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Abstract
Objective—To examine and compare brain activation patterns of premenopausal women with
normal sexual function and those with hypoactive sexual desire disorder (HSDD) during viewing
of validated sexually explicit film clips.

Design—Cross-sectional pilot study.

Setting—University-based clinical research center.

Patient(s)—Premenopausal women.

Intervention(s)—None.

Main Outcome Measure(s)—Areas of brain activation during viewing of sexually explicit film
clips.

Result(s)—Women with normal sexual function showed significantly greater activation of the
right thalamus, left insula, left precentral gyrus, and left parahippocampal gyrus in comparison
with women with HSDD, who exhibited greater activation of the right medial frontal gyrus and
left precuneus regions.

Conclusion(s)—Women with HSDD may have alterations in activation of limbic and cortical
structures responsible for acquiring, encoding, and retrieving memory, the processing and memory
of emotional reactions, and areas responsible for heightened attention to one’s own physical state.
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Female sexual dysfunction (FSD) is an important problem that has a significant impact on
quality of life for many women. The most prevalent subtype of FSD is hypoactive sexual
desire disorder (HSDD), which is defined by the American Psychiatric Association’s
Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) as the persistent or
recurrent deficiency (or absence) of sexual fantasies and desire for sexual activity that
causes marked distress or interpersonal difficulty (1). Estimates of its prevalence vary from
12% to 19%, depending on the methods used for diagnosis (2).

The etiology of HSDD has not been completely elucidated, but it is thought to be
multifactorial, with neuroendocrine, psychiatric, and behavioral components playing a role.
Previous studies have focused primarily on behavioral and biologic aspects of the disorder,
with use of validated behavioral questionnaires and hormonal assays being the predominant
methods of assessment. However, exclusive use of these methods has not yet yielded a
satisfactory explanation for the cause and development of female sexual dysfunction
disorders (3).

An exciting area of research that is now being applied to the study of female sexual function
and dysfunction is functional neuroimaging. Functional magnetic resonance imaging (fMRI)
is a neuroimaging technique that measures oxygen metabolism and brain blood flow, which
are correlated with neuronal activity evoked by cognitive/mental processes (4–7). The
potential role of fMRI in the study of female sexual response and FSD has only recently
been realized and will undoubtedly add an invaluable contribution to our understanding of
female sexual functioning (8).

Previous neuroimaging studies have investigated the brain regions activated while women
viewed sexually explicit videos (9–12). Results from these studies, as well as our current
investigation, provide evidence that limbic, somatosensory, visual, and association cortices
are active while women with normal sexual function view videos of heterosexual couples
engaging in sexual activity. More specifically, the brain areas previously reported to be
activated in the processing of sexually explicit stimuli include the occipitotemporal, anterior
cingulate, medial prefrontal, orbitofrontal, precentral, insular cortex, hypothalamus,
thalamus, and amygdala (13).

Only one study to date has directly compared brain activation patterns in women with
normal sexual function with women diagnosed with HSDD. Arnow et al. (9) demonstrated
that women with normal sexual function showed brain activations in multiple regions, most
prominently in the middle occipital gyrus, anterior cingulate cortex, bilateral thalamus,
caudate nucleus, left globus pallidus, and cerebellum while women with HSDD showed
activation of the left inferior parietal lobule, postcentral gyrus, and precuneus. When
comparing the two groups, women with normal sexual function showed greater activation of
the bilateral entorhinal cortex while women with HSDD exhibited greater activation of the
medial frontal gyrus, right inferior frontal gyrus, and bilateral putamen. The medial frontal
gyrus activation has been associated with self-monitoring (14); thus, it is possible that
women with HSDD allocate more attention to monitoring their response, which may be
inhibitory to sexual functioning.

