators of
inflammation and are active in both chronic and acute inflammation (Turner et al., 2014).
There exists both pro- and anti-inflammatory cytokines. Understanding how these molecules
interact is crucial for treating inflammatory diseases (Turner et al., 2014; Chen et al., 2017).
The produced cytokines combined with growth factors attract neutrophils followed by

monocytes (Chen et al., 2017). Neutrophils damage microorganisms in the body and activate



T-cells, whilst monocytes produce cytokines and differentiate into macrophages or dendritic
cells (Geissmann et al., 2010). Macrophages are efficient at both initiating cytokine
production and phagocytosis as well as acting as antigen presenting cells (even though
dendritic cells are specialised for this process)(Chen et al., 2017; Geissmann et al., 2010).
Mast cells also carry the TLR, meaning they have an important role in the initiation of
inflammation since they can produce pro-inflammatory cytokines, histamine and proteases
(De Filippo et al., 2013). Chemokines are important in the recruitment of inflammatory cells
(Bhavsar et al., 2015). One important chemokine is macrophage inflammatory protein-1a

(MIP-1a) and it is involved in the recruitment of leukocytes (Bhavsar et al., 2015).

The inflammatory process needs to be actively inhibited to prevent the acute response from
turning chronic (Headland & Norling, 2015). Macrophages are important in the resolution of
inflammation since they can release proteases that inhibit chemokine-receptor interactions.
The overall lower concentration of inflammatory cytokines means that less inflammatory
cells are recruited to the site of injury (Chen et al., 2017). If the resolution process is
successful it leads to tissue healing and homeostasis, if not the acute inflammatory response

progresses to a chronic response.

Chronic inflammation shares many similarities with acute inflammation, the difference being
the chronic response tends to be less intense but more persistent over time (Gudkov &
Komarova, 2016). Chronic inflammation can lead to diseases such as rheumatoid arthritis and

atherosclerosis (Ji et al., 2016).

The impact of physical activity on inflammation

Physical activity (PA) is an important aspect when discussing inflammation (Suzuki, 2019).
PA can be defined as a movement that increases the bodys' total energy expenditure above
resting levels (Calcaterra et al., 2022). PA in general is associated with the prevention of
several diseases such as dyslipidemia, hypertension, heart disease and diabetes (Suzuki,
2019). PA can also reduce or prevent obesity and increase energy consumption. Regular PA
has an anti-inflammatory effect by reducing fat tissue which in turn leads to a decrease in
released adipokines from adipose tissue (Gleeson et al., 2011). Exercise that causes muscle
damage and mechanical stress has been shown to activate intracellular quality control

systems and therefore restrain chronic inflammation (Suzuki, 2019). Mechanical stress



caused by exercise has been shown to inhibit tumor necrosis factor-a (TNF-a) which leads to

an anti-inflammatory effect (Suzuki, 2019).

White adipose tissue (WAT) is an organ that can secrete cytokines and adipokines as well as
storing fat (Kawai et al., 2021). Both obesity and weight gain cause WAT to go through a
phenotypic switch, which is indicated by infiltration of immune cells and inflamed
adipocytes. These inflamed adipocytes produce pro-inflammatory cytokines which disrupt
normal function of adipose tissue. The inflammatory response to expanding WAT tends to be

mild and chronic (Kawali et al., 2021).

Biomarkers for pain perceptions

During the inflammatory response, both immune cells such as macrophages and
pro-inflammatory cytokines including interleukin-6 (IL-6) and TNF-a, which are released by
activated immune cells, indicate the presence of inflammation in the body (Chen et al., 2017).
These markers may therefore function as biomarkers for inflammation. Biomarkers are
typically defined as quantities that can be measured and used to imply normal or pathogenic
biological processes or a response to external stimuli (Califf et al., 2018). In general,
biomarkers are used in various medical processes to evaluate a treatment or to determine the
risks for disease. Currently, biomarkers for chronic pain are primarily used to make an

accurate diagnosis of the condition (Eldabe et al., 2022).

Macrophage inflammatory protein-la

One potential biomarker for individuals with chronic pain is MIP-1a (Jonsson et al., 2021).
MIP-1a is a cytokine that attracts immune cells to inflammatory sites, which has been shown
to promote inflammation. MIP-1a may be involved in the regulation of intensity of the
inflammatory response (Sherry et al., 1998). A previous study by Jonsson et al., (2021) on
MIP-1a in chronic pain individuals showed that values in saliva were increased compared to
a healthy population. In another study, MIP-1a was one of the biomarkers associated with
chronic pain in chronic pelvic pain syndrome (Desireddi et al., 2008). The study showed that
MIP-1a could distinguish the CPPS group from the control group with 90% accuracy
(MIP-1a. > 146 pg/ml). These findings suggest that MIP-1a could be used as a biomarker for
chronic pain. One study researched the effects of physical activity on MIP-1a levels and it

was found that 30 minutes after a marathon (42 km) the levels of MIP-1a increased 3.5-4.1



times compared to baseline values (Matkowska & Sawczuk, 2023). Currently, there is limited
research on how low-intensity exercise affects MIP-1a levels. However, there are studies that
imply MIP-1a being a biomarker for chronic pain, but there seems to be a knowledge gap
regarding MIP-1as relation to PA. More research surrounding how PA can influence MIP-1a
and pain perception in chronic pain individuals is required. In a study involving healthy and
diseased population (Gaucher disease) (Van Breemen et al., 2007) the authors found that
normal values for MIP-1a were a median of 9 pg/mL (range 0-208 pg/mL)

High-density lipoprotein

Another potential biomarker regarding chronic pain is high-density lipoprotein (HDL). High
levels of HDL have been associated with a decrease in chronic pain (Mi et al., 2024). HDL is
a molecule consisting mostly of phospholipids and proteins, where the central structure
protein is apolipoprotein A-1 (ApoA-1) (Chiesa & Charakida, 2019). The main function of
HDL is to transport excess cholesterol from peripheral tissue back to the liver. Results have
shown evidence that HDL is beneficial for human health, and that lipids broadly play an
essential role in the process of chronic pain (Mi et al., 2024). HDL has both
anti-inflammatory and antioxidative effects (Chiesa & Charakida, 2019). This is partly due to
HDL containing several antioxidative enzymes, where paraoxonase-1 (PON-1) is the most
studied one. PON-1 protects both low-density lipoprotein (LDL) and HDL from oxidation
and protects more efficiently when interacting with ApoA-1. ApoA-1 possesses antioxidative
properties and can remove oxidised lipids from LDL. Through these combined antioxidative
mechanisms, HDL may exert protective effects beyond cardiovascular health, potentially
influencing conditions such as chronic pain (Chiesa & Charakida, 2019). More specifically,
one study found that HDL levels above 1.66 mmol/L compared to levels below 1.11 mmol/L
was correlated to a 24% reduced risk of chronic pain (Mi et al., 2024). Reference values for
HDL are 0.8-2.1 mmol/L for men and 1.0-2.7 mmol/L for women according to Rustad et al.,
(2004) and the Nordic reference interval project (NORIP). Both aerobic and resistance

training has been shown to increase HDL levels (Muscella et al., 2020).

