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The purpose of this systematic review was to summarize and critically appraise the results of 10 years of
human laboratory research on pain and sex/gender. An electronic search strategy was designed by a med-
ical librarian and conducted in multiple databases. A total of 172 articles published between 1998 and
2008 were retrieved, analyzed, and synthesized. The first set of results (122 articles), which is presented
in this paper, examined sex difference in the perception of laboratory-induced thermal, pressure, ische-
mic, muscle, electrical, chemical, and visceral pain in healthy subjects. This review suggests that females
(F) and males (M) have comparable thresholds for cold and ischemic pain, while pressure pain thresholds
are lower in F than M. There is strong evidence that F tolerate less thermal (heat, cold) and pressure pain
than M but it is not the case for tolerance to ischemic pain, which is comparable in both sexes. The major-
ity of the studies that measured pain intensity and unpleasantness showed no sex difference in many
pain modalities. In summary, 10 years of laboratory research have not been successful in producing a
clear and consistent pattern of sex differences in human pain sensitivity, even with the use of deep, tonic,
long-lasting stimuli, which are known to better mimic clinical pain. Whether laboratory studies in
healthy subjects are the best paradigm to investigate sex differences in pain perception is open to ques-
tion and should be discussed with a view to enhancing the clinical relevance of these experiments and
developing new research avenues.

� 2011 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
1. Introduction

Various population-based studies suggest that women are more
likely to experience a variety of chronic pain syndromes and tend to
report more severe pain, at a higher frequency, and in a greater num-
ber of body regions, than men [8,16–18,20,48,63,74,124,127,140,
167,184]. Nevertheless, women were commonly excluded from
preclinical and clinical studies because of their greater biological
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complexity (ie, reproductive cycle). In 1990, the National Institutes
of Health introduced a policy requiring that women be commonly
part of medical and behavioural research. This resulted in growing
interest from the scientific community and governmental organiza-
tions for more comprehensive research to explore sex differences
and led to greater funding in the field.

Three important review papers [13,58,185] paved the way for
an entire series of studies on sex/gender variations in experimental
and clinical pain perception. These authors concluded that women
have significantly greater pain sensitivity than men, but they also
acknowledged that the observed differences are not always consis-
tent, are relatively minor, and are affected by numerous confound-
ing variables. Using the data reported by Fillingim and Maixner
[58], Riley et al. [156] conducted a meta-analysis and concluded
Elsevier B.V. All rights reserved.
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that the lack of sex differences observed in many studies could be
attributed to insufficient statistical power. They recommended
that 41 subjects per group were necessary to provide adequate
power to measure sex differences in heat, pressure, ischemic, and
electrical pain threshold and tolerance, assuming a large to moder-
ate effect size.

A tremendous number of laboratory studies on sex differences
in human pain perception were published between 1998 and
2008. What have we learned in these 10 years of research? Are
there really differences between females (F) and males (M) in
experimental pain responsiveness? Do biopsychosocial factors
alter pain sensitivity differently in F and M healthy subjects? In
the last 15 years, 28 review papers have investigated this issue
[4,5,11,13–15,19,35–37,41,51,52,56,58,60,85,93,121,129,136,147,
156,157,159,170,186,188]. The selection criteria of the studies in-
cluded in the above review papers are often not mentioned. Study
weaknesses (eg, lack of statistical power) are not always discussed.
In other cases, most of the emphasis is put on a single measure of a
given outcome that is statistically significant while all the others
are not. All these factors may contribute to bias the conclusions
of some of these review papers. Finally, very few of them adopted
a systematic approach to review the literature [31,46], and they all
focused on a single aspect of pain-related sex differences
[147,156,157].

The objectives of the present systematic review were 2-fold: (1)
to summarize and critically appraise the results of 10 years of
research on sex/gender differences in response to experimentally
induced pain in healthy humans, employing high-quality method-
ology; and (2) to synthesize the literature on the role of various
biopsychosocial factors that may contribute to sex/gender differ-
ences in pain sensitivity. The results of this review are reported
in 2 consecutive papers. The present paper (Part 1) is aimed a priori
at testing the hypothesis that healthy F have greater pain sensitiv-
ity than M. The companion article (Part 2) provides the results of a
review on factors that may influence sex-related pain perception.

2. Methods

2.1. Overview of the research systematic review design (Part 1 and
Part 2)

This systematic review was conducted according to guidelines
from the Centre for Reviews and Dissemination [25] and the PRIS-
MA Statement [29]. A computer-based strategy was designed and
conducted with the assistance of an expert medical librarian
(L.K.) to retrieve studies published from 1998 to 2008. Databases
from across several disciplines were searched to cover the interdis-
ciplinary nature of the topic, including those in biology, medicine,
mental health, and nursing. The following databases were
searched: MEDLINE, EMBASE, CINAHL, BIOSIS, and PsycINFO. Arti-
cles were retrieved with search terms combining sex/gender differ-
ences and experimental pain (see sample search strategy in
Appendix A). The results were limited to English language and hu-
man adults. Searches were conducted separately in each database,
and the records exported to citation software, after which dupli-
cates were removed. Additional references were retrieved by
snowball searching (scanning the reference lists of all relevant
publications). To ensure comprehensive retrieval [101], citation
searches were conducted in important earlier review papers on
the topic of sex/gender and pain (eg, Fillingim et al. [56]) and in
3 complementary databases using ISI Thomson’s Web of Science,
Elsevier’s Scopus, and Google Scholar. Beginning with the review
papers, these databases identify subsequent publications that cite
these in their reference lists. Citation searches enable locating
potentially relevant studies that may not have been retrieved by
traditional subject searching.
All articles that examined sex differences in experimental pain
perception in healthy subjects were retrieved even if this was
not the primary focus of the study, as long as the words sex, gen-
der, women, men, females, and males were mentioned in the pub-
lication title, abstract, or subject headings. Electronic database
searches yielded 2510 records. An additional 195 studies were
identified through supplemental strategies. After identifying and
removing duplicate records, 2218 unique records remained. They
were screened by one of the reviewers (M.R.) to remove those that
were irrelevant and retrieved incorrectly. At this stage, 239 poten-
tial studies remained for eligibility determination and inclusion.
Three reviewers (M.R., M.C., Y.T-L.) independently assessed these
articles for potential inclusion and excluded 67 of them, leaving a
total of 172 articles. Exclusion criteria were the following:

� Studies that focused only on paediatric or elderly populations,
� Studies on nonhealthy subjects, such as patients with chronic

pain, unless information was available for a control group of
healthy participants,
� Studies on trials of drugs (eg, morphine) or substances (eg, nic-

otine, caffeine) with the exception of studies investigating the
effects of gonadal hormones on pain perception (see companion
article published in the next issue of Pain�),
� Studies where subjects were not actively submitted to an exper-

imental pain task (eg, video),
� Review papers, letters to the editor, commentaries, and

abstracts, along with nonresearch publications such as editori-
als and books.

Fig. 1 provides details of the study retrieval, screening, and eli-
gibility process.