Clearly, there is a need for further neuroimaging studies of women with HSDD. Our study
determined whether there are differences in brain activation patterns upon viewing sexually
explicit film clips by women with acquired HSDD compared with those with normal sexual
function. We hypothesized that women with HSDD will exhibit brain activation patterns that
are different than those that are seen in women with normal sexual function.
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MATERIALS AND METHODS
Participants

A total of 16 healthy premenopausal women were recruited to participate in the study. The
participants were recruited by Internet announcements, and they were screened by telephone
to determine initial eligibility. The inclusion criteria for women with normal sexual function
were that they had to be premenopausal, right-handed, strictly heterosexual, in a stable
relationship of at least 1 year duration (with an expectation of remaining in the same
relationship for at least 1 more year), and have had experience viewing sexually explicit
images. Exclusion criteria were a known history of mental illness, a history of drug or
alcohol abuse, diagnosis of a female sexual function disorder, use of other medication or
herbal preparations for the purpose of improving sexual performance, a history of sexual
offenses, an abnormality in vision that would impair viewing the images, and implants that
would preclude fMRI procedures (such as pacemakers). For women with HSDD, the
inclusion and exclusion criteria were the same except that they had to meet the criteria for
the diagnosis of HSDD, as diagnosed by clinical interview and validated questionnaires.

Study Design
The study was approved by the Human Investigation Committee at the Wayne State
University School of Medicine. If a participant met the study criteria based on the initial
telephone screen, she was invited to the Clinical Research Center at the Department of
Obstetrics and Gynecology. Informed consent was obtained before initiating study-related
activities. The participant completed a series of questionnaires, including the Sexual
Function Questionnaire (SFQ) (15), the Female Sexual Distress Scale (FSDS) (16), and a
demographics form that included questions about age, medical history, level of education,
race, ethnicity, relationship status, and sexual orientation. A urine pregnancy test was
administered to rule out pregnancy.

The diagnosis of acquired HSDD was defined by DSM-IV criteria and confirmed by a
structured clinical interview. Depression was ruled out using the patients’ reported medical
history and questions asked during the structured clinical interview. Additionally, scores
from the Sexual Function Questionnaire (SFQ) and the Female Sexual Distress Scale
(FSDS) (with a scores of ≥23 for the desire domain of the SFQ and of ≤15 for the FSDS,
respectively) were also used to assist in the diagnosis of HSDD.

Upon completion of these activities, the participant was taken to the fMRI suite at Harper
University Hospital. The participant viewed sexually explicit video clips that were
previously validated to be arousing in a population of premenopausal women (17). During
functional scanning, she viewed sexually explicit scenes that were projected from a laptop
computer in the magnetic resonance control room through an Avotec Silent Vision
projection system, which projected images onto a screen attached inside the bore of the
scanner. A mirror situated no more than six inches in front of the participant’s face enabled
her to view the videos being projected on the screen.

A standard fMRI block design was used with 12 alternating 1-minute blocks of a blue
control screen, neutral video, and sexually explicit video for 32 minutes (blue, sexual, blue,
neutral, blue, and sexual, etc.). Sexually explicit images consisted of male and female
heterosexual intercourse and other sexual activity. Control images consisted of male and
female interactions in a nonsexual manner. In between each sexually explicit and active
control film clip, participants viewed a 1-minute interlude of a blank blue screen to allow
arousal to return to baseline. This additional control procedure was included to minimize
“carryover” of arousal into the active control condition. At the completion of the study,
participants were compensated $100.00 for their time and inconvenience.
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Data Acquisition
Functional MRI was performed on a 3T Siemens Verio scanner. Head movement was
limited by using individually molded foam head holders. Prior to fMRI, a high-resolution
T1-weighted structural scan was acquired to rule out structural abnormalities and for
subsequent anatomic localization. Functional MRI to acquire BOLD contrast used echo
planar imaging (EPI) (EPI gradient refocused images; Field of view = 64 × 64; TR = 3,000
ms; TE = 39 ms; voxel size = 4 × 4 × 5). Slices were oriented axially or near axially along
the AC-PC line. The first four volumes from each run were discarded to allow for T1
equilibration effects.

Data Analysis and Main Outcome Measures
The data were analyzed using Statistical Parametric Mapping 2 (SPM2; Department of
Cognitive Neurology, London; www.fil.ion.ucl.ac.uk/spm). Realignment, normalization, and
smoothing were performed using standard SPM2 algorithms. All analyses were performed
on brains that have been spatially normalized to the Montreal Neurological Institute (MNI)
high-resolution T1 template and subsequently converted to Talairach space using the
icbm2tal application from the BrainMap Web site (18). The Talairach client was used to
label data (19, 20). Images were resampled into this space with 2-mm isotropic voxels and
smoothed with a Gaussian kernel of 6 mm full-width at half-maximum height to minimize
noise and residual differences in gyral anatomy.