Biomarkers and its relation to physical activity

Chronic pain is a disease where inflammation is central in its development (Ji et al., 2018).
PA can reduce inflammation and pain for individuals with chronic pain but is not yet widely

recognised as a formal treatment for chronic pain because of the limited knowledge among



health professionals and a lack of resources (Vaegter et al., 2024). PA has been shown to
improve physical function and reduce pain perception in individuals with chronic pain
(Ambrose & Golightly, 2015). These benefits are applicable to moderate chronic pain as well
as more severe pain conditions, therefore all individuals with chronic pain should be

recommended PA.

It can be difficult to diagnose chronic pain hence the importance of discovering biomarkers.
However, there remains a knowledge gap regarding the role for HDL and MIP-1a in chronic
pain, especially in combination with PA. Because of this, the levels of HDL and MIP-1a need
further research to be able to determine if these molecules are associated with self-reported
pain and therefore could be viewed as potential biomarkers for chronic pain. We hypothesised
that HDL would increase following PA and that higher levels of HDL would be linked to
lower levels of self-reported pain. Further, we expected MIP-1a to also increase following PA

and that higher levels of MIP-1a would correspond to higher levels of self-reported pain.



Aim

The study aimed to investigate if high-density lipoprotein and macrophage inflammatory
protein-1acould serve as biomarkers for chronic pain by comparing middle aged adults with
and without chronic pain, before and after physical activity. An additional aim was to

investigate the association with self-reported pain and the biomarkers before and after a

Astrand bicycle ergometer test.

Is there a significant difference within the pain-group and the control-group prior to and post

a Astrand cycle ergometer test in HDL and/or MIP-1a levels?

Do HDL and MIP-1a values differ prior to and post a Astrand cycle ergometer test between

the pain-group and the control-group?

Is there an association between self-reported pain and HDL MIP-1a levels, respectively

within the pain-group and the control-group?



Method
Study design

This experimental study aimed at investigating differences in biomarkers between two
groups, pain-group (PG) and control-group (CG), prior to and post an exercise intervention.
The analysed biomarkers, HDL and MIP-1a, have a potential to increase in participants
without chronic pain following PA. Therefore, a control group was included to compare if the
biomarkers differed more than within expected values for the PG. The exercise session
consisted of an Astrand submaximal bicycle ergometer test performed on a stationary bicycle.
Data collection was made at one single test session and lasted for about 45 minutes. The

recruitment process and testing were conducted over a five week period.

Subjects

Inclusion criteria for the PG were experiencing some sort of pain every day for at least the
past three months (Mills et al., 2019). CG inclusion criteria were to not have chronic pain.
Exclusion criteria for both groups were the following: metabolic syndrome, type 2 diabetes,
any form of cancer, injuries affecting the cycling ability, cardiovascular diseases a cold in the
past week, food intake one hour prior to the test and any known blood disease (Kosmas et al.,
2023; Yuge et al., 2023; Stayoussef et al., 2024; Zhou et al., 2017; D. Clarke & L.
Richardson, 2021). All participants were between 35-65 years of age.

Participants for both groups were recruited through convenience sampling from
acquaintances who met the inclusion criteria. Each potential participant received the informed
consent sheet (appendix 1) and information regarding the study. Participants provided
informed consent prior to participation. A total of 18 participants were invited and
volunteered to participate in the study. The participants were divided into two groups, (PG,

n=9; 1 man and 8 women; CG, n=9; 5 men and 4 women)

Data collection

During the study, information about the participants’ sex, age, blood pressure (mmHg), heart
rate (HR; bpm), rate of perceived exhaustion (RPE), height (cm) and body mass (kg) was
collected. Additional variables collected were self-reported pain, HDL (mmol/L) obtained via

blood sample and MIP-1a (pg/mL) obtained via saliva sample.

10



Self-reported pain

The numerical rating scale (NRS) was used to estimate pain. NRS has been shown to be a
valid and reliable measurement of pain intensity (Thong et al., 2018). NRS presents the
participant with a scale from 0 to 10 where 0 is no pain and 10 is the worst possible pain
(Williamson & Hoggart, 2005). Participants were asked to rate a number most corresponding

to their current pain level.

Test procedures

Sixteen tests were performed at Halmstad University at the human movement lab and two
tests were performed at Malmo University. All tests followed the same standardised protocol
(Astrand, 1964). Participants were weighed using a calibrated scale and measured using a
stadiometer. The participants signed informed consent and completed a questionnaire
regarding inclusion and exclusion criteria while seated (appendix 1). Current pain status was
assessed using the NRS and blood pressure was measured with an automated monitor
(Omron, Japan, Kyoto). Participants rated their aerobic fitness level, on a scale ranging from
“very low” to “elite” (Andersson, 2012, p.28). This provided an estimated VO,max, which
was halved and converted to watts to determine the appropriate cycling resistance

(Andersson, 2012, p.86).

Cycling test

Upon arrival, the cycle ergometer (Ergomedic 828E, Monark, Sweden, Varberg) was adjusted
to the participants preferred seat height. Participants were seated and instructed to cycle at 60
revolutions per minute (rpm). When comfortable with the pace, the timer (Asaklitt, Sweden,
Insjon) started and resistance was applied. HR and RPE in the lower extremities and
breathing effort were recorded each minute. At minute six, the HR was compared to the
previous minute. If the difference exceeded three bpm, the test was extended by one-minute
intervals until the HR variation was < 3 bpm. Post cycling, pain status was re-assesed, and

new saliva and blood samples were collected.

Biological sampling
Saliva samples (1.5mL) were collected using centrifuge tubes (VWR Centrifuge Tube, USA,
Radnor). Capillary blood was collected from the participants' preferred hand and finger. If no

preference existed, each sample was obtained from the middle finger on the left hand. The
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finger was cleaned with an alcohol wipe (Kiilto clean, Sweden, Malmo). A lancet (Sarstedt
AG & Co, Germany, Niimbrecht) was used to puncture the finger, and the first drop of blood
was discarded. An automatic pipette (Finnpipette F2, 1-50uL, Thermo Fisher Scientific,
USA, Machituchett) was used to draw 40uL blood. The blood sample was applied to a test
strip (PTS Diagnostics, USA, Whitetown) and the results were noted down.

