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Abstract: Previous studies on sex differences in neural responses to noxious stimuli yielded mixed
results. Both increased and decreased brain activation in several brain areas in women as compared to
men has been reported. The current event-related functional magnetic resonance imaging study used a
parametric design with different levels of the intensity of electrical stimulation in order to investigate
sex differences in brain activation during pain processing. Four intensity levels, which were deter-
mined individually according to subjective ratings, ranging from stimulation below the stimulus detec-
tion threshold to moderately painful stimuli, were applied. Females experienced mild and moderate
pain at lower stimulus intensity than males. Pronounced sex differences in brain activation were found
in response to stimulation below the detection threshold and for the most intense pain stimuli in the
medial prefrontal cortex (MPFC). Under both the conditions, women showed stronger activation in a
region of the pregenual MPFC, which has been implicated in introspective, self-focused informa-
tion processing. The results suggest that women, as compared to men, show increased self-related
attention during anticipation of pain and in response to intense pain. Hum Brain Mapp 30:689–698,
2009. VVC 2008 Wiley-Liss, Inc.

Key words: gender; brain; anticipation; insula; pain

INTRODUCTION

There is a considerable evidence for increased pain sen-
sitivity in women compared to men [Berkley, 1997; Berkley
and Holdcroft, 1999; Filingim, 2000]. Women show lower
pain thresholds and less tolerance to somatic pain stimuli
[Riley et al., 1998]. They report pain with greater frequency
and are stronger affected by pain-related diseases than
men [Unruh, 1996]. Furthermore, women tend to pay more
attention to pain and to respond to pain with stronger anx-
iety and catastrophizing [Berkeley, 1997; Edwards et al.,
2004; Jones et al., 2003; Keefe et al., 2000; Koegh and Her-
denfeldt, 2002; Rollman, 1995; Sullivan et al., 2000; but see
Frot et al., 2004]. The latter findings suggest sex-dependent
cognitive and emotional responses to noxious stimuli.
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Several biological factors have been proposed to account
for sex differences in pain responses, such as sex specific-
ity in the opioid system [Filingim and Gear, 2004], in auto-
nomic reactivity [Fillingim and Maixner, 1995; Lu et al.,
2005; Tillisch et al., 2005], or in hormonal status [Aloisi,
2003; Craft et al., 2004]. However, the social, psychological,
and biological factors for sex differences in pain processing
are still poorly understood [Rollman et al., 2004].
A promising contribution to the understanding of factors

underlying sex-specific pain processing is the investigation
of sex-related differential neural responses to noxious stim-
uli [e.g. Derbyshire et al., 2002; Paulson et al., 1998]. Func-
tional imaging studies with women and men showed that
noxious stimuli are processed in several brain areas
including thalamus, primary and secondary somatosensory
cortex (S1 and S2), insula, anterior cingulate cortex (ACC),
as well as medial prefrontal cortex (MPFC) [Apkarian
et al., 2005; Baliki et al., 2006; Bornhoevd et al., 2002;
Peyron et al., 2000; Tracey, 2005]. Regions such as the ante-
rior insula, the ACC, or the MPFC seem to be more
strongly involved in the subjective experience and ap-
praisal of pain, whereas activation in other regions, such
as somatosensory areas, correlates strongly with stimulus
intensity [Albanese et al., 2007; Bornhovd et al., 2002;
Büchel et al., 2002; Ochsner et al., 2005; Rainville et al.,
1997]. However, also during pain anticipation, activation
in somatosensory cortex and other pain-related brain
regions has been described suggesting a pronounced emo-
tional and attentional modulation of brain activation [Chua
et al. 1999; Ploghaus et al., 1999; Porro et al., 2002, 2003].
Previous studies on sex differences in brain activation to

