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Background: Pain perception varies considerably between individuals, with sex differences likely contributing to this variability.
These differences appear to involve multiple factors, including sex hormones, although the underlying mechanisms of modulation
remain unclear.

Purpose: To explore how variations in free testosterone influence pain perception and modulation mechanisms in men.

Patients and Methods: A non-probabilistic convenience sampling was used to recruit a total of 12 men with low testosterone and 16
controls for this cross-sectional experimental study. Pain sensitivity was evaluated via heat pain threshold (HPT) and heat pain
tolerance (HPTol) using a contact thermode placed on the left forearm. Pain modulation was assessed through conditioned pain
modulation (CPM) responses using a counter-irritation protocol with heat pain stimulation as test stimuli applied before and after
a cold pressor test serving as the conditioning stimulus. Temporal summation of pain (TSP) was assessed using 2 minutes constant heat
pain stimulation.

Results: Pain perception (HPT and HPTol) was significantly lower in low testosterone compared to controls (p = 0.02). Free testosterone
levels were positively correlated with HPTol (r = 0.40, p = 0.03). Pain modulation responses were similar in low-testosterone and those in the
control group. No significant between-groups differences were observed for CPM and TSP responses (all p > 0.90).

Conclusion: Control men showed lower pain sensitivity than low-testosterone participants, supporting an antinociceptive effect of
testosterone that may partly contribute to sex differences in pain.

Keywords: pain perception, pain threshold, pain modulation, conditioned pain modulation, temporal summation, sex hormones,

testosterone, men

Introduction

Testosterone is an androgen sex hormone involved in multiple physiological systems, including pain processing, where it
is thought to exert a modulatory effect.' Evidence from animal models suggests that testosterone generally has
antinociceptive effects, influencing both pain perception and pain-related behaviors.>® For instance, it could be observed
that diminished testosterone levels post-gonadectomy in male rats was associated with increased nociceptive responses,
whereas testosterone administration in female rats led to reduced nociceptive responses.*”’

Conversely, in humans, study findings are less consistent and sometimes conflicting.® While some investigations

support the antinociceptive role of testosterone observed in animal models — reporting, for example, significant positive
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10-13 _ others have found no such association. '

correlations between free testosterone levels and thermal pain thresholds
Moreover, recent placebo-controlled data suggest that exogenous testosterone administration in healthy men may
paradoxically increase pain perception during exposure to painful electric stimuli,’ further highlighting the complexity
of testosterone’s role in pain processing.

A Dbetter understanding of the impact of testosterone on endogenous pain modulation mechanisms could potentially
shed some light on these contradictory findings. These mechanisms can be assessed non-invasively in humans, notably

through the evaluation of temporal summation of pain (TSP), reflecting excitatory processes, >

and conditioned pain
modulation (CPM), reflecting inhibitory control.'® Scientific evidence suggests that human men typically exhibit more
efficient inhibitory pain mechanisms and lower temporal summation than women.'” These differences suggest that
testosterone, the predominant sex hormone in men, may play a role in modulating these mechanisms. However, few
studies have directly examined the relationship between testosterone levels and specific pain modulation processes in
humans.®

A study conducted by Rezaii and colleagues'® examined CPM responses during the early follicular phase in healthy
women, and found no association between CPM effects and salivary testosterone levels. In contrast, a neuroimaging
study conducted in women with low testosterone levels showed that activity in two major areas involved in descending
pain modulation (rostral ventromedial medulla and periaqueductal gray) was significantly reduced compared to a group
of women with normal testosterone levels.'* These results highlight a potential link between testosterone and pain
modulation; however, despite these areas being involved in pain modulation, it is not possible to directly infer a causal
relationship between the PAG and RVM and the psychophysical response of CPMs as this study did not assess CPM. To
this effect, a recent study conducted by Vollert and colleagues'® showed that plasma testosterone levels explain
a negligible level (around 5%) of variance in the CPM response in healthy individuals.