Enzyme-linked immunosorbent assay

Enzyme-linked immunosorbent assay (ELISA) measures the concentration of antigens in
biological samples such as saliva or blood (Aydin, 2015). It can detect hormones, vitamins,
drugs or proteins at a low concentration due to the high specificity of antibody-antigen
binding. The ELISA measure was introduced in 1971 and has since become one of the most
widely used methods in diagnosis and different medical fields for laboratory methods and

medical research globally.

Lab analysis

ELISA procedure

50mL of 10x phosphate buffered saline solution (PBS; pH 7.4) was diluted with 450mL
deionized water. 50mL was separated to prepare reagent diluent (RD) by adding 0.5g bovine
serum albumin (BSA; 1%). 400mL PBS was mixed with 200uL. Tween20 (0.05%) to create a
wash buffer. Streptavidin-horseradish peroxidase (SA-HRP) was diluted with RD to a
working concentration of 1:40. A substrate solution (SUS) was prepared by mixing equal
parts of colour reagent A (H,0,, R&D systems, USA, Minneapolis) and colour reagent B
(Tetramethylbenzidine, R&D systems, USA, Minneapolis). Standard solution (SS) was
reconstituted with 0.5mL RD and further diluted to a working solution of 500 pg/mL. A serial
dilution was performed to reach the final working concentration of 7.81 pg/mL. Detection
antibodies (DA) were reconstituted with ImL RD and diluted to a working concentration of
200 ng/mL. Captured antibodies (CA) were reconstituted with 500uL PBS. CA was mixed
with PBS to achieve a working concentration of 400 ng/mL. The CA solution was vortexed
and 100uL was transferred to each well of the ELISA plate. The plate was covered with a
plastic cover and refrigerated for five hours before being stored at room temperature

overnight.
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After incubation, the plate was washed three times with 280uL wash buffer using a
multipipette and patted dry. 300uL RD was pipetted into each well followed by a one hour
incubation. After the incubation, the plate was washed again as mentioned earlier, before
pipetting 100uL sample or standard solution (SS) to each well. The plate was incubated for
two hours. After the incubation, the plate was washed again as previously described, and
100puL DA was added to each well to incubate for another two hours. After two hours the
plate was washed as before and 100puL of diluted SA-HRP was added to each well. The plate
was placed in darkness for 20 minutes. 100uL SUS was added to each well after 20 minutes,
then placed in the dark for another 20 minutes. SOuL stop solution (2 N H,SO,, R&D
systems, USA, Minneapolis) was added to each well. The finished plate was placed in an
absorbance plate reader (Spectra max PLUS 384, Molecular Devices, USA, San Jose) and the

machine read the colour changes at 450 nm and 570 nm.

Test of sample dilution

Two saliva samples were chosen from the PG with the highest saliva content to test different
dilutions. A dilution series was created from 600uL undiluted saliva with RD added until the
final dilution of 1:64 was achieved. The plate was analysed in an absorbant plate reader and

the results indicated that undiluted saliva resulted in the best outcome.

For the actual samples, 100uL undiluted saliva was used. Each sample was tested in

duplicate, allowed difference between duplicates was set at +20% from the mean value.

Calculation

The calculation for MIP-1a was performed using Microsoft Excel (version 18429.20200).
The values from the standard curve were used to create a four parameter logistic curve and
formulated an equation for the curve.

y = 0.3225 - In(x) — 0.8524
To solve for the unknown concentration (x), the equation was rearranged as:

_ _y—(=08524)
X = €325 1

Measured optical density was substituted for y to determine corresponding MIP-1a value.
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Ethical and social considerations

The study adhered to the ethical principles of the Declaration of Helsinki (World Medical
Association, 2024). The participants were informed about the conditions of the test and that
they can withdraw at any time without any given reason. According to the principle of data
minimisation under GDPR, only necessary data to answer the research questions has been
collected. Data were stored on a USB accessible only to the authors and the data was deleted
upon project completion. All data were pseudonymous using personal codes, preventing any
data from being linked to one single participant. The codes were stored on a separate
document stored with the informed consent sheets. Results were presented at group level with

participants' results available upon request.

Potential risks include increased acute pain due to the nervous system being over activated.
To reduce anxiety, the participants were informed that experienced pain was likely not
threatening (Pihno et al., 2023; Moller et al., 2023). Test leaders were there to help if
anything were to happen. Participation was voluntary and at their own risk. There was a risk
of injury when performing the test. To prevent this, each participant practiced performing the
test at the correct pace until they felt comfortable. If the participant started to feel light
headed or nauseous during or post the test they were asked to have water or dextrose tablets
to alleviate symptoms. If any results deviated significantly from reference values the
participants were encouraged to seek medical advice for further evaluation. For participants
inexperienced with PA, muscle soreness was a potential risk (Fedewa et al., 2019). This could
be particularly unpleasant for the PG if they were not familiar with the sensation. Collection
of personalised data was approved by Halmstad University data protection office. Test

proceedings and informed consent were approved by the education supervisors.

The study aimed at contributing towards goal 3 of Agenda 2030 (Targets 3.4; 3B) - Good
health and well-being (United Nation, n.d). This was pursued by reducing the mortality of
chronic pain through the promotion of PA to an otherwise sedentary group as well as

supporting further research of chronic pain.

Environment

Several disposable items were required during lab analysis, many of which came in contact

with biological waste and could not be recycled, which could affect the environment.
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However, the intervention itself had little to no impact on the environment. The equipment
bought for the intervention were one ELISA-kit and test strips for the Cardiochek which has
minimal environmental impact. The remaining parts of the study are conducted using

materials already available at Halmstad University.

Equality

The project contributes to equality by investigating both men and women. The results are
applicable to all individuals, therefore promoting inclusivity. By contributing to a fair
distribution of influence and resources, the study promotes a more sustainable society, which
is connected to goal 5 of Agenda 2030 (Target 5.1) — Gender Equality (United Nation, n.d).

By doing this, the study aims at reducing discrimination against women in scientific fields.

