
Measurement, Mechanisms, and Imaging

Review

The role of androgens on experimental pain
sensitivity: a systemic review and meta-analysis
Elizabeth Wu-Chena, Gourav Banerjeea,b, Elise Requadtc, Benjamin Hunterd, Thomas J. Baranskie,
Whitney Trotter Rossc, Hadas Nahman-Averbucha,b,*

Abstract
Animal studies have shown androgens, especially testosterone, may have an analgesic effect on nociceptive behavior. However, it
is unclear if this effect is present in humans. This review and meta-analysis aim to summarize and synthesize the role of androgens
on experimental pain sensitivity in humans. Studies were included if they examined the (1) relationships between androgens and
experimental pain sensitivity, (2) group differences in androgen or pain levels, and (3) the effect of androgen interventions on
experimental pain sensitivity. After a comprehensive search, 31 papers were identified. When possible, meta-analyses were
performed. Most studies examined the impact of testosterone on experimental pain, and only a few studies focused on other
androgens, such as dehydroepiandrosterone and dehydroepiandrosterone sulfate. Overall, the current data do not support the
effect of androgens on experimental pain sensitivity in adultmen andwomenwith orwithout chronic pain. In addition,meta-analyses
of Pearson correlations did not find relationships between testosterone levels and pain ratings of heat stimulus (3 studies, n5 93, Z
correlation coefficient 5 20.43, confidence intervals [21.50, 0.64]) or electrical pain thresholds (4 studies, n 5 147, Z correlation
coefficient 5 0.24, confidence intervals [20.10, 0.58]). Moreover, contradicting results were found in intervention studies that
increased or decreased testosterone levels. Thus, it is suggested that the role of testosterone on experimental pain sensitivity may
beminor, even though there is a wide heterogeneity between studies. Future studies should examine the impact of other androgens
and the interaction between testosterone and other hormones on experimental pain sensitivity.
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1. Introduction

Sex differences in chronic and experimental pain are well
documented, with higher experimental pain sensitivity in
women.8,12,23,34,43,58,59 Many possible explanations for the sex
differences have been suggested, including the difference in sex
hormone levels.1,18,19 Interestingly, most studies have focused
on the ovarian hormones, estrogen and progesterone, while the
role of androgens in pain has been less studied, especially in
humans. Androgens are a group of sex hormones that play a key
role in sexual differentiation, reproductive health and behavior,

and body development and maintenance by binding to androgen
receptors.44 Androgen secretion is under neuronal control,
primarily by the hypothalamus and the pituitary gland.44

Testosterone is the most studied androgen and animal studies
have found that lower testosterone levels are associated with
higher nociceptive responses in male rats after gonadectomy,
while in female rats, lower nociceptive responses are found after
testosterone treatment.2,3,14,25,28,72 In addition, studies that used
androgens as a treatment for pain showed a reduction in chronic
pain severity.22,33,37,38,60 Thus, the current notion is that
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testosterone has an antinociceptive effect on pain, including
experimental pain sensitivity, and there is a critical need to assess
this notion. Experimental pain sensitivity is assessed using
quantitative sensory testing, which is a standardized, psycho-
physical approach employing controlled stimuli (eg, thermal,
mechanical, vibratory) and potentially providing insights into
mechanisms of pain processing and modulation. Thus, the
present systemic review and meta-analysis could advance the
understanding of how androgens modulate pain. The study aims
were to systemically examine the findings on the role of
androgens in experimental pain sensitivity in humans by focusing
on (1) examining the relationships between testosterone and
experimental pain sensitivity, (2) comparing group differences in
androgen levels or experimental pain sensitivity, and (3) exam-
ining the effect of androgen medications on experimental pain
sensitivity.

2. Methods

2.1. Search strategy

A comprehensive search was conducted with the assistance of
a Washington University Becker Medical Librarian and was
based on PRISMA guidelines and standards.53 CENTRAL,
MEDLINE/PubMed, EMBASE, CINAHL, Web of Science,
Scopus, ProQuest, OATD, EThOS, conference abstracts/
proceeding: GreyLit, GreyNet, OpenGrey, Clinical trials registry
platformswere used to search relevant studies published before
May 2023. The systemic review was preregistered in PROS-
PERO (International prospective register of systematic reviews,
#410889).

2.2. Study selection criteria

Three types of studies were included: (1) studies examining the
relationships between testosterone and experimental pain
sensitivity (associations), (2) studies comparing group differences
in androgen levels or experimental pain sensitivity, and (3) studies
examining the effect of androgen medications on experimental
pain sensitivity. All studies were required to be conducted in
humans, written in English, and have full-text access. Qualitative
studies, retrospective studies, case reports, expert opinions, and
reviews were excluded.

Experimental pain measures included pain thresholds, pain
tolerance, pain modulation, and pain ratings of somatosensory
stimuli, including pressure, heat, cold, electrical, ischemic,
mechanical, and chemical. The androgen measures were
measured levels of testosterone, dehydroepiandrosterone
(DHEA), dehydroepiandrosterone sulfate (DHEA-s), androstene-
dione, androstenediol, and dihydrotestosterone (DHT). For
androgen intervention studies, the primary mechanism of action
of the intervention needed to be through acting on the androgen
receptor or primally impacting testosterone, DHEA, DHEA-s,
androstenedione, androstenediol, or DHT levels. Interventions in
which the effect of the androgens could not be isolated from other
treatments were excluded from the review (ie, when multiple
interventions with different mechanisms of action were adminis-
tered). The reference list of identified papers was scanned for
additional potentially relevant papers. The complete list of search
words is included in Supplementary 1, http://links.lww.com/PR9/
A296. In brief, the androgen search words included androgens,
testosterone, androstenedione, DHEA, DHEA-S, dehydroepian-
drosterone, or hypogonadism, and the pain search words
included pain, experimental pain, quantitative sensory testing,

pain measurement, numeric rating scale, nociception, or
threshold.

2.3. Data extraction

Five thousand one hundred thirty studies were identified. Three
reviewers (H.N.A., G.B., and E.R.) independently screened the
title and abstract to identify potentially relevant studies for
inclusion using Covidence (Covidence systematic review soft-
ware, Veritas Health Innovation, Melbourne, Australia). Each
study was screened by at least 2 independent reviewers. The
agreement rate was 88%, and conflicts were resolved by the third
reviewer. After reviewing the titles and abstracts, 505 studies
were included as potentially relevant, and their full text was
reviewed. However, due to the broad search terms, most studies
assessed clinical pain but not experimental pain or did not assess
androgen levels. Thus, after reviewing the full text, 31 papers
were identified and are included in this review and meta-analysis.
Data are available upon request.

