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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.
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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.
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1. INTRODUCTION
● 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.
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● 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
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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)

● 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)
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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)

● 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
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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)

● 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.
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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.

● 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,
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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 ).

● 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 ((((((((((((((((((((("musculoskeletal pain"[MeSH Terms]) OR

("musculoskeletal pain*") OR (musculoskeletal pain*[Title/Abstract]) OR ("pain*

musculoskeletal"[Title/Abstract])) OR ("Pain Threshold"[MeSH Terms])) OR ("Pain
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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 AI, 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:

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

● Journal of Publication

● Aims of the study
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● Study populations (carer group; care recipient group)

● Methodology

● Intervention type, and comparator (if any); duration of the intervention

● Outcome measures

● Important results

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

evidence, as above:

Tite Author(s);

Year;

Country

Journal of

publication

Purpose Population

and sample

size

Methodology Intervention

type

Outcomes Key findings

X

Y

Z

● 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.

● 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
● 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.
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● Results table

15



16



17



18



19



20



21



22



23



● 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.
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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

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.

● 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.

Of 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.

36



Bibliography
1. Raja, Srinivasa N.a,*; Carr, Daniel B.b; Cohen, Miltonc; Finnerup, Nanna B.d,e; Flor, Hertaf;

Gibson, Stepheng; Keefe, Francis J.h; Mogil, Jeffrey S.i; Ringkamp, Matthiasj; Sluka,

Kathleen A.k; Song, Xue-Junl; Stevens, Bonniem; Sullivan, Mark D.n; Tutelman, Perri R.o;

Ushida, Takahirop; Vader, Kyleq. The revised International Association for the Study of Pain

definition of pain: concepts, challenges, and compromises. PAIN 161(9):p 1976-1982,

September 2020. | DOI: 10.1097/j.pain.0000000000001939

2. Maurer Aj, Lissounov A., Knezevic I. ,Candido KD, Knezevic NN. Pain and sex hormones: a

review of current understanding. Pain manag.2016;10.2217/pmt-2015-0002

3. Athnaiel, O.; Cantillo, S.; Paredes, S.; Knezevic, N.N. The Role of Sex Hormones in

Pain-Related Conditions. Int. J. Mol. Sci. 2023,24,1866. 10.3390/ijms24031866

4. Handelsman DJ. Androgen Physiology, Pharmacology, Use and Misuse. [Updated 2020 Oct

5]. In: Feingold KR, Anawalt B, Blackman MR, et al., editors. Endotext [Internet]. South

Dartmouth (MA): MDText.com, Inc.; 2000-. Available from:

https://www.ncbi.nlm.nih.gov/books/NBK279000/

5. Lesnak, Joseph B.a; Inoue, Shinsukea; Lima, Lucasb; Rasmussen, Lynna; Sluka, Kathleen

A.a,*. Testosterone protects against the development of widespread muscle pain in mice.

PAIN 161(12):p 2898-2908, December 2020. | DOI: 10.1097/j.pain.0000000000001985

6. Meggane Melchior, Pierrick Poisbeau, Isabelle Gaumond, Serge Marchand, Insights into the

mechanisms and the emergence of sex-differences in pain, Neuroscience, Volume

338,2016,Pages 63-80, ISSN 0306-4522,https://doi.org/10.1016/j.neuroscience.2016.05.007.

7. Basaria, Shehzada,*; Travison, Thomas G.a,b; Alford, Danielc; Knapp, Philip E.c; Teeter,

Kjerstena; Cahalan, Christined; Eder, Richarda; Lakshman, Kishorea; Bachman, Erica;

Mensing, Georged; Martel, Marc O.d; Le, Dillona; Stroh, Helenea; Bhasin, Shalendera;

Wasan, Ajay D.e; Edwards, Robert R.d. Effects of testosterone replacement in men with

opioid-induced androgen deficiency: a randomized controlled trial. PAIN 156(2):p 280-288,

February 2015. | DOI: 10.1097/01.j.pain.0000460308.86819.aa

8. Harry W. Daniell, Robin Lentz, Norman A. Mazer, Open-Label Pilot Study of Testosterone

Patch Therapy in Men With Opioid-Induced Androgen Deficiency, The Journal of Pain,

Volume 7, Issue 3, 2006, Pages 200-210, ISSN 1526-5900,

https://doi.org/10.1016/j.jpain.2005.10.009.