2.2. Part 1 of the systematic review: selection and evaluation of
included studies

To make the present review as clear and parsimonious as possi-
ble and to protect us against type I over type II errors, additional
selection criteria were employed and the following methodology
was adopted to report the results:

� Nonpharmacological studies that concerned induction or
manipulation strategies (eg, relaxation vs stress conditions)
before inducing experimental pain were excluded unless data
were available from a control group of healthy subjects.
� Studies that examined the role of biopsychosocial variables in

sex/gender-related differences in pain responses were included
in the present paper if there was no significant interaction effect
between the variable under study (eg, anxiety) and sex/gender.
� When more than one instrument was deployed to assess pain

intensity or unpleasantness, priority was given in the following
order to the visual analogue scale (VAS), numerical rating scale
(NRS), verbal rating scale (VRS) [91], and McGill Pain Question-
naire (MPQ) [122,123], and only these results were reported.
� When more than one measure of pain intensity or unpleasant-

ness was adopted and inconsistent results were obtained, prior-
ity was given in the following order to the mean/total, area
under the curve, and peak/maximum, and only these results
were reported.
� Whenever multiple body sites were tested or when varying

experimental conditions (eg, different temperatures, dosages,
or exercise conditions) were employed in a given study for a
particular outcome measure (eg, pain threshold), the results
were reported accordingly in Tables identified with the letter
‘‘a’’ but were summarized in Tables identified with the letter
‘‘b’’ using an approach where the sex difference had to be pres-
ent in more than 50% of the observations/conditions to be
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Fig. 1. Flow diagram of the study selection and eligibility process.
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reported as such. For example, if the test stimulus in a given
pain modality was applied to 3 different body sites to examine
sex differences in pain threshold, the difference had to be signif-
icant in at least 2 of the 3 sites to be reported in Tables ‘‘b’’
under the modality ‘‘pain threshold.’’

A total of 122 of the 172 articles met the above inclusion crite-
ria, were analyzed, and were summarized. We did not use a
meta-analytic methodology for various reasons. First, we felt that
a systematic review approach was more appropriate given (1)
the nature of the primary objective of our work – that is, to system-
atically assemble, critically appraise, and synthesize all relevant
studies [34], and (2) the broad scope of the topic we wished to cov-
er (multiple pain modalities and various outcome measures). Other
reasons we were not able to perform a meta-analysis were related
to: (1) the significant heterogeneity of the study methods (eg, dif-
ferent types of stimulus within a given pain modality, sites of
application, intensity, duration, etc.), and (2) the lack of sufficient
or adequate information to enable calculation of effect sizes (eg,
SDs) and other measures required in a meta-analytic methodology,
thereby reducing considerably the number of articles otherwise in-
cluded in the review. Finally, a meta-analysis should ideally start
with an unbiased systematic review, as pointed out by Manchikan-
ti et al. [118]. However, the task associated with the systematic re-
view of more than 120 articles divided by pain modalities and
outcome measures and the use of techniques to assess heterogene-
ity and incorporate it into a weighting scheme is of such a magni-
tude that the addition of multiple meta-analyses on subgroups of
studies was not feasible. As a result, the present review, although
systematic and comprehensive, remains a narrative one with all
the limitations it encompasses, including the absence of exact
information about the potential influence of methodological vari-
ability on the detection of presence/absence of sex differences.
3. Results

Sex differences in experimental pain perception have been as-
sessed with various types of stimuli that induced cold pain (CP),
heat pain (HP), pressure pain (PP), ischemic pain (IP), muscle pain
(MP), chemical pain (ChP), electrical pain (EP), and visceral pain
(VP). Outcome measures (dependent variables) included pain
threshold (PTh), pain tolerance (PTol), pain intensity (PInt), and
pain unpleasantness (PUnp). PTh refers to the least experience of
pain that can be identified by a subject, while PTol is defined as
the highest level of pain that a subject is ready to tolerate [89]. PInt
and/or PUnp are assessed with valid and reliable instruments, such
as a VAS, NRS, VRS [91,149], and/or MPQ [122,123].

3.1. Cold pain (CP)

A total of 32 studies that examined sex-related differences in CP
perception were retrieved. The majority of them used the cold-
pressor task, in which the subject was asked to immerse in cold
water a part of his/her body (eg, arm) for a period varying generally
from 1 minute up to maximum PTol. As shown in Tables 1a and 1b,
no clear pattern of sex differences emerged across the various out-
come measures except for PTol, where 80% of the studies found
that F tolerated significantly less pain than M. The results also
showed that there was no difference in PTh between F and M, as
reported in 77% of the experiments. A relatively good number of
studies also failed to find a significant sex difference in PInt
(60%) and PUnp (62%) ratings. The same pattern of results was ob-
served for stimulation of longer duration (5 minutes or more).
Harju [75] obtained results in an unexpected direction for PTh
and PTol, but it is important to point out that her sample size
was very small (8 F and 8 M per site tested). Furthermore, her re-
sults reached statistical significance for only one of the tested sites.



Table 1a
Human studies on sex differences in the perception of experimentally induced cold pain.

Author Year Sample size Site Type of stimulus and duration PTh PTol PInt PUnp

Tot F M

Liou et al. [112] 1999 100 50 50 Hand
Foot

CT (parameters not
mentioned)

F = M (2/2 sites) – F = M (2/2 sites) –

Hentschel [81] 1999 40 24 16 Both hands together CPT
2 �C
Up to 360 s

– F < M – –

Hellström & Lindberg [78] 2000 41 22 19 Hand CPT
4 �C
Up to 420 s

F = M F < M F > M –

Nayak et al. [132] 2000 226 113 113 Hand CPT
0–2 �C
Up to 360 s

– F < M F = M –

Sullivan et al. [177] 2000 80 42 38 Arm CPT
2–4 �C
60 s

– – F > M –

Zeichner et al. [190] 2000 42 24 18 Foot CPT
0–4 �C
120 s

– – F = M –

Helfer & McCubbin [77] 2001 55 29 26 Hand CPT
4 �C
Up to 120 s

– – F = M –

Myers et al. [130] 2001 104 50 54 Hand CPT
1–3 �C
Up to 300 s

F < M F < M – –

Raak & Wahren [153] 2001 37 20 17 Hand CT
Down to 5 �C

F = M – – –

al’Absi et al. [3] 2002 65 34 31 Hand CPT
0–4 �C
90 s

– – F > M –

Harju [75] 2002 48 24 24 Thenar muscle
Upper arm
Knee
Foot

CT
33 �C to 10 �C

F > M for thenar muscle
F = M (3/3 sites)

– F < M for upper arm
F = M for knee
F > M for foot

–

Manning & Fillingim [119] 2002 24 12 12 Upper forearm CPT
1 �C
Up to PTol

F < M F < M – –

Sanford et al. [163] 2002 144 78 66 Hand CPT
0–2 �C
Up to PTol

– F < M F = M –

al’Absi & Peterson [2] 2003 76 38 38 Hand CPT
0–4 �C
90 s

– – F > M F = M

Robinson et al. [158] 2003 40 �20 �20 Hand CPT
2 �C
Up to PTol

F = M F < M F = M –

Sarlani et al. [164] 2003 40 20 20 R-L hands CPT
30 �C, 25 �C, 20 �C, 15 �C,
10 �C
Up to 90 s

– F < M (2/2
sites)

F > M (2/2 sites) F > M (2/2
sites)

Zimmer et al. [191] 2003 76 37 39 R-L forearms CPT
5 �C
Up to PTol

– F = Ma (2/2
sites)

