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a b s t r a c t

Women’s sexual decision making is a complex process balancing the potential rewards of conception and
pleasure against the risks of possible low paternal care or sexually transmitted infection. Although neural
processes underlying social decision making are suggested to overlap with those involved in economic
decision making, the neural systems associated with women’s sexual decision making are unknown.
Using fMRI, we measured the brain activation of 12 women while they viewed photos of men’s faces.
Face stimuli were accompanied by information regarding each man’s potential risk as a sexual partner,
indicated by a written description of the man’s number of previous sexual partners and frequency of
condom use. Participants were asked to evaluate how likely they would be to have sex with the man
nterior cingulate
isk

depicted. Women reported that they would be more likely to have sex with low compared to high risk
men. Stimuli depicting low risk men also elicited stronger activation in the anterior cingulate cortex (ACC),
midbrain, and intraparietal sulcus, possibly reflecting an influence of sexual risk on women’s attraction,
arousal, and attention during their sexual decision making. Activation in the ACC was positively correlated
with women’s subjective evaluations of sex likelihood and response times during their evaluations of high,
but not low risk men. These findings provide evidence that neural systems involved in sexual decision
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making in women overlap

exual interactions carry both the potentials for risks and rewards,
ncluding the transmission of sexually transmitted diseases and
nintended pregnancy, as well as pleasure and social bonding. The
ecision of whether or not to engage in a sexual encounter, and
pecifically with whom to engage, requires an analysis of the costs
nd benefits of that potential sexual encounter and partner [21].
hus, like other types of decision making, sexual decision mak-
ng can be expected to engage a multitude of cognitive processes,
ncluding ones related to sensory processing and attention, and the
valuation of expected risks and rewards. While previous literature
xtensively reviews the neural substrates of nonsocial, and espe-
ially economic, decision making, it is unclear whether or not the

ame neural systems also underlie social, and particularly sexual,
ecision making.

Within the broader definition of decision making a distinc-
ion can be made between social and nonsocial decision making.

∗ Corresponding author at: The Kinsey Institute for Research in Sex, Gender, and
eproduction, Indiana University, Morrison Hall 313, Bloomington, IN 47405.
el.: +1 812 856 0009 fax: +1 812 855 8277.
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those described previously to underlie nonsexual decision making.
© 2008 Elsevier Ireland Ltd. All rights reserved.

conomic decision making is one of the most commonly investi-
ated forms of nonsocial decision making. Social decision making
nvolves the interaction with and assessment of other individu-
ls and can be further broken into sexual and nonsexual decision
aking. Common to both social and nonsocial decision making

s the assessment of costs, consequences, rewards, and the pref-
rence for an optimal behavioral outcome [13]. Considering the
elevance of these processes to both types of decision making, one
ould predict the involvement of similar neural systems. Indeed,

ecent fMRI studies support an overlap in brain systems involved
n both economic and social decision making, specifically in the
nterior cingulate cortex, orbitofrontal cortex, insula, and stria-
um [15,17,32]. However, neural systems underlying sexual decision

aking, considered here a potentially distinct subset of social deci-
ion making, have not been specifically examined. Thus, it is as yet
nknown whether neural systems involved in sexual decision mak-

ng are the same as those involved in economic decision making,

s recently has been shown to be the case for nonsexual forms of
ocial decision making [15,17,18,32].

The current study examined the neural systems associated
ith women’s sexual decision making. Brain activation was mea-

ured in women evaluating high and low risk potential sexual

http://www.sciencedirect.com/science/journal/03043940
http://www.elsevier.com/locate/neulet
mailto:hrupp@indiana.edu
dx.doi.org/10.1016/j.neulet.2008.10.083
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artners using fMRI. During this sexual decision making paradigm,
e expected involvement of brain regions recruited during eco-
omic and other types of social decision making; including the
nterior cingulate cortex, orbitofrontal cortex, ventral striatum,
nd amygdala [8,15,17,18,27,31,32]. Understanding women’s neu-
al responses to potential sexual partners will not only further
ur understanding of women’s sexual decision making to inform
ealth-related interventions; but also further our understanding
f the overlap in neural systems underlying social and nonsocial
ecision making.

Participants were 12 heterosexual women between ages 23
nd 28 who were not using any form of hormonal birth
ontrol, not in a relationship, and did not have any contraindi-
ations for MRI. Participants were on average 25.2 years old
S.D. = 1.9), 11 were Caucasian, one was African American, and
ll but one reported some previous sexual experience (number
f lifetime sexual partners, mean ± S.D. = 5.3 ± 3.7). None of the
articipants reported currently using medication or being under
reatment for any psychological disorders, all reported regular
eriods 28–32 days, all women were single, and two women
eported currently having a sexual partner (nonexclusive). Partici-
ants’ average (mean ± S.D.) scores on psychosexual questionnaires
described in more detail below) were within the normal range:
exual inhibition scale 1 = 34.25 ± 4.03; sexual inhibition scale
= 32.83 ± 4.99; sexual excitation scale = 51.33 ± 6.58; sociosexual
rientation inventory = 60.92 ± 18.70.