The general linear model was applied from which statistical inferences were based on the
theory of random Gaussian fields, and changes relative to the experimental conditions were
modeled by convolution of boxcar epochs with the canonical hemodynamic response
function (HRF) to approximate the activation patterns (21). After normalization, subject-
specific parameter estimates pertaining to each regressor was calculated at each voxel, and
contrast images (statistical parametric mapping, SPMs) were calculated by applying
appropriate linear contrasts to the parameter estimates. This first-level analysis (individual
subject) was performed on individual subject data in which regional brain activation during
the erotic video was contrasted with the active (nonsexual) control video to localize brain
systems responsive to sexual arousal.

Once these neural systems were identified, group comparisons were performed. The
individual subject contrast images were compared using a one-sample t-test across the
subject group in a second-level, random effects (e.g., mixed effects model) analysis to allow
for inferences to the general population. Subsequently, between-group differences in each
contrast of interest were examined using two-sample t-tests and analysis of covariance
(ANCOVA) models to correct for age. From voxel-wise comparisons, activation foci within
a priori regions were considered statistically significant with a height threshold of P<.001
uncorrected, with an extent threshold of at least five contiguous voxels.

RESULTS
Subject Characteristics

Six women had normal sexual function, and 10 women had symptoms consistent with
HSDD. Women with normal sexual function were statistically significantly younger, having
a mean age of 29 (±4.4) years versus 37 (±7.4) years in women with HSDD (P≤.05). Three
women with normal sexual function and two women with HSDD reported current use of
hormonal contraception. As expected, the mean scores for the SFQ desire domain was
higher for women with normal sexual function: 21.2 (±2.4) versus 12.6 (±2.8) in the HSDD
group (P≤.001). Accordingly, women with normal sexual function had lower distress as
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measured by the FSDS, with mean scores of 3.0 (±5.6) versus 25.3 (±7.7) in the HSDD
group (P≤.001) (Supplemental Table 1, available online).

Brain Activation During Viewing of Sexually Explicit Video Clips
For women with normal sexual function, the most significant activation was found at the
lingual gyrus, inferior parietal lobule, thalamus, superior temporal gyrus, and insula on the
right and at the culmen of the vermis, parahippocampal gyrus, claustrum, hippocampus, and
precentral gyrus on the left. Bilateral activation of the insula and claustrum was also seen
(Fig. 1 and Supplemental Table 2). In women diagnosed with hypoactive sexual desire
disorder (HSDD), significant activation was found at the right middle temporal and fusiform
gyri; on the left, activation was found at the caudate body, declive, precuneus, anterior
cingulate gyrus, amygdala, and middle occipital gyrus. There was also bilateral activation of
the thalamus, medial frontal gyrus, and culmen (Fig. 2 and Supplemental Table 3).

Determination of Group Differences in Brain Activation
Women with normal sexual function showed significantly greater activation of the right
thalamus and the left insula, middle occipital gyrus, precentral gyrus, inferior frontal gyrus,
precuneus, parahippocampal gyrus, and supramarginal gyrus in comparison with women
with HSDD (Fig. 3 and Supplemental Table 4). In contrast, women with HSDD showed
greater activation of the right medial frontal gyrus and left precuneus (Fig. 4 and
Supplemental Table 5).

DISCUSSION
Our findings illustrate brain activation patterns of women with normal sexual function and
those with HSDD during viewing of sexually explicit videos; furthermore, they show that
there are several striking differences in activation between the two groups, some of which
may help explain the underlying neural mechanisms involved in the female sexual response.

In women with normal sexual function, there were multiple areas that were activated during
viewing of sexually explicit film clips, including cortical areas of the limbic system (the
bilateral insula, left hippocampus, and left parahippocampal gyrus), which have all been
shown to be activated in previous studies of women with normal sexual function (22–24).
The insula’s activation during the viewing of sexual videos (12, 22, 25, 26), electrical
stimulation of the clitoris (27), and orgasm in women (28, 29) may be due to its regulatory
role of autonomic nervous system response during sexual arousal (12) or more generally to
its role in integrating viscerosensory information (30). A related possibility is that the insula
integrates the states of physical and emotional pleasure one experiences during sexual
arousal (31).