painful stimuli yielded mixed results. Both increased and
decreased activation in several brain areas has been
reported in females as compared to males. In a study by
Paulson et al. [1998], participants received standardized
painful or nonpainful heat stimuli. Women reported more
pain and they showed greater activation to noxious stimuli
in prefrontal areas, insula, and thalamus than men did.
This study investigated brain responses to stimuli of equal
objective intensity, which evoked, however, unequal pain
experience in women and men. These behavioral differen-
ces seem to be related to the observed sex differences in
brain activation. In a subsequent PET study [Derbyshire
et al., 2002], pain experience was matched for the two
sexes. Results of this study indicated pain-related
increased activation in perigenual ACC in women as com-
pared to men. Remarkably, Derbyshire et al. [2002] found
predominantly less activation to painful versus nonpainful
stimuli in women than in men in several brain areas,
including prefrontal, somatosensory, parietal, and insular
cortex. A similar result of widely distributed decreased
activation to painful stimuli in women compared to men
has been reported very recently [Moulton et al., 2006]. Fur-
thermore, attenuated insula activation has also been
described in female patients with chronic visceral pain
[Berman et al., 2000; Naliboff et al., 2003]. This effect seems
partially to reflect sex differences in applied objective stim-

ulus intensity [Berman et al., 2000]. In addition, relatively
decreased activations to pain stimuli in females might also
be due to increased anticipatory baseline activation in
females as compared to males [Butler et al., 2005; Moulton
et al., 2006; but see Berman et al., 2000].
There are no studies yet on sex differences in brain acti-

vation to noxious stimuli of varying intensity and during
anticipation of these stimuli in healthy subjects. Such stud-
ies would allow investigating in detail sex-specific stimu-
lus–response curves. In the current event-related functional
magnetic resonance imaging (fMRI) study, we examined
brain activation depending on the specific level of per-
ceived stimulus intensity using four different intensity lev-
els: (1) stimuli that could not be perceived (below detec-
tion threshold stimuli), (2) stimuli that were perceived but
rated as nonpainful, (3) stimuli rated as mildly painful,
and finally (4) stimuli rated as moderately painful [see
also Bornhovd et al., 2002; Büchel et al., 2002]. By includ-
ing stimulation below detection threshold, it was possible
to assess brain activation during stimulus anticipation.
Data analysis was based on subjective ratings. Thus, the
main aim of this study was to investigate the sex-related
brain responses to not perceived but anticipated and to
perceived noxious stimuli of varying intensity, whereby
pain intensity was matched between sexes.

MATERIALS AND METHODS

Subjects

Thirty-six healthy, right-handed volunteers (18 fe-
males), provided informed consent to participate in the
study. The experimental procedures were approved by
the Ethics Committee of the University of Jena. All partic-
ipants were students of the University of Jena. Mean age
of males was 23.5 years (range: 18–33) and of females
21.3 years (range: 18–26). All participants had normal or
normal-to-corrected vision. For the analysis of fMRI-data,
six participants of each sex had to be excluded because of
either insufficient number of ratings, strong movements
during scanning, or significant signal artefacts. Mean age
of the remaining group of 24 subjects (12 males) was
23.2 years for males (range: 18–33) and 21.8 years for
females (range: 20–26).

Stimulation and Paradigm

Somatosensory electrical stimuli consisted of rectangular
pulse of 20 ms duration generated by a constant current
stimulator (DS7H; Digitimer, Welwyn Garden City, UK).
Stimuli were applied subcutaneously to the tip of the
index finger of the left hand through an isolated golden
pin electrode with a diameter of 0.95 mm and a length of
1 mm [Bromm and Meier, 1984; Meissner et al., 2004; Milt-
ner et al., 1989; Straube et al., 2007]. The pin was inserted
into a small epidermal cavity of 1 mm diameter and about
1 mm depth and fixed with adhesive tape. The purpose of
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this preparation was to reduce skin resistance, and thus
the current necessary to elicit a pain sensation. A flexible
stainless-steel electrode, fixed loosely around the first fin-
ger joint, served as a reference electrode. Subjects were
grounded by using a broad, flexible, humid band electrode
fixed around the wrist of the stimulated hand.
Individual stimulus intensities were determined prior