2.4. Quality assessment and risk of bias

To provide some measure of quality for the analyzed studies, we
developed a scoring system based on previous similar meta-
analyses.36,47,49,75 The studies were assessed based on study
design, hormone collection and analyses, experimental pain
assessments, and statistical analysis. In each category, if the
studymet the criteria, then a score of 1was given, if not, a score of
0 was given, and if the information was not clear, a score of 0.5
was given. The final score was expressed as a percentage,
calculated as the sum of the given points divided by the total
points.

2.5. Statistical analysis

Data synthesis was conducted separately for the studies (1)
examining the relationships between testosterone and experi-
mental pain sensitivity, (2) comparing group differences in
androgen levels or experimental pain sensitivity, and (3) exam-
ining the effect of androgen medications on experimental pain
sensitivity. A synthesis of the data was conducted using a meta-
analysis. The meta-analyses were conducted separately for each
experimental pain measure. Due to the large heterogeneity
between studies, only 2 meta-analyses were conducted to test
the relationships between (1) testosterone and pain ratings of
heat stimuli and (2) testosterone and electrical pain thresholds,
and no other synthesis methods were conducted.13

For the meta-analyses, the number of participants and
correlation coefficient for the relationships were collected from
each study. If data were not presented in the manuscript, the
authors were contacted in a request for the data. Meta-analyses
were performed only when there were 3 or more studies
examining the same experimental pain measure and androgen
variable. For studies that examinedmore than 1 group, combined
group data were prioritized. One study tested testosterone-pain
relationships throughout themenstrual cycle (days 1, 4, 14, 22).74

In this study, day 1 data were prioritized because it was the only
day that showed a significant relationship between testosterone
levels and experimental pain measures (electrical pain thresh-
olds). If the meta-analysis of this experimental pain measure was
significant, day 1 data would be replaced with other days to test if
it impacts the results. For studies with several repetitions of
quantitative sensory testing involving an intervention (not andro-
gen related), baseline data were prioritized. All analyses were
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conducted using R statistical software,73 the R meta-analysis
package “metafor,”76 andR-Studio.66 DerSimonian and Laird’s20

random-effects model was used to determine relationships
between androgen levels and experimental pain sensitivity. We
examined potential publication bias using funnel plots and Egger
regression test for funnel plot asymmetry.

3. Results

Most studies examined the relationships between testosterone
and experimental pain in healthy participants. This review focuses
primarily on experimental pain measures (eg, pain thresholds
rather than detection thresholds). A summary of the studies is
presented in Table 1, and the quality assessment and risk of bias
are provided in Supplemental Table 1, http://links.lww.com/PR9/
A296.

3.1. Relationships between testosterone and experimental
pain sensitivity

3.1.1. Thermal stimuli

A significant positive correlation was found between heat pain
thresholds and free testosterone levels in healthy men (ie, higher
levels of testosterone are associatedwith a higher pain threshold).
This supports the antinociceptive effect of testosterone in healthy
men. However, this study found no significant correlations
between cold/heat detection and free testosterone levels.5

Another study similarly found an antinociceptive effect such that
higher testosterone levels were correlated with lower pain ratings
to noxious heat stimuli delivered alone (large effect size) or with
transcutaneous electrical nerve stimulation (medium effect size) in
healthy men and women.16 However, higher testosterone levels
in healthy women were associated with lower temperatures that
induced pain at the intensity of 50 (0–100 scale, medium effect
size), suggesting a pronociceptive effect of testosterone.77

Another study in healthy women found no correlation between
testosterone levels and pain thresholds, pain tolerance, and pain
intensity ratings to heat stimuli.24 Interestingly, sex differences in
the relationships between testosterone and heat pain ratings
were also reported, and while no associations were found when
examining the entire cohort when analyzing by sex, a positive
medium size correlation was found in men (suggestive of
pronociceptive effect) and a negative medium size correlation in
women suggestive of antinociceptive effect.54

One challenge when assessing sex hormone levels in women
is the role of the menstrual cycle andmedications that can impact
sex hormone levels, such as contraceptive pills and hormone
replacement therapy. Testosterone levels and experimental pain
sensitivity were examined in healthy women on days 1, 4, 14, and
22 of their menstrual cycle. Overall, in any of those days, no
correlations were found between free testosterone levels and
heat detection and heat pain thresholds.74 In addition, the
change in testosterone levels between the early-mid follicular and
mid-luteal phases did not correlate with the change in pain
sensitivity to cold stimuli.84 In women with and without oral
contraceptives, testosterone levels did not correlate with heat
pain sensitivity (the temperature that induced pain at the intensity
of 50 [0–100 scale] and the pain intensity and unpleasantness
ratings of this temperature).64,78

In patients with chronic pain, no relationship between
testosterone levels and provoked pain has been identified. In
men andwomenwithmigraine, there was no correlation between
testosterone levels and heat pain thresholds or pain ratings to

heat stimuli.54 Similarly, in healthy women without chronic pain
other than dysmenorrhea and/or bladder sensitivity, there was no
correlation between testosterone levels and pain ratings to cold
water stimulus.32

A meta-analysis was conducted between testosterone levels
and pain ratings of heat stimuli. Three studies were included in the
meta-analysis. Even though 2 reported on a medium-large
antinociceptive effect of testosterone, overall, the meta-analysis
found no evidence of a significant correlation between these
factors (Fig. 1A, Table 2), and there was no indication of
publication bias (Fig. 1B, Table 2). Importantly, 2 of the included
studies assessed pain ratings to heat stimuli, which was set to
evoke pain at an intensity of 5/10; thus, the variability in pain
ratings in these studies is, by design, small.77,78 However, this
measure can provide additional insight into pain sensitivity to heat
stimuli.

3.1.2. Electrical stimuli

Several studies reported an antinociceptive effect of testosterone
on electrical pain sensitivity. In healthy men, a positive small effect
size correlation between testosterone levels and electrical pain
thresholds was found, suggesting an antinociceptive effect of
testosterone.15 Similarly, in healthy women, higher levels of
testosterone were associated with lower electric sensory and
affective pain ratings.9 The same group also found a small
antinociceptive effect for a combined group of women with
premenstrual dysphoric disorder and healthy controls, in which
testosterone levels were positively related to electrocutaneous
pain thresholds and electrocutaneous pain tolerance and
negatively correlated with affective pain ratings of electrocuta-
neous stimuli.10 Contradictory to this, free testosterone levels
were not related to electrical pain thresholds in healthy post-
menopausal women receiving and or not receiving hormone
replacement therapy.57 In addition, another study assessing
a different type of electrical stimulus, which is nonpainful and
represents sensory detection (not pain), found that free testos-
terone levels were not related to electrical detection thresholds in
healthy women tested on days 1, 4, 14, and 22 of their menstrual
cycle.74 However, this study found an antinociceptive medium
size effect of testosterone on electrical pain thresholds only on
day 1 of the menstrual cycle.74

Four studies were included in the meta-analysis. Even though
3 reported on a small-medium antinociceptive effect of testos-
terone, overall, the meta-analysis revealed no evidence of
a significant correlation between testosterone levels and electrical
pain thresholds across the studies (Fig. 2A, Table 2). There was
no indication of publication bias (Fig. 2B, Table 2).