Taken together, these findings point to the potential but inconsistent role of testosterone in pain modulation and
emphasize the difficulty with which generalizations about the role of testosterone in human pain responses can be made.
Notably, to the best of our knowledge, no study has focused on comparing healthy men with men presenting low
testosterone concentration. Most studies have compared men and women or women alone, the latter in whom other sex
hormones may influence pain assessment. The comparison with a group of men with lower testosterone concentration
therefore represents an interesting model in this regard. Furthermore, excitatory mechanisms, such as TSP, remain largely
unexplored in the context of testosterone levels. Hence, the objective of this study was to evaluate the influence of
testosterone concentration on pain perception and modulation by comparing men with lower testosterone levels to male
control participants using standardized quantitative sensory testing (QST), including TSP and CPM protocols. We
hypothesize that low testosterone men would be more likely to demonstrate a pro-nociceptive profile (lower pain and
tolerance thresholds, greater TSP and enhanced CPM) compared to controls, and that testosterone levels would be
associated with pain perception and modulation.

Materials and Methods
Participants

The experiments were conducted between 2009 and 2010 at the Centre de recherche du Centre hospitalier universitaire
de Sherbrooke (Sherbrooke, Quebec, Canada). This study adhered to the Helsinki Declaration. Ethics approval was
granted by the institutional review board of the Centre intégré universitaire de santé et de services sociaux de I’Estrie —
Centre hospitalier universitaire de Sherbrooke, Sherbrooke, Canada (project #09-024). Informed consent was obtained
from all participants prior to all experimental procedures. This cross-sectional study involved healthy men aged between
45 and 65 years with normal or low testosterone levels. The study consisted of a single experimental session lasting
approximately 90 minutes. Exclusion criteria were as follow: (1) use of antidepressants or other drugs with an action on
autonomic nervous system activities ; (2) use of anticoagulants; (3) presence of chronic pain; (4) presence of carcinoma
of the prostate or breast; (5) presence of edema or cardiac, hepatic or renal insufficiency, or (6) presence of sleep apnea.
A non-probabilistic convenience sampling strategy was used.
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Questionnaires

In order to ensure that the two groups were comparable, a number of psychological characteristics were measured. Height
and weight were measured to estimate the body mass index. Psychological functioning was assessed using a series of
questionnaires including the validated French versions of the Beck Depression Inventory (BDI),*° the Social
Readjustment Rating Scale (SRRS)?! and the State-Trait Anxiety Inventory — Forms Y1 and Y2 (STAI-Y1/Y2),*
measuring depression, stress and anxiety symptoms, respectively.

Dosage of Sex Hormones

A venous blood sample was collected at the beginning of the experimental session and placed in serum separator tubes.
Blood collection tubes were immediately refrigerated at 4°C for one hour, and centrifuged (1500 rpm, 4 °C) for
10 minutes. The serum collected was then transferred into aliquots, and frozen at —80 °C. Serum levels of free
testosterone were analyzed using competitive chemiluminescent methods (Siemens Medical Solutions Diagnostics, Los
Angeles, CA) by the biochemistry and hematology laboratories of the Centre hospitalier universitaire de Sherbrooke.
Low testosterone was defined as a concentration falling at least one standard deviation below the control group mean,'?
corresponding to values below 217 pmol/L (control mean mean = 305 pmol/L; SD = 88 pmol/L). To ensure that potential
between-group differences were not due to other hormones, we also analyzed the concentrations of estradiol, hormone-
binding globulin, dehydroepiandrosterone sulphate (DHEA), follicle-stimulating hormone, luteinizing hormone and
cortisol.

Experimental Pain Procedure

The experimental pain procedure was split into different steps. First, pain perception and pain tolerance thresholds were
evaluated. Then, to assess pain modulation mechanisms, three thermal stimulations were administered: two identical test
stimuli applied by a heating plate before and after a cold-water bath (cold pressor test; CPT) serving as the conditioning
stimulus. Detailed descriptions of each procedure are provided in the following subsections, and Figure 1 presents an
overview of the experimental protocol.