F = M (2/2 sites) F = M (2/2
sites)

(continued on next page)
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Table 1a (continued)

Author Year Sample size Site Type of stimulus and duration PTh PTol PInt PUnp

Tot F M

Dixon et al. [44] 2004 203 112 91 Both arms together CPT
0–2 �C
Up to 300 s

– F < M F > M F > M

Edwards et al. [45] 2004 57 31 26 Hand CPT
5 �C
Up to 240 s

F < M F < M – –

Essick et al. [49] 2004 34 17 17 8 positionally matched sites
on the right and left sides
of the face

CT
32 �C to 0 �C
Up to PTh

F = M (8/8 sites) – – –

Kim et al. [99] 2004 617 369 248 Hand CPT
2–4 �C
Up to 180 s

– F < M F > M –

Kim et al. [100] 2004 500 306 194 Hand CPT
2–4 �C
Up to 180 s

– F < M F > M –

Jones et al. [94] 2004 80 40 40 Hand CPT
1 �C
Up to 240 s

F = M F = M F = M F = M

Logan & Gedney [113] 2004 100 48 52 Forehead Ice pack
1 �C
120 s

– – F = M –

Mitchell et al. [125] 2004 26 14 12 Hand CPT
1 �C, 3 �C, 5 �C, 7 �C
Up to 300 s

– F < M F = M F = M

Thorn et al. [180] 2004 219 129 90 Forearm CPT
0–2 �C
Up to 300 s

– F < M F > M F > M

Garofalo et al. [66] 2006 66 44 22 Hand CPT
1– 4 �C
Up to PTol

– F = M F = M –

Keogh et al. [98] 2007 50 27 23 Forearm CPT
1 �C
Up to 120 s

F = M F < M F = M –

Stening et al. [174] 2007 26 16 10 Hand CPT
1–2 �C
Up to 300 s

– F = M F = M F = M

Defrin et al. [42] 2008 25 15 10 Forearm CT
32 �C up to PTh

F = M – – –

Hirsh et al. [82] 2008 100 66 34 Hand CPT
1.5 �C–2.5 �C
Up to 180 s

F = M F < M F = M –

Tousignant-Laflamme et al.
[182]

2008 83 41 42 Arm CPT
7 �C, 10 �C, 12 �C
120 s

– – F > M –

PTh, pain threshold; PTol, pain tolerance; PInt, pain intensity; PUnp, pain unpleasantness; Tot, total; F, female; M, male; CT, contact thermode; CPT, cold-pressor task; L, left; R, right.
a The multivariate effect of sex on the pain variables was not statistically significant.

606
M

.R
acine

et
al./PA

IN
�

153
(2012)

602–
618



Table 1b
Summary of the results of 32 studies on cold pain.

Outcomes

PTh a PTol PInt PUnp

Number of experiments that measured the outcome 13 20 25 8
Expected direction of sex differences F < M F < M F > M F > M
Proportion of experiments that found sex differences in the expected direction 23% 80% 40% 38%

PTh, pain threshold; PTol, pain tolerance; Pint, pain intensity; PUnp, pain unpleasantness; F, female; M, male.
a It should be noted that Harju [75] reported sex differences in the opposite direction for PTh (F > M) at the thenar muscle and PInt (F < M) at the upper arm.
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Only 2 studies included a 3-week [113] or a 9-month [66] follow-
up measure, and neither of them reported a change over time in
the pain responses of F and M.

3.2. Heat pain (HP)

Thirty-four studies that investigated HP to compare pain sensi-
tivity in F and M were reviewed. The vast majority of them used a
contact thermode, while others employed a heat lamp, CO2 laser,
or hot water bath (immersion of the upper limb in hot water). As
depicted in Tables 2a and 2b, results regarding PTh and PInt did
not show a consistently distinctive pattern. Nearly half of the stud-
ies revealed that F had significantly higher values than M, while the
other half did not observe any difference. Only 5 studies measured
PUnp, and 60% of them found that M and F had similar ratings.
Interestingly, as with CP, around 80% of HP studies disclosed that
F exhibited significantly lower PTol than M. The pattern of results
appears to be similar regardless of the duration of noxious stimu-
lation. If we exclude studies that were underpowered according to
the criterion of Riley et al. [156], the conclusions regarding PTh and
PTol remain the same for this pain modality. As with CP, Garofalo
et al. [66] did not find any change in HP responses over time in F
and M in their 3-week follow-up session.

3.3. Pressure pain (PP)

A total of 33 studies involving 36 experiments on PP were re-
trieved from the literature search. Of these, 31 experiments used
a pressure algometer, while the other 5 employed Semmes-Wein-
stein filaments. Testing was carried out on specific tender and non-
tender points located at multiple body sites. It is important to
mention that the primary purpose of several studies reported in
Table 3a was to measure mechanisms, such as descending nocicep-
tive inhibitory control (see companion article), or they were pri-
marily aimed at measuring ChP sensitivity. In these cases, only
baseline PP measures are reported. The results in Tables 3a and
3b demonstrate that in a great majority of studies, F reported lower
PTol (86%) compared to their M counterparts, but no sex difference
emerged in terms of PInt ratings (83%). Only 41% of the studies
found a significant sex difference in PTh, but if we consider only
the studies (5/34) that had sufficient statistical power (n P 41/
group) [156], all of them found that F exhibited lower PTh than
M, irrespective of the body sites tested. These data are consistent
with those of Chesterton et al. [28], who used a different mode
of PP stimulation (14 measures over a period of 60 minutes). Their
results also showed that F had significantly lower PTh than M, and
there was no interaction between sexes and time. In another study,
Hastie et al. [76] conducted a cluster analysis of pain sensitivity in
188 healthy participants who submitted to a series of pain tasks,
including PP. Their results revealed 4 distinct clusters, one of which
was associated with PP insensitivity. The percentage of F (19%) was
significantly lower in this cluster compared to M (81%). It is note-
worthy that 4 out of 5 studies that deployed Semmes-Weinstein
filaments (as opposed to pressure algometer) failed to discern a
significant sex difference in any of the outcome measures.
Komiyama and De Laat [104] were the only ones who found that
F had lower PTh than M. These authors also reported that F rated
their PInt as significantly less severe than M. Finally, only 1 study
[104] examined PP sensitivity changes over time. The PTh or PInt
results obtained in the 3-week sessions revealed no significant
interaction between sexes and time.

3.4. Ischemic pain (IP)

Tables 4a and 4b present the results from 6 studies that induced
IP with a tourniquet procedure. All studies that measured PTh,
PTol, and PUnp ratings showed comparable results in F and M,
while only 1 of 4 studies (25%) reported that F had higher PInt rat-
ings than M. According to Riley et al. [156], most of these studies
were sufficiently powered to find significant sex differences on
PTh and PTol. Taken together, the data do not support the hypoth-
esis that F had greater sensitivity to IP than M. They are also con-
sistent with the results of cluster analysis conducted by Hastie
et al. [76], where there was no significant difference in the percent-
age of F and M in the IP cluster.