to scanning by requesting participants to rate each stimu-
lus on a Likert scale ranging from 1 to 5 (1, no sensation;
2, perceived but not painful; 3, mildly painful; 4, moder-
ately painful; 5, strongly painful and not tolerable). Using
a modified method of limits, three series of single electri-
cal pulses with up and downgoing intensities were
applied [Miltner et al., 1989]. Mean values for intensity 2,
3, and 4 (I-2, I-3, and I-4) of the last two series were used
in the experiment proper. For intensity 1 (I-1), stimulus
intensity was set 10% below the lowest perceived inten-
sity, which allowed to investigate anticipatory effects but
also to detect eventual sex-dependent changes of percep-
tion thresholds during the experiment. During scanning,
25 electrical stimuli per stimulus intensity were applied
in pseudo-randomized order with an interstimulus inter-
val of 11.2 s. Four seconds after the stimulus, subjects
were requested to rate the intensity of each stimulus by
lifting 1–4 fingers of the right hand, whereby the number
of fingers corresponded to the perceived intensity level
[see also Büchel et al., 2002]. To indicate the moment of
rating, a cue was shown for 1,000 ms on an overhead mir-
ror using a back-projection screen. A fixation cross was
presented for the rest of time. Subjects were familiarized
with this procedure prior to the experiment proper. Be-
havioral data were analyzed using SPSS software (Ver-
sion 13; SPSS, Chicago, IL). A P-value of P < 0.05 was
considered statistically significant. All data are expressed
by means and standard error (M 6 SE).

fMRI

In the 1.5 T magnetic resonance scanner (‘‘Magnetom
Vision plus’’, Siemens, Medical Systems, Erlangen), one
run of 404 volumes were measured using a T2*-weighted
echo-planar sequence (TE 5 50 ms, flip angle 5 908, ma-
trix 5 64 3 64, FOV 5 192 mm, TR 5 2,800 ms). Each vol-
ume comprised of 25 axial slices (thickness 5 4 mm, gap
5 1 mm, in plane resolution 5 3 mm 3 3 mm) being
acquired parallel to the AC-PC line so that they covered
the whole brain. Additionally, a high-resolution T1-
weighted anatomical volume was recorded. Before imag-
ing, a shimming procedure to improve field homogeneity
was performed. Visual inspection of the EPI-data revealed
signal loss due to susceptibility artefacts in the inferior
parts of the frontal cortex. These regions were not included
in the data analysis. The first four volumes of the func-
tional run were discarded from analysis to ensure that
steady state tissue magnetization was reached.
Preprocessing and analysis of functional data was per-