Pain Assessment

Pain perception was assessed throughout the experimental procedure using a computerized visual analogue scale
(CoVAS, Medoc, Ramat Yishai, Isracl). CoVAS offers a computerized, real-time, continuous visual analogue scale
(VAS) evaluation ranging from 0 (absolutely no pain) to 100 (worst pain imaginable).

Heat Pain Threshold and Tolerance

Heat pain threshold (HPT) and heat pain tolerance (HPTol) were assessed with a continuous thermal stimulation applied
on the right-side anterior forearm using a 3cm? thermode (TSA II, Thermal Sensory Analyzer, Medoc, Ramat Yishai,
Israel). The temperature was gradually increased from a baseline temperature of 32°C to a maximum of 51°C, at a rate of

Test stimulus Conditioning stimulus Test stimulus
Heat Pain Stimulus Cold water bath Heat Pain Stimulus

/P~ |

'S
v

Figure | Timeline of the experimental procedure.
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0.3°C/s. This procedure®>** was carried out twice: participants indicated the moment at which they experienced the very
first sensation of pain (heat pain threshold, CoVAS score > 0/100) and the moment when pain was no longer tolerable
(heat pain tolerance threshold, CoVAS score = 100/100). Using individuals’ pain perception recordings with the CoVAS,
we extracted the average pain-inducing temperature of 50/100 (target temperature) for each participant, which was later

used in the pain modulation assessment procedure described below.

Pain Modulation

After a 10-minute rest period following the heat threshold determination procedure, pain modulation mechanisms were
evaluated using a counter-irritation paradigm involving a test stimulus performed before and after a conditioning stimulus
following the protocol developed by Tousignant-Laflamme and colleagues.>> % The test stimulus (a 2-minute tonic pain
test) was performed on the left-side anterior forearm. After a constant rise (0.3 °C/sec) from baseline (32 °C) to the
individually predetermined temperature (target temperature), the temperature remained constant throughout 120s. To
avoid generating an expectation effect and bias in pain ratings, participants were advised that the temperature was
controlled by the computer setup and could vary randomly. Participants were instructed to evaluate their pain level with
the CoVAS during the 2-minute test. This first test gave us two parameters: the first was the temporal summation
amplitude, calculated by measuring the difference in pain perception between the beginning of the stimulation (when the
thermode reached the target temperature) and the end of stimulation (ie at 120 seconds). The second parameter was the
baseline perception level of pain based on the average pain perception throughout the stimulation, which was used to
calculate the effect of CPM.

Immediately after the test stimulus, participants were subjected to a CPT (conditioning stimulus) inducing a heavy
and sustained pain sensation to trigger top-down inhibitory mechanisms. Participants were asked to immerse their right
arm (up to their elbow) in cold water maintained at 10 °C for 2 minutes. Pain ratings were assessed every 15 seconds
with a verbal numeric rating scale (NRS). To measure CPM amplitude, a second identical test stimulus was performed
with the thermode on the left forearm, immediately after the CPT. The CPM amplitude was measured by the difference in
pain intensity before and after the CPT. A negative score, indicating a reduction in pain perception following the CPT
was interpreted as an efficient CPM response.

Statistical Analyses

Descriptive analyses were performed to illustrate the sample characteristics. Normality test and visual inspection did not
support the assumption of normally distributed data. Consequently, Mann—Whitney tests were applied to compare pain
perception and modulation responses between men with low testosterone and controls. Spearman correlation analyses
were also performed to examine the associations between free testosterone concentration (as a continuous variable) and
pain threshold and modulation responses. A p-value < 0.05 was considered statistically significant. All tests were
performed using Prism 10 (version 10, GraphPad Software, Boston, Massachusetts USA).