To create the stimulus set, pictures of male faces were taken from
ublic domain websites on the Internet, selected to be of generally
he same age range as participants, depicting a neutral expression,
nd from a variety of ethnic backgrounds. All faces were edited to
he same 640 × 480 pixel resolution with the same limited amount
f background, and converted to black and white in Adobe Pho-
oshop (Version 7.0.1, Adobe Systems Inc.). Pictures with variable
evels of attractiveness were selected based on pilot ratings from
5 women not involved in the fMRI testing. The face presentations
ere combined with information indicating whether the depicted
an was of high or low sexual risk. Risk was varied using informa-

ion about the men’s number of previous sexual partners and their
ypical use of condoms. Based on population estimates of the aver-
ge number of sexual partners for women in this age group [22],
ow risk men had 2–5 previous sexual partners and usually used
ondoms. High risk men had 10–13 previous sexual partners and
arely used condoms. This written information was provided as a
ingle number (2–13) and word (usually/rarely) in the top right cor-
er of the stimulus screen. As part of another study, the male faces
iffered in facial masculinity on two dimensions. This 2 (sexual risk)
y 2 (masculinity) design included, therefore, four presentations of
he same male face (56 originals). Specifically, two masculinized
nd two feminized exemplars of the same face were each pre-
ented as both a high and low risk sexual partners, for a total of 224
ictures. For the current study, we collapsed woman’s responses
cross the masculinity conditions before we compared responses
ased on sexual risk. Patterns of neural activation related to facial
asculinity were analyzed separately and are presented elsewhere

25]. Stimuli were rear-projected using a Mitsubishi XL30U projec-
or onto a frosted glass screen which was seen by the participant
s a reflection in a mirror positioned in front of the participant’s
ine of view. Pictures were presented in eight blocks which were
andomized for presentation order.

All women were tested during the late follicular phase of

heir menstrual cycles (days 10–12) to control for possible hor-

one influences [9,12]. Before the first test session, participants
ompleted a series of questionnaires regarding their psychosex-
al profiles, including the sociosexual orientation inventory (SOI)
29] and the sexual inhibition/sexual excitation scales (SIS/SES)

w
d
(
w
a

etters 449 (2009) 42–47 43

4,16]. The SOI is a 7-item scale measuring an individual’s tendency
o engage in short-term or uncommitted sexual encounters. The
IS/SES measures three factors using 45 four-point scale items: (a)
ropensity for sexual excitation (SES; range 20–80); (b) propen-
ity for sexual inhibition due to “the threat of performance failure”
SIS1; range 14–56); (c) propensity for sexual inhibition due to “the
hreat of performance consequences” (SIS2; range 11–44).

Imaging took place at the Indiana University Imaging Research
acility. Participants were screened and then comfortably posi-
ioned in an fMRI scanner where they performed the male
valuation task. Each face stimulus was presented for 4 s, dur-
ng which participants were asked: “How likely would you be to
ave sex with this person?” (1 = very unlikely, 2 = unlikely, 3 = likely,
= very likely). Participants indicated their response on a button

esponse box with a finger press. Participants were instructed to
magine themselves in a scenario in which they were open to a
exual encounter; to make their decision as if they were in that sit-
ation; and to base their decision on how attractive they found the
an depicted and the supplementary information provided (part-

er number and condom use). All stimuli were presented using
ATLAB 5.2 (MATHWORKS Inc., Natick, MA) on a Macintosh com-

uter in a rapid variable ISI event-related design.
Imaging was carried out using a Siemens Magnetom Trio

T whole body MRI and collected on an eight-channel phased-
rray head coil. Each MRI session took about an hour, during
hich functional and anatomical scans were acquired. First,
3-plane scout was acquired to be used for choosing slice

lanes for the remaining scans (10 s). Functional scans were
radient-echo T2* EPI scans for BOLD-based functional neu-

oimaging (duration ∼5 min, 8 scans/session, ∼40 min). The fMRI
ulse sequence had the following EPI parameters: TE = 25 ms,
ip angle = 70◦, FOV = 220 mm × 220 mm, matrix 64 × 64, in-plane
esolution = 3.4 mm × 3.4 mm, slice thickness = 3.4 mm, gap thick-
ess = 0 mm. A typical volume was 33 EPI slices acquired at a time
f 60 ms per slice for a total volume acquisition time of 2 s (TR = 2).
lices were acquired parallel to the ACPC plane to efficiently cover
he entire brain. Finally, a high-resolution T1 3D turbo-flash struc-
ural scan of the entire brain was acquired with 160 sagittal slices
FOV = 224 × 256; voxel size = 1 × 1 × 1; T1 = 1100 ms, TE = 3.93 ms,
R = 14.375 ms, flip angle = 12◦; duration = 8 min).