formed using the software Brain Voyager QX (Version

1.9; Brain Innovation, Maastricht, The Netherlands). The
volumes were realigned to the first volume in order to
minimize the effects of head movements. Further, data
preprocessing comprised a correction for slice time errors
and spatial [8 mm full-width half-maximum isotropic
Gaussian kernel (FWHMK)] as well as temporal (high
pass filter: 8 cycles per run; low pass filter: 2,800 ms
FWHMK) smoothing. Anatomical and functional images
were coregistered and normalized to the Talairach space
[Talairach and Tournoux, 1988]. Statistical analysis was
performed by multiple linear regression of the signal time
course at each voxel including a correction for serial cor-
relations. The expected blood oxygen level-dependent
(BOLD) signal change for each event type (5 predictor)
was modeled by a canonical hemodynamic response
function (modified gamma function; delta 5 2.5, tau 5
1.25). Events of interest were the subjectively rated stimu-
lus intensities (1–4). Event of no interest was the motor
response. Within-group statistical comparisons were con-
ducted using a mixed effect analysis, which considers
intersubject variance and permits population-level infer-
ences. First, voxel-wise statistical maps were generated
and the relevant, planned contrasts of predictor estimates
(beta-weights) were computed for each individual. Sec-
ond, a random effect group analysis of these individual
contrasts was performed. Analysis was conducted for
each intensity as well as for two different stimulus–
response functions (SRF). One SRF modeled a linear
increase depending on perceived stimulus intensity (bal-
anced contrast values for I-1, I-2, I-3, I-4: 23, 21, 1, 3)
according to previous studies [Bornhovd et al., 2002;
Büchel et al., 2002]. The other SRF modeled a nonlinear
pain-specific function irrespective of baseline activation
(contrast values for I-1 to I-4: 0, 23, 1, 2). This contrast
was masked with the contrasts: 21, 1, 0, 0 and 1, 21, 0, 0
(I-1 to I-4). Thus, only those voxels were considered as
pain-specific, which showed no significant activation dif-
ference while comparing I-1 and I-2 [see also Bornhovd
et al., 2002]. Analysis was conducted in specific regions of
interest (ROI), according to comparable earlier studies
[Bornhovd et al., 2002; Büchel et al., 2002]. Coordinates of
the ROIs were defined with the help of the Talairach dae-
mon software (http://ric.uthscsa.edu/projects/talairach-
daemon.html), which determines Brodmann areas (BA) or
brain regions according to the stereotactic coordinate sys-
tem of the Talairach atlas [Talairach and Tournoux, 1988].
The ROIs included the dorsal/ pregenual MPFC (medial
BA 9 and 10 for z > 10; size: 10,395 mm3), anterior insula
(insula for y � 0; size: 10,773 mm3), ACC (for z > 10 and
y < 0; size: 13,716 mm3), the whole thalamus (size: 12,771
mm3), SI (size: 12,690 mm3), and posterior insula/SII
(insula for y < 0; size: 16,443 mm3). Figure 5 in supple-
mentary materials indicates the ROIs graphically. To
strike a balance between type I and type II errors, statisti-
cal parametric maps resulting from voxel-wise analysis
were considered statistically significant for clusters with
voxel-wise t-values of P < 0.005 (uncorrected) and at least
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four contiguously activated 3 mm 3 3 mm 3 3 mm vox-
els [see also Straube et al., 2006a,b, 2007a,b]. However, we
also tested whether the detected clusters survived a cor-
rection for multiple comparisons. We used the approach
as implemented in Brain Voyager [Goebel et al., 2006]
which is based on a 3D extension of the randomization
procedure described by Forman et al. [1995]. First, voxel-
level threshold was set at P < 0.005 (uncorrected).
Thresholded maps were then submitted to a correction
for multiple comparisons based on the search space for
each ROI. The correction criterion was based on the esti-
mate of the map’s spatial smoothness and on an iterative
procedure (Monte Carlo simulation) for estimating clus-
ter-level false-positive rates. After 1,000 iterations, the
minimum cluster size threshold yielded a cluster-level
false-positive rate of 5% was applied to the statistical
maps that resulted from each of the different forms of
data analysis (SRF vs. analysis of each intensity). All clus-
ters reported in this article (see Results and Tables I–III)
survived this ROI-based control of multiple comparisons.

TABLE I. Significant activation for each intensity

Condition/
region

Women Men

x y z T-value Size x y z T-value Size

I-1
MPFC R 9 53 13 6.96 23
Insula R 48 5 4 5.02 17 45 11 13 5.32 12
S1 R 54 216 40 5.02 13
Thalamus R 15 219 7 4.19 6

I-2
Insula R 45 8 10 6.65 111 42 5 16 5.68 83

L 247 8 10 5.54 93 232 7 16 6.69 76
ACC 26 7 39 3.45 7 26 15 38 3.57 12
S1 R 52 211 43 6.80 11 57 214 29 5.52 14

L 254 213 43 6.25 12 243 230 53 5.13 16
p. insula/S2 R 30 222 14 6.06 14

L 231 24 16 7.66 15
Thalamus R 21 219 10 6.48 7

L 215 219 7 4.89 5
I-3
Insula R 43 17 4 7.15 117 40 8 7 9.18 134

L 239 14 7 7.35 83 239 11 10 10.02 148
ACC 7 20 36 4.23 24 27 15 38 4.86 45
S1 R 54 210 43 6.28 37 57 216 33 6.45 25

L 242 228 34 7.68 26 251 211 43 7.68 27
p. insula/S2 R 36 21 17 5.25 19

L 239 225 19 4.52 13 245 21 10 8.37 23
Thalamus R 6 222 7 4.60 14 6 219 4 6.27 31

L 26 219 4 6.06 23 29 219 1 6.40 29
I-4
Insula R 34 11 4 6.06 123 41 14 7 10.53 189