Results

Characteristics of the Participants

Twenty-eight male participants were recruited. Twelve individuals were classified as low testosterone, while the remaining
16 were classified as controls, ensuring 82% statistical power with an alpha level of 0.05 (based on HPT as primary
outcome). Clinical, biochemical, and psychophysical characteristics of the participants are presented in Table 1. Age, body
mass index, resting heart rate, and emotional functioning (depression, anxiety and stress symptoms) were comparable
between the 2 groups. The concentrations of other hormones are presented in Table S1. Only estradiol appeared significantly

different between the two groups and additional analysis was conducted for this purpose (see results section).
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Table | Characteristics of the Participants

Variables Participant Group P-value
Low (n=12) | Control (=16)

Testosterone concentration

- Free (pmol/L) 140.5 + 37.9 305.1 +88.0 < 0.001

- Total (nmol/L) 77+ 18 13.8 £5.0 < 0.001

- Bioavailable (pmol/L) 3.0 1.1 6318 < 0.001
Age (years) 542 + 48 51.8+54 0.2
Body mass index (kg/m?) 268 £ 5.6 25.1 £23 0.6
Resting heart rate (bpm) 720 £ 20 73.0 £ 3.0 0.9
State anxiety, STAI-Y| 267 £5.8 246 £ 45 0.4
Trait anxiety, STAI-Y2 353117 284 + 6.1 0.1
Stress, SRRS 84.3 £ 452 100.7 £ 65.4 0.4
Depressive symptoms, BDI 4.1+ 1.8 1.7 +£23 0.2

Note: Data are expressed as means * sd.

Abbreviations: bpm, beats per minute; STAI, State and Trait Anxiety Inventory; SRRS,
Social Readjustment Rating Scale; BDI, Beck Depression Inventory.

Table 2 Pain Perception COVAS Scores During Tests and Conditioning Stimuli

Variables Participant Group P-value
Low (n=12) | Control (n=16)

Pain pre-water-bath (0—100 pain scale) 70 £ 19 60 + 25 0.30

Pain post-water-bath (0—100 pain scale) 60 * 21 51 £26 0.42

Pain during water-bath (0—100 pain scale) 59 +23 57 + 26 0.76

Note: Data are expressed as means * sd.

Abbreviation: COVAS, computerized visual analogue scale.

Baseline Thermode Measures and Immersion-Induced Pain
Means and standard deviations for pain perception before, during and after the CPT are presented in Table 2. Whether
before, during or after the CPT, the control group tended to report lower pain intensity than the low testosterone group;

however, these differences were not statistically significant (all p-values > 0.3).

Heat Pain Threshold and Tolerance

Mann—Whitney tests revealed that low testosterone men had statistically lower HPT (Figure 2A) and HPTol (Figure 2B)
compared to controls (all p-values < 0.05). Spearman correlation analyses revealed a trend correlation between HPT and
free testosterone (p = 0.08, Figure 3A) and a positive correlation between HPTol and free testosterone levels (p = 0.03,
Figure 3B). Correlation analyses considering total and bioavailable testosterone concentrations appeared relatively
similar to those for free testosterone (see Table S2). Given that the concentration of estradiol differed between the two

groups, we performed correlation analyses between estradiol concentration and pain outcomes; none of these correlations

were statistically significant (all p values > 0.2) (see Table S3).
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Figure 3 Correlation analysis between testosterone concentrations and pain thresholds. (A) Pain perception threshold. (B) Pain tolerance threshold.

Temporal Summation and Conditioned Pain Modulation

As presented in Table 3, neither the TSP nor the CPM effects were statistically different between the two groups, and no

correlations were found between testosterone concentration and TSP/CPM (all p values > 0.6). Furthermore, no

correlation was found between TSP or CPM measures and total or bioavailable testosterone concentrations (see Table

S2), nor estradiol levels (all p values > 0.2) (see Table S3).