3.1.3. Ischemic stimuli

In healthy women, higher levels of testosterone were associated
with higher ischemia tolerance and lower ischemia sensory and
affective pain ratings.9 Similarly, in women with premenstrual
dysphoric disorder and healthy controls, testosterone levels were
positively correlated to ischemia pain tolerance, which suggested
an antinociceptive effect, although the effect size was small.10

However, other studies found no correlations between testos-
terone levels and ischemic pain sensitivity for women with and
without oral contraceptives in the follicular or luteal phases.64

Testosterone was also not related to pain thresholds, pain
tolerance, and pain intensity ratings of ischemic stimuli.24,52 In
addition, the changes in testosterone levels between the early-
mid follicular and mid-luteal phases were not related to the

10 (2025) e1263 www.painreportsonline.com 3

http://links.lww.com/PR9/A296
http://links.lww.com/PR9/A296
www.painreportsonline.com


Table 1

Relationships between androgen levels and experimental pain sensitivity.

Study Sample Hormone measure(s) Pain measure(s) Results Comments

A. Testosterone
Fillingim et al.,
199724

11 healthy women (age 30.4,
range 22–40)

Testosterone (plasma,
analyzed using
radioimmunoassay)

Heat and ischemic pain
thresholds and tolerance
applied to the arm, pain
intensity ratings of heat and
ischemic stimuli

No associations Correlations were tested
separately for 3 phases of
the menstrual cycle (mid-
follicular, ovulatory, and mid-
to-late luteal) and combining
all phases
Pearson correlation

Kerem et al.,
200235

41 healthy women in the
follicular phase (age 33.0 6
6.28)

Testosterone (plasma) Pressure pain thresholds and
tolerance

Correlation between
testosterone levels, and
pressure pain thresholds and
tolerance (pronociceptive for
pressure pain tolerance,
medium effect size)

The correlation between
testosterone and pressure
pain thresholds is presented
as negative in the text but
positive in the table

Okifuji and
Turk,
200652

74 women with fibromyalgia
(age 29.16 6 6.42)
74 healthy women (age
27.84 6 6.26)

Total testosterone (blood) Ischemic pain threshold (arm) Fibromyalgia
Positive relationship

between testosterone levels
and ischemic pain thresholds
in the mid-luteal phase
(antinociceptive, small effect
size)
No associations during late

follicular or perimenstrual
phases
Healthy
No associations

No differences in
testosterone levels between
women with and without
fibromyalgia
Pearson correlation

Alstergren
et al.,
20104

16 healthy men (median age
30)
36 healthy women (median
age 25)

Testosterone serum Pressure pain threshold
(glabella) and pain intensity
before and after glutamate
injections to the
temporomandibular joint with
and without N-methyl-
D-aspartate receptors block

No associations Spearman correlation

Teepker et al.,
201074

32 healthy women (age 5
27.3 6 6.1, only 24
completed the study)

Free testosterone (saliva
analyzed using ELISA)

Electrical, cold, and warm
detection thresholds; cold,
heat, pressure, and electrical
pain thresholds

Positive correlation between
testosterone levels and
electrical pain thresholds on
day 1 of the menstrual cycle
(antinociceptive, medium
effect size)
No other associations
between testosterone levels
and detection or pain
thresholds on day 1, 4, 14, or
22 of the menstrual cycle

Pearson correlation

Ribeiro-
Dasilva
et al.,
201164

35 women taking oral
contraceptives (age 22.116
2.78)
28 women not taking oral
contraceptives (age 24.756
6.73)

Total testosterone (serum
analyzed using
immunoassay)

Mean heat z-score (mean of
heat pain threshold, heat pain
tolerance, pain ratings at 49
and 52˚C), mean pressure
z-score (mean of PPT at the
masseter, trapezius, and
ulna), mean ischemic z-score
(mean of ischemic pain
threshold, ischemic pain
tolerance, summed intensity,
and unpleasantness ratings)

No associations (tested for
women with or without oral
contraceptives, at the
follicular or luteal stages)

The impact of testosterone
levels on opioid analgesia
was also examined:
For women not taking oral

contraceptives, which were
at the luteal phase, higher
testosterone was related to
lower morphine analgesia for
heat pain
For women taking oral

contraceptives, which were
at the luteal phase, higher
testosterone was related to
greater pentazocine
analgesia on ischemic pain.
For women at the follicular
phase, higher testosterone
was associated with greater
morphine analgesia on
pressure pain. Pearson
correlation

Choi et al.
201215

43 healthy men (age 26.2 6
3.2)

Testosterone (saliva,
collected between 14:30 and
16:30)

Electrical pain thresholds
(wrist)

Positive correlation between
testosterone and pain
thresholds (controlling for
cortisol) (antinociceptive,
small effect size)

Partial correlation analysis

Rezaii et al.,
201261

36 healthy women in the early
follicular phase

Conditioned pain modulation
(conditioning stimulus was

No associations Pearson correlation

(continued on next page)
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Table 1 (continued)

Relationships between androgen levels and experimental pain sensitivity.

Study Sample Hormone measure(s) Pain measure(s) Results Comments
25 healthy women in the
ovulation phase
35 healthy women in the mid-
luteal phase (age for all
participants 25.3 6 4.2)

Testosterone (serum
analyzed using
radioimmunoassay)

cold pressor, 3˚C; test
stimulus was pain intensity to
suprathreshold pressure) (1.2
3 pressure pain thresholds)

Rhudy et al.,
201363

40 healthy women (age 296
8.57)

Unbound testosterone (saliva,
analyzed using
immunoassay)

Emotional modulation of
electric pain or the
nociceptive flexion reflex

No associations Emotional modulation by
viewing pictures with
mutilation, neutral, and
erotic contents
No interaction with the
menstrual phase on the
relationships between
testosterone and pain
Mixed effect regression
models

Vincent et al.,
201378

12 women using combined
oral contraceptive pill
12 controls

Total testosterone (serum,
analyzed using microparticle
enzyme immunoassay)

The temperature that evoked
pain at the intensity of 5/10
(PAIN5) applied to the left
inner arm, pain intensity and
unpleasantness ratings of the
PAIN5 temperature (10
stimuli, 3 s duration,
interstimulus interval of
55–65 s)

No associations Correlations were tested
separately for the 2 groups
and when the groups were
combined
Pearson partial correlations