Statistics

The statistical analysis was performed using IBM Statistical package for the social sciences
(SPSS) statistics version 29.0.1.0 (IBM Corp., Chicago, USA). HDL, MIP-1a and
self-reported pain were tested for normality using a Shapiro-wilk test. The majority of the
tested variables were not normally distributed, hence non-parametric statistics were applied.
The dataset was divided into PG and CG to allow for group comparisons. Descriptive
statistics for baseline variables and cycle test variables were calculated. The Wilcoxon
signed-rank test was used to compare baseline values and post intervention values of HDL,
MIP-1a and self-reported pain. Spearman’s correlation test was used to assess relationships
between HDL and self-reported pain, and MIP-1a and self-reported pain at baseline and post
exercise intervention. The following limits were used to interpret the strength of the
association: r=0-0.3 negligible positive (negative) correlation, r=0.3-0.5 low positive
(negative) correlation, r=0.5-0.7 moderate positive (negative) correlation, r=0.7-0.9 high
positive (negative) correlation, r=0.9-1 very high positive (negative) correlation (Mukaka,
2012). A two-way analysis of variance (ANOVA) test was conducted to analyse differences
between group, time and interference effects. The significance level was set at p < 0.05 for all

tests.
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Results

All 18 recruited participants completed the tests and were eligible for analysis. The mean age
(years) was 55 (SD 4.58) for the PG and 52 (SD 5.18) for the CG and weight (kg) 80.87 (SD
17.42) for the PG and 78.27 (SD 13.97) for the CG (Table 1). These values were taken to

establish a reference point for comparison between groups.

Table 1: Descriptive statistics for the pain-group and control-group.

Variable Pain-group Control-group
Mean+SD (min-max) Mean+SD (min-max)

Age (year) 55+ 4.58 (48-63) 52+ 5.18 (42-59)

Height (cm) 167.89 + 7.77 (155-177) 176.39 + 10.11 (164-189)

Weight (kg) 80.87 + 17.42 (64-106.5) 78.27 + 13.97 (58.4-97.9)

Systolic blood 140 + 21.25 (102-164) 138 +21.33 (109-161)

pressure (mmHg)

Diastolic blood 91 +13.24 (67-107) 86 + 11.52 (72-108)
pressure (mmHg)

N 9 9
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Physiological variables were recorded during the bicycle ergometer test. The mean HR (bpm)
was 124 (SD 15.67) for the PG and 117 (SD 8.43) for the CG, workload (watt) 72 (SD 23.20)
for the PG and 100 (SD 33.07) for the CG, RPE-Legs 12.67 (SD 2.18) for the PG and 13 (SD
1) for the CG, RPE-Breath 11.33 (SD 1.66) for the PG and 12 (SD 1.73) for the CG (Table 2).

Table 2: Physiological values during the bicycle ergometer test for the pain-group and

control-group.

Variable Pain-group Control-group
Mean + SD (min-max) Mean + SD (min-max)

Heart rate 124 £15.67 (101-152) 117+ 8.43 (108-133)

(bpm®)

Workload (watt) | 72 +23.2 (50-100) 100 + 33.07 (75-175)

RPE-Legs" 12.67 £2.18 (9-15) 15+£1(12-15)

RPE-Breath* 11.33 £ 1.66 (9-13) 12 +£1.73 (8-14)

N 9 9

“Beats per minute. "Rate of Perceived Exhaustion in lower extremities (6-20). © Rate of

Perceived Exhaustion intensity of breathing effort (6-20).

Levels of biomarkers

HDL-values were significantly higher post the bicycle ergometer test for both groups
compared to baseline values (PG: p=0.038; CG: p=0.011)(Table 3). MIP-1a -values did not
significantly differ from baseline post the bicycle ergometer test for either group (PG:
p=0.678; CG: p=0.407). Self-reported pain did not significantly differ post the bicycle
ergometer test for either group compared to baseline values (PG: p=0.480; CG: p=1.0) (Table
3).

17



Table 3: HDL and MIP-10. values pre and post bicycle ergometer test divided by PG and CG

Variable

Pain-group

Control-group

Mean + SD (min-max)

Mean + SD (min-max)

Pre-HDL (mmol/L)

1.57 + 0.48 (1.09-2.39)

1.57 + 0.40 (1.02-2.04)

Post-HDL (mmol/L)

1.63 £0.50 (1.19-2.55)

1.71 £ 0.38 (0.99-2.15)

Pre-MIP-1a (pg/mL)

20.78 + 6.64 (14.05-34.09)

19.97 +5.24 (13.98-31.17)

Post-MIP-1a (pg/mL)

21.76 £9.93 (14.64-42.73)

19.54 + 3.88 (15.14-25.67)

Pre-self-reported pain

4.11 £3.10 (1-8)

1.22 +0.44 (1-2)

Post-self-reported pain

4.33 +2.74 (1-8)

1.22 £ 0.67 (1-3)

N

9

9

Group difference between biomarkers

To investigate differences between groups, timepoints and levels of biomarkers, a two-way

ANOVA test was performed. No significant differences between groups (HDL: p=0.787 ;
MIP-1a: p= 0.510) or timepoints (HDL: p= 0.488; MIP-1a: p= 0.905; self-reported pain:

p=0.875)were observed except for self-reported pain , where there was a significant

difference between groups (p<0.001). No interaction between group and timepoint was

observed for either variable (HDL: p= 0.793 ; MIP-1a: p=0.758 ; Self-reported pain:

p=0.875).

Association between biomarker and self-reported pain

The biomarkers were examined to investigate if they were associated with pain perception.
Pre-HDL values were negatively correlated to pre-self-reported pain at baseline in the PG (r =
-0,647, p = 0,06)(Figure 2). Post-HDL values were negatively correlated to post-self-reported
pain after the intervention in the PG (r = -0,672, p = 0,047)(Figure 3). Pre-MIP-1a values
were positively correlated to pre-self-reported pain at baseline in the PG (r = 0,826, p =
0,006)(Figure 4). Post-MIP-1a values were not correlated to post-self-reported pain after the
intervention in the PG (r = 0,362, p = 0,339) (Figure 5).
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Figure 2: Scatterplot illustrating correlation between self-reported pain and HDL values at
baseline in the pain group (r=-0.647, p= 0.006).
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Figure 3: Scatterplot illustrating correlation between post-self reported pain and post-HDL
values (r=-0.672 , p= 0.047).
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Figure 4: Scatterplot illustrating correlation between pre-self reported pain and pre-MIP-1o.
values (r=0.826 , p= 0.000).
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Figure 5: Scatterplot illustrating correlation between post-self reported pain and
post-MIP-1a values (r= 0.362 , p= 0.339).
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Discussion

Chronic pain is a prevalent condition that reduces quality of life (Mills, et al, 2019). A
potential treatment option is PA but individuals with chronic pain may experience increased
discomfort when exercising. Individuals living with chronic pain are a vulnerable group with
additional conditions such as sleep deprivation, depression symptoms and increased
healthcare costs (Geneen et al., 2017). Therefore, this study aimed to investigate HDL and
MIP-1a as biomarkers for chronic pain and examine the association between HDL, MIP-1a
and self-reported pain in relation to acute exercise in individuals with and without chronic
pain. We hypothesised that both biomarkers would increase following PA, whilst higher
levels of HDL would be linked to lower pain perception and higher levels of MIP-1a would

be associated with higher levels of self-reported pain and

High-density lipoprotein

Notable findings include a moderate negative association (Mukaka, 2012) between both pre-
and post-HDL and self-reported pain, meaning as HDL levels increase, self-reported pain
tends to decrease. HDL values were significantly higher post the exercise session compared
to baseline values for both groups which was expected. This is due to the fact that exercise
increases the total volume of HDL in serum (Muscella et al., 2020). The association between

HDL and self-reported pain aligns with previous studies findings (Mi et al., 2024).