3.5. Muscle pain (MP)

MP was induced experimentally by various types of procedures.
Eleven of the 25 retrieved studies used muscle exercise, 6 injected
glutamate and 8 hypertonic saline. It should be mentioned that
several MP studies also assessed the PP modality in their experi-
mental procedure, but these results are not discussed here (see
companion article). As reported in Tables 5a and 5b, only one study
measured PTh [33] or PTol [146], and neither of them found a sig-
nificant difference between sexes. A similar pattern emerged in the
3 studies that assessed PUnp. The PInt results for exercise-induced
MP revealed that 7 out of 11 studies (64%) failed to detect a differ-
ence between F and M, while 2 observed that F reported greater
PInt, and 2 others obtained results in the opposite direction.
Dannecker et al. [40] measured residual MP 48 hours later after
the exercise session and found lower PInt ratings in F compared
to M, while no sex differences were observed for PTh. In a more re-
cent study, Dannecker et al. [39,40] did not replicate their findings
regarding PInt whenever the F were evaluated at 24, 48, or
72 hours. The same was true for their PUnp. Karibe et al. [96] used
a tooth-clenching exercise to induce MP, and their results showed
that the initial PInt sex difference (F > M) did not persist at 1, 6, and
24 hours post-chewing. For glutamate-induced MP, half of the
studies (3/6) reported that F had higher PInt than M, while the
other half did not. The results regarding MP induced by hypertonic
saline injection are more consistent, with 88% of the studies
observing no sex-related differences in PInt responses. In sum-
mary, no distinctive pattern between F and M emerged on any out-
come measures in MP studies.

3.6. Electrical pain (EP)

Tables 6a and 6b display the results of 10 studies that assessed
sex differences in EP sensitivity in various body parts after



Table 2a
Human studies on sex differences in the perception of experimentally induced heat pain.

Author Year Sample size Site Type of stimulus
and duration

PTh PTol PInt PUnp

Tot F M

Fillingim et al. [59] 1998 49 27 22 Volar forearm
R-L masseter
muscles

CT
38 �C to 50 �C
Up to PTol

F < Ma (1/3 sites) F < M (3/3 sites) – –

Paulson et al. [141] 1998 20 10 10 Volar forearm CT
50 �C
60 s

– – F > M –

Fillingim et al. [54] 1999 209 117 92 Volar forearm CT
32 �C to 52 �C
Up to PTol

F < M F < M – –

Fillingim et al. [57] 1999 37 19 18 Volar forearm CT
32 �C to 50 �C
Up to PTol

F < M – – –

Liou et al. [112] 1999 100 50 50 Hand
Foot

CT
30 �C to 51 �C
1 �C/s

F = M (2/2 sites) – F = M (2/2 sites) –

Sheffield et al.
[169]

2000 51 25 26 Volar forearm CT
45 �C to 49 �C
5 s

– – F = M F = M

Lautenbacher et al.
[111]

2001 40 20 20 R-L forearm –
proximal part
R-L forearm – distal
part

CT (parameters
not mentioned)

F = M (4/4 sites) – – –

Raak & Wahren
[153]

2001 47 25 22 Hand CT
Up to 48 �C

F < M – – –

Rhudy & Meagher
[155]

2001 40 20 20 Index finger Radiant light
8 s

F = M – – –

Derbyshire et al.
[43]

2002 21 10 11 Hand 50-W CO2 laser
90 s

F = M – – –

Harju [75] 2002 48 24 24 Thenar muscle
Upper arm
Knee
Foot

CT
3 �C to 50 �C
Up to PTol

F < Ma (1/4 sites) F = M (4/4 sites) F = Mb (3/3 sites) –

Lugo et al. [114] 2002 351 228 123 R-L hands Hot water
immersion
48 �C ± 0.5 �C
15 s

– – F > M (2/2 sites) –

Pickering et al. [144] 2002 42 21 21 Thenar hand CT
37 �C to 52 �C
Up to PTol

F < M F = M – –

Wise et al. [189] 2002 148 87 61 Volar forearm CT
33 �C to 51 �C
Up to PTol

F < M F < M F = M F > M

Jones et al. [95] 2003 144 75 69 Forearm – distal
part

CT
30 �C to 52 �C

F = M F < M F = M –

Sarlani et al. [164] 2003 40 20 20 R-L hands Hot water
immersion
37 �C, 41 �C, 44 �C,
47 �C
90 s

– F < M (2/2 sites) F > M (2/2 sites) F > M (2/2 sites)

Chung et al. [30] 2004 100 50 50 Not mentioned CT
36 �C to 49 �C
Duration N/A

– – F > M –

Edwards et al. [45] 2004 198 115 83 Volar forearm CT
32 �C to 52 �C
Up to PTol

F < M F > M –

Kim et al. [100] 2004 500 306 194 Volar forearm CT
35 �C, 43� to 49 �C
1 �C/5 s

– – F > M –

Kim et al. [99] 2004 617 369 248 Volar forearm CT
35 �C,43� to 49 �C
1 �C/5 s

– – F > M –

Essick et al. [49] 2004 34 17 17 8 positionally
matched
sites on the R-L
sides of the
face

CT
32 �C to 50 �C
Up to PTh

F = M (8/8 sites) – – –

Fillingim & Edwards
[53]

2005 110 56 54 Volar forearm CT
32 �C to 52 �C
Up to PTol

F < M F < M – –

Fillingim et al. [55] 2005 167 96 71 Volar forearm CT
32 �C to 52 �C
Up to PTol

F < M F < M – –
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Table 2a (continued)

Author Year Sample size Site Type of stimulus
and duration

PTh PTol PInt PUnp

Tot F M

Tousignant-
Laflamme
et al. [183]

2005 39 20 19 Hand Hot water
immersion
47 �C 160 s

– – F = M F = M

Jensen & Petersen
[92]

2006 85 41 44 Volar forearm CT
32 �C to 52 �C
Up to PTh

F = M – – –

Upper arm CT
45 �C
60 s

– – F = M –

Kunz et al. [109] 2006 40 20 20 R-L thigh CT
1 �C above PTh
600 s

F = M (2/2 sites) – F = M (2/2 sites) –

Moulton et al. [128] 2006 28 17 11 Foot CT
45 �C to 50 �C
16 s

F = M – – –

Chao et al. [26] 2007 70 37 33 Forearm
Lateral malleolus

CT
35 �C to 51 �C
Terminated after 16
evoked potentials
recorded

– – F > M (2/2 sites) –

Quiton & Greenspan
[151]

2007 62 30 32 Lower leg CT
37 �C to 50.5 �C
15 s

F < M (2/2 T�) – – –

Defrin et al. [42] 2008 25 15 10 Forearm CT
32 �C up to PTh
2 �C/30 s

F < M – – –

Lautenbacher et al.
[110]

2008 40 20 20 Hand Hot water
immersion
46 �C
360 s

– – F > M –

Nishino et al. [137] 2008 60 30 30 Volar forearm CT
40 �C up to PTh
0.25 �C/s

F = M – – –

Quiton & Greenspan
[152]

2008 64 32 32 Lower leg CT
37 �C to 50.5 �C
15 s

F < M (2/2 T�) – – F = M

Tousignant-
Laflamme
et al. [182]

2008 83 41 42 Volar forearm CT
32 �C up to PTh
120 s

F = M – – –

PTh, pain threshold; PTol, pain tolerance; PInt, pain intensity; PUnp, pain unpleasantness; Tot, total; F, females; M, males; CT, contact thermode; R, right; L, left; N/A, not
available.

a This result is not included in Table 2b given that the difference was not present in more than 50% of the sites or experimental conditions.
b PInt was not measured at the thenar muscle site.