L 236 11 10 5.29 108 233 20 7 9.79 157
ACC 11 3 41 4.25 43 6 7 40 5.43 53
S1 R 48 228 40 7.60 31 48 230 37 5.04 15

L 256 213 43 8.70 28 249 213 43 4.55 20
p. insula/S2 R 45 21 10 6.66 22

L 245 27 10 8.41 28
Thalamus R 12 219 7 4.28 5 6 219 1 8.85 41

L 218 219 4 6.37 6 212 219 10 7.17 36

I, intensity; L, left; MPFC, medial prefrontal cortex; p., posterior; R, right; S, somatosensory cortex; size, number of voxels; (x, y, z),
Talairach coordinates of peak voxel (activation threshold: P < 0.005, cluster � 108 mm3).

Figure 1.

Sex differences in intensity ratings. Intensity did not differ

between sexes for I-1 (not perceived) and I-2 (not painful) but

for I-3 (mildly painful) and I-4 (moderately painful). Thus, less

absolute stimulus intensity was required to induce mild and

moderate pain in women compared to men. The asterisk indi-

cates significant differences between sexes.
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RESULTS

Behavioral Data

Analysis of differences in objective stimulus intensities
associated with individual ratings was conducted using a
4 3 2 factorial design with the within-subject factor Inten-
sity (I-1, I-2, I-3, I-4) and the between-subject factor Sex
(male, female). ANOVA showed a main effect of Intensity
[F(3,102) 5 21.74, P < 0.0001] and an interaction of Inten-
sity by Sex [F(3,102) 5 3.11, P < 0.05]. Planned t-tests
revealed that intensity did not differ between sexes for I-1
(1.36 6 0.29 mA vs. 1.07 6 0.19 mA; t 5 0.81, P > 0.05)
and I-2 (4.16 6 1.23 mA vs. 2.56 6 0.39 mA; t 5 1.24, P >
0.05) but for I-3 (11.53 6 3.60 mA vs. 4.73 6 1.04 mA; t 5
1.81, P < 0.05) and I-4 (18.87 6 4.46 mA vs. 9.38 6 2.75
mA; t 5 1.82, P < 0.05). This means that less absolute
stimulus intensity was required to induce mild and mod-
erate pain in women compared to men (see Fig. 1).
There was no significant interaction between Sex and In-

tensity regarding the number of ratings during the scan-
ning session (P > 0.05). Across all subjects, the following
mean numbers of ratings per intensity were provided:
28.33 6 6.62 (I-1), 27.13 6 7.10 (I-2), 27.38 6 7.51 (I-3), and
17.17 6 7.11 (I-4).

fMRI-Data

Analysis for each sex

First, we analyzed activation to each level of stimulus in-
tensity separately for men and women. Results are given
in Table I. Overall, both sexes showed similar coordinates

and t-values for activation maxima within most ROIs.
Women-specific activation was found in the MPFC and S1
during anticipation (I-1), while men but not women dis-
played activation in posterior insula/S2 during I-4. Second,
we analyzed the SRFs for each sex. Women and men
showed voxels correlating with stimulus intensity in ante-
rior insula, ACC, and S1 (see Table II). Coordinates of
peak voxels were comparable between both sexes (see Ta-
ble II). Additionally, men showed a significant correlation
of activation with stimulus intensity in posterior insula/S2
and thalamus. For the pain SRF, women and men showed
clusters correlating with pain intensity in anterior insula,
ACC, posterior insula/S2, and S1 (Table II). Except for the
ACC, coordinates of peak voxels were similar in both
sexes. Men, but not women, showed a significant activa-
tion for the pain SRF in the thalamus. According to this
SRF, Figure 2 displays significant activation maxima for
each sex, or in case of the thalamus (where activation in
women did not survive the cluster threshold) the peak
voxel of a nonsignificant cluster in women.

