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Abstract

BACKGROUND: given the higher prevalence of chronic painful conditions correlated
to musculoskeletal conditions in females and the role of testosterone as the main
androgenic hormone, which has been well known for some time, research has
questioned in recent years the role of the latter in the modulation of the complex pain
mechanisms. There have been several publications investigating the condition, but
mainly animal model and pre-clinical studies or studies involving a specific type of
pathological population, such as oncology.

Until now, the literature lacks adequate standardisation of analysis methods and
effective clinical implications in the treatment of problems relating to musculoskeletal
pain not secondary to specific clinical conditions.

It also appears to be an aspect whose influence is taken little into consideration in

physiotherapy intervention trials.

OBJECTIVE: The aim of this scoping review is to provide a synthesis of the
literature to investigate the role of gonadal hormones, particularly testosterone, in the
modulation of pain in clinical musculoskeletal conditions, with an emphasis on
methods of measuring and assessing testosterone and pain, and to identify which
aspects may be clinically worthy of further investigation in more structured future
reviews.

Secondly, we would like to lay the foundations for identifying the possibility of
placing a hormonal and biochemical target at the basis of the therapeutic exercise
provided by the physiotherapist in clinical practice for the management of

musculoskeletal pain.

METHODS: The ScR was performed according to the guidelines of the PRISMA ScR
checklist. An electronic search was performed between August and September 2023
in the following electronic databases: PubMed, Scopus and ScienceDirect. The
studies found were selected by sequential evaluation of title, abstract and full text.
Included in the review are studies that refer to a human population aged 18 years or
older (>18), of both sexes, not affected by specific pathological conditions (e.g.
hypogonadism, oncological pathology). The outcome of choice is pain (VAS scale,
NRS). The identified articles must be available in full text in English.



Due to the nature of the ScR and the small number of relevant studies carried out on
the subject, compatible with the inclusion criteria chosen for the study, it was decided
to include several primary literature sources, without restriction on the type of article,
with the aim of broadening the field of study. The specific characteristics of the
different types of studies will be taken into account in the qualitative analysis of the

data.

RESULTS: Nineteen articles were included in the review, selected using the above
criteria from a base of 1648 results. Of these studies, 11 are cohort studies and 8 are
case studies, conducted in different ways. The studies include populations that are
sometimes male, sometimes female, and in some cases mixed, and cover a wide
range of ages.

There is no reference standard. Seven studies investigated the role of hormones in
the phenomenon of clinical pain, mainly by self-report, while 11 studies focused on
experimental pain, investigated by different types of physical stimulation.

There is no absolute clarity in the results of the studies analysed, although most of
them agree on a protective role of testosterone, a phenomenon that is difficult to
quantify.

Certain correlations with hormonal composition and behavioural factors such as
anxiety, already highlighted in preclinical studies, appear to be strengthened.
CONCLUSIONS:The results obtained from studies of pain in the clinical setting and
using neuroimaging techniques, compared with experimental studies that are more
oriented towards investigating a peripheral component, confirm a protective role for
testosterone, which could act centrally as a mediator of the descending inhibitory
system, in synergy with the other known components.

The hypothesis that the influence of this component may be involved in chronic pain
conditions with a behavioural component opens up a new perspective for
physiotherapeutic intervention in conditions such as kinesiophobia.

KEYWORDS: testosterone, pain, pain perception, hormonal profile, musculoskeletal

conditions.



1. INTRODUCTION

e Pain and Hormones
Pain is an unpleasant sensory and emotional experience associated with, or
resembling that associated with, actual or potential tissue damage, it is always a
personal experience that is influenced to varying degrees by biological,

psychological, and social factors.(1)

Much research has been conducted in this area over the last 50 years, and just as
much has been done to investigate and understand the role of hormones in
conditioning various aspects of the human experience, acting as mediators between
these biological, psychological and social factors.

The role of sex hormones in pain perception has been studied extensively at the
preclinical and clinical levels in an attempt to understand the higher prevalence of
chronic pain conditions and greater pain sensitivity in women compared to men.
Clinical and experimental investigations have consistently demonstrated sex-specific
differences in pain sensitivity and pain threshold, and although the underlying
mechanisms responsible for these differences have not yet been elucidated, the
logical possibility of a gonadal hormonal influence on nociceptive processing has
attracted scientific attention.

In preclinical animal studies in biological males, high levels of testosterone appear to
increase their pain threshold, while in biological females, estrogen fluctuations have
been shown to increase the intensity and perception of pain.(2)(3)

At present, while as much research has been done in humans to investigate the role
of ovarian hormones on opioid receptor mediated endpoints, comparatively less
research has been done to investigate the role of androgens, although there are
numerous studies in populations affected by pathological conditions in which
androgens such as testosterone play a primary role.