Imaging data were preprocessed and analyzed using
rainvoyagerTM software. Functional data preprocessing included
D motion correction, slice scan-time correction, spatial smoothing
3D Gaussian FWHM 6 mm), and linear trend removal. Functional
lice data were co-registered to high-resolution structural volumes
or each individual and normalized to Talaraich space. Imaging data
ere analyzed using BrainvoyagerTM multi-study general linear
odel procedure. A random-effects whole-brain group-average

tatistical parametric map (SPM) was calculated to examine the
ain effect of sexual risk (high minus low). This contrast, as shown

n Fig. 1, was thresholded at a voxel-wise probability of p < .001
ith a cluster-size threshold of 10 voxels (393 mm3). The cluster

hreshold correction technique used here controls false positives,
ith a relative sparing of statistical power, which was important

or studying the small effect sizes seen between our experimental
onditions [10]. Corrections similar to this have been found to
uccessfully manage the multiple testing problem [30].

Those brain regions determined from the whole-brain SPM anal-
sis to differ in activation in response to high and low risk sexual
artners became regions of interest (ROIs). Activation in these ROIs

as further analyzed by extracting estimated timecourses using a
econvolution analysis on each individual. BOLD response averages
beta weights) between 6 s and 10 s after stimulus onset (3–5 TR)
ere taken from within each ROI for each individual subject and

veraged across the three data points. This average BOLD response
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ig. 1. Areas of activation demonstrating increased activation to low versus high ris
ACC), right midbrain (MDBN), pons (PONS), intraparietal sulcus (IPS), and precuneu

or each ROI was then entered into SPSS (Version 16.0, SAS Institute
nc., Cary, NC) for correlation analyses (Spearman bivariate two-
ailed) with behavioral responses and psychosexual profiles (SES,
IS1, SIS2, and SOI).

Women indicated a higher likelihood of engaging in sex with
ow risk men (paired samples t-test, t11 = −5.3, p < .001; high,

ean ± S.D. = 1.41 ± .32; low, mean ± S.D. = 2.45 ± .59). Results of
he correlation analyses with participants’ psychosexual variables
SES, SIS1, SIS2, and SOI) and subjective ratings for high and low
isk men demonstrated significant associations between women’s
ropensity for sexual inhibition (SIS) and their within-category

atings. Specifically, women’s subjective ratings of the likelihood
f sex with the high risk men depicted were negatively associ-
ted with women’s scores of sexual inhibition due to the threat
f performance consequences (SIS2, R10 = −.61, p = .04). Addition-
lly, women’s subjective ratings of the likelihood of engaging in

t
b
s
t

ntial sexual partners. Brain regions included the bilateral anterior cingulate cortex
E).

ex with men depicted as low risk were positively associated with
heir scores of sexual inhibition related to performance failure (SIS1,
10 = .58, p = .05). SES and SOI scores were not significantly associ-
ted with subjective ratings for high or low risk men.

Response times for making the subjective ratings did not signif-
cantly differ based on the risk of the man depicted (paired samples
-test, t11 = −1.94, p = .08; high, mean seconds ± S.D. = 1.58 ± .45;
ow, mean seconds ± S.D. = 1.73 ± .42). Women’s subjective ratings

ere correlated with their response times during the evaluations of
igh (R10 = .60, p = .04), but not low, risk men. Response times were
ot associated with scores on any of our psychosocial variables.
An initial whole-brain group-average SPM comparing activation
o high versus low risk men revealed that five general regions of the
rain demonstrated more activation to low than high risk potential
exual partners (Fig. 1); the bilateral dorsal anterior cingulate cor-
ex (ACC; right, Talaraich coordinates = 8, 14, 34, max t-value = 7.25,
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ncorrected p-value = 0.00002; left, Talaraich coordinates −3, 18,
8, max t-value = 6.58, uncorrected p-value = 0.00004), the right
rainstem including the midbrain (Talaraich coordinates = 6, −22,
11, max t-value = 7.58, uncorrected p-value = 0.00001) and pons

Talaraich coordinates = 2, −34, −23, max t-value = 6.42, uncor-
ected p-value = 0.00005), and the left parietal cortex, including
he intraparietal sulcus (IPS, Talaraich coordinates = −44, −33, 40,

ax t-value = 6.41, uncorrected p-value = 0.00005) and precuneus
Talaraich coordinates = −23, −65, 38, max t-value = 5.36; uncor-
ected p-value = 0.0002). Based on this contrast, these areas of
ifferential responding to high versus low risk men, including the
CC, midbrain, pons, IPS, and precuneus, became ROIs for follow-up
nalyses.