Table 2b
Summary of the results of 34 studies on heat pain.

Outcomes

PTh PTol PInt PUnp

Number of experiments that measured the outcome 24 (9)a 9 (5) 17 5
Expected direction of sex differences F < M F < M F > M F > M
Proportion of experiments that found sex differences in the expected direction 46% (56%) 78% (100%) 53% 40%

PTh, pain threshold; PTol, pain tolerance; PInt, pain intensity; PUnp, pain unpleasantness; F, females; M, males.
a The number and % of studies with sufficient statistical power to detect sex differences on heat PTh and PTol (n P 41 subjects per group) based on Riley et al.’s [156] meta-

analysis appear in parenthesis.
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electrical stimulation. Of the 8 studies that measured electrical
PTh, half of them observed a significant difference between F and
M, while the other half did not. However, it should be noted that
none of the studies that failed to find a significant difference had
a sufficient number of participants to meet the statistically pow-
ered criterion of Riley et al. [156]. The same is true for the 2 studies
that examined PTol (F = M). PInt ratings of EP were assessed in 5
studies. Although 2 of them showed that F reported significantly
more intense pain in comparison to M, the others did not. Four
studies used EP stimulation to elicit the nociceptive flexion reflex
(NFR or RIII reflex) in F and M [1,61,131,168]. The NFR is triggered
by electrocutaneous stimulation of the sural nerve, giving rise to a
withdrawal response from the biceps femoris muscle. The level of
stimulation required to elicit the NFR is a measure of spinal noci-
ceptive sensitivity and is viewed as an objective index of PTh in hu-
mans [172]. Two of these 4 studies [61,131] discerned that F
required significantly lower intensities of electrical stimulation
than M to elicit the NFR. al’Absi et al. [1] used the MPQ to measure
NFR PInt and found significantly higher ratings in F compared to M
subjects. Mylius et al. [131] obtained results in the opposite direc-
tion: F reported significantly lower VAS ratings of PInt and PUnp.
However, these sex differences disappeared when the PTh values
of NFR were controlled statistically. One study [142] used EP to
elicit the nociceptive-specific blink reflex (NBR), which is a



Table 3a
Human studies on sex differences in the perception of experimentally induced pressure pain.

Author Year Sample size Site Type of stimulus and
duration

PTh PTol PInt

Tot F M

Isselee et al. [90] 1998 21 9 12 R-L temporalis muscles
R-L masseter muscles
R-L thumbs

PA F = M (6/6 sites) – –

Koltyn [102] 1999 29 14 15 Forefinger PA F < M – –
Fredriksson et al. [62] 2000 24 12 12 TMJ

Masseter muscle
Temporalis muscle
Mental protuberance
First metacarpal bone
Frontal bone

Electronic PA F < Ma (2/6 sites) – –

Sterling et al. [175] 2000 95 50 45 Median nerve
Ulnar nerve
Radial nerve

Electronic PA F < M (3/3 sites) – –

Koltyn et al. [103] 2001 31 16 15 Forefinger before maximal isometric exercise
Forefinger before submaximal isometric exercise

PA F < M (2/2 conditions) – F = M (2/2
conditions)

Bek et al. [12] 2002 40 20 20 3rd finger
Deltoid muscle
Thenar muscle
Quadriceps muscle

PA F < Ma (1/4 sites) F < M (4/4
sites)

–

Manning & Fillingim
[119]

2002 24 12 12 Biceps
Pectoralis
Rear deltoid
Quadriceps

PA F < M (3/4 sites) – –

Pickering et al. [144] 2002 42 21 21 2nd to 5th fingers Electronic PA F = M F < M –
Sarlani & Greenspan

[166]
2002 20 10 10 2nd to 4th fingers Electronic PA F = M – –

Chesterton et al. [28] 2003 240 120 120 1st dorsal inter-osseous muscle PA F < M – –
Dannecker et al. [40] 2003 67 35 32 Biceps brachii PA F = M – –
Nordahl & Kopp [138] 2003 31 21 10 Glabella (forehead)

TMJ lateral
TMJ posterior

Electronic PA F < Ma (1/3 sites) – –

Svensson et al. [178] 2003 35 17 18 R-L masseter muscles PA F = M (2/2 sites) – –
Ge et al. [69] 2004 21 10 11 R-L masseter muscles

Posterolateral neck muscles
PA F < Ma (1/4 sites) – –

Maquet et al. [120] 2004 100 50 50 18 tender points proposed for the diagnosis of FM PA F < M (18/18 sites) F = M (2/2
sites)

F = M (2/2 sites)

Goddard et al. [72] 2004 18 10 8 R-L masseter muscles PA – – F = M (2/2 sites)
Sarlani et al. [165] 2004 50 25 25 2nd to 4th fingers Electronic PA F = M – –
Fillingim et al. [55] 2005 167 96 71 Trapezius muscle

Masseter muscle
Ulna

PA F < M (3/3 sites) – –

Komiyama & De Laat
[104]

2005 32 16 16 R-L cheek skin
R-L maxilla gingiva
Tongue tip
Thenar skin

Semmes-Weinstein
filaments

F < Ma (3/6 sites) – F < Ma (3/6 sites)

R-L masseter muscles
Thenar muscle

PA F < M(3/3 sites) F < M (3/3
sites)

F = M (3/3 sites)

Ge et al. [70] 2005 28 14 14 R-L trapezius muscles
Posterolateral neck muscles

PA F = M (4/4 sites) – –

Nie et al. [133] 2005 24 12 12 Tibialis anterior
Tibia periosteum
Web of the hand

Electronic PA F = M (3/3 sites) – F = M (3/3 sites)

Nie et al. [135] 2005 24 12 12 11 muscle sites in the neck and shoulder PA F = M (11/11 sites) – –
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Pud et al. [150] 2005 40 17 23 R-L hands Semmes-Weinstein
filaments

– – F = M (2/2 sites)

Ge et al. [71] 2006 30 15 15 R-L trapezius muscles
Posterolateral neck muscles

PA F < M (2/4 sites) – –

Soetanto et al. [173] 2006 178 89 89 Index finger Electronic PA F < M F < M F > M
Ayesh et al. [10] 2007 43 19 24 Skin above TMJ

R-L TMJs
Semmes-Weinstein
filaments

F = M(11/11 sites) – –

Skin above TMJ
TMJ

PA F = M (2/2 sites) F < M (2/2
sites)

–

Garcia et al. [65] 2007 30 18 12 Mean of 18 tender points proposed for the diagnosis of FM PA F < Ma (1/2 means of the
sites)

– –

Mean of 6 control points located in hypothenar eminence, tibia
and ulna

– –

Komiyama et al. [106] 2007 44 22 22 Cheek skin
Maxillary gingiva
Tongue tip
Thenar skin

Semmes-Weinstein
filaments

F < M(3/4 sites) – F < M(3/4 sites)

Masseter muscles
Thenar muscle

PA F < M(2/2 sites) F < M(2/2
sites)

F < Ma (1/2 sites)

Arendt-Nielsen et al. [9] 2008 20 10 10 5 test sites around both knee joints PA F < M (10/10 sites) – –
Hoeger Bement et al.