Bartley et al.,
20159

40 healthy women (age
28.98 6 8.57)

Unbound testosterone (saliva,
analyzed using
immunoassay)

Nociceptive flexion reflex
threshold, electrocutaneous
pain threshold and tolerance
to the sural nerve, ischemic
pain threshold and tolerance,
sensory and affective ratings
of electrocutaneous and
ischemic pain tolerance

Higher levels of testosterone
were associated with higher
ischemic pain tolerance and
lower electrocutaneous and
ischemic sensory and
affective ratings
(antinociceptive)

The interaction between
testosterone and the
menstrual phase found that
testosterone was negatively
associated with
electrocutaneous pain
ratings during the mid-
follicular, ovulatory, and late-
luteal phases; however, the
antinociceptive effect was
strongest during the
ovulation phase
Linear mixed effect
regression

Bartley et al.,
201510

14 healthy regularly cycling
women with premenstrual
dysphoric disorder (age 31.1
6 8.6)
14 healthy, regularly cycling
control women without
premenstrual dysphoric
disorder (age 29.3 6 7.4)

Unbound testosterone (saliva,
analyzed using
immunoassay)

Nociceptive flexion reflex
threshold, electrocutaneous
pain threshold and tolerance
to the sural nerve, ischemic
pain threshold and tolerance,
sensory and affective ratings
of electrocutaneous and
ischemic pain tolerance

All
participants—testosterone
was positively related to
electrocutaneous pain
threshold and tolerance,
ischemia pain tolerance, and
negatively related to affective
ratings of electrocutaneous
stimuli (antinociceptive, small
effect size)
Premenstrual dysphoric
disorder
group—testosterone was
positively related to
electrocutaneous pain
threshold (antinociceptive,
small effect size)
Control group—no
associations

Pearson partial correlations

Máximo et al.,
201540

89 women using
progesterone-only
contraceptives (age 28.9 6
5.6)
99 women using combined
hormonal contraceptives (age
26.4 6 6.3)
89 women not using
contraceptives (age 28.1 6
6.7)

Free testosterone (serum
analyzed using
chemoluminescence)

Pressure pain thresholds
(applied to the abdominal wall
and forearm)

No association Spearman correlation
coefficient

Choi et al.,
201616

24 healthy (12 men, age 22.5
6 3.9)

Testosterone (blood, analyzed
using the COBRA 5010
Quantum g-counter)

Noxious heat (10 stimuli
45˚C, 15 s duration) with and
without transcutaneous
electrical nerve stimulation

Testosterone levels were
negatively correlated with
average pain rating in the
pain without (antinociceptive,
large effect size) and pain

The testosterone/cortisol
ratio was also calculated.
The testosterone/cortisol
ratio was significantly
negatively correlated with

(continued on next page)
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Table 1 (continued)

Relationships between androgen levels and experimental pain sensitivity.

Study Sample Hormone measure(s) Pain measure(s) Results Comments
with transcutaneous
electrical nerve stimulation
conditions (antinociceptive,
medium effect size)

the average pain rating in
both conditions (medium
effect size)
Pearson correlation

Apkhazava
et al.,
20185

32 healthy men (age 21.7 6
2.4)

Free testosterone (serum,
collected in the morning,
analyzed using ELISA)

Heat and cold detection and
pain thresholds applied to the
volar forearm

Positive correlation between
testosterone levels and heat
and cold pain thresholds
(antinociceptive)
No associations between
cold/heat detection and
testosterone levels

The analysis involved
comparing 3 groups of
participants categorized into
small, medium, and large
based separately on each of
the 4 sensory measures
(heat/cold detection/pain
thresholds)
ANOVA, F score

Vincent et al.,
201877

12 women Total testosterone (serum,
analyzed using
a microparticle enzyme
immunoassay)

The temperature that evoked
pain at the intensity of 5/10
(PAIN5) applied to the left
inner arm, pain intensity, and
unpleasantness ratings of the
PAIN5 temperature (10
stimuli, 3 s duration,
interstimulus interval of
55–65 s)

Across the high estradiol data
sets, testosterone levels were
related to the PAIN5
temperature (lower
temperatures were required
with higher testosterone
levels, pronociceptive,
medium effect size)

Each participant completed 3
study visits, and 21 data sets
were selected for analysis
based on estrogen and
progesterone levels
Pearson partial correlations

Pogatzki-Zahn
et al.,
201956

15 healthy women (age 24.6
6 4.0)

Testosterone (blood) Experimental pain around the
incision and at a control site:
mechanical, cold, and warm
detection threshold,
mechanical, cold, and heat
pain threshold; dynamic
mechanical allodynia;
mechanical pain sensitivity,
paradoxical heat sensation,
thermal sensory limen, wind-
up ratio, and pain ratings to
incision (volar forearm)

Pain ratings to mechanical
pain were negatively related
to testosterone levels in
normal skin (antinociceptive,
medium effect size)
No associations with cold
detection threshold, cold pain
threshold, warm detection
thresholds, heat pain
threshold, wind-up ratio,
mechanical pain thresholds,
and incision pain as well as
mechanical pain after incision

Multiple regression (partial r)

Poli-Neto
et al.,
201957

26 healthy women nonusers
of hormone replacement
therapy (age 56.0 6 6.7)
52 healthy women users of
hormone replacement
therapy (56.4 6 5.8)
26 taking 1 mg estradiol

plus 0.15 mg norethisterone
acetate (age 54.9 6 5.5)
26 taking 2.5 mg tibolone

(age 57.8 6 6.2)

Free testosterone (serum
collected around 10 AM,
analyzed using
chemoluminescence)

Electrical pain thresholds at
the flexor muscle, pressure
pain thresholds at the
forearm and right and left
abdomen

No associations Correlations were tested in
the combined group of all
participants with and without
hormone replacement
therapy
Pearson correlation

Hellman et al.,
202132

40 women with
dysmenorrhea (age 22.5)
37 women with
dysmenorrhea and increased
bladder sensitivity (age 22)
18 women with bladder pain
syndrome (age 30.5)
29 healthy controls (age 23)

Testosterone (serum,
analyzed using enzyme
immunosorbent assays)

Bladder pain after water load
test (drinking 20 ounces of
water within 5 min), pelvic
pain pressure applied
transvaginally and at the
trapezius, medial knee fat
pad, greater trochanter, and
forehead, cold pain ratings
(immersion of the right hand
in cold water)

No associations Participants who had
testosterone concentrations
below the assay’s sensitivity
range were assigned
a concentration of 10 ng/dL
No difference in testosterone
across groups
Spearman partial correlation
coefficients

Vollert et al.,
202279

62 healthy participants (n 5
30 women, median age 24 y)

Testosterone (serum,
analyzed using
immunoassay)

Conditioned pain modulation
responses were calculated
using early and late
paradigms, offset analgesia
constant, dynamic offset
effect, and offset control were
calculated

Men
Testosterone explained

between 0% and 7% of pain
measures variance
Women
Testosterone explained

between 0% and 11% of pain
measures variance
Women (luteal)
Testosterone explained

between 0% and 6% of pain
measures variance
Women (follicle)
Testosterone explained

between 2% and 15% of pain
measures variance

Correlations were calculated
separately for men and
women and also for women
in luteal, follicle, and
ovulation
P values are not indicated for
the correlations
Pearson correlation
Test stimulus (conditioned
pain modulation paradigm)
and T1-temperature (offset
analgesia paradigm) were
between PAIN55 and
PAIN65

(continued on next page)
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Table 1 (continued)

Relationships between androgen levels and experimental pain sensitivity.