This lack of specific research hampers our understanding of the phenomenon of
pain and deprives us of a possible key to understanding interventions that can
influence it, such as nutrition, care of social relationships or physical activity, which

are of primary interest in physiotherapy practice.



e Testosterone - biochemical framework and biological role
Testosterone is a steroid hormone in the androgen group that can affect mood,
behaviour, neuromuscular expression of speed, strength and power, and protein
metabolism.(17)(18)(19)

Testosterone is synthesised by an enzymatic sequence of steps from cholesterol
within the 500 million Leydig cells located in the interstitial compartment of the testis
between the seminiferous tubules, which represents approximately 5% of the
volume of the mature testis. In addition, some extragonadal biosynthesis of
testosterone and dihydrotestosterone from the circulating weak adrenal androgen
precursor DHEA within specific tissues has been described; while the net
contribution of adrenal androgens to circulating testosterone in men is small, it
makes a much larger proportional contribution to circulating testosterone in women.
After male puberty, over 95% of circulating testosterone is derived from testicular
secretion, with the remainder derived from extragonadal conversion of precursors
with negligible intrinsic androgenic potency, such as dehydroepiandrosterone and
androstenedione. These weak androgens, predominantly originating from the
adrenal cortex, constitute a large circulating reservoir of precursors for conversion to
bioactive sex steroids in extragonadal tissues including the liver, kidney, muscle, and
adipose tissue.(4)

In females, adrenocortical synthesis of precursor androgens also occurs, although
the thecal cells of the ovaries contribute precursors and active testosterone to the
hormonal milieu. Approximately half of the active testosterone in females is
produced through aromatization of precursor molecules in adipose tissue. (2)
Adrenal androgens make a proportionally greater contribution to the much lower
circulating testosterone concentrations in children and women (~5% of men) in
whom blood testosterone is derived approximately equally from direct gonadal
secretion and indirectly from peripheral interconversion of adrenal androgen
precursors(4).

Although all gonadal hormones are present in both sexes, the androgens as a group
are considered 'male’ hormones and the oestrogens and progesterone are
considered 'female' hormones. Gonadal hormones are steroid hormones that are
synthesised primarily from cholesterol in the reproductive organs and adrenal

glands. The three classes of gonadal hormones (androgens, estrogens and



progestogens) play a vital role in intrauterine, postnatal, neonatal, childhood and
adolescent development, as well as fertility in both sexes.Although the conventional
site and mechanism of action of steroid hormones is intranuclear, sex hormones
also have a highly complex and variable role in regulating gene expression at the
extracellular level. They have been shown to exert a direct influence on several
organ systems, including the peripheral and central nervous systems.

The presence of androgens is necessary for sexual maturation and maintenance of
virility in males, but in both sexes, androgens contribute to a variety of biophysical

functions, including growth, behaviour, libido and pain perception.(2)

e Background - what do we know?
Gonadal hormones have been implicated in the sex-based differential in pain
perception among chronic pain conditions;(2) specifically, estrogens and androgens
have been demonstrated to influence nociceptive pathways both via receptor-based
mechanisms and indirectly through the influence of neurotransmitter action in
specific nociceptive tracts (2). The effects of androgens on nociceptive pathways
remain unclear; however, the distribution of androgen receptors throughout the
limbic system and the effects in down-regulating estrogen receptor expression may
account for the clinical differences in pain perception between the two sexes and
genders, considering the role of androgens as protective against a nociceptive
stimulus
There are proven effects of those cholesterol-derived hormones in the
modulation of multiple neurobiological pathways related to pain, mainly serotonergic
and dopaminergic systems. (3)
Testosterone has consistently shown protection against pain in males. Literature has
shown that testosterone limits the production of pro-inflammatory cytokines such as
tumor necrosis factor(TNF-), which in return contributes to major antinociception in
males compared to females . Testosterone decreases capsaicin receptor-mediated
signals in the dorsal root ganglion neurons, suggesting that it is antinociceptive .
Further, the significantly increased levels of testosterone in biological males may
explain the lower prevalence of chronic pain conditions in males compared to

females. (3)



Specifically, testosterone modulates the spinal toll-like receptor 4 (TLR4)
neuroimmune response after induction of inflammatory and neuropathic pain.
Activation of androgen receptors transcriptionally increases expression of mu-opioid
and cannabinoid type 1 receptors on peripheral nociceptors, both of which have
antinociceptive effects. Finally, in humans,testosterone levels alter sites of brain
activation after administration of noxious stimuli, with lower levels of testosterone
resulting in less activation of regions involved in descending pain inhibition and

higher activation of brain regions responsible for negative pain affect.(5)