This study demonstrated that HDL was negatively associated with pain, meaning that higher
levels of HDL was associated with lower levels of pain. One explanation could be the
anti-inflammatory and anti-oxidative effects of HDL (Mi et al., 2024). Another explanation is
lifestyle changes contributing to higher HDL values and lower pain perception. One study by
Grasdalsmoen et al., (2020) found that more frequent exercise led to lower levels of chronic
pain, whilst another study by Ward et al., (2024) reported that a lower quality diet (high total
energy, added sugars, saturated fat, refined carbohydrates or low in fruit and vegetables) led
to higher levels of bodily pain in women. It has also been seen that a higher body mass index
(BMI) could be related to higher self-reported pain. One study reports that women with a
higher bodyweight were more likely to report pain (Radojci¢ et al., 2022). Our findings
regarding the association between HDL and self-reported pain are consistent with results
from previous studies. Mi et al., (2024), found a negative association between HDL levels

and pain in individuals with chronic pain. A systematic review by Tilley et al., (2015) also
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found a negative association between HDL and pain in individuals with tendon pain.
However, other studies did not find this association. Bruthans et al., (2023) did not report any
significant associations between HDL levels and pain perception when examining individuals

with chronic lower back pain.

PA could potentially be a non-pharmacological treatment for individuals with chronic pain
(Mi et al., 2024). Our findings indicate the significance of exercise to increase HDL levels
and therefore potentially decrease chronic pain symptoms. Research shows that exercise
volume influences HDL-levels more than exercise intensity (Ruiz-Ramie & Sarzynski, 2019).
Due to the impact of inflammation on HDL functionality (Charakida, 2019), it is important
for individuals with chronic pain to exercise and experience the benefits of higher HDL.
Certain lifestyle changes may also have a positive impact on HDL levels, for example, weight
loss, limited alcohol consumption and refraining from smoking (Mi et al., 2024). Our
findings regarding HDL are particularly important to individuals with chronic pain. HDL
levels may be changeable through lifestyle interventions such as regular PA. This provides an
accessible strategy for pain management and may be a complementary method to pain
medication. Current recommendations for PA for chronic pain vary depending on the
underlying condition causing pain (FYSS, 2021). It is recommended for individuals suffering
from neck and back pain to reach WHOs recommended guidelines for PA to reduce pain and

increase bodily function.

Macrophage inflammatory protein 1-a

MIP-1a levels did not significantly differ prior to and post the exercise intervention. This
contradicts our hypothesis since exercise tends to increase local inflammation (Fatouros &
Jamurtas, 2016) and therefore we expected MIP-1a levels to increase. Neither group showed
any difference in MIP-1a concentration post the exercise session compared to baseline
values. MIP-1a was strongly positively associated (Mukaka, 2012) with self-reported pain
prior to the exercise intervention but this association was no longer detectable post the
intervention. Our findings suggest that MIP-1a levels are not affected by low-intensity
exercise and therefore MIP-1a should potentially not be considered an important biomarker

for chronic pain.
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MIP-10 may also have an effect on pain perception and the inflammatory response.
Pre-MIP-1a levels were highly positively associated with pre-self-reported pain, meaning that
it may be able to detect underlying inflammation related to chronic pain at rest. However, no
association was observed post the exercise intervention. This may indicate that the acute
physiological changes of exercise do not affect MIP-1a. A former study by Matkowska &
Sawczuk (2023) showed that samples taken 30 minutes after a marathon (42 km) increased
MIP-1a values 3.5-4.1 times compared to baseline. These results indicate that an exercise
intervention of 6-7 minutes may have been too short to notice any changes in the samples or

the samples were obtained too soon post the exercise intervention.

Acute exercise has been shown to influence the value of certain cytokines (Matkowska &
Sawczuk, 2023). Research has shown evidence that fitness level may impact the cytokine
response after acute exercise. The cytokine response is attenuated in individuals with higher
fitness levels. This is due to the visceral WATSs ability to release cytokines and chemokines
(Bilski et al., 2014). Greater amount of WAT therefore increases the risk of an enlarged
cytokine and chemokine response. Another potential explanation is that active contracting
skeletal muscles release the myokine interleukin-15 (IL-15) (Pedersen & Febbraio, 2012).
IL-15 possesses anti-inflammatory properties and given that physically fit individuals
generally have greater muscle mass, this may explain the difference in cytokine and
chemokine response between fitness levels. Duration and intensity of exercise have an impact
on the cytokine response, depending on the cytokine the impact varies (Matkowska &
Sawczuk, 2023). For instance, duration is the most important factor for increasing
interleukin-10 (IL-10), which has an anti-inflammatory aspect by inhibiting pro-inflammatory
cytokines like TNF-a and MIP. Underlying health conditions such as chronic inflammatory
diseases may also impact the cytokine response. Individuals with, for example, rheumatoid
arthritis have a dysfunctional cytokine response compared to healthy individuals. Results
have shown evidence that this is due to an elevated concentration and infiltration of

inflammatory cells in the joint (Bilski et al., 2014).

There is limited research regarding the effects of exercise on MIP-1a and most other studies
have focused on the effects of exercise on other inflammatory markers. For instance, one
study has shown that low-intensity exercise can increase the expression of peroxisome
proliferator-activated receptor-y (PPARY) and related genes, which may promote an

anti-inflammatory response in leukocytes and the release of chemokines (Yakeu et al., 2009).
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This can potentially be one explanation why no significant differences were observed in
MIP-1a values post exercise compared to baseline. However, it is possible that MIP-1a may
be associated with baseline pain, but it does not respond acutely to submaximal physical
stress. Further research is needed to exactly determine how acute exercise affects MIP-1a

levels.