Study Sample Hormone measure(s) Pain measure(s) Results Comments
Women (ovulation)
Testosterone explained

between 2% and 17% of pain
measures variance
In a multiple regression
model correcting for sex, pain
catastrophizing, and stimulus
temperature, testosterone
had an effect only on the early
CPM

Zhang et al.,
202384

66 healthy women (age
25.91 6 1.83)

Testosterone (plasma
collected at 4 PM, analyzed
using microparticle
chemiluminescence immune
analyzer)

The change in pressure, cold
and ischemic pain thresholds
and tolerance and pinprick
evoked pain between the
early to mid-follicular
subphase and the mid-luteal
subphase

No associations between the
change in testosterone and
the change in pain between
the early to mid-follicular
phase and the mid-luteal
phase

Pearson correlation

Pan et al.,
202454

75 patients with migraine (30
men, age: 31.1 6 7.7)
88 healthy controls (41 men,
age: 29.9 6 7.7)

Free testosterone (saliva,
collected between 9:00 and
15:00, analyzed using
enzyme-linked
immunosorbent assay)

Heat pain threshold and pain
rating to 45˚C

Healthy controls
No correlations between

heat pain thresholds and
testosterone levels across
men, women, or the
combined group
Higher testosterone levels

were related to higher heat
pain ratings in men
(pronociceptive, medium size
effect), but higher
testosterone levels were
related to lower heat pain
ratings in women
(antinociceptive, medium size
effect)
Patients with migraine
No associations in men,

women, or the combined
group

No direct comparison
between patients and
controls
Pearson correlation

B. DHEA and
DHEA-S

Freitas et al.,
201226

17 pos-menopausal women
with fibromyalgia (536 7.98)
19 healthy postmenopausal
women (53.32 6 6.46)

DHEA-S (plasma collected
between 8:00 and 9:30 AM,
ed using immunoassay)

Pressure pain threshold and
tolerance

Fibromyalgia patients:
positive correlations between
DHEA-S levels and pain
threshold and tolerance
(antinociceptive, small size
effect)

DHEA-S levels were not
different between the groups
Generalized linear model

Yamamotova
et al.,
201281

20 women with anorexia
nervosa and taking hormonal
replacement therapy (6
binge/purging type and 14
restrictive type, age 24.8 6
4.6)
21 healthy women (age
matched)

DHEA, DHEA-S (blood
collected in the morning
hours)

Heat pain threshold latency Patients
Negative correlation

between DHEA and heat pain
threshold (pronociceptive,
medium size effect)
No association with DHEA-

S
Healthy
No association

Whole sample
Negative correlation

between DHEA-S and heat
pain threshold
(pronociceptive, medium size
effect)
No association with DHEA

The cortisol/DHEA and
cortisol/DHEA-S ratios were
also tested and positive
associations between the
ratios and heat pain
thresholds were found only in
the patient group
Pearson correlation

Scioli-Salter
et al.,
201670

5 trauma-exposed
participants with comorbid
chronic pain/posttraumatic
stress disorder
7 trauma-exposed
participants without comorbid
chronic pain/posttraumatic
stress disorder (age for all
participants 39.0 6 10.3)

DHEA (plasma, collected
between 8:00 and 12:00,
analyzed using
radioimmunoassay)

Pain tolerance using the cold
pressor test (4˚C) before and
after peak cardiopulmonary
exercise testing

The change in DHEA before
vs after exercise was
negatively correlated with
pain tolerance after exercise
(medium effect size)

DHEA levels were not
different between groups
Pearson correlation

(continued on next page)
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changes in ischemic pain sensitivity.84 In patients with fibromyal-
gia, a positive relationship of small size effect between total
testosterone levels and ischemic pain thresholds was found,
suggesting an antinociceptive effect of testosterone. However,
this relationship was found only in the mid-luteal phase and not
during the late follicular or perimenstrual phases.52

A meta-analysis was not performed because there were ,3
studies with complete data for the same experimental ischemic
pain measure and androgen variable.

3.1.4. Pressure stimuli

Overall, no relationships were found between testosterone levels
and pressure pain sensitivity. In both healthy men and women,
testosterone levels were not related to pressure pain thresholds
(PPTs).4 Similar results were found in healthy women tested
4 times across their menstrual cycle74 and healthy women with
and without contraceptive pills.40,57,64 No correlations were
found between the change in testosterone levels and the change
in pain sensitivity to pressure stimuli between the early-mid
follicular and the mid-luteal phase.84 Notably, 1 study found
a pronociceptive effect (medium size effect) of testosterone,
which was negatively related to PPT and pressure pain tolerance

in healthy women in the follicular phase.35 Only 1 study tested
these associations in patients with chronic pain conditions. No
relationships between testosterone levels and pressure pain
thresholds were found for a combined group, which included
women with dysmenorrhea, women diagnosed with bladder pain
syndrome, women with dysmenorrhea and increased bladder
sensitivity, and healthy pain-free controls.32

A meta-analysis was not performed because there were ,3
studies with complete data for the same experimental pressure
pain measure and androgen variable.

3.1.5. Other stimuli

For mechanical pinprick stimuli, testosterone levels were
negatively correlated to mean pain ratings (medium antinocicep-
tive effect) but were not related to mechanical pain thresholds,
incision pain, or mechanical temporal summation.56 In addition,
the change in testosterone levels was not related to the change in
pain sensitivity to pinprick stimuli between the early-mid follicular
and mid-luteal phases.84 Testosterone levels were not related to
pain intensity ratings using a paradigm of glutamate injections into
the temporomandibular joint.4 Finally, no relationships were
found between testosterone levels and bladder pain evoked by

Table 1 (continued)

Relationships between androgen levels and experimental pain sensitivity.