e Clinical condition of Androgen deprivation
A large body of evidence from animal and human studies suggests that testosterone
has antinociceptive properties, and some of these studies have shown that
testosterone replacement can lead to improved pain tolerance in hypogonadal men
with chronic pain.(6)(7)(8)
Worsening of depression scores is also a worrying finding associated with similar
conditions(9)(10)(11); indeed, low endogenous testosterone concentrations have
been associated with depressive symptoms in animal and human studies(12)(13).
Human studies also confirm that hypogonadal men have higher levels of anxiety,
which is improved by testosterone replacement, suggesting a possible anxiolytic
effect of testosterone(14)(15)(16), but its behavioural influence is not yet clear.
In a population of men with prostate cancer undergoing androgen deprivation
therapy, the finding was confirmed with worsening depression scores, anxiety levels
and physical function-related quality of life, but not with worsening clinical or
experimental pain(9)
Symptomatic androgen deficiency is also common in patients taking opioid
analgesics, as these drugs are potent suppressors of the
hypothalamic-pituitary-gonadal axis (51)(52)(53)(54), and in this population
testosterone replacement is associated with improvements in sexual function, body

composition, and quality of life (7)(8)(53).

Another important observation is that the combination of low testosterone and
obesity appears to worsen several metabolic and inflammatory indices, which in turn
are largely reversed by testosterone treatment. The inverse relationship between

various endpoints and levels of pro-inflammatory cytokines suggests a possible



mechanism by which obesity and testosterone levels may affect the health of both
the central and peripheral nervous systems, with individual and combined effects on
neuroinflammation, which may lead to an increased risk of downstream disorders,

including type 2 diabetes and Alzheimer's disease.(20)

e Objective of the study. Why this Review?

While as much research has examined the role of ovarian hormones on opioid
receptor mediated endpoints, comparatively less research has examined the role of
androgens.

Most studies on testosterone are of pharmacological interest, particularly in
cancer-related conditions, and lack standardised methods of analysis and
appropriate application in musculoskeletal rehabilitation.

If we could understand what is good and what could be improved in the current

literature, this could lead to a better understanding of its 'endogenous analgesic' or

‘antinociceptive' role and further improvement in the biological component of pain.



2. METHOD

The proposed scoping review will be conducted in accordance with the JBI
methodology for scoping reviews(21) and following the PRISMA - ScR checklist
(Preferred Reporting Items for Systematic Reviews and Meta-Analysis)(22)

A previous background research was conducted by the author between May and
July 2023, mostly on the database MEDLINE, with a major focus on differences in
pain perceptions on male and female and the role of gonadic hormone in pain
modulation.

This first approach showed a vast majority of studies conducted on animal
population (mice, rats) and reviews resulted from these, and fewer trials on human

population.

e Inclusion Criteria
The choices made setting the inclusion criteria come from the aim to assess the
influence of this variable from the hormonal profile in functional pain conditions of
major rehabilitation interest, where the exercise therapy, and more in general the

physiotherapy have a primary e proven role in the assessment.

- Population
This Scoping Review aim to scan and analyze the available literature with a human
population of interest, adults (=18 years), both male and female, with not known
specific pathology (not cancer related, not ipogonadism, not endocrinologic nor
genetic pathology). The exclusion of a pathology-specific population also wants to
highlight the condition under analysis, which given its complexity and multifactorial

nature, deserves greater depth in future specific reviews.

- Studies
In order to provide a comprehensive but broad picture of this slightly represented
topic, this review will include every possible variation of primary literature, available
in english language full- text, with no time limitations or specific setting criteria. The
studies were required to be published in a peer - reviewed journal (no gray
literature).

With emphasis on measurement and valuation methods of testosterone and pain,

10



will be highlighted what aspects could be clinically worthy of further investigation in
future systematic review.

The variety of studies included will require drawing specific conclusions for each
type before obtaining a general analysis.

- Outcomes

This review will focus on the identification of the outcome of pain, or pain threshold.
It will have to be recorded with rating scales (VAS, NRS), or recorded using
standardized quality of life questionnaires or rather tested with replicable modalities (

eg.heat, cold, pressure ).

e Search Strategy
The search was performed in a period between August and October 2023 on the
following electronic databases: Pubmed, Scopus and ScienceDirect. The search
strings were composed and managed according to the specific settings of each
database.
The terms used were "Testosterone", "hormonal profile", "Gonadal Steroid

Hormones", "Androgens", "Musculoskeletal Pain", "pain threshold", "pain tolerance",
"pain perception”, "nociception”.

Keywords, Entry Terms and synonyms were searched on previously described
database or found analyzing the background studies, specially previous conducted
reviews on similar the topic.

Where possible, the terms MeSH (Medical Subject Headings) and Boolean

operators ("AND", "OR", "NOT") were used for an adequate search composition.