Table 3 TSP and CPM Amplitude for Both Groups

Variables Participant Group P-value
Low (n=12) | Control (n=16)

TSP effect (delta score beginning vs end test stimulus 1) 21 £ 42 23+ 19 0.97

CPM effect (delta score pre vs post water bath) —-10£ 16 —9+16 0.99

Note: Data are expressed as means * sd.

Abbreviations: TSP, temporal summation of pain; CPM, conditioned pain modulation.

6 https:

Journal of Pain Research 2026:19


https://www.dovepress.com/article/supplementary_file/571741/571741%20Supplementary%20Material.docx
https://www.dovepress.com/article/supplementary_file/571741/571741%20Supplementary%20Material.docx
https://www.dovepress.com/article/supplementary_file/571741/571741%20Supplementary%20Material.docx

Vincenot et al

Discussion

This study aimed to investigate how testosterone levels affect pain processing by comparing sensory thresholds (HPT and
HPTol) and modulatory responses (TSP and CPM) between men with low testosterone and male control participants. Our
results suggest that men with lower testosterone levels exhibit reduced HPT and HPTol. Notably, a positive relationship
was observed between free testosterone level and HPTol, suggesting that higher testosterone levels may be associated
with greater tolerance to heat pain. A similar trend was noted between testosterone levels and HPT of participants.

Past research using rodent models has shown that castrated rats exhibit increased sensitivity to nociceptive stimuli
compared to the non-castrated control group in different pain experimental context.>=*3° Altogether, these studies
suggest a protective role of testosterone on pain perception.

In human studies, a recent investigation in the context of heat pain conducted in a cohort of 88 healthy participants
found no correlation between HPT and free testosterone concentrations in either men or women.'* However, in this study,
testosterone levels were measured using salivary samples. Although salivary testosterone assays are less invasive and
easier to collect, they are more sensitive to external factors that can influence the validity of the measurements.*' Other
studies have reported a positive correlation between salivary testosterone concentration and electrical pain threshold,'' as
well as between serum testosterone concentration and heat- and cold-'" pain thresholds, aligning with our findings and
suggesting a protective role of testosterone.

In the context of continuous thermal stimulation, a study by Choi et al using a 30-second finger immersion test in
50°C water found that men with low testosterone levels reported greater pain compared to those with higher levels.>
These findings are partially consistent with our results, as both studies indicate that lower testosterone concentrations are
associated with increased sensitivity to thermal stimulation. However, unlike Choi et al, our study did not reveal any
group-level differences for tonic pain measures, likely due to differences in stimulation protocols. The younger age of
participants in Choi’s study (around 23 years) compared to our sample (mean age 53) could also partly explain the
discrepancies, as previous research suggests that age may influence thermal perception thresholds,**~** although this
remains a subject of debate.>

No differences in pain modulation were observed between our two groups for either TSP (excitatory) or CPM
(inhibitory) responses. Few studies have examined the influence of testosterone on CPM responses. One study by Vollert
and colleagues'® found no association between testosterone levels and CPM magnitude when using a sequential protocol
(ie the second test stimulus applied after the conditioning stimulus) mirroring our methodology and supporting our
results. Surprisingly, this relationship reached statistical significance when CPM was assessed by Vollert and colleagues
under a parallel protocol (ie where the conditioning and test stimuli were delivered concurrently to the conditioning
stimulus) with testosterone accounting for around 6% of the variance.'” The way in which CPMs are induced and
measured therefore seems to be an important factor to consider.*® It should also be noted that Vollert and colleagues
collected blood samples immediately after the CPM protocol, rather than beforehand, as in our study — a difference in
timing that may influence the results.