9. Gagliano-Jucá T, Travison TG, Nguyen PL, Kantoff PW, Taplin ME, Kibel AS, Manley R, Hally

K, Bearup R, Beleva YM, Huang G, Edwards RR, Basaria S. Effects of Androgen Deprivation

Therapy on Pain Perception, Quality of Life, and Depression in Men With Prostate Cancer. J

Pain Symptom Manage. 2018 Feb;55(2):307-317.e1. doi:

10.1016/j.jpainsymman.2017.09.017. Epub 2017 Sep 21. PMID: 28941963; PMCID:

PMC5794536.

10. Dinh KT, Reznor G, Muralidhar V, et al. Association of androgen deprivation therapy with

depression in localized prostate cancer. J Clin Oncol 2016;34:1905e1912

37

https://doi.org/10.1016/j.neuroscience.2016.05.007
https://doi.org/10.1016/j.jpain.2005.10.009


11. Chung SD, Kao LT, Lin HC, Xirasagar S, Huang CC,Lee HC. Patients receiving androgen

deprivation therapy for prostate cancer have an increased risk of depressive dis-order. PLoS

One 2017;12:e0173266.

12. Zarrouf FA, Artz S, Griffith J, Sirbu C, Kommor M.Testosterone and depression: systematic

review and meta-analysis. J Psychiatr Pract 2009;15:289e305.

13. Wainwright SR, Lieblich SE, Galea LA. Hypogonadism Predispose males to the development

of behavioral and neuroplastic depressive phenotypes. Psychoneuroendocri-nology

2011;36:1327e1341.

14. Carrier N, Saland SK, Duclot F, He H, Mercer R,Kabbaj M. The anxiolytic and

Antidepressant-like effects of testosterone and estrogen in Gonadectomized male rats.Biol

Psychiatry 2015;78:259e269.

15. Aikey JL, Nyby JG, Anmuth DM, James PJ. Testosterone Rapidly reduces anxiety in male

house mice (Mus musculus).Horm Behav 2002;42:448e460.

16. Aydogan U, Aydogdu A, Akbulut H, et al. Increased frequency of anxiety, depression, quality

of life and sexual life in young hypogonadotropic hypogonadal males and impact of

testosterone replacement therapy on these conditions.Endocr J 2012;59:1099e1

17. Crewther BT, Sanctuary CE, Kilduff LP, Carruthers JS, Gaviglio CM, Cook CJ. The

workout responses of salivary-free testosterone and cortisol concentrations and their

association with the subsequent competition outcomes in professional rugby league. J

Strength Cond Res. 2013;27(2):471-476.8.

18. Crewther BT, Thomas AG, Stewart-Williams S, Kilduff LP, Cook CJ. Is salivary cortisol

moderating the relationship between salivary testosterone and hand-grip strength in healthy

men? Eur J Sport Sci. 2017;17(2):188-194.9.

19. Gaviglio CM, Crewther BT, Kilduff LP, Stokes KA, Cook CJ. Relationship between

pregame concentrations of free testosterone and outcome in rugby union. Int J Sports

Physiol Perform. 2014;9(2):324-331.105.

20. Jayaraman A, Lent-Schochet D, Pike CJ. Diet-induced obesity and low testosterone increase

neuroinflammation and impair neural function. J Neuroinflammation. 2014 Sep 16;11:162. doi:

10.1186/s12974-014-0162-y. PMID: 25224590; PMCID: PMC4190446.

21. Peters MDJ, Godfrey C, McInerney P, Munn Z, Tricco AC, Khalil, H. Chapter 11: Scoping

Reviews (2020 version). In: Aromataris E, Munn Z (Editors). , JBI, 2020. Available JBI Manual

for Evidence Synthesis from . https://synthesismanual.jbi.global

https://doi.org/10.46658/JBIMES-20-12

22. Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for

Scoping Reviews (PRISMA-ScR): Checklist and Explanation. Annals of Internal Medicine

2018; 169(7): 467-473.

23. Mourad Ouzzani, Hossam Hammady, Zbys Fedorowicz, and Ahmed Elmagarmid. Rayyan —

a web and mobile app for systematic reviews. Systematic Reviews (2016) 5:210, DOI:

10.1186/s13643-016-0384-4.