- Search

Below is reported the string used on the PubMed search:

((((((((((Testosterone[MeSH  Terms]) OR (testosterone[Title/Abstract]))) OR
("Hormonal profile")) OR ("Gonadal Steroid Hormones"[MeSH Terms])) OR
("Gonadal Steroid Hormones"[Title/Abstract])) OR (Androgens[MeSH Terms])) OR
(androgen*[Title/Abstract])) OR  ("Hormonal  profile*"[Title/Abstract])) @ OR
(testosterone)) AND  ((((CCCCCCCCC((C((((("musculoskeletal  pain"[MeSH Terms]) OR
("musculoskeletal pain*) OR (musculoskeletal pain*[Title/Abstract]) OR ("pain*
musculoskeletal"[Title/Abstract])) OR ("Pain Threshold"[MeSH Terms])) OR ("Pain

11



Threshold"[Title/Abstract])) OR ("Pain Thresholds"[Title/Abstract]) OR ("threshold,
pain*"[Title/Abstract]) OR("thresholds, pain"[Title/Abstract])) OR ("pain*®
tolerance"[Title/Abstract])) OR ("pain tolerance")) OR ("pain perception"[MeSH
Terms])) OR ("pain* perception™)) OR ("pain perceptions"[Title/Abstract])))))) OR
("perception, pain"[Title/Abstract])) OR ("perceptions, pain"[Title/Abstract])) OR
(nociception[MeSH Terms]))) OR (nociception[Title/Abstract])) OR
(nociceptions[Title/Abstract])) OR (nociperception[Title/Abstract])) OR
(nociperception*[Title/Abstract]))

- Studies Selection Process
The selection of sources of evidence located by the search is based squarely upon
whether they meet the protocol’s inclusion criteria.
Only the author conducted the proper selection work, with the help of Rayyan.ai(23),
a free web-based Al, where you can upload all the records collected from different
database, then proceed the screening process.in the presence of doubts regarding
possible inclusion, it will be discussed and assessed between the author and a
colleague (G.M.).
After removing duplicates, the selection process will move on with title and abstract
examination, then the process will be based on full-text examination.
The entire process will be charted with a flow diagram, with data and specific

motivation for exclusion.

- Data Extraction
The data charting will follow the model proposed by H.Arksey and L.O'Malley(24),
which, similarly to the approach proposed for 'narrative reviews', will be a mixture of
general information about the study and specific information relating to the study
population, the type of intervention, outcome measures employed and the study
design.
It will provide the reader with a logical and descriptive summary of the results that
aligns with the objectives and questions of this review.
The following information will be collected from each study:

e Author(s), year of publication, study location

e Journal of Publication

e Aims of the study

12



e Study populations (carer group; care recipient group)
e Methodology
e Intervention type, and comparator (if any); duration of the intervention

e QOutcome measures

Important results

This review will then provide a simple overview table to summarize the collected

evidence, as above:

Tite Author(s); Journal of | Purpose Population Methodology Intervention Outcomes Key findings
Year; publication and  sample type
Country size

e Critical appraisal of individual sources of evidence
As scoping reviews seek to comprehensively map a body of literature, the
methodological quality assessment will not be performed, because the wide variety
of studies included would make the use of a single tool inadequate, therefore the
investigation into the risks of bias will be left for further in-depth studies conducted
specifically with different methodologies, such as to be able to justify a systematic

review.

e Presentation of data and Results
Significative data charted previously will be represented with simple bar graphics, so
they can be clearer and more ‘reader- friendly’. A qualitative analysis of the literature
will be then conducted in narrative form and set up taking into account the wide
variability of studies included, different types of interventions carried out and the

varied range of criteria considered.
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3. RESULTS

e Study selection
In the current review 19 articles full - text are overall included . A total of 1648

records were retrieved from the three electronic databases consulted (PubMed =
451, Scopus = 579, ScienceDirect = 618 ). 333 duplicate records were subsequently
removed with the help of Rayyan.ai(23), as explained above, before the general
screening. Following this, 1239 records were excluded by reading the title and
abstracts.

Of the 77 remaining studies, 65 papers were retrieved full - text and could be
assessed for eligibility and after their in-depth reading and analysis 46 were
excluded.

At the end of the screening process , 19 articles met the inclusion and exclusion
criteria discussed previously.

Details are shown in the flowchart below.

| Identification of studies via databases and registers

SR
Record ldentified from:
§ FubMed (n = 451) Records removed before
5 Scopus (n=579) screening:
= ScienceDirect { n = 618 ) —_— Duplicate records removed (n
c TOTAL (n= 1648) =333)
=
—
Records excluded™
[ ] Mot Primary Study (n=215)
Records screened .| Wrong Population (n = 655 )
{n=1316) Mot Related Topic (n= 361)
Faoreign Language (n=8)
Total (n = 1238)
= Reports sought for retrieval Reports not refrieved
£ (n=77) (n=12)
:
A
Reports assessed for eligibility
{n=65) — | Reports excluded: 46
.
= L . \
3 Studies included in review
3| | (n=19)
=]
= 14
S



e Results table
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e Characteristics of the studies
A total of 19 studies (25-43) met the inclusion criteria and were therefore included in
the scoping review. Detailed informations on the included studies are summarised in

the previous table.