Study Sample Hormone measure(s) Pain measure(s) Results Comments

C. Group
differences
Choi et al.
201717

26 healthy men divided
based on their testosterone
levels
High testosterone (n5 13,

age 23.08 6 2.3)
Low testosterone (n5 13,

age 22.15 6 2.41)

Testosterone (blood, analyzed
using the COBRA 5010
Quantum g-counter)

Pain intensity and
unpleasantness to noxious
heat stimuli (30 s, finger
immersion at 50˚C repeated 5
times)

Participants with low
testosterone levels had
higher pain ratings compared
with participants with high
testosterone levels
(antinociceptive)

t test

Archey et al.,
20196

46 participants (32 women,
age 6 SE 21.61 6 0.55)
Women were divided into
individuals who did (n 5 23)
and did not (n 5 9) display
behaviors indicating pain
during cold pressor test

Testosterone (saliva collected
between 11:00 and 19:00,
analyzed using enzyme-
linked immunosorbent assay)

Pain ratings at the cold pain
thresholds and tolerance
(cold pressor test, 2˚C, hand)

No differences in testosterone
levels at baseline, after CPT
or the change from baseline
to after CPT between the
women subgroups although
women who did display
behaviors indicating pain had
higher pain ratings

t test

DHEA, dehydroepiandrosterone; DHEA-S, dehydroepiandrosterone sulfate.

Figure 1. Forest and funnel plots for the association between testosterone levels and heat pain. (A) No correlation between testosterone levels and heat pain
ratings across the studies. Importantly, in the studies by Vincent et al., participants rated their pain intensity to stimuli that were tailored to evoke an intensity of 50
(0–100 scale); thus, lower variability in these studies is expected for pain ratings. (B) No indication of publication bias.

8 E. Wu-Chen et al.·10 (2025) e1263 PAIN Reports®



drinking water in a combined group of healthy women without
chronic pain other than dysmenorrhea and/or bladder pain
syndrome.32

3.1.6. Pain modulation

Similar to experimental pain sensitivity, overall, testosterone did
not affect inhibitory pain modulation capabilities using various
pain modulation paradigms. One of the pain modulation
paradigms that were tested was the conditioned pain modulation
(CPM) paradigm, which assesses the “pain inhibits pain”
phenomenon. In this paradigm, 1 noxious stimulus is used to
inhibit the pain evoked by another noxious stimulus delivered to
a remote area in the body.45,48,50,82 The 2 stimuli can be delivered
simultaneously (parallel) or one after the other (sequential).46 The
exact mechanism of CPM is not known but may involve
descending modulation, propriospinal inhibition and, supraspinal
mechanisms.48,50 In women in early follicular, ovulation, or mid-
luteal phases, no correlations between testosterone levels and
CPM responses were found.61 In healthy men and women,
testosterone had no effect on the sequential CPM response or
offset analgesia but a significant effect on the parallel CPM
response in a multiple regression model correcting for sex,
catastrophizing, and stimulus temperature. However, in this
study, testosterone levels had a very small effect and explained
less than 6% of the variance in CPM responses (parallel or
sequential, conducted separately for men and women, and for
women divided based on luteal, follicle, and ovulation).79

Another study in healthy women used a different pain
modulation paradigm of emotional pain modulation.63 The
inhibitory mechanisms underlying emotional pain modulation
may differ from the mechanisms of CPM and include supraspinal
regions involved in emotional or cognitive processing.63 Testos-
terone levels and the interaction between testosterone and
menstrual phaseswere not related to the emotional modulation of
pain ratings or nociceptive flexion reflex to electrical stimuli during
the viewing of pictures containing mutilation, neutral, or erotic
contents.63

3.2. Relationships between dehydroepiandrosterone,
dehydroepiandrosterone sulfate, and experimental pain

A few studies focused on DHEA and DHEA-S, which are involved
in testosterone synthesis. A summary of these studies is
presented in Table 1B. In patients with trauma but no chronic
pain and patients with chronic pain/posttraumatic stress
disorder, a greater increase in DHEAafter exercisewas correlated
with a decrease in cold pain tolerance, suggesting a pronocicep-
tive medium size effect of DHEA.70 In women with anorexia
nervosa, heat pain threshold latency correlated negatively with
DHEA (higher DHEA associated with higher pain, medium size
effect), supporting a pronociceptive effect of DHEA.81 However,
this was found only in the patient group and not in the control

group. When patients and controls were combined, a significant
pronociceptive medium size effect was found (higher DHEA-S
was associated with higher heat pain threshold latency).81 By
contrast, in a study of patients with fibromyalgia, a positive
correlation was found between DHEA-S levels and pressure pain
thresholds and tolerance and, although the effect size was small,
it indicates an antinociceptive effect of DHEA-S.26 Thus, DHEA
and DHEA-S have been studied less, and published studies have
shown contradictory results on their role in experimental pain
sensitivity.

3.3. Group differences

A summary of the studies is presented in Table 1C. Healthy men
were divided based on their normal variability in testosterone
levels. Men with low testosterone levels had higher pain intensity
and unpleasantness ratings to a heat stimulus compared with
men with high testosterone levels (large effect size for both pain
intensity and unpleasantness ratings).17 Using a different ap-
proach, healthy women were divided into women who displayed/
did not display pain behaviors during a cold pressor test (based
on the experimenter’s judgment, which noted any physical or
vocal display of discomfort and divided the participants accord-
ingly). Women who displayed pain behaviors had higher pain
scores on the cold pressor test compared with women who did
not display pain behaviors. However, no significant differences in
testosterone levels were found between the groups at baseline,
after the cold pressor test, or in the change from baseline to after
the cold pressor test.6

3.4. The effect of androgen medications on experimental
pain sensitivity

All studies have examined testosterone-related interventions. A
summary of the studies is presented in Table 3. In healthy men,
the effect on the experimental pain sensitivity of a one-time
testosterone gel application was compared with placebo. Men
who received the testosterone had higher pain intensity and
unpleasantness ratings to noxious and nonnoxious electro-
cutaneous stimuli compared with placebo, suggesting a prono-
ciceptive effect of testosterone gel on both pain and
somatosensory stimuli in general.85 Other studies examined
the effect of testosterone on experimental pain in patients who
experienced changes in testosterone levels due to medications.
For example, a side effect of opioids is hypogonadism (reduced
levels of testosterone), which can be managed with testoster-
one treatment. In patients with chronic pain using opioids,
a reduction in punctate mechanical pain ratings and an increase
in pressure pain threshold at the thumb were found in patients
receiving testosterone treatment compared with placebo. Cold
pain tolerance, cold pain ratings, and pressure pain thresholds
at the trapezius were not different between the groups.11 In
another study with the same patient population, testosterone

Table 2

Summary of tests for heterogeneity, grand mean, and publication bias.