The activation of the hippocampus may represent its critical role in learning and memory
(32) and its importance for relating sensory stimuli to past memories (33). Memories of past
experiences, both positive and negative, can influence sexual response (34). It is interesting
that women with a history of sexual abuse and posttraumatic stress disorder (PTSD) have
been found to have a smaller hippocampus and do not exhibit activation of this region
during memory tasks compared with controls (35).

There was significant activation of the cerebellum, comparable with patterns seen in
previous studies. Although the cerebellum is primarily thought to be involved with
movement coordination and motor learning, it may also be important for cognitive,
emotional, and motivational processes (36, 37). Cerebellar activation has been noted when
subjects are exposed to emotionally laden stimuli (38) as well as excerpts from erotic films
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(39, 40). The cerebellar vermis has been implicated as a key region that is involved with
sexual arousal, specifically the induction of penile erection in men (41).

In women with HSDD, a different pattern of brain activation emerged, with significant
activation seen in cortical structures such as the bilateral medial frontal gyrus and left
anterior cingulate gyrus as well as limbic structures including the left amygdala and bilateral
thalamus. The medial frontal gyrus has been implicated in attention and reflection about
one’s emotions and mental states (42, 43). Arnow et al. (9) also identified activation of this
region in women with HSDD and proposed that these women allocated more attention to
monitoring and evaluating their response to the sexual stimuli presented. Such self-
monitoring has been observed to be associated with sexual dysfunction (44).

The anterior cingulate gyrus plays a role in the evaluation of motivational/emotional
information and the initiation of goal-directed behavior (45) and has been found to be
activated by visually evoked sexual arousal (12, 22). In a review of the function of the
anterior cingulate cortex, it was noted that 16 out of 19 neuroimaging studies of sexual
response showed activation of this region and that it was the most frequently activated brain
structure; however, recent studies have suggested a much broader range of function for this
cortical area, including homeostasis, pain, desire, addiction, and cognition (46) as well as its
involvement in disorders such as depression (47), obsessive-compulsive disorder (48),
apathy, and posttraumatic stress disorder (49). Given its extensive involvement, it is difficult
to know whether activation of this area in women with HSDD reflected the evaluation of
emotional information or some other function; furthermore, this differentiation may depend
on structural and functional heterogeneity of this region.

The amygdala has a central role in emotional processing, learning, and memory. Amygdalar
activation has been demonstrated in response to sexual stimuli (12, 39, 50, 51). A strong
positive correlation between emotional arousal and amygdala activity have been reported for
both appetitive and aversive stimuli (52, 53). The amygdala is also known to play an
important role in fear conditioning and is implicated in the pathophysiology of anxiety
disorders (54). Whether amygdalar activation in women with HSDD represents anxiety,
fear, or another negative emotional response is an intriguing question that remains
unanswered.

For comparing brain activations patterns between women with normal sexual function and
those with HSDD, ANCOVA was used to correct for the age difference we observed
between the two groups. Women with normal sexual function showed significantly greater
activation of the right thalamus, left insula, left precentral gyrus, and left parahippocampal
gyrus. The thalamus is a multifunctional brain region that has traditionally been considered
to be a “relay station” that handles sensory and motor inputs to and from the ipsilateral
cerebral hemisphere. However, in addition to sensory and motor integration, it plays a role
in arousal, consciousness, affective behavior, and memory as well as the processing of
emotionally laden stimuli (55). Thalamic activation has been demonstrated in numerous
studies of men viewing sexually explicit film clips (12, 56, 57) and some of women (10, 22),
suggesting its integral role in the sexual response.

The parahippocampal gyrus is implicated in memory encoding and retrieval and is activated
in healthy women with normal sexual response (24, 58). The entorhinal cortex, which serves
as the main interface between the hippocampus and neocortex, has been found to be more
significantly activated in women with no history of sexual dysfunction (9). Activation of this
area may correlate with the superior ability of women with normal sexual function,
compared with HSDD women, to establish and retrieve emotional memories related to
sexual events. It is interesting that the parahippocampal gyrus has been found to be more
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significantly activated in surgically postmenopausal women after estrogen/testosterone
treatment compared with baseline, suggesting that sex steroids can enhance the limbic
system response to visual sexual stimuli (23).