Included in the review are 11 cohort studies,
(27)(28)(29)(35)(36)(37)(38)(39)(40)(41)(42), of which 3 are prospective
(27)(28)(37), 2 are longitudinal (37)(39), one is both (37), than 8 case study, of which
4 (25)(26)(31)(43) are controlled and 4 (30)(32)(33)(34) are uncontrolled clinical trial.

The included studies cover a wide range of different constructs and modalities, and
this diversity does not allow for a qualitative assessment based on article type or

standardised analyses of risk of bias.

- The population
The total number of subjects included in this review is 4310 humans, divided into
3768 men and 542 women.
Of the 19 studies included in the review , 6 (26)(29)(30)(32)(33)(43) included a male
only population, 8 (25)(28)(31)(35)(36)(38)(39)(41) were conducted exclusively on
females, and other 5 (27)(34)(37)(40)(42) included a mixed-sex group.

Biological Distribution

Mixed Goup
26,3%

Male Only
31,6%

Female Only
42 1%
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Despite the inclusion criteria, which led to a search for studies conducted exclusively
on healthy populations, 5 studies were considered eligible because they were
conducted on a pathological population, not directly related to an endocrinological
condition, and therefore considered healthy and in good health by the studies
themselves; 2 studies analysed fibromyalgic women(25)(39), one study was
conducted on PMDD affecting female patients, the other 2 studied an OA affected
population, multidistrict and on a male-exclusive population in one (26) and
perisurgical on a mixed population in the other (34).

Thus, 14 studies are based on a healthy population only.
- Age

Age Distribution

Not Specified
11,1%

Older Adult Wide Spectrum
5,6% 27,8%
Adult
27,8%
Younger Adult
27,8%

5 studies (25)(26)(29)(34)(39) included a wide age range, from 17 to 80 years old,
this group can be called "Wide Spectrum”.

5 (30)(33)(35)(40)(41)(43) included a population of "Younger Adults" between 18 and
35 years of age, a wider group, here called "Adults", ranging from 18 to 53 years of
age, included another 5 articles(27)(28)(32)(36)(42).

Only one study(37) examined a more homogeneous population of "older adults",

between 55 and 71 years of age, while 2 studies(31)(38) did not even report the
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average age; it can be assumed that this is a population that can be included in the
"young" group, since the subjects included in the studies were reported as
menstruating, but since the data were not reported, it was decided to include them

separately.

- Intervention Type
18 studies, all but one (43), analysed hormone levels either in plasmatic
concentration (25)(26)(27)(29)(31)(32)(37)(38)(39)(41)(42) by blood sampling or in
salivary concentration (28)(30)(33)(34)(35)(36)(40) by saliva sampling.
No trials have assessed hormone levels using both methods.
Both modalities have their own strengths and weaknesses, which are detailed in the

reviewed trials and will be further explored in the following discussion phase.

Pain was assessed from two different perspectives: clinical pain, as a phenomenon
experienced by the patient during his/her daily life and activities, and experimental
pain, as a sensation induced in an experimental context to study the systemic and

sensory response; two studies(32)(41) analysed both modalities.

Of the 7 studies conducted exclusively on Clinical Pain, 6(25)(26)(27)(29)(37)(39)
analysed blood samples, while 1(34) analysed saliva.

On the other hand, the 10 studies conducted on Experimental Pain need to be
considered with more caution, as the studies that collected samples
before(28)(30)(33)(35)(36) the experimental modality all performed saliva tests, while
the studies that collected samples after(31)(32)(38)(41)(42) the pain experiments all
performed blood tests.

The only study that collected samples before and after (40) performed saliva
analysis.

All the pain experiments tested different aspects of pain sensitivity using nociceptive
stimuli of different strengths and qualities: 6 studies tested thermal threshold, 5
(28)(31)(32)(38)(42) with hot stimuli and 1 (40) with cold, 5 (28)(30)(35)(36)(43)
studies tested tolerance to electrical stimuli, 2 (28)(33) tested pressure pain, 2

(35)(36) ischaemic pain and 1 (41) tested mechanosensitivity with QST.
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Ideally, different stimuli test different nerve endings, so different approaches may
help to understand whether a possible analgesic phenomenon is mediated by central

or peripheral components.

e Exposition of key-finding
- For Clinical Pain

If we look at the results of the trials conducted on pain in a clinical setting, we can
see several things.
All but one (34) measured plasmatic hormone levels by taking blood samples.
Oof the nine  studies that analysed this phenomenon, seven
(25)(27)(29)(32)(34)(37)(39) found that the greater presence of androgens was
associated with better clinical outcomes (34), better physical function (25) and less
pain (25)(27)(29)(34)(37)(39), and a higher testosterone/cortisol ratio, which is
associated with better anabolic functions, was also associated with lower pain scores
(27)(32).
Only one study did not report any effects related to clinically detectable endocrine
changes (26), while one study hypothesised a possible greater irritability due to
mechano-nociceptive stimulation during the luteal phase (41), a phase that other
studies have shown to be highly analgesic, with a joint influence of sex hormones
(28)(31)(35)(38).