[84]
2008 Index finger PA F < Ma (1/3 sessions) – F > M (3/3 sessions)

Session 1 33 16 17
Session 2 27 14 13
Session 3 22 11 11
Komiyama et al. [105] 2008 36 18 18 R-L anterior maxilla gingivae

R-L posterior maxilla gingivae
Tongue tip

Semmes-Weinstein
filaments

F = M (5/5 sites) – F = M (5/5 sites)

Lautenbacher et al.
[110]

2008 40 20 20 Ring finger
Middle finger
Index finger

Electronic PA F < M (3/3 sites) – –

Rosen et al. [162] 2008 30 15 15 Finger
Masseter muscle

PA F = M – –

PTh, pain threshold; PTol, pain tolerance; PInt, pain intensity; Tot, total, F, females; M, males; R, right; L, left; PA, pressure algometer; TMJ, temporomandibular joint; FM, fibromyalgia.
Note: Pain unpleasantness (PUnp) was not measured in any of the studies.

a This result is not included in Table 3b, given that the difference was not present in more than 50% of the tested sites or experimental conditions.
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Table 3b
Summary of the results of 33 studies on pressure pain.

Outcomes

PTh PTol PInta

Number of experiments that measured the outcome 34 (5)b 7 (2) 12
Expected direction of sex differences F < M F < M F > M
Proportion of experiments that found sex differences in the expected direction 41% (100%) 86% (50%) 17%

PTh, pain threshold; PTol, pain tolerance; PInt, pain intensity; F, females; M, males.
a It should be noted that Komiyama et al. [106] reported results in the opposite direction for PInt (ie, F < M for 3/4 sites in their experiment with Semmes-Weinstein

filaments, and F < M for 1/2 sites for PA).
b The number and % of studies with sufficient statistical power to detect sex differences on pressure PTh and PTol (n P 41 subjects per group) based on Riley et al.’s [156]

meta-analysis appear in parentheses.

Table 4a
Human studies on sex differences in the perception of experimentally induced ischemic pain.

Author Year Sample size Site Type of stimulus and duration PTh PTol PInt PUnp

Tot F M

Pinerua-Shuhaibar et al. [145] 1999 32 15 17 Arm Arm cuff F = M F = M F = M F = M
Rollnik et al. [160] 2001 80 40 40 Arm Arm cuff – – F = M –
Campbell et al. [23] 2004 135 59 76 Arm Arm cuff – – F > M F = M
Edwards et al. [45] 2004 198 115 83 Arm SETT F = M F = M – –
Fillingim & Edwards [53] 2005 110 56 54 Arm SETT F = M F = M F = M F = M
Fillingim et al. [55] 2005 167 96 71 Arm SETT F = M F = M – –

PTh, pain threshold; PTol, pain tolerance; PInt, pain intensity; PUnp, pain unpleasantness; Tot, total; F, females; M, males; SETT, submaximal effort tourniquet test.

Table 4b
Summary of the results of 6 studies on ischemic pain.

Outcomes

PTh PTol PInt PUnp

Number of experiments which measured the outcome 4 (3)a 4 (3) 4 3
Expected direction of sex differences F < M F < M F > M F > M
Proportion of experiments which found sex differences in the expected direction 0% (0%) 0% (0%) 25% 0%

PTh, pain threshold; PTol, pain tolerance; PInt, pain intensity; PUnp, pain unpleasantness; F, females; M, males.
a The number and % of studies with sufficient statistical power to detect sex differences on ischemic PTh and PTol (n P 41 subjects per group) based on Riley et al.’s [156]

meta-analysis appear in parentheses.
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trigeminofacial brainstem reflex that is triggered by electrical
stimulation of the supraorbital nerve. It is a noninvasive and reli-
able electrophysiological technique to measure the nociceptive
transmission state of the trigeminal system in humans
[47,97,161]. The authors found that F needed significantly lower
electrical stimulation than M to trigger the NBR, but they did not
differ in terms of perceived PInt. In summary, the present set of
studies does not provide sufficient evidence to conclude that F
have greater sensitivity to EP than M. No clear pattern of sex differ-
ences emerged with either the NFR or the NBR.

3.7. Chemical pain (ChP)

Topical application or intradermal injection of capsaicin is a
well-known human model of ChP. Capsaicin, the main active ingre-
dient of chili pepper, is a chemical irritant that activates the tran-
sient receptor potential ion channel vanilloid type 1 and thereby
induces pain by stimulating unmyelinated polymodal C-fibre affer-
ents [24,171]. We retrieved a total of 3 studies that used capsaicin
to induce ChP. Frot et al. [64] reported that F (n = 10) rated their
pain as more intense and unpleasant than M (n = 10) after topical
application of this product, but these differences disappeared after
removal of the cream. Jensen and Petersen [92] used a heat/capsa-
icin sensitization model and observed comparable PInt ratings in
both sexes (F = 44, M = 41). Gazerani et al. [67] failed to replicate
their own findings in 2 experiments (F = 14, M = 14) they con-
ducted with the same intradermal dose of capsaicin: the first
experiment revealed a significant sex difference, while the second
did not. Lundström et al. [116] used an olfactometer to administer
painful chemical intranasal trigeminal stimuli in healthy human
subjects and examined sex-related hemispheric differences in
event-related potentials (see companion article). When the sub-
jects were asked to rate the intensity of their pain, no significant
differences emerged between F (n = 16) and M (n = 12). In sum-
mary, there is no clear evidence to support the view that F experi-
ence more intense experimental ChP than M.
3.8. Visceral pain (VP)

The clinical literature suggests that a higher proportion of F
than M develop chronic VP disorders [86,179]. The reasons for this
F predominance are not well understood. However, there is evi-
dence supporting F and M differences in some basic gastrointesti-
nal functions [88]. Only 2 studies [83,143] met the eligibility
criteria for inclusion in the present review. Several studies mea-
sured visceral or rectal distension, but their stimuli were not de-
scribed as painful (only unpleasant), so they are not reviewed
here. Hobson et al. [83] conducted an investigation into cortical
activation after painful oesophagus electrical stimulation on 8 F
and 8 M subjects (see also companion article) and did not find a
sex difference in terms of PTh or PInt. Pedersen et al. [143] exper-
imentally induced PP, CP, and HP in the lower part of the oesoph-
agus. Their results showed that F (n = 11) and M (n = 11) had
similar thermal PTh and PInt ratings. This was also true for pres-
sure PInt.



Table 5a
Human studies on sex differences in the perception of experimentally induced muscle pain.