Activation in two brain regions was significantly associated with
omen’s subjective ratings of high risk potential sexual partners

Table 1). Specifically, activation in the bilateral ACC was posi-
ively related to women’s subjective ratings of their likelihood
f having sex with high risk men (right, R10 = 0.66, p = .02; left,
10 = 0.62, p = .03) and activation in the pons was inversely related
o women’s rating of having sex with high risk men (R10 = −0.57,
= .05). Together these correlations demonstrate an association
etween women’s self-rated higher likelihood of engaging in sex
ith high risk partners and increased activation in the ACC, as well

s with decreased activation in the pons. We did not observe any
rain regions from our ROIs in which activation predicted women’s
ubjective ratings of their likelihood of sex with low risk men.

Participants’ response times were strongly positively correlated
ith brain activation in many brain regions during the evaluation

f the men (Table 1). Specifically, activation in the bilateral ACC was
ositively associated with response times during the evaluation of
igh (right ACC, R10 = 0.74, p = .006; left ACC, R10 = 0.70, p = .01), but
ot low, risk men. Activation in the midbrain was positively associ-
ted with women’s response times during the evaluation of all men

high, R10 = 0.83, p = .001; low, R10 = 0.65, p = .02). For high, but not
ow risk men, activation in the IPS was positively associated with

omen’s response times (R10 = 0.59, p = .05). In the pons, activation
as positively associated with women’s response times during the

h
r
o
A

able 1
ummary of relationships between neural activation in ROIs and women’s subjective rati
wo-tailed Spearman bivariate correlations.

verage activation response Subj. rating R time

nterior cingulate cortex
Right

High risk 0.66 0.74
Low risk −0.11 0.57

Left
High risk 0.62 0.70
Low risk −0.19 0.57

rainstem
Midbrain

High risk 0.35 0.83
Low risk 0.32 0.65

Pons
High risk −0.58 −0.28
Low risk 0.16 0.59

arietal cortex
IPS

High risk 0.30 0.59
Low risk 0.45 0.34

Precuneus
High risk 0.11 0.08
Low risk 0.07 0.04

ignificant (p < .05) relationships are in bold.
etters 449 (2009) 42–47 45

valuation of low (R10 = 0.59, p = .05), but not high risk men. Activa-
ion in the precuneus was not related to response times for either
ype of male face stimuli.

Results from the correlation analyses demonstrated significant
elationships between SES, SIS1, SIS2, and SOI and neural acti-
ation only in the pons (Table 1). Activation in the pons during
he evaluation of low risk men was positively related to women’s
cores of sexual inhibition due to performance consequences (SIS2,
10 = 0.65, p = .02) and negatively related to their scores of sociosex-
ality (SOI, R10 = −0.60, p = .04).

Women demonstrated different neural responses to male faces
escribed to be of low or high risk as a potential sexual partner.
ifferences in activation were observed in the bilateral anterior cin-
ulate cortex, midbrain, and parietal cortex. These brain regions are
elated to processes of attraction, attention, and arousal and have
reviously been reported to be differentially responsive to low ver-
us high risk financial options [3,5,8,26]. Because activation in the
bserved brain regions discriminated between low and high risk
otential partners in a manner similar to patterns of neural activa-
ion previously observed in response to high and low risk financial
ptions [8] and during social judgment [18], the current study’s
ndings support overlapping neural networks for financial, social,
nd sexual decision making.