- For Experimental Pain

The results of the studies on experimental pain need to be analysed in more detail
because of the greater number of variables found and the different methods of
conducting the experiments, as already mentioned in the previous paragraphs.

All of the studies that only tested saliva samples before pain experiments have
shown some analgesic value of testosterone (28)(30)(35)(36), or the correlation
between a higher testosterone/cortisol ratio under stress conditions and higher pain
tolerance(30)(33).

Some of the studies that have examined serum levels of sex hormones also confirm

the positive correlation between higher testosterone levels and analgesia (32)(38),
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although one in particular (42) defines this role as something minor that should not
influence clinical judgement, as testosterone levels can explain 5-10% of the
variance found.

One study (31) does not find a correlation with differences in serum testosterone
levels, but highlights the association between lower serum levels and lower reported
anxiety levels.

The only study(40) that analysed hormone levels before and after a pain experiment
found no significant effects for baseline testosterone levels, post-test testosterone
levels or percent change in testosterone, nor did it find that sex/gender differences in
pain perception could be explained by differences in testosterone(40).

The only study included in the review that did not analyse hormone levels, either
before or after pain testing, is also the only study in which participants received
endogenous testosterone administration(43) followed by sensory testing, with higher
ratings of expected pain intensity in the testosterone session than in the placebo
session.

This study showed that testosterone increased global vigilance and alertness in

anticipation of the upcoming electrocutaneous stimulation(43).
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4. DISCUSSION

The wide variety of studies included offers a broad overview of the research
conducted to date. In the following section we will discuss the results of the previous
section, highlighting the critical issues of the methods, the possible reasons behind

the inconsistencies and potential inferences.
The Weight of Age

The study by Tajar et al(29) suggests that, due to the physiological collapse of
endogenous testosterone levels, the latter probably loses its regulatory role from
middle age onwards, being functionally compensated for by higher levels of

gonadotropin in subjects less affected by musculoskeletal syndromes.

These data, in the current review, must lead us to consider that five
articles(25)(26)(29)(34)(39) of the nineteen included have studied a population with a
large age gap, these data, combined with the previous information, must be
considered to evaluate the appropriateness of this choice, since the variation of the

hormonal profile with age is known, in a significant and measurable quantity (49).
Blood or Saliva?

Steroid hormones in plasma are either free or bound to various plasma proteins.
Because of the slow rate of dissociation of the steroid hormone from the high-affinity
specific hormone binding protein in plasma, it is the free (unbound) or weakly bound
(low-affinity binding protein) steroid hormone that dissociates and passes through
these different membrane structures as the blood passes through the salivary gland
during salivation. Salivary levels will therefore reflect the free concentration of the
hormone in plasma. However, if a particular steroid hormone does not have a
high-affinity, high-capacity binding protein in plasma, salivary levels will correlate with

total plasma hormone concentration(44).

Serum and plasma provide information about the amount of hormone present at a
single point in time, but obtaining the sample requires venipuncture and the sample
must be frozen at the time of collection and kept frozen until processed. As
venipuncture is invasive, certified personnel must collect the sample. This usually

requires participants to travel to a clinical or research site, which can be a barrier to
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study participation. As a result, most serum-based trials measure a hormone once

or, at best, a few times during the course of the trial. (45)

Although serum-based measurements are still the most widely used and considered
the gold standard for clinical research, saliva-based methods can be an alternative.
Saliva-derived hormone measures reflect the fraction of the hormone that exerts

biological effects(46).

In addition, saliva collection is non-invasive and painless; with appropriate
instruction, the subject can collect saliva at home and store it in a home freezer

without sample degradation(47); it can also be performed on the sports field(48).

There is a minimal risk of infection during collection; it can be used in clinically
challenging situations, such as collecting samples from children or disabled or
anxious patients who may find blood collection difficult(47). It is relatively stress-free,
so multiple collections can be performed without causing the donor too much
discomfort(47).