In the comparison between the two groups, women with HSDD demonstrated significant
activation of the left precuneus as well as continued to exhibit greater activation of the right
medial frontal gyrus (as previously discussed). Activation of the precuneus is associated
with the recall of episodic memory (59), including past episodes related to the self (60). The
precuneus is also involved in source memory, or the awareness of an event with regard to
time and place, which allows an individual’s current knowledge to be associated with past
experiences (61). It is possible that the increased activation of the precuneus in women with
HSDD represents greater effort in the attempt to retrieve past memories within a particular
context.

Together, these findings confirm previous findings of brain activations that have been
observed in women with normal sexual function while watching sexually explicit video
clips. In addition, they support the possible role of memory encoding/retrieval and self-
monitoring in women’s sexual response and suggest that women with HSDD may have
alterations in activation of the structures that are responsible for these tasks.

Our study has several limitations; we did not control for menstrual phase, which has
previously been shown to influence brain activation patterns during viewing of sexually
explicit stimuli (10, 62) and male faces (63). We also did not control for hormonal
contraceptive use. But recent data suggest that hormonal influences on brain activation
patterns may not be of much significance when the erotic stimulus is direct and explicit, as it
was in our study (64). We also did not obtain hormonal or peripheral data (such as androgen
levels or vaginal pulse amplitude by vaginal photoplethysmography); these parameters have
not been shown to reliably differentiate between premenopausal women with normal sexual
function and those with HSDD (9, 65). Our study involved a small sample of healthy
women, which while appropriate for this study may limit the generalizability of our
findings; however, we find it reassuring that our results replicate previous findings in
functional neuroimaging studies of sexual function in women. Moreover, although we tried
to minimize carryover of arousal to our neutral video clips by including 1-minute viewing of
a blank screen, the time for arousal-mediated body or brain events to return to baseline is
unknown. As a result, our control condition may have been associated with lingering sexual
arousal or thoughts that could have served to minimize or even eliminate some differences
between conditions.

Even though we corrected for age in the comparative analysis between the two groups, it is
possible that age may have still exerted an effect on the findings. Although it is unlikely that
such effects would be hormonally related (all patients were premenopausal), it is possible
that sexual desire and arousal could be influenced by life stage. It is possible that the women
with HSDD, who were older, had life experiences and greater responsibilities such as caring
for children and/or older parents as well as career demands that would predispose them to
sexual dysfunction. Although the participants were screened for relationship and social
issues that could account for their sexual problems, they are sometimes not realized by the
patient and not reported.

CONCLUSION
In conclusion, we have identified regions of brain activation in women with normal sexual
function and those with HSDD during viewing of sexually explicit videos and have shown
that there are differences in activation between these two groups, specifically in areas
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responsible for memory encoding/retrieval and self-monitoring. These tasks may play an
important role in the female sexual response and may be altered in women with HSDD.
Identification of these areas could potentially serve as therapeutic targets for the treatment of
HSDD.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Regions of activation during viewing of sexual videos in the normal group. Cross-hairs
reflect local maxima in MNI space (x, y, z coordinates). Left parahippocampal gyrus (top
left), right lingual gyrus (top right), bilateral claustrum/insula (bottom left), and left
precentral gyrus (bottom right).
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FIGURE 2.
Regions of activation during viewing of sexual videos in the hypoactive sexual desire
disorder group. Cross-hairs reflect local maxima in MNI space (x, y, z coordinates).
Bilateral thalamus (top left), left precuneus (top right), bilateral medial frontal gyrus (bottom
left), and left amygdala (bottom right, outside of the cross-hairs in coronal view).
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FIGURE 3.
Regions of activation that were greater in the normal group than the hypoactive sexual
desire disorder group during viewing of sexual videos. Cross-hairs reflect local maxima in
MNI space (x, y, z coordinates). Left precentral gyrus (top left), left insula (top right), left
parahippocampal gyrus (bottom left), and left middle occipital gyrus (bottom right).
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FIGURE 4.
Regions of activation that were greater in the hypoactive sexual desire disorder group than
the normal group during viewing of sexual videos. Cross-hairs reflect local maxima in MNI
space (x, y, z coordinates). Left precuneus (left) and right medial frontal gyrus (right).
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