38

https://doi.org/10.46658/JBIMES-20-12


24. Hilary Arksey & Lisa O'Malley (2005) Scoping studies: towards a methodological framework,

International Journal of Social Research Methodology, 8:1, 19-32,

DOI:10.1080/1364557032000119616

25. Dessein PH, Shipton EA, Joffe BI, Hadebe DP, Stanwix AE, Van der Merwe BA.

Hyposecretion of adrenal androgens and the relation of serum adrenal steroids, serotonin and

insulin-like growth factor-1 to clinical features in women with fibromyalgia. Pain. 1999

Nov;83(2):313-9. doi: 10.1016/s0304-3959(99)00113-x. PMID: 10534604.

26. Khoromi S, Muniyappa R, Nackers L, Gray N, Baldwin H, Wong KA, Matheny LA, Moquin B,

Rainer A, Hill S, Remaley A, Johnson LL, Max MB, Blackman MR. Effects of chronic

osteoarthritis pain on neuroendocrine function in men. J Clin Endocrinol Metab. 2006

Nov;91(11):4313-8. doi: 10.1210/jc.2006-1122. Epub 2006 Aug 15. PMID: 16912126.

27. Schell E, Theorell T, Hasson D, Arnetz B, Saraste H. Stress biomarkers' associations to pain

in the neck, shoulder and back in healthy media workers: 12-month prospective follow-up. Eur

Spine J. 2008 Mar;17(3):393-405. doi: 10.1007/s00586-007-0554-0. Epub 2007 Dec 13.

PMID: 18075764; PMCID: PMC2270377.

28. Teepker M, Peters M, Vedder H, Schepelmann K, Lautenbacher S. Menstrual variation in

experimental pain: correlation with gonadal hormones. Neuropsychobiology.

2010;61(3):131-40. doi: 10.1159/000279303. Epub 2010 Jan 29. PMID: 20110738.

29. Tajar A, McBeth J, Lee DM, Macfarlane GJ, Huhtaniemi IT, Finn JD, Bartfai G, Boonen S,

Casanueva FF, Forti G, Giwercman A, Han TS, Kula K, Labrie F, Lean MEJ, Pendleton N,

Punab M, Silman AJ, Vanderschueren D, O'Neill TW, Wu FCW; European Male Aging Study

Group. Elevated levels of gonadotrophins but not sex steroids are associated with

musculoskeletal pain in middle-aged and older European men. Pain. 2011

Jul;152(7):1495-1501. doi: 10.1016/j.pain.2011.01.048. Epub 2011 Mar 21. PMID: 21421286;

PMCID: PMC3183223.

30. Choi JC, Chung MI, Lee YD. Modulation of pain sensation by stress-related testosterone and

cortisol. Anaesthesia. 2012 Oct;67(10):1146-51. doi: 10.1111/j.1365-2044.2012.07267.x. Epub

2012 Jul 16. Erratum in: Anaesthesia. 2013 May;68(5):550. PMID: 22804789.

31. Vincent K, Warnaby C, Stagg CJ, Moore J, Kennedy S, Tracey I. Brain imaging reveals that

engagement of descending inhibitory pain pathways in healthy women in a low endogenous

estradiol state varies with testosterone. Pain. 2013 Apr;154(4):515-524. doi:

10.1016/j.pain.2012.11.016. Epub 2012 Dec 5. PMID: 23318125.

32. Choi JC, Min S, Kim YK, Choi JH, Seo SM, Chang SJ. Changes in pain perception and

hormones pre- and post-kumdo competition. Horm Behav. 2013 Sep;64(4):618-23. doi:

10.1016/j.yhbeh.2013.08.013. Epub 2013 Sep 1. PMID: 24005187.

33. Choi JC, Lee JH, Choi E, Chung MI, Seo SM, Lim HK. Effects of seasonal differences in

testosterone and cortisol levels on pain responses under resting and anxiety conditions.

Yonsei Med J. 2014 Jan;55(1):216-23. doi: 10.3349/ymj.2014.55.1.216. PMID: 24339310;

PMCID: PMC3874911.

39



34. Perego S, Grasso D, Bodini BD, Cavaiani F, De Santis C, Ursino N, Pelosi C, Banfi G,

Lombardi G. Perisurgical and intra-rehabilitative salivary steroid hormone profiles in

bicompartmental arthroplasty. J Biol Regul Homeost Agents. 2015 Oct-Dec;29(4):953-60.

PMID: 26753661.