In men, significant correlations have been reported between resting salivary and
blood testosterone concentrations. Salivary measures of testosterone may be a
reliable indicator of serum or plasma concentrations, as salivary testosterone
concentrations have been found to correlate strongly with measures of bioavailable

testosterone (48)
Analysis of the Results

The majority of the studies considered with an interest in clinical pain show for the
most part a positive correlation between the greater presence of androgens and a
lower risk of pain, these data are not fully confirmed by the studies conducted on
experimental pain, one in particular (42) defines this role as something minor that
should not affect the clinical assessment, one study (31) fails to detect a correlation
with differences in serum testosterone values, and its influence is found as
antinociceptive only in a low endogenous estradiol state.

Also, the only study (40) that analysed hormone levels before and after a pain
experiment found no significant effects on baseline testosterone levels or percent
change in testosterone, nor on differences in pain perception that could be explained

by differences in testosterone.
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However, this study (40) has some critical points: it only tested one type of physical
stress, a cold stimulus, and it's the only one of all the included studies to use this
modality; also, hormonal analysis was carried out on saliva samples, where
hormonal changes can take up to a few hours to be actually detectable; an
evaluation at plasma level might have revealed different changes, in line with other
studies.

At the same time, there is little representation in this review of studies conducted to
correlate experimental pain, which can therefore be induced at certain thresholds
during the study, in a population affected by clinical pain conditions.

This is mainly due to the choices made during the design phase of the review, where
the exclusion criteria led to the exclusion of groups that were frankly pathological or
in any case affected by endocrinologically relevant conditions.

The last study included(43) is an exception in many respects: not only were no
samples taken to assess the hormone formula, but one group was even given a
dose of testosterone.

This same group, compared with the control group, shows results that are
completely at odds with previous literature, with a greater response to the painful
stimulus and an increased overall vigilance and alertness in anticipation of the
forthcoming electrocutaneous stimulation.

Due to the numerous differences present in the design methods of this study, the
most rational choice could have been exclusion due to incompatibility, however, the
decision to include it is based on the fact that it does not contradict any of the criteria
established a priori in the design of the current study, and on the possible future
reflections that these controversial results may lead to if they are correlated with

what the rest of the literature suggests, rather than taken in isolation.

Anxiety, Fear and Pain, what correlation?

Of all the studies considered, 6 (30)(31)(32)(33)(38)(42), all on experimental pain,
included a measure of anxiety in their assessment and then analysed the
relationship of this phenomenon with the resulting hormonal profile and pain.

Most of the studies considered show an inverse proportional relationship between
the intensity of the state of anxiety and the amount of testosterone measured, a

direct relationship between the amount of cortisol measured and anxiety, the direct
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proportionality between the greater presence of testosterone and greater tolerance
to the experimental pain stimulus.

These data might seem to be contradicted by the study by Choi JC et al (2013)(32)
included in the review, where it is observed that significant psychophysical stress is
rather associated with an increase in detectable testosterone, an improvement in its
ratio to cortisol and a consequent state of clinical and experimental hypoalgesia.
However, it should be noted that the stimulus considered in the study may be so
strong that, according to the authors themselves, it is outside the parameters of
anxiety and should instead be considered a fearful stimulus.

The authors suggest that blood pressure can be used to discriminate between stress
(anxiety) and severe stress (fear), after comparing anthropometric data collected in a
previous study(30) also included in the review.

Stress (anxiety) in the previous study(30) resulted in low sympathetic activation, a
small increase in blood pressure (3.70 mm Hg) and increased pain ratings, whereas
severe stress in the present study(2) resulted in high sympathetic activation, a large
increase in blood pressure (20.06 mm Hg) and decreased pain ratings.

There are currently no studies in humans that have explicitly investigated the role of
testosterone in anxiety-induced hypoalgesia, but analyses conducted in animal
populations seem to confirm this relationship, in which testosterone plays an
important antinociceptive role(50), but as is well known, studies conducted in the
field of pain do not always find a direct correlation between a human and an animal
population, due to multiple social, environmental and behavioural influences.

From a behavioural perspective, these data may explain some of the greater
influence found in clinical pain studies compared to those conducted in an
experimental setting.

There are currently no known studies of human populations involved in extreme
sports that have attempted to evaluate these relationships in a clinical and/or
experimental setting.

Many studies have reported increased cortisol levels in anticipation of stressful
experiences such as cardiac surgery, dental procedures, oral academic
presentations and exams(55)(56)(57), but numerous animal studies suggest that
pain reactivity is reduced by fear(58).

Fear is an immediate alarm response to a present threat, characterised by impulses

to flee, and typically results in a surge of sympathetic arousal, whereas anxiety is a
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future-oriented emotion, characterised by negative affect and anxious anticipation of
potential threats, and results in hypervigilance and somatic tension (e.g. muscle
tension). Fear mobilises the organism to take action (fight/flight response), whereas
anxiety leads to increased environmental and somatic scanning, facilitating sensory
receptivity. Given these differences, several researchers have argued that fear and
anxiety are qualitatively different emotional states. (58)

The results obtained in preclinical animal studies have been confirmed in humans,
where it was found(58) that fear and anxiety have different effects on pain reactivity
in humans: fear reduces pain, whereas anxiety has a sensitising effect.