The discrimination of ACC activation between high and low
isk partners is of specific interest given extensive reports of its
ole in nonsexual decision making, for example during the evalu-
tion of high or low risk financial rewards or of nonsexual social
haracteristics [3,5,8,18,23,26,27]. Activation in the ACC has been
roposed to reflect perceived reward value, specifically related to
he weighing of the costs, consequences, and benefits of possible
utcomes to determine the optimal reward potential and appro-
riate behavior [1,3,14,20,24]. That activation in this region was
ositively correlated with women’s subjective ratings of sex likeli-

ood and their response times suggests that activation in this region
eflects increased processing effort, analysis, and positive appraisal
f stimuli during decision making, as proposed previously for the
CC [3,18,19,23,26]. Especially of interest is that these associations

ngs, response times, and psychosexual variables. Statistics presented are based on

SIS1 SIS2 SES SOI

−0.32 −0.51 −0.45 0.09
−0.40 −0.40 −0.32 −0.02

−0.30 −0.41 −0.36 −0.22
−0.32 −0.50 −0.40 −0.03

0.33 0.06 −0.54 −0.12
0.03 −0.04 −0.31 0.01

−0.18 0.47 0.55 −0.30
0.02 0.65 0.15 −0.60

0.26 0.10 −0.43 −0.01
0.42 0.11 −0.25 0.27

−0.03 0.18 −0.40 −0.17
0.06 0.23 −0.27 −0.14
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etween behavior and ACC activation were observed only in
esponse to high, but not low risk stimuli, consistent with previ-
us work demonstrating increased activation in the ACC during the
hoice of a higher risk financial option [5,11]. Together, results from
he current study using a sexual decision making paradigm show
pattern of neural activation in the ACC that is remarkably con-

istent with previous work using other kinds of decision making
aradigms.

Increased activation in the midbrain in response to men
epicted as low risk sexual partners is consistent with previous
ork demonstrating increased midbrain activation in response to

ewarding financial decisions [2,8]. Furthermore, increased acti-
ation in the midbrain is consistent with work in humans and
nimal models demonstrating increased activation in the mid-
rain with positive reward prediction error [7,28]. Activation in the
idbrain was also positively associated with women’s response

imes, possibly reflecting the role of the midbrain dopaminergic
ystem in learning and behavioral reinforcement [28]. Therefore,
ncreased activation in the midbrain in response to low risk men

ay reflect increased dopamine signaling, reward prediction, and
eward value for this preferred category of low risk men. Activa-
ion in the pons was higher to low risk men as well, but negatively
elated to women’s subjective ratings of high risk men, response
imes during the evaluation of low risk men, and related to a more
nhibited psychosexual profile. The pons receives large projections
rom the cerebral cortex for projection to the cerebellum, and in
urn receives large projections from the cerebellum for projec-
ion to the thalamus; therefore activation in this region may be
n important relay between higher cortical areas and behavioral
ctivation, specifically regarding physiological autonomic arousal.
inally, we observed increases in activation in the parietal cortex
n response to low risk versus high risk men, including the IPS and
recuneus. The observed involvement of IPS during women’s sexual
ecision making is consistent with previous literature demonstrat-

ng a role for the IPS in categorization [6], and is also consistent
ith a recent study of social evaluation that found parietal cortical

ecruitment during the judgment of famous faces [18]. Together,
ifferences in activation observed in ACC, brainstem, and parietal
ortex in response to high versus low risk sexual partners sug-
ests that, consistent with nonsexual decision making, processes
f attraction, arousal, and attention are integral to women’s sexual
ecision making.

Contrary to our hypotheses, we did not find activation in the
rbitofrontal cortex, an area commonly observed to be activated
uring nonsexual decision making tasks [2], specifically in conjunc-
ion with activation in the ACC [5]. However, due to the ventral and
nterior location, this region experiences significant signal dropout
ue to susceptibility artifacts, which may have prevented detection
f changes in activation in this region. Also inconsistent with our
ypotheses was the absence of an expected association between
bserved activation in the ACC and women’s psychosexual profiles.
his was predicted based on previous research demonstrating that
CC activation during decision making varies with individual char-
cteristics [3,8,17,27]. Based on the relatively high R-values in the
bsence of statistical significance, however, we do not believe that
he current study is conclusive regarding the influence of women’s
sychosexual characteristics on neural activation during sexual
ecision making. To fully investigate the promising potential inter-
ction between the two, future studies should use larger samples or
se recruitment methods to increase the ability to detect potential
ndividual differences.
In sum, this study provides further support for previous studies

uggesting an overlap in brain systems underlying economic and
ocial decision making [13,15,17,32]. Together, the patterns of psy-
hosexually mediated neural activation observed here in response

[

[

etters 449 (2009) 42–47

o lower risk sexual partners may point to targets of cognitive inter-
entions that would enhance women’s likelihood of safer sexual
ecisions and decrease their vulnerability to unplanned pregnan-
ies or STDs. Specifically, given the difference in activation observed
n the ACC and midbrain, regions integral to learning and behav-
oral reinforcement, cognitive and behavioral interventions should
mphasize conditioning strategies pairing safer sexual decision,
uch as using condoms, with rewards. More generally, the current
tudy supports a theoretical framework of shared neural networks
nderlying social, including sexual, and economic decision making.
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