35. Bartley EJ, Palit S, Kuhn BL, Kerr KL, Terry EL, DelVentura JL, Rhudy JL. Nociceptive

processing in women with premenstrual dysphoric disorder (PMDD): the role of menstrual

phase and sex hormones. Clin J Pain. 2015 Apr;31(4):304-14. doi:

10.1097/AJP.0000000000000112. PMID: 24810651.

36. Bartley EJ, Palit S, Kuhn BL, Kerr KL, Terry EL, DelVentura JL, Rhudy JL. Natural variation in

testosterone is associated with hypoalgesia in healthy women. Clin J Pain. 2015

Aug;31(8):730-9. doi: 10.1097/AJP.0000000000000153. PMID: 25185874.

37. Jin X, Wang BH, Wang X, Antony B, Zhu Z, Han W, Cicuttini F, Wluka AE, Winzenberg T,

Blizzard L, Jones G, Ding C. Associations between endogenous sex hormones and MRI

structural changes in patients with symptomatic knee osteoarthritis. Osteoarthritis Cartilage.

2017 Jul;25(7):1100-1106. doi: 10.1016/j.joca.2017.01.015. Epub 2017 Feb 2. PMID:

28163248.

38. Vincent K, Stagg CJ, Warnaby CE, Moore J, Kennedy S, Tracey I. "Luteal Analgesia":

Progesterone Dissociates Pain Intensity and Unpleasantness by Influencing Emotion

Regulation Networks. Front Endocrinol (Lausanne). 2018 Jul 23;9:413. doi:

10.3389/fendo.2018.00413. PMID: 30083136; PMCID: PMC6064935.

39. Schertzinger M, Wesson-Sides K, Parkitny L, Younger J. Daily Fluctuations of Progesterone

and Testosterone Are Associated With Fibromyalgia Pain Severity. J Pain. 2018

Apr;19(4):410-417. doi: 10.1016/j.jpain.2017.11.013. Epub 2017 Dec 14. PMID: 29248511;

PMCID: PMC6046191.

40. Pogatzki-Zahn EM, Drescher C, Englbrecht JS, Klein T, Magerl W, Zahn PK. Progesterone

relates to enhanced incisional acute pain and pinprick hyperalgesia in the luteal phase of

female volunteers. Pain. 2019 Aug;160(8):1781-1793. doi:

10.1097/j.pain.0000000000001561. PMID: 31335647.

41. Archey M, Goldey K, Crockett E, Boyette-Davis J. An Investigation of the Effects of

Testosterone and Behavioral Expressions of Pain on Sex/Gender Differences in Pain

Perception. Psychol Rep. 2019 Jun;122(3):826-840. doi: 10.1177/0033294118781320. Epub

2018 Jun 5. PMID: 29871531.

42. Vollert J, Trewartha N, Kemkowski D, Cremer AF, Zahn PK, Segelcke D, Pogatzki-Zahn EM.

Conditioned pain modulation and offset analgesia: Influence of sex, sex hormone levels and

menstrual cycle on the magnitude and retest reliability in healthy participants. Eur J Pain.

2022 Oct;26(9):1938-1949. doi: 10.1002/ejp.2014. Epub 2022 Aug 2. PMID: 35856832.

43. Zhuo S, Zhang Y, Lin C, Peng W. Testosterone administration enhances the expectation and

perception of painful and non-painful somatosensory stimuli. Psychoneuroendocrinology.

2023 Jun;152:106081. doi: 10.1016/j.psyneuen.2023.106081. Epub 2023 Mar 10. PMID:

36947967.

40



44. Quissell DO. Steroid hormone analysis in human saliva. Ann N Y Acad Sci. 1993 Sep

20;694:143-5. doi: 10.1111/j.1749-6632.1993.tb18348.x. PMID: 8215050

45. Bellem A, Meiyappan S, Romans S, Einstein G. Measuring estrogens and progestagens in

humans: an overview of methods. Gend Med. 2011 Oct;8(5):283-99. doi:

10.1016/j.genm.2011.07.001. Epub 2011 Sep 9. PMID: 21907634.

46. Greenspan JD, Craft RM, LeResche L, Arendt-Nielsen L, Berkley KJ, Fillingim RB, Gold MS,

Holdcroft A, Lautenbacher S, Mayer EA, Mogil JS, Murphy AZ, Traub RJ; Consensus

Working Group of the Sex, Gender, and Pain SIG of the IASP. Studying sex and gender

differences in pain and analgesia: a consensus report. Pain. 2007 Nov;132 Suppl 1(Suppl

1):S26-S45. doi: 10.1016/j.pain.2007.10.014. Epub 2007 Oct 25. PMID: 17964077; PMCID:

PMC2823483.