From a clinical perspective, these data suggest that a patient anticipating an
unpredictable threatening event will experience enhanced pain, whereas a patient
who has been exposed to a threatening event will experience a state of fear that

inhibits pain processing(58).

Common limits of studies

The studies themselves report several common limitations that need to be taken into
account in future research, as they contribute to maintaining certain uncertainties on
the issues.

Seven studies(26)(33)(34)(35)(38)(39)(40) report a significant effect on the detection
of significant hormone differences due to the small sample size of the population of
interest and three studies in particular report results that cannot be extrapolated to
the general population because they are specific to a particular age (29) group or
because of the limited representation of one sex in the study(26)(29)(33)

Another notable limitation reported was the failure to take into account variables that
objectively influence the response to hormonal or pain stimuli, such as circadian
rhythms, BMI, anxiety, depression and catastrophizing, at the study design stage, or
to have included some of these components at the screening stage but not used
them at the analysis stage (26)(37)(38)(41)(42).

Other limitations are more of a technical nature, such as the lack of a reference
standard for experimental pain, specifically what type of sensitivity to test, in relation
to what clinical question, at what time and in what part of the body(29)(35)(36)(39),
or limitations related to the collection of fluid samples for analysis; this aspect is

discussed in more detail in a separate section above.(28)(35)(36)(40).
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Finally, we have limitations related to organisational aspects, where the optimal
experimental design was not followed in an optimal way, due to management
limitations of the research environments(30)(32)(33)(39), or because it was based on
the analysis of previous samples related to studies of other types, not aimed at the

study of sexual hormones specifically. (37)
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5. CONCLUSION

The main aim of this review was to collect as much homogeneous material as
possible on the subject of the role of steroid hormones, and testosterone in
particular, in pain, in order to provide as accurate a map as possible of the evidence
currently available and the limitations of the research.

Drawing absolute conclusions about the role of testosterone in the experience of
pain is beyond the scope of this review because, as highlighted in the previous
sections, the currently available literature lacks consistency in terms of analysis,
study, design and research methods, and even more so because of the limitations of
a scoping review.

However, from the literature considered, it appears that the "protective" role of
testosterone is confirmed in the majority of studies conducted in the field of clinical
pain and in a good part of studies conducted in the field of experimental pain, with
some exceptions, partly due to inappropriate analytical methods, as commented in
the "4. Discussion" section.

The interesting results of the studies carried out on clinical pain or using
neuroimaging techniques, to the detriment of those aimed at testing peripheral
mechanosensitivity, suggest that this "protective" role mentioned above should be
sought as an environmental and behavioural one, linked to a hormonal action at a

central level, as a mediator of the descending inhibitory system.

In the field of rehabilitation, these results can open up interesting considerations from
various points of view: for example, the methods of analysing free testosterone in
saliva are already known in the field of sport, with the aim of assessing the response
to training, the risk of excessive overload with consequent catabolic response and
greater risk of injury, but the same considerations can be transferred to the field of
treatment of problems such as chronic musculoskeletal pain, also related to
hypogonadism secondary to chemotherapy or opioid therapy; these are clear
examples already in the process of being adopted or tested.

However, there is another area of application that is still little explored: that of
kinesiophobia, a phenomenon that is strongly associated with various chronic pain

conditions.
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This phenomenon is itself complex and multifactorial; to date, no studies have been
carried out to investigate a correlation between an endogenous impairment and a
properly defined kinesiophobic response, but the discussion in the fourth section
contains elements that seem to suggest this possibility.

If such a correlation were to be found, it would be possible at this point to formulate
physical interventions, for example based on exercise, but also behavioural
interventions, such as work on lifestyle, nutrition and sleep management, from an

endocrinological perspective.

Study limitations

The most notable limitation of the review is the inexperience of the reviewer and the
author themselves, both in the field of general scientific research and in the specific
biomedical field of endocrinology, which may have led to inadequate consideration of

important aspects of the articles reviewed or to methodological inaccuracies.

There appears to be a lack of specific evidence on the presence or absence of
differences between testosterone of endogenous or exogenous origin, an issue that
is important, for example, in the specific comparison of natural or enchanted
athletes, patients undergoing replacement therapy for cancer or hypogonadal
conditions, and subjects undergoing sexual transition.

Furthermore, physical or rehabilitative, i.e. non-pharmacological, interventions aimed
at improving androgen levels were not investigated.

These topics were considered to be outside the scope of the study, but worthy of

further investigation in a subsequent specific review.
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