Author Year Sample size Site Type of stimulus and duration PTh PTol PInt PUnp

Tot F M

Exercise-induced pain
Cook et al. [33] 1998 52 26 26 Leg Cycle ergometer-maximal exercise test F = M – F < M –
Plesh et al. [146] 1998 14 7 7 Jaw Chewing exercises � MVBF – F = M F = M –
Poudevigne et al. [148] 2002 42 21 21 Biceps Eccentric elbow flexor exercise – 3

MVC conditions
– – F = M (3/3

conditions)
–

Karibe et al. [96] 2003 36 19 17 Masticatory muscles Chewing exercises for 6 min – – F > M (after
5 min)

–

Dannecker et al. [40] 2003 67 35 32 Biceps Eccentric elbow flexor exercise – F < M –
Dannecker et al. [38] 2005 95 47 48 Biceps Eccentric elbow flexor exercise MVC – – F = M F = M
Nie et al. [135] 2005 24 12 12 Neck and shoulder

muscles
Eccentric shoulder muscle exercise
MVC

– – F = M –

Torisu et al. [181] 2006 23 11 12 Jaw Tooth-clenching exercise-MVBF – – F = M –
Nie et al. [134] 2007 24 12 12 Shoulder Eccentric shoulder muscle exercise

MVC
– F = M –

Dannecker et al. [39] Study 2 2008 55 32 23 Biceps Eccentric elbow flexor exercise MVC – – F = M F = M
Hoeger Bement et al. [84]
Experiment 2

2008 27 14 13 Biceps Eccentric elbow flexor exercise – 3
MVC conditions

– – F > M (3/3
conditions)

–

Glutamate-induced pain
Cairns et al. [21] 2001 18 10 8 Masseter muscle 0.2 mL: 0.1 mol/L 0.5 mol/L, 1.0 mol/L – – F > M (3/3

doses)
–

Svensson et al. [178] 2003 35 17 18 Masseter muscle 0.2 mL: 1.0 mol/L – – F > M –
Cairns et al. [22] 2003 24 13 11 Masseter muscle 0.2 mL: 1.0 mol/L – – F = M –
Ge et al. [70] 2005 28 14 14 Trapezius muscle 0.4 mL: 2.0 mol/L – – F = M –
Gazerani et al. [68] 2006 30 15 15 Forehead 0.1 mL: 0.001 mol/L, 0.01 mol/L,

0.1 mol/L
– – F > M (3/3

doses)
–

Torisu et al. [181] 2006 23 11 12 Masseter muscle 0.2 mL: 1.0 mol/L – – F = M –

Hypertonic saline-induced pain
Stohler et al. [176] 2001 21 9 12 Masseter muscle Infusion of 5.0% solution up to pain – – F = M –
Ge et al. [69] 2004 21 11 10 Trapezius muscles 0.5 mL of 5.8% – – F = M –
Ge et al. [70] 2005 19 9 10 Trapezius muscles 0.5 mL of 5.8% – – F = M –
van Selms et al. [187] 2005 28 13 15 Masseter muscle 0.1 mL of 6.0% – – F = M –
Ge et al. [71] 2006 30 15 15 Trapezius muscles 0.5 mL of 5.8% F = M F = M
Falla et al. [50] 2008 18 9 9 Trapezius muscle 0.4 mL of 5.8% – – F > M –
Henderson et al. [79] 2008 22 11 11 Leg 0.5 mL, 0.2 mL of 5.0% – – F = M (2/2

doses)
–

Henriksen et al. [80] 2008 20 10 10 Vastus medialis
muscle

1 mL of 5.8% – – F = M –

PTh, pain threshold; PTol, pain tolerance; PInt, pain intensity; PUnp, pain unpleasantness; Tot, total; F, females; M, males; MVBF, maximum voluntary bite force; MVC,
maximum voluntary contraction.

Table 5b
Summary of the results of 25 studies on muscle pain.

Outcomes

PTh PTol PInta PUnp

Number of experiments that measured the outcome 1 1 25 3
Expected direction of sex differences F < M F < M F > M F > M
Proportion of experiments that found sex differences in the expected direction 0% 0% 24% 0%

PTh, pain threshold; PTol, pain tolerance; PInt, pain intensity; PUnp, pain unpleasantness; F, females; M, males.
a It should be noted that Dannecker et al. [40] and Cook et al. [33] reported results in the opposite direction for PInt (F < M).
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4. Discussion

To our knowledge, the present paper is the first to provide a re-
view of the experimental pain literature on sex differences in the
perception of various kinds of noxious stimulation in healthy
humans, using a systematic and thorough methodology to identify
relevant studies and critically examine their results. This review
revealed that 10 years of laboratory research have not been suc-
cessful in producing a clear and consistent pattern of sex differ-
ences in human pain sensitivity, even with the use of deep, tonic,
long-lasting stimuli that are known to better mimic clinical pain
[154,170]. The retrieved studies suggest that F and M have compa-
rable detection threshold for CP and IP, while PP thresholds are
lower in F than M. There is strong scientific evidence that F tolerate
less pressure and thermal pain (cold and heat) than their M coun-
terparts, but it is not the case for tolerance to IP, which is compa-
rable in both sexes. The majority of the studies that measured PInt
and PUnp show no sex differences in many pain modalities. The
presence/absence of sex differences in response to experimental
pain seems to vary as a function of the pain modalities being tested
and the outcome measures being examined, which argues against
the concept of greater generalized pain sensitivity in F subjects in a
laboratory setting [73,76].

Our observations seem to contradict the main conclusions of
previous review papers that women have greater pain responsive-
ness than men for most pain modalities in the laboratory setting
[56,58,126]. One reason that could explain this discrepancy might
be the conservative criteria we employed to select studies and



Table 6a
Human studies on sex differences in the perception of experimentally induced electrical pain.

Author Year Sample size Site PTh PTol PInt PUnp

Tot F M

Electrical pain stimulation
Alon et al. [6] 1999 20 11 9 Gastrocnemius muscle F = M F = M – –
Chapman et al. [27] 1999 20 9 11 Fingertip – F = M F = M –
Alstergren & Forstrom [7] 2003 40 29 11 Between thumb and index finger F = M – – –
Komiyama et al. [107] 2005 24 12 12 Skin above mental nerve F < M – F > M –
Lund et al. [115] 2005 58 29 29 Between thumb and index F < M – – –
Komiyama et al. [108] 2006 24 12 12 Skin above foramen F < M – F > M –
Ayesh et al. [10] 2007 43 19 24 Skin above TMJ into TMJ F = M (2/2 sites) – F = M –
Ogura et al. [139] 2007 129 59 70 Mucosa near nasopalatine nerve F < M (2/2 sites) – – –

Mucosa near greater palatine nerve
Rosen et al. [162] 2008 30 15 15 Maxillary incisor Fingertip F < Ma (1/2 sites) – – –
Maffiuletti et al. [117] 2008 40 20 20 Motor threshold of quadriceps femoris muscle – – F > Ma (1/2 tests) –

Supramotor threshold of quadriceps muscle

Nociceptive flexion reflex
France & Suchowiecki [61] 1999 83 44 39 Sural nerve F < M – – –
Serrao et al. [168] 2004 36 20 16 Sural nerve F = M – – –
al’Absi et al. [1] 2005 137 59 78 Sural nerve F = M – F > M –
Mylius et al. [131] 2005 40 20 20 Sural nerve F < M – F < M F < M

Nociceptive specific blink reflex
Peddireddy [142] 2005 30 15 15 Supraorbital nerve F < M – F = M –

PTh, pain threshold; PTol, pain tolerance; PInt, pain intensity; PUnp, pain unpleasantness; Tot, total; F, females; M, males; TMJ, temporomandibular joint.
a This result is not included in Table 6b, given that the difference was not present in more than 50% of the tested sites or experimental conditions.

Table 6b
Summary of the results of 15 studies on electrical pain.