47. Pfaffe T, Cooper-White J, Beyerlein P, Kostner K, Punyadeera C. Diagnostic potential of

saliva: current state and future applications. Clin Chem. 2011 May;57(5):675-87. doi:

10.1373/clinchem.2010.153767. Epub 2011 Mar 7. PMID: 21383043.

https://pubmed.ncbi.nlm.nih.gov/21383043/

48. Papacosta E, Nassis GP. Saliva as a tool for monitoring steroid, peptide and immune

markers in sport and exercise science. J Sci Med Sport. 2011 Sep;14(5):424-34. doi:

10.1016/j.jsams.2011.03.004. Epub 2011 Apr 7. PMID: 21474377.

https://pubmed.ncbi.nlm.nih.gov/21474377/

49. Gray A, Berlin JA, McKinlay JB, Longcope C. An examination of research design effects on

the association of testosterone and male aging: results of a meta-analysis. J Clin Epidemiol.

1991;44(7):671-84. doi: 10.1016/0895-4356(91)90028-8. PMID: 1829756.

50. Khonicheva NM, Livanova LM, Tsykunov SG, Osipova TA, Loriya MV, Elbakidze AG,

Tikhonov VP, Airapetyants MG. Blood testosterone in rats: correlation of the level of individual

anxiety and its impairment after "death threat". Neurosci Behav Physiol. 2008

Nov;38(9):985-9. doi: 10.1007/s11055-008-9081-7. Epub 2008 Oct 31. PMID: 18975099.

51. Vuong C, Van Uum SH, O'Dell LE, Lutfy K, Friedman TC. The effects of opioids and opioid

analogs on animal and human endocrine systems. Endocr Rev. 2010 Feb;31(1):98-132. doi:

10.1210/er.2009-0009. Epub 2009 Nov 10. PMID: 19903933; PMCID: PMC2852206.

52. Scherrer JF, Salas J, Miller-Matero LR, Sullivan MD, Ballantyne JC, Debar L, Grucza RA,

Lustman PJ, Ahmedani B. Long-term prescription opioid users' risk for new-onset depression

increases with frequency of use. Pain. 2022 Aug 1;163(8):1581-1589. doi:

10.1097/j.pain.0000000000002547. Epub 2021 Nov 30. PMID: 34855645.

53. Kenneth W.K. Ho, Opioid-induced androgen deficiency (OPIAD): prevalence, consequence,

and efficacy of testosterone replacement,Current Opinion in Endocrine and Metabolic

Research,Volume 6, 2019, Pages 54-59, ISSN 2451-9650,

https://doi.org/10.1016/j.coemr.2019.04.007.

54. Lamprecht A, Sorbello J, Jang C, Torpy DJ, Inder WJ. Secondary adrenal insufficiency and

pituitary dysfunction in oral/transdermal opioid users with non-cancer pain. Eur J Endocrinol.

2018 Dec 1;179(6):353-362. doi: 10.1530/EJE-18-0530. PMID: 30324794.

41

https://pubmed.ncbi.nlm.nih.gov/21383043/
https://pubmed.ncbi.nlm.nih.gov/21474377/


55. .Lacey K, Zaharia MD, Griffiths J, Ravindran AV, Merali Z, Anisman H. A prospective study of

neuroendocrine and immune alterations associated with the stress of an oral academic

examination among graduate students. Psychoneuroendocrinology. 2000 May;25(4):339-56.

doi: 10.1016/s0306-4530(99)00059-1. PMID: 10725611.

56. Miller CS, Dembo JB, Falace DA, Kaplan AL. Salivary cortisol response to dental treatment

of varying stress. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 1995 Apr;79(4):436-41.

doi: 10.1016/s1079-2104(05)80123-4. PMID: 7614201.

57. Ng V, Koh D, Chia SE. Examination stress, salivary cortisol, and academic performance.

Psychol Rep. 2003 Dec;93(3 Pt 2):1133-4. doi: 10.2466/pr0.2003.93.3f.1133. PMID:

14765582.

58. Rhudy, Jamie L; Meagher, Mary W*. Fear and anxiety: divergent effects on human pain

thresholds. Pain 84(1):p 65-75, January 1, 2000. | DOI: 10.1016/S0304-3959(99)00183-9

42