The main limitations of the study include few participants and a non-equal sex distribution.
The main problem was the distribution within the groups, one example is in the PG where the
majority were women. An equal distribution would have allowed for a broader application of
results. However, many of the statistical analyses were within-group-comparison and
therefore uneven sex distribution does not affect the result. Another aspect that may affect the
result is that women generally report a lower pain tolerance and higher pain sensitivity than
men (Bimpong et al., 2022; Segal et al., 2024). The menstrual cycle also has an impact on
pain perception, where high oestrogen levels are associated with lower pain perception. The
result primarily reflects a female population, which means it may not be applicable to a wider

population.

Another limitation may be the relatively short time between saliva samples. Samples were
taken approximately 15 minutes apart. The study may have yielded better results if the
sample was taken 30 minutes post exercise (Matkowska & Sawczuk, 2023). Due to limited
time and resources, asking participants to be seated and wait for 30 minutes post the test was
not an option. The standardisation for the test procedure could have been stricter when it
comes to minor details like drinking water directly post the test or to check for medication
that could disturb the results. If the test had been more strictly standardised the results may
have been clearer and the risk for sources of error could have been fewer. The study was
made on participants with chronic pain, although they had different kinds of chronic pain.
Therefore, the results of this study may vary depending on the underlying condition causing

the pain.
HDL and MIP-1a were selected as biomarkers due to their ease of collection. HDL was

measured in capillary blood and MIP-1a from saliva, which simplifies the procedure for the

individual. There has been no reported interference effects between HDL and MIP-1a. HDL
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and MIP-1a represent opposite associations with pain perception, where HDL is associated

with lower pain perception and MIP-1a with higher pain perception.

Method

Two types of subjective measures were used, RPE and NRS. Limitations with these
measurements include that they may be difficult to review accurately if the participants are
not used to the scale (Petro et al., 2024). A study by Petro et al., (2024) showed that the use
of RPE could be difficult because the experience varies between participants and RPE needs
time and experience to become a reliable method. The NRS is considered the first choice of
pain measurement when the studied population knows how to use the scale (Thong et al.,
2018). Pain is a multidimensional sensation especially when transitioning into chronic pain
(Krebs et al., 2007). Therefore, it can be difficult to use the NRS when it only focuses on pain
in one particular timepoint. In individuals with chronic pain, the pain sensation fluctuates

daily and this can make it difficult to determine their exact pain for one moment.

There was no standardisation regarding pain and or anti-inflammatory medications (i.e
paracetamol, NSAID:s, antidepressants ex. Duloxetine, ParaFlex, Gabapentin) (Shetty et al.,
2024). These types of medications may impact both MIP-1a values and self-reported pain.
The study may have yielded more conclusive results if medication had been standardised.
However, it does not comply with ethical research guidelines to request participants to
discontinue their medication. Since withdrawal from medication may lead to increased pain

perception and significant discomfort.

ELISA is the most widely used method for protein and peptide analysis (Aydin, 2015).
ELISA is a fast method and does not require specialised equipment, making it a practical
method. The ELISA procedures was done according to the protocol and with precision.
However, the procedure is relatively new to the authors and the limited experience could have
influenced some aspects of the process. (The laboratory analysis was monitored by the

supervisor to ensure a high level and precision of data quality.)
When comparing CardioChek Plus to two laboratory analysis methods (Roche Cobas Integra

400 plus and Beckman Coulter AU5400) it had an average deviation of =12 %. The precision
was within the acceptable clinical range (% CV=4%) (Anderson, 2017). This makes
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CardioChek Plus a suitable option for HDL analysis, although other laboratory analyses may

provide even more accurate results.

Conclusion

This study investigated HDL and MIP-1alevels and the effect of an exercise intervention in
individuals with chronic pain compared to a healthy control group. Higher levels of HDL
were associated with lower self-reported pain and MIP-1a was not affected by acute exercise.
HDL increased to an equal extent regardless of chronic pain. This indicates that PA can be
used to increase HDL and thereby reduce pain. Future research should investigate the effects
of exercise interventions with higher intensity and longer duration on MIP-1a and control for

potential confounders, such as BMI or lifestyle, for pain perception.
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Appendices

Appendix 1: Informed consent

' 29 Januari 2025

HOGSKOLAN
| HALMSTAD

Information till dig som ska delta i en undersokning kring
langvarig smdrta som genomfors av tva studenter under

utbildning

Information till forskningspersoner

Vi vill fraga dig om du vill delta 1 forskningsprojektet;
Utforska rollen av makrofag Inflammatoriskt protein-1a och Hog-densitet lipoprotein som
biomarkérer for kronisk smdrta i relation till fysisk aktivitet. 1 det har dokumentet far du

information om projektet och om vad det innebdr att delta.

Vad ir det for ett projekt och varfor vill ni att jag ska delta?

Vi soker dig som lider av langvarig smérta vilket innebdr smérta dagligen 1 minst tre manader.
Vi soker dven dig som inte lider av detta och dr intresserad av att medverka som
kontrollgrupp. Testet kréver att du som forsoksperson inte lider av foljande: diabetes typ 2,
metabolt syndrom, cancer, skador som paverkar forméga att utfora ett medelintensivt
traningspass eller nuvarande forkylning. Studiens syfte ar att undersoka om inflammatoriskt
protein MIP-1a och kolesterol kan fungera som indikatorer fran kroppen som beréttar nagot

om hélsan. Vi vill jamfora bdde mén och kvinnor med l&ngvarig smirta och friska individer 1
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aldrarna 35-65 ar. MIP-1a samt kolesterol kommer att analyseras i saliv och blod, som

samlats in innan och efter ett medelintensivt fystest.

Forskningshuvudman for projektet dr Halmstad Hogskola. Med forskningshuvudman menas

den organisation som &r ansvarig for projektet. Ansokan dr godkénd av Halmstad Hogskola.

Hur gir projektet till?

Interventionen bestar av ett Astrands cykel-ergometer test, testet varar i 6-12 minuter och
innebdr att du cyklar pa ett forutbestdmt motstand med en takt pa 50 varv per minut.
Deltagarna skattar sin smérta bade fore och efter testet, skalan anvédnder ett spann frén noll till
tio, dér noll motsvarar ingen smérta och tio den vérsta tinkbara smértan. Du ombeds att vélja
det tal som bdst motsvarar din aktuella smirtstatus. Alla tester och prover kommer att tas vid
ett och samma tillfdlle och innan testet kommer en liten intervju att héllas for att sdkerstilla
att deltagarna fér delta. Proverna som kommer tas &r salivprov och blodprov. Salivprovet
kommer att tas via en spottkopp och blodprovet via ett stick i fingret. Sammanlagt kommer

Interventionen att ta ca 45 minuter.