Outcomes

PTh PTol PInta PUnpa

Number of experiments that measured the outcome 13b 2 8 1
Expected direction of sex differences F < M F < M F > M F > M
Proportion of experiments that found sex differences in the expected direction 53% 0% 38% 0%

PTh, pain threshold; PTol, pain tolerance; PInt, pain intensity; PUnp, pain unpleasantness; F, females; M, males.
a It should be noted that Mylius et al. [131] reported sex differences in the opposite direction for PInt and PUnp (F < M).
b Riley et al. [156] did not calculate effect sizes for neurophysiological studies involving nociceptive flexion reflex or nociceptive specific blink reflex. Of the 10 studies that

used electrical pain stimulation, only one had sufficient statistical power (n P 41 subjects per group) based on Riley et al.’s [156] meta-analysis, and this study revealed a sex
difference on this measure.
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analyse their findings while taking their number and weaknesses
(eg, statistical power) into account when the results are reported
and discussed. Another reason for our divergent conclusions is that
we tried to avoid emphasizing a single measure of a given outcome
that was statistically significant while all others were not � to re-
duce bias in the conclusions [32].

In their meta-analysis, Riley et al. [156] argued that the lack of
sex differences in laboratory pain responses could be attributed to
insufficient statistical power in the majority of studies. Our results
regarding PTh and PTol for PP, IP, and EP are consistent with those
reported by Riley et al. [156], while our conclusions on HP remain
the same, even if we exclude underpowered studies. Additional
meta-analyses are needed to estimate the required sample size
for other pain modalities.

Like any other review articles, this one has its limitations. A first
one is that potentially relevant articles could have been excluded if
they reported on sex differences in pain perception but did not in-
clude the terms ‘‘pain,’’ ‘‘sex,’’ ‘‘gender,’’ ‘‘males,’’ ‘‘men,’’ ‘‘females,’’
and ‘‘women’’ in their publication title, abstract, or subject head-
ings. However, the present systematic review included more stud-
ies than any previously published papers, even if it used explicit
criteria for study inclusion and exclusion, often missed from sev-
eral past narrative reviews. As a result, the present paper provides
a comparatively more comprehensive review of the literature,
thereby adding a useful informative resource in this field of re-
search. It is noteworthy that our literature search was limited to
the English language, leading to a possible bias against publica-
tions in other languages, and thereby restraining the generalizabil-
ity of conclusions to different cultural groups. To try to minimize
this effect, we accessed the EMBASE database, which indexes
English language publications from Europe and Asia. It is our belief
that incorporating EMBASE in our systematic search retrieved
numerous studies never before included in reviews of the litera-
ture on sex differences in pain, and this should be viewed as a
strength.

4.1. Recommendations and directions for future research

Despite the limitations of the present systematic literature re-
view, our results have several important implications. These are
summarized in the following recommendations and suggestions
for future research in the field.

4.1.1. Laboratory studies on sex-related differences in pain sensitivity
should be performed on healthy volunteers of various ages and
particularly on participants with painful pathologies

It is well known that the vast majority of laboratory studies in
the field are conducted with convenience samples of healthy uni-
versity students of young age who are far from being representa-
tive of the general population. Nevertheless, the most recent
studies continue to use this type of sample, and one can wonder
why healthy subjects of different age groups, who will also differ
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on various sociodemographic variables, are not often included.
Understanding sex differences across the lifespan is certainly a rel-
evant and interesting research avenue. Moreover, as stated in the
most recent critical review by Fillingim et al. [56], laboratory re-
search regarding sex and pain has had limited clinical impact. Fu-
ture experimental studies should aim at enhancing clinical
relevance and perhaps focus more on populations that suffer from
different types of chronic pain, instead of healthy subjects, since it
is well known that women are at greater risk of chronic pain. Con-
ducting laboratory investigations in this population could not only
help in guiding clinicians for tailoring pain interventions according
to sex, but they could also provide a better understanding of the
factors/mechanisms that contribute differences in the way women
and men experience pain. However, research in this field poses
several ethical and methodological challenges. For example, many
patients with chronic pain use more than one type of analgesic
medication, and it is often ethically difficult, if not impossible, to
impose a wash-out period prior to study entry. Wide variations
in the origin and duration of the pain, its impact on various aspects
of daily living (eg, work, psychological well-being), hormonal sta-
tus, and presence/absence of comorbidities are only some of the
few factors that must be considered in the selection criteria for
such types of studies, which often require very large sample sizes
along with sophisticated statistical analyses to account for sample
heterogeneity.

4.1.2. Primary and secondary outcomes should be defined beforehand
It is not rare to see researchers in this field use multiple pain

modalities (CP, HP, IP, PP) with numerous outcomes (PTh, PTol,
Pint, and PUnp), which are themselves assessed in different body
sites with various tools (VAS, NRS, MPQ) and analyzed with differ-
ent statistics (eg, PInt mean, total, area under the curve, peak/
maximum). We should avoid describing F and M as being different
in terms of their pain responsiveness if only 1 or 2 of these mea-
sures reach the level of statistical significance. We need to be more
cautious with study designs, particularly regarding the choice of
the primary and secondary outcomes.

4.1.3. Sample size should be estimated as a function of the primary
outcome and an effect size of clinical significance

In their meta-analysis, Riley et al. [156] estimated that 41 sub-
jects per group are necessary to provide adequate power (0.70) to
test for sex differences in PTh and/or PTol when using HP, PP, IP,
and/or EP modalities (many statisticians could argue that a power
value of 0.70 is much too low, and rather recommend a value of at
least 0.80 [87]). We retrieved 63 laboratory studies between 1998
and 2008 that had such an experimental design. Only 22% of them
met the required sample size. Considering the large inter-individ-
ual variability in experimental pain responses [52], sample size
must be rigorously calculated by taking into account the primary
outcome and expected effect size, which should, of course, be of
clinical significance [87]. Accordingly, authors should always re-
port power estimates and the effect size of the main outcome
measures.

4.1.4. Standardized and more uniform testing procedures need to be
adopted

It is often difficult to draw clear conclusions from a set of stud-
ies because of the large heterogeneity in the methods used to as-
sess a given pain modality (eg, different types of stimulus within
a given pain modality, sites of application, intensity, duration,
etc.). Considering that methodological variability may potentially
influence findings about sex differences in pain perception, all ef-
forts should be made to standardize and uniform the testing proce-
dures across research laboratories.
4.2. Conclusion

A plethora of laboratory studies on healthy women and men
were conducted between 1998 and 2008 to assess sex-related dif-
ferences in pain perception, but no consistent conclusion could be
drawn. At present, could we state that this field of research is
somewhat stagnant? It seems that we are beyond describing and
exploring sex differences in pain sensitivity and are late in eluci-
dating the mechanisms that explain these differences in clinical
pain states. It is legitimate to question ourselves about the rele-
vance of pursuing this type of studies. Are there other avenues to
explore? How can we refine our experimental models to ensure a
greater likelihood of translating the findings to the clinic? To opti-
mize the approach and gathering useful information, would it be
more relevant to pursue laboratory investigations of sex differ-
ences in participants with painful pathologies? Innovative experi-
mental protocols with healthy subjects could still be relevant,
but need to take into account the above recommendations with re-
gard to methodological issues. In summary, whether laboratory
studies in healthy subjects are the best paradigm to investigate
sex differences in pain perception is open to question and should
be discussed with a view to enhancing the clinical relevance of
these experiments and developing new research avenues.
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