Comparisons between sexes

In a further step, we analyzed sex differences in brain
activation by means of between-group comparisons with
sex as group factor. There was no main effect of sex on
brain responses independently of stimulus intensity. The
analysis of sex differences for each intensity revealed dif-
ferential activation for I-1 and I-4 in the right pregenual
MPFC. For both intensities, there was an increased activa-
tion in woman as compared to men (Table III; Fig. 3).
Talairach coordinates (x, y, z) for the maximal activated

TABLE II. Significant stimulus response functions

Condition/
region

Women Men

x y z T-value Size x y z T-value Size

Intensity
Insula R 39 17 24 6.74 74 42 14 4 12.46 156

L 236 11 22 6.63 87 239 2 4 11.40 167
ACC 21 26 34 5.33 47 6 11 42 10.32 54
S1 R 46 228 41 4.33 31 46 228 40 5.44 36

L 236 237 58 5.25 37 242 236 58 5.23 18
p. insula/S2 R 39 24 13 7.26 15

L 239 21 4 10.42 23
Thalamus R 4 221 10 4.45 8

L 23 219 13 5.19 11
Pain
Insula R 47 9 10 4.56 14 42 11 5 10.72 128

L 236 14 25 4.20 9 239 8 7 12.30 145
ACC 0 31 33 3.43 7 6 8 42 6.41 43
S1 R 40 236 50 4.90 25 45 227 40 7.89 15

L 229 237 59 6.65 38
p. insula/ S2 R 44 21 7 5.89 7

L 236 21 25 4.59 9 237 21 7 6.28 11
Thalamus R 6 216 1 4.55 7

L 212 216 4 3.26 6

L, left; p., posterior; R, right; S, somatosensory cortex; size, number of voxels; (x, y, z), Talairach coordinates of peak voxel (activation
threshold: P < 0.005, cluster � 108 mm3).
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voxel were almost identical: 7, 53, 21 (I-1) and 4, 55, 21 (I-
4). There was no difference between sexes when compar-
ing the SRFs related to stimulus intensity. However, when
comparing the pain-related SRFs, we found increased acti-
vation in the MPFC in women compared to men (Table III;
Fig. 3). The activation profiles across intensities of this
region, as depicted in Figure 3, indicate a u-shaped SRF in
women, while men displayed no clear modulation of acti-
vation by stimulus intensity or rather an inverted u-func-
tion, respectively. These differential types of SRFs explain
why sex differences in activation of the MPFC were
detected with the pain-related SRF (which excludes inten-

sity 1) but not with the intensity-related SRF (which
assumes a linear increase).
Besides the effects found in the MPFC, there was a sig-

nificant influence of sex on brain activation in the left insu-
lar cortex for the intensity I-3. Here, men showed greater
activation compared to women. Figure 4 displays the pa-
rameter estimates of the maximally activated voxel for the
cluster in this anterior part of the left insula. This figure
indicates also a tendency for increased activation in men
compared to women during moderate pain (I-4; P < 0.01).
One has to consider that there is confound between sex
and stimulus intensity. Men received higher stimulation

Figure 2.

Pain-related activation (based on the pain SRF) in woman and

men within ROIs. Activation is shown for the ACC (A, women,

x 5 1; B, men, x 5 1), right insula (C, women, z 5 10; D, men,

z 5 5), right SI (E, women, z 5 50; F, men, z 5 40), left poste-

rior insula/SII (G, women, z 5 25; H, men, z 5 7), right thala-

mus (I, women, y 5 216, not significant at cluster level; J, men,

y 5 216). Statistical parametric maps are overlaid on a T1 scan

(radiological convention: left 5 right). The plots show parameter

estimates for each rating (mean 6 standard error for maximally

activated voxel).
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than women for I-3 and I-4. To estimate whether the dif-
ference between women and men in brain activation might
simply result from the difference between subjects with
high and low pain thresholds, we investigated activation
differences between low and high pain sensitive men (high
threshold: 30.50 mA; low threshold: 5.17 mA; separated by
median split). We have to acknowledge that this analysis
of high/low threshold men is limited by very small sam-
ple size. However, even at a very lenient threshold of P <
0.05 (uncorrected), there was no activation difference in
the insula for I-3 or I-4 between both groups. Thus, the dif-
ference in applied intensity does not seem to be the main
reason for the observed sex differences in brain activation
during the painful intensities.