Mojliga foljder och risker med att delta i projektet

I alla studier som gors kommer det alltid att finnas risker samt att saker kan gé fel. Dessa har
noga overvagts samt hur riskerna kan motverkas, slutsatsen blir att den totala risken for dig 1
studien dr l&g. Det finns forhoppningar att resultatet eventuellt skulle kunna hjilpa oss att

forsta langvarig sméirta pa ett djupare plan.

Angaende psykisk paverkan sa finns alltid en risk. Fysisk aktivitet kan vara pafrestande for

dig med langvarig sméirta d& nervsystemet dr uppskruvat och vissa rorelser kan géra mycket
ont om du utmanar dig fysiskt. P4 grund av detta si kan du paverkas psykiskt da dngest och
oro kan byggas upp infor och under testet vilket &ven kan paverka dig pd lang sikt om du

skulle kénna dig obekvam 1 situationen.

En kortsiktig risk &r 6kad akut smérta under testtillféllet. Det dr dock osannolikt att detta
kommer leda till langvariga besvér, da personer som lider av ldngvarig smarta kan trdna med
smadrta utan vidare konsekvenser. Det kan forekomma obehag 1 form av 6kad akut smérta och

projektledarna finns nira till hands om detta skulle vara fallet. Skulle smértan inte ga dver
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eller 6ka rekommenderas att kontakta din vdrdcentral eller 1177. Testet sker alltid pa egen
risk. Innan testet borjar kommer ditt blodtryck att métas for att sdkerstdlla relativt normala

virden for att kontrollera sikerheten.

Vad hiinder med mina uppgifter?

De personuppgifter som kommer att samlas in &r juridiskt kon, resterande data &r testresultat
som inte kommer kunna kopplas direkt till dig som testperson. Detta eftersom att datan
kommer att presenteras pa gruppniva. Data kring salivprov samt blodprov kommer att bli
kodade och dérfor inte kopplas till en identitet. Efter testet kommer informationen att sparas
pa ett USB-minne som endast projektledarna har tillgang till och detta kommer att raderas

efter att projektet dr genomfort.

Dina svar och dina resultat kommer att behandlas sd att inte obehoriga kan ta del av dem.
Enligt dataskyddsforordningen har du rétt att kostnadsfritt fa ta del av de uppgifter om dig
som hanteras 1 projektet, och vid behov fa eventuella fel rittade. Du kan ocksa begira att
uppgifter om dig raderas samt att behandlingen av dina personuppgifter begrinsas. Ratten till
radering och behandling av personuppgifter giller dock inte nir uppgifterna dr nddviandiga
for den aktuella forskningen. Om du vill ta del av uppgifterna ska du kontakta Alexander Toll
eller Nellie Laurell som nas pé aletol22@student.hh.se eller nellau22@student.hh.se. Hur
dina personuppgifter behandlas har du rétt att ge in klagomal till Halmstad Hogskolas
dataskyddsombud, dessa kan du kontakta via dataskydd@hbh.se.

Vad hinder med mina prover?

Samtliga ovan nimnda prov kommer att vara kodade (pseudoanonymiserade) vilket innebér
att de inte kan kopplas direkt till dig som person. Koderna behandlas sa att inte obehoriga kan
ta del av dem. Du har rétt att utan forklaring séga nej till att proverna sparas. Om du
samtycker till att proverna sparas har du rétt till att senare och utan forklaring &ngra
samtycket. Dina prover kommer i s fall att kastas eller avidentifieras. Om du vill dngra ett
samtycke ska du kontakta huvudansvarig for projektet. Proverna far bara anvindas pa det sétt
som du har gett samtycke till. Om du godkénner att vi far bevara och anvinda dina prover for
framtida andamél maste du samtycka specifikt till detta. Tillkommer forskning som &nnu inte
ar planerad, kommer Halmstad hogskolas dataskyddsombud att besluta om du ska tillfragas

pa nytt.
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Forsikring och ersittning

Du som deltar 1 denna studie dr forsdkrad via Halmstad hogskolas personskadeforsikring.

Erséttningen for eventuellt bortfall av arbetstid kommer inte att delas ut.

Deltagandet ar frivilligt

Ditt deltagande &r frivilligt och du kan nér som helst vilja att avbryta deltagandet. Om du
véljer att inte delta eller vill avbryta ditt deltagande behdver du inte uppge varfor, och det
kommer inte heller att paverka din framtida vard eller behandling. Om du vill avbryta ditt

deltagande ska du kontakta de ansvariga for projektet (se nedan).

Ansvariga for projektet

Ansvarig for projektet dr

Nellie Laurell, nellau22@student.hh.se, 0723864806
Alexander Toll, aletol22@student.hh.se, 0768359222

Examensarbete inom trdningens biomedicin TB6008
Akademin for foretagande, innovation och hallbarhet

Hogskolan 1 Halmstad
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Utforska rollen av makrofag Inflammatoriskt protein-1a och Hog-densitet lipoprotein som

biomarkérer for kronisk smdrta i relation till fysisk aktivitet. (tva ex, ett till fp, ett for

arkivering)

Jag har fatt muntlig och/eller skriftlig information om studien och har haft

mdjlighet att stélla fragor. Jag fir behélla den skriftliga informationen.

e Jag samtycker till att delta i projektet “Utforska rollen av makrofag Inflammatoriskt

protein-1a och Hog-densitet lipoprotein som biomarkérer for kronisk smdrta i relation

till fysisk aktivitet.”

e Jag samtycker till att mina prover sparas i en biobank pé det sétt som

Plats och datum

Underskrift

Namnférrydligande

Appendix 2: General ELISA protocol

OTHER MATERIALS & SOLUTIONS REQUIRED
DuoSet Ancillary Reagent Kit 2 (5 plates):

(R&D Systerns, Catalog # DY008) containing 96 well microplates, plate

sealers, substrate solution, stop solution, plate coating buffer (PBS),
wiash buffer, and Reagent Diluent Concentrate 2

The components listed above may be

MATERIALS PROVIDED & STORAGE CONDITIONS

Store the unopened kit at 2-8 °C. Do not use past kit expiration date

OTALOGF | CATALOGH | STORAGEOF OPENERS
Y2 DIT0 | RECON:

96 well microplates: (R&D Systems, Catalog # DY990)
Plate Sealers: (R&D Systems, Catalog # DY992).

PBS:137 mM NaCl, 2.7 mM KCI, 8.1 m NaHPO4, 1.5 mM KH:PQs,
pH 7.2-74,0.2 pm filtered (R&D Systems, Catalog # DY00E).

‘Wash Butfer: 0.05% Tween® 20 in PBS, pH 7.2-74

(R&D Systems, Catalog #WA126).