Concerning TSP, the current body of literature remains too limited to draw firm conclusions about the influence of
testosterone on excitatory pain modulation response. A recent study conducted by our team found that testosterone level
did not predict the amplitude of TSP in a large cohort of chronic pain and healthy individuals, further suggesting that TSP
is not associated with testosterone.”® Clearly, further research is needed to clarify the potential role of testosterone in
excitatory pain mechanisms. Besides sex hormones, various factors such as pain catastrophizing are thought to influence
pain sensitivity and pain modulation.'®*’

Although our results show a more obvious effect of testosterone on pain perception compared to pain modulation, its
effect on the brain structures involved in pain processing remains to be clarified. A recent electroencephalography study
demonstrated that testosterone administration, compared to a placebo, was associated with increased pain ratings and
greater N1 component amplitudes in response to both nociceptive and non-nociceptive stimuli, suggesting that testoster-
one may broadly affect sensory processing beyond pain-specific mechanisms.! Another study conducted by Stanton et al
(2009) found that individuals with higher testosterone levels showed increased ventromedial prefrontal cortex (vmPFC)
activity in response to threat-related stimuli.*® These findings laid the groundwork for the investigation of the relationship
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between testosterone levels and pain processing given that pain is processed as a form of threat.>* In another study,
Girard-Tremblay et al (2014) demonstrated that, in a matched pain perception paradigm where painful stimulus intensity
was equal among participants, men who reported the highest subjective levels of pain also exhibited significant
deactivation of the vmPFC.*® A positive association between endogenous testosterone levels and vmPFC activity
regulating the subjective pain experience would align with our observations of increased pain sensitivity in men with
low testosterone levels. The involvement of the vimPFC and its relationship with testosterone levels supports the idea that
pain processing is deeply intertwined with emotional and hormonal regulation, and that individual variability in these
systems may shape how pain is experienced and managed.

It is important to acknowledge certain limitations of this study. First, the sample size is modest, which limits the
generalizability of our findings and increases the risk of a type II error, meaning that a true effect might have gone
undetected. Also, the fact that testosterone concentration was only collected before the protocol limits the interpretability
of the results, as levels may vary throughout the different stages of the pain protocols. Given the modality-dependent
nature of the pain processes observed in this study, the results should be interpreted within the context of our protocol.
Despite these limitations, the study also presents several notable strengths. The protocol used follows a standardized
structure based on expert recommendations.*! Our free testosterone concentrations were measured using a blood sample,
providing measurements that were less prone to external confounds than saliva samples. Moreover, although we
emphasize the analyses for free blood testosterone, as this is the most common metric, we have also shared the analyses
for the other forms of testosterone (see Table S2).

Conclusion

In conclusion, this study confirmed our original hypotheses, supporting that testosterone can exert a hypoalgesic effect on
heat pain sensitivity. While free testosterone levels did not significantly influence CPM and TSP responses, our findings
suggest that testosterone contributes to pain perception in men, likely through mechanisms independent of endogenous
inhibitory and excitatory pain pathways. These findings may partially explain sex differences in pain sensitivity. Given
that men generally have higher testosterone levels than women, hypoalgesic effect of testosterone on heat pain sensitivity
could contribute to lower pain sensitivity in men. However, the absence of significant effects of testosterone on CPM or
TSP responses highlights the complex and likely multifactorial nature of sex differences, underscoring the need for
further research. Pain research would benefit from the systematic assessment of hormonal influences, given the well-
established role of sex hormones in modulating nociceptive processing. Studies directly comparing hormonal influences
between sexes or using human models associated with testosterone disorders (eg, polycystic ovary syndrome and
hypogonadal men, women, and children) would also help clarify whether differences in pain sensitivity and analgesic
responses stem from testosterone levels rather than other biological or psychosocial factors, and how sustained hormonal
deficiency can shape pain processing and treatment outcomes. Future clinical directions may also emphasize the
systematic consideration of hormonal status in both experimental and clinical pain models. Whereas experimental
paradigms capture acute and highly controlled nociceptive processes, clinical pain is inherently multifactorial and shaped
by rich biopsychosocial interactions. Addressing hormonal influences across both experimental and clinical pain
protocols will enhance our ability to determine whether controlled laboratory effects translate to everyday pain.
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