DISCUSSION

This study investigated sex differences in ratings and
neural responses during anticipation and perception of
nonpainful and painful electrical stimuli. The behavioral
data are in accordance with previous findings showing
lowered pain thresholds and greater pain sensitivity in
women as compared to men [Berkley, 1997; Berkley and
Holdcroft, 1999; Filingim, 2000]. The fMRI data indicated
overall similar brain activation in men and women to stim-
uli matched for perceived stimulus intensity. However,
there were specific sex differences. Most importantly, we
detected increased brain activation in the pregenual MPFC
in woman as compared to men during anticipation of
stimulation and in response to the strongest pain stimulus.
In contrast, activation in the anterior insula was increased
to mildly and, as a tendency, also to moderately painful
stimuli in men.
The observation that men and woman showed activation

in regions consistently activated in pain studies is in ac-
cordance with previous work [Derbyshire et al., 2002; Paul-
son et al., 1998]. The areas of the so-called pain matrix such
as ACC, insula, thalamus, and somatosensory cortex have
been demonstrated to be increasingly activated with
increasing pain intensity [Bornhovd et al., 2002]. As far as

perceived pain intensity is not comparable for both sexes,
differences in brain activation to similar physical stimuli
might reflect differences in pain perception. For example,
Paulson et al. [1998] investigated brain responses to stand-
ardized painful or nonpainful heat stimuli, which were
administered with equal intensity for both sexes. In this
study, females showed greater pain ratings along with
stronger brain activation in the insula and thalamus. In a
subsequent study of Derbyshire et al. [2002], pain experi-
ence was equalized for the two sexes instead to deliver
stimuli of equal objective intensity. Differences between
males and females were investigated for the voxels that cor-
related positively with subjective pain ratings. The authors
found decreased activation in somatosensory, parietal, and
insular cortex in woman compared to men, while women
exhibited stronger responses in the perigenual ACC. Signifi-
cantly, decreased activation in women compared to men in
several brain areas during painful laser stimulation has
been also reported very recently [Moulton et al., 2006].
In this study, only in the insula a statistically significant

increase of activation in men as compared to women was
detected. Stronger insula activation in men than in women,
though comparable intensity ratings in both sexes, has
been also described in patients suffering from chronic pain
[Berman et al., 2003; Naliboff et al., 2003]. Besides its role
in pain processing, the insular cortex has been shown to
be involved in aversive emotions [e.g., Phan et al., 2002;
Straube et al., 2004, 2006a,b] and generally interoceptive
awareness [e.g., Craig, 2002; Critchley, 2004]. However,
although the insula is involved in pain and generally in
emotional processes, previous studies found that affective
reports of pain correlated with activation in rostral ACC
and MPFC rather than with insula activation [Berman
et al., 2000; Mertz et al., 2000; Rainville et al., 1997]. It has
been suggested that the insula responses might be more
strongly coupled to objective stimulus intensities during
painful stimulation [Berman et al., 2000; Naliboff et al.,
2003], which were increased in men compared to women.
However, we found no activation difference in the insula
to painful stimulation when comparing high and low
pain sensitive men. This result does not suggest that the

TABLE III. Significant sex differences in brain activation

Condition/
region

Women > men Men > women

x y z T-value Size x y z T-value Size

Pain-SRF
MPFC R 7 54 19 3.43 18

I-1
MPFC R 7 53 21 3.77 27

I-3
Insula L 233 20 8 3.40 23

I-4
MPFC R 4 55 21 3.33 10

I, intensity; L, left; MPFC, medial prefrontal cortex; R, right; size, number of voxels; SRF, stimulus response function; (x, y, z), Talairach
coordinates of peak voxel (activation threshold: P < 0.005, cluster � 108 mm3).
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sex-difference in insula activation during the painful stim-
ulation is simply a result of sex-differences in objective
stimulus intensities. Noteworthy, the insula is involved in
the representation of sympathetic arousal [e.g., Critchley,
2004]. Thus, increased insula responses might also corre-
late with sympathetic arousal reactions during painful
stimulation that seem to be increased in men, as compared
to women [Tousignant-Laflamme and Marchand, 2006].
In the anterior pregenual MPFC, women showed a u-