Reagent Diluent: 1% BSA in PES, pH 7.2-7.4, 0.2 um filtered

(R&D Systemns, Catalag # DY995)

Quality of BSA is critical (see Technical Hints).

Substrate Solution: 1:1 mixture of Color Reagent A (H:0:) and Color
Reagent B (Tetramethylbenzidine) (R&D Systems, Catalog # DY999).

Stop Solution: 2 N H:50« (R&D Systems, Catalog & DY994).

PRECAUTIONS

Some companents in this kit contain ProClin® which may cause an
allergic skin reaction. Avoid breathing mist.

‘The Stap Solution suggested for use with this kit is an acid solution.
The Color Reagent B suggested for use with this kit may cause skin,
eye, and respiratory irritation. Avoid breathing fumes.

Wear protective gloves, clothing, eye, and face protection. Wash

hands thoroughly after handling. Please refer to the MSDS on our
website prior to use.

CALIBRATION

This DuoSet is calibrated against a highly purified E. coli-expressed
recombinant human MIP-1a variant containing 66 amin acid (aa)
residues (Catalog # 270-LDJ, produced at R&D Systems. This MIP-1a
DuoSet has been shown to recognize both the recombinant human
MIB-1a 70 a2 and recombinant human MIP-1a 66 aa variants.

Note. Printed from Human CCL3/MIP-1a, by R&D systems, n.d, R&D systems a biotechne

brand.
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REAGENT PREPARATION

Bring all reagents to reom temperature before use. Allow all
components to sit for a minimum of 15 minutes with gentle
agitation after ituti ing diluti be
prepared and used immediately.

Streptavidin-HRP: Each vial contains 2.0 mL of streptavidin
conjugated to horseradish-peroxidase. Dilute to the working
concentration specified on the vial label using Reagent Diluent.
Goat Anti-Human MIP-1a Capture Antibody: Refer to the lot-
specific C of A for amount supplied. Reconstitute each vial with

0.5 mLof PBS. Dilute in PBS without carrier protein to the working
concentration indicated on the C of A. Nete: The Capture Antibody is
supplied in excess for aptimal stability.

Biotinylated Goat Anti-Human MIP-1a Detection Antibody: Refer
to the lot-specific C of A for amount supplied. Reconstitute each vial
with 1.0 mL of Reagent Diluent. Dilute in Reagent Diluent to the
working concentration indicated on the Cof A,

Human MIP-1a to the lot-specific
€ of A for amount supplied. Reconstitute each vial with 0.5 mL of
Reagent Diluent. A seven point standard curve using 2-fold serial
dilutions in Reagent Diluent is recommended. Prepare 1000 L of
high standard per plate assayed at the concentration indicated on the
CofA
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GENERAL ELISA PROTOCOL
Plate Preparation

1. Dilute the Capture Antibady to the working concentration
in PBS without carrier protein. Immediately coat a 96-well
microplate with 100 ul per well of the diluted Capture
Antibody. Seal the plate and incubate overnight at room
temperature.

2. Aspirate each well and wash with Wash Buffer, repeating the
process two times for a total of three washes. Wash by filling
each well with Wash Buffer (400 uL) using a squirt bottle,
manifold dispenser, or autowasher. Complete removal of liquid
at each step s essential for good performance. After the last
wash, remave any remaining Wash Buffer by aspirating or by
inverting the plate and blatting it against clean paper towels.

3. Black plates by adding 300 L of Reagent Diluent to each well.
Incubate at room temperature for a minimum of 1 hour.

4. Repeat the aspiration/wash as in step 2. The plates are now

ready for sample addition.
Assay Procedure

1. Add 100 L of sample or standards in Reagent Diluent, or an
appropriate diluent, per well. Cover with an adhesive strip and
incubate 2 hours at room temperature.

2. Repeat the aspiration/wash as in step 2 of Plate Preparation.

3.Add 100 L of the Detection Antibody, diluted in Reagent
Diluent, to each well. Cover with a new adhesive strip and
incubate 2 hours at room temperature.

4. Repeat the aspiration/wash as in step 2 of Plate Preparation.

5. Add 100 L of the working dilution of Streptavidin-HRP to each
well. Cover the plate and incubate for 20 minutes at room
temperature. Avoid placing the plate in direct light

6. Repeat the aspiration/wash as in step 2.

7. Add 100 uL of Substrate Selution to each well. Incubate for
20 minutes at room temperature. Avoid placing the plate in
direct light.

8. Add 50 L of Stop Solution to each well. Gently tap the plate to
ensure thorough mixing.

9. Determine the optical density of each well immediately, using
amicroplate reader set to 450 nm. If wavelength correction is
available, set to 540 nm or 570 nm. If wavelength correction
is not available, subtract readings at 540 nm or 570 nm fram
the readings at 450 nm. This subtraction will correct for aptical
imperfections in the plate. Readings made directly at 450 nm
without correction may be higher and less accurate
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Appendix 3: ELISA Certificate of analysis

bio_techne- Human CCL3/MIP-1 alpha DuoSet ELISA, 5 Plate

Catalog Number: DY270-05

Expiration: 07 Jun 2029
RDsvystems Lot: P442756
Certificate of Analysis
SPECIFICATIONS
REAGENT PART NUMBER #0F VIALS AMOUNT PER VIAL 'WORKING CONCENTRATION LOT#
Caplure B40313 1 500 pg 400 ng/mL MP1122101
Detection 840314 1 120 pg 200 ng/mL uu11z2101
Standard B40315 1 65.0ng 7.81-500 pg/mL P334850
Streplavidin-HRP 893975 1 NiA 40-fold dilution Paze451
PREPARATION & STORAGE
Store unopenad kit at 2-8 *C. Do not use past kit axpiration date
REAGENT PREPARATION STORAGE OF OPENED/IRECONSTITUTED MATERIAL
Caplure Reconstitute with 0.5 mlL of PBS Slore at 2-8 "C for up to B weeks or aliquot and store al -20 °C to -70
Detection Reconstitute with 1.0 mL of Reagent Diluent “Cin a manual defrost freezer for up to 12 weeks.*
e ' Store reconstituted standard at 2-8 “C for up to 8 weeks or aliquot and
Standard Reconstitute with 0.5 mL of Reagent Diluent store aL-70 °C for up to 12 weeks.*
Streplavidin-HRP Dilute with Reagent Diluent Store undiluted at 2-8 G for up to 12 weeks. DO NOT FREEZE."

*Provided this is within the expiration date of the kit.

Note. Printed from Human CCL3/MIP-1a Certificate of analysis, by R&D systems, n.d, R&D

systems a biotechne brand.
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