Testosterone
and pain test

No. included studies
(n participants)

P t2 t I2 (%) H2 Cochran Q test for
heterogeneity

Grand mean correlation r
(95% Cl) in original units

Egger regression test for
funnel plot asymmetry (P)

Pain ratings of
heat stimulus

3 (84) 0.227 0.173 (SE
5 0.216)

0.416 81.46 5.39 Q (df 5 2) 5
10.785, P 5 0.005

r 5 20.404 (20.904 to
0.565)

P 5 0.377

Electrical pain
thresholds

4 (147) 0.111 0.018 (SE
5 0.040)

0.133 36.41 1.57 Q (df 5 3) 5 4.717,
P 5 0.194

r5 0.234 (20.100 to 0.521) P 5 0.191

H2, total variability/within-study variance; I2, % of total variability due to heterogeneity; t, square root of t2; t2, estimate of the total amount of heterogeneity.
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injections and placebo had similar effects, and no differences
were found in the change from baseline to 6-month follow-up in
pressure pain thresholds, heat pain thresholds, cold pain
thresholds, pressure pain tolerance, temporal summation, and
the conditioned pain modulation response.29 Another group of
patients who have significant changes in testosterone levels are
patients with prostate cancer, which is treated with androgen
deprivation therapy to reduce testosterone levels. A comparison
between patients with androgen deprivation therapy and
a control group of patients with prostate cancer in remission
found no significant group differences in pressure pain thresh-
olds, pain ratings of cuff pressure algometry and cold pain,
mechanical temporal summation, and conditioned pain mod-
ulation responses.27 Overall, these interventional studies found
no effect of testosterone manipulations on experimental pain
sensitivity.

4. Discussion

The present review and meta-analysis explored the impact of
androgens on experimental pain sensitivity assessed using
quantitative sensory testing, which is a widely used, standard-
ized psychophysical method employing controlled stimuli to
measure pain perception and specific mechanistic processes
(eg, peripheral and central sensitization, inhibitory modulation,
etc.) in humans.7 Overall, some studies suggest a small
antinociceptive effect of androgens, others report a small
pronociceptive effect, and some find no significant effects at
all. Thus, testosterone may have only a minor impact on
experimental pain sensitivity in men and women with or without
chronic pain. This is contradictory to animal studies that found
an antinociceptive and protective effect of testosterone. In
animal models, a reduction in testosterone levels after orchi-
ectomy increases nociceptive behavior, while testosterone
treatment reduces nociceptive behavior.2,3,14,25,28,39,72 Impor-
tantly, these manipulations cause extreme changes in testos-
terone levels dramatically outside of the physiologic range.
Thus, animal studies may not be comparable to human studies,
which mostly assessed the natural variability of testosterone
levels in healthy participants and correlated them with exper-
imental pain sensitivity.

4.1. No relationships between androgen levels and
experimental pain sensitivity

Testosterone could impact pain through several mechanisms,
including affecting sensory neurons, interacting with immune
cells, and impacting brain areas involved in pain processing,
stress, and mood, such as anxiety and depression.21 Thus, it is
surprising that no relationships were found, although only 2meta-
analyses were performed due to the large variability in the
methodology of the tests. Both meta-analyses between testos-
terone levels and electrical pain thresholds, as well as pain ratings
to heat stimuli, did not find significant relationships. There are
many confounding factors that could impact testosterone levels
and their relationships with pain. These factors include sex, age,
menstrual phase, sample type (saliva, blood), analysis method
(radioimmunoassay, liquid chromatography-tandem mass
spectrometry), hormone analysis (free, total), and time of sample
collection.65 Notably, not all studies controlled for these factors
(Supp Table 1, http://links.lww.com/PR9/A296), which can affect
their results. However, due to the small number of studies, our
meta-analyses included all available studies with the same
androgen and experimental pain measures, and conducting
separate meta-analyses based on the above-mentioned factors
was not possible. It is possible that the lack of significant
associations in the meta-analyses is due to the small number of
included studies, the heterogeneity of the individual studies, and
their small sample and methodological limitations. Thus, testos-
terone may have a subtle small effect on pain, which could not be
detected in our analyses. Conducting highly rigorous studies on
the relationships between androgens and experimental pain is
highly needed. In addition, more studies are needed to determine
the role of other androgens on experimental pain in specific
populations. For example, androgens may impact pain in some
populations, such as in patients with chronic pain conditions in
which the underlying mechanism of the condition is related to sex
hormones. These conditions, such as endometriosis, vaginal
pain, visceral pain, and headache, may be more hormone-
responsive compared with other chronic pain conditions or
experimental pain measures.30,31 Indeed, several studies found
that testosterone or DHEA treatments improve pain in patients
with endometriosis and vaginal pain.22,33,37,38,60 Thus, patients
with these conditions may have a specific nervous system

Figure 2. Forest and funnel plots for the association between testosterone levels and electrical pain thresholds. (A) No correlation between testosterone levels and
electrical pain thresholds across the studies. (B) No indication of publication bias.
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organization, allowing testosterone to induce its antinociceptive
activational effect.

Testosterone is the most studied androgen, and only a few
studies have focused on the other hormones involved in
testosterone synthesis, mainly DHEA and DHEA-S. Dehy-
droepiandrosterone and dehydroepiandrosterone sulfate are
secreted primarily by the adrenal cortex and are precursors to
testosterone.42,44 In addition, testosterone can be converted
to DHT, which has a greater affinity for the androgen
receptor.44 Although less studied, there are more consistent
results for a pronociceptive effect of DHEA on experimental
pain sensitivity.70,81 An important next research step is
a more in-depth examination of the various less-studied
androgens, including DHEA, DHEA-S, DHT, and androste-
nedione. In addition, examining the ratio or interaction
between testosterone and other sex hormones can be of

interest as this interplay may have a greater impact on pain
sensitivity than an isolated androgen level. For example, the
ratio between testosterone and cortisol was correlated
(medium effect size) to heat pain ratings in healthy men and
women.16 In addition, while no differences in testosterone
levels were found in patients with migraine compared with
healthy controls, the testosterone/cortisol ratios were signif-
icantly lower in patients with migraine as compared with
those without.55

The lack of associations between androgen levels and
experimental pain sensitivity may suggest that a relatively small
individual variability in the normative ranges of androgen levels is
insufficient to reveal the impact of androgens on pain. It is
possible that only extremely low/high values of androgen levels,
such as induced following interventions, can impact experimental
pain sensitivity.

Table 3

Effect of androgen nterventions on experimental pain sensitivity.