shaped SRF, while men displayed no clear modulation of
activation or rather an inverse u-function, respectively. In
a study by Bornhovd et al. [2002], a u-shaped SRF in
medial prefrontal areas was also found in response to
anticipated, nonpainful, and painful laser stimuli. Since
this study did not investigate sex differences, it remained
unclear whether eventual sex-specific activation patterns
within the MPFC might exist. Bornhovd et al. suggested
that activation in this region most likely reflects negative
affect, which is especially pronounced during anticipation
of pain and during the exposure to stronger pain stimuli.
In line with this proposal, there is considerable evidence
that anticipatory anxiety correlates with activation in the
MPFC [Simpson et al., 2001; Straube et al., 2007a].
Recently, Ochsner et al. [2006] reported a positive correla-
tion between individual differences in anxiety sensitivity
and activation to painful heat in pregenual MPFC. In addi-
tion, activation in the pregenual and dorsomedial prefron-
tal cortex has been generally implicated in evaluative,
emotional, self-referential, and self-regulative processing
[Kalisch et al., 2006; Ochsner et al., 2006; Phan et al., 2002].
In an actual review, Amodio and Frith [2006] suggested
that the anterior pregenual MPFC might be especially
engaged in metacognitive processes such as thinking about
unpleasantness of stimuli, for example the perceived
unpleasantness of pain.

Figure 4.

Differences in brain activation between women and men in left

anterior insula. Increased activation in men was found for I-3

(mildly painful). Statistical parametric maps are overlaid on a T1

scan (radiological convention: left 5 right, z 5 8). The plots

show parameter estimates for each rating (mean 6 standard

error for maximally activated voxel), indicating also a tendency

of increased activation in men compared to women for I-4

(moderately painful). The asterisk indicates significant differences

between sexes.

Figure 3.

Differences in brain activation between women and men in the

MPFC. Increased activation in women was found for (A) I-1 (not

perceived; y 5 7), (B) I-4 (moderately painful, y 5 7), and (C)

the pain SRF (y 5 7). Statistical parametric maps are overlaid on

a T1 scan (radiological convention: left 5 right). The plots show

parameter estimates for each rating (mean 6 standard error for

maximally activated voxel at I-1. The asterisk indicates significant

differences between sexes.
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Self-focusing and rumination, which correlate with
medial prefrontal activation, are more pronounced in
women compared to men during coping behavior [Tamres
et al., 2002]. Furthermore, there is some evidence that
females show increased anxiety sensitivity compared to
males, which seems to have an effect on sex differences in
pain processing [Jones and Zachariae, 2003; Koegh et al.,
2004; Robin et al., 1987; Rollman, 1995; but see Frot et al.,
2004]. Increased anxiety and worry are also related to pain
disorders [Rollman et al., 2004]. Women are significantly
stronger affected by chronic pain diseases than men [Unruh,
1996]. Remarkably, only activation in dorsal and pregenual
MPFC has been reported to correlate with pain intensity
during spontaneous pain in chronic back pain patients
[Baliki et al., 2006]. Taken together, increased medial
prefrontal activation and self-focused attention in woman
compared to men might be a key mechanism to understand
sex-differences in pain processing.
Some limitations of this study should be mentioned.

One limitation is a relatively small final sample for the
analysis of imaging data. With a larger sample size, more
significant results might be found. For example, when
inspecting the t-values, men showed a tendency of higher
activation in several areas during the painful stimulation.
Furthermore, additional measures of behavioral, subjective,
and physiological responses would be helpful in order to
investigate potential relations between different sex-related
factors and brain activation during expectation and experi-
ence of painful stimulation.
In conclusion, this study suggests that processing of

anticipated and experienced painful stimuli is closely associ-
ated with differential sex-related activation in anterior pre-
genual MPFC. In this area, women showed an increased
activation compared to men. There was no evidence of
increased activation in women in other brain areas, at least
when perceived intensities and pain responses were equal-
ized between sexes. In contrast, we found some evidence for
decreased activation in women in the anterior insula during
painful conditions. On the basis of the putative role of the
anterior MPFC, increased activation in this area suggests
stronger self-related processing of anticipated and experi-
enced, clearly painful stimuli in women, as compared to
men. Furthermore, this differential processing modus might
contribute to increased pain sensitivity in women.
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