Study Sample Study design Hormone intervention
and/or measure

Pain measure(s) Results Comments

Basaria
et al.
201511

Men with chronic
noncancer pain with
opioid-induced
androgen deficiency
36 in the testosterone
group (age 48 6 9)
29 in the placebo group
(age 50 6 6)

Randomized, double-
blind, parallel placebo-
controlled trial

5 g of a transdermal
testosterone gel or
placebo gel, applied
once daily for 3 mo

Changes in pressure
pain thresholds
(trapezius, thumb), cold
pain tolerance, pain
ratings to cold and
mechanical pinprick pain
before vs after the
intervention

The testosterone group
had an increase in
pressure pain threshold
at the thumb and
a reduction in
mechanical pain ratings
compared with the
placebo group
(antinociceptive)
No differences in cold
pain tolerance and
ratings and pressure
pain thresholds at the
trapezius

Brief Pain Inventory was
also assessed, but no
differences were found
between the
testosterone and
placebo groups

Gagliano-
Juca et al.,
201827

Men with prostate
cancer and with no
chronic pain
37 men in the androgen
deprivation therapy
group (age 67 6 8)
40 men in the
nonandrogen deprivation
therapy group had
prostatectomy and/or
radiation therapy at least
6 months before
enrollment and were in
remission (66 6 7)

Prospective
observational cohort
study

Androgen deprivation
therapy was GnRH
agonist (22.5 mg of
leuprolide acetate) every
3 months for at least 6
months and androgen
receptor antagonist
(bicalutamide) during the
first month

Pressure pain
thresholds, pain ratings
of pressure and cold
pain, mechanical
temporal summation,
conditioned pain
modulation tested at
baseline, 6 wk, 3 mo,
and 6 mo

No differences between
groups

Changes in Brief Pain
Inventory scores did not
differ between the 2
groups

Glintborg
et al.,
202029

Men with total
testosterone ,12 nmol/
L and treated with
opioids for nonmalignant
pain disease
20 in the testosterone
group (age 54)
21 in the placebo group
(age 55)

Double-blind,
randomized, placebo-
controlled trial

Testosterone
undecanoate, 1000 mg
or placebo injections
given at the time of
randomization, and at 6
and 18 wk
Total and bioavailable
testosterone (collected in
the morning, analyzed
using liquid
chromatography-tandem
mass spectrometry)

Pressure pain thresholds
and tolerance, pressure
temporal summation,
conditioned pain
modulation, heat and
cold pain thresholds,
assessed at baseline and
after 6 mo

Changes in experimental
pain sensitivity were not
different between
testosterone and
placebo groups
Higher changes in total
and bio testosterone
were associated with
larger reductions in peak
pain intensity in the
testosterone group
(antinociceptive)

Testosterone treatment
did not change pain
ratings of clinical pain or
bodily pain (SF-36
except for the SF-36
physical component
score)

Zhuo et al.,
202385

29 healthy men (age 6
SE 20.53 6 0.42)

Randomizer, double-
blind, placebo-
controlled, crossover

Single dose of 150 mg
testosterone gel or
placebo gel

Pain intensity and
unpleasantness ratings
to electrocutaneous
stimuli of PAIN2
(nonpainful but a clearly
detectable sensation)
and PAIN6 intensity
(painful but tolerable
sensation)

Higher pain intensity and
unpleasantness ratings
in the testosterone
session than in the
placebo session
(pronociceptive)
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4.2. Androgen interventions and experimental
pain sensitivity

The few human studies that examined the impact of testosterone
supplementation on experimental pain sensitivity found contra-
dicting results. These interventions include testosterone supple-
mentation to achieve a normal physiologic range in patients with
opioid-induced hypogonadism41,51 and androgen deprivation
therapy to reduce testosterone levels in patients with prostate
cancer.62,83 Thus, the extreme testosterone manipulations in
these populations may be more like the manipulation used in
animal studies. Most of the human manipulation studies are of
patients with conditions such as chronic pain requiring chronic
opioids or cancer, which likely impact testosterone levels, pain
sensitivity, and the relationships between them. In addition, it is
also possible that androgens and testosterone may be more
involved in acute or chronic pain severity rather than experimental
pain sensitivity. In patients with fibromyalgia, while no relation-
ships were found between experimental pain sensitivity and
testosterone levels,52 lower testosterone levels were related to
higher clinical pain,67 and testosterone treatment reduced
muscle pain and tender points pain.80 Moreover, testosterone
supplementation has been found to reduce clinical pain in various
other conditions, including endometriosis.22,33,60 Thus, testos-
terone may have a greater impact on chronic pain rather than
experimental pain.

4.3. Organizational or activational effects of androgens

Androgens and testosterone have organizational and activa-
tional effects. An activational effect depends on the presence of
the hormone at a specific moment to impact behavior, while an
organizational effect indicates a permanent change in the
organization of the nervous system, which occurs when the
hormone is present during specific critical periods in life such as
perinatal and puberty.68,71 The organizational changes can
impact the activational response and behavior later in life (ie, in
adulthood).71 For example, in hamsters, testosterone adminis-
tration before or during puberty but not after led to changes in
mating behavior in adulthood.69 Thus, based on the early life
organizational changes, there is an individual variability in the
response to sex hormones, which can explain the large
variability in the effect of sex hormones on behavior and pain.71

It is possible that testosterone has an activational antinocicep-
tive effect only in individuals who had a specific organizational
change, making them more responsive to testosterone effects
later in life.

4.4. Strengths and limitations

This review has several strengths: (1) the protocol was
preregistered in PROSPERO (#410889); (2) a comprehensive
search strategy was developed with the assistance of a medical
librarian and experts in pain, endocrinology, and gynecology; (3)
a comprehensive literature search was conducted; (4) risk of bias
was assessed; (5) screening of studies was completed by several
investigators with high agreement level; and (6) results were
synthesized, and meta-analyses were performed. Notably, there
are several limitations: (1) the studies are heterogeneous in their
methods and studied population, and thus, only 2 meta-analyses
were performed; (2) a small number of studies were included in
each meta-analysis; (3) an independent information specialist did
not review the search strategy; and (4) many studies have biases
and limitations. These limitations may explain the lack of

associations found in the meta-analyses. However, overall, most
individual studies reported a lack of association or no impact of
androgen intervention on experimental pain. Even if only the high-
quality studies were included, no consistent finding of the effect of
androgens on experimental pain would be found, as conflicting
results between and within studies are reported.

5. Conclusions

This review and meta-analysis summarize the current knowledge
on the role of androgen on experimental pain, point out the
existing gaps, and propose future directions. Overall, physiologic
variability in testosterone levels may have a minimal impact on
experimental pain sensitivity in adult humans with and without
chronic pain. This is contradictory to the findings in animal
studies. Manipulation of testosterone to extremely high or low
levels may have a greater impact on pain, but only in some patient
populations. Future studies should focus on examining the
interactions between androgens and other hormones in specific
subgroups of patients.
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