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During the postpartum period, women experience significant changes in their neuroendocrine profiles and
social behavior compared to before pregnancy. A common experience with motherhood is a decrease in
sexual desire. Although the lifestyle and peripheral physiological changes associated with parturition
might decrease a woman's sexual interest, we hypothesized that there are also hormone-mediated changes
in women's neural response to sexual and infant stimuli with altered reproductive priorities. We predicted
that amygdala activation to sexually arousing stimuli would be suppressed in postpartum versus nulliparous
women, and altered with intranasal oxytocin administration. To test this, we measured amygdala activation
using fMRI in response to sexually arousing pictures, infant pictures, and neutral pictures in 29 postpartum
and 30 nulliparous women. Half of the women received a dose of exogenous oxytocin before scanning. As
predicted, nulliparous women subjectively rated sexual pictures to be more arousing, and infant pictures
to be less arousing, than did postpartum women. However, nulliparous women receiving the nasal oxytocin
spray rated the infant photos as arousing as did postpartum women. Right amygdala activation was lower in
postpartum versus nulliparous women in response to sexual, infant, and neutral images, suggesting a gener-
alized decrease in right amygdala responsiveness to arousing images with parturition. There was no differ-
ence in right amygdala activation with nasal spray application. Postpartum women therefore appear to
experience a decrease in sexual interest possibly as a feature of a more generalized decrease in amygdala
responsiveness to arousing stimuli.

© 2012 Elsevier Inc. All rights reserved.
Introduction

During the postpartum period women frequently report decreases
in sexual desire (Botros et al., 2006; De Judicibus and McCabe, 2002;
Fischman et al., 1986; Glazener, 1997) and to a more variable extent
physiological sexual function (Baksu et al., 2006; Connolly et al.,
2005). Postpartum loss of sexual desire is reported across many studies
in the first six months postpartum in roughly a third to a half of women
(Abdool et al., 2009; Barrett et al., 2000) and has been reported to last as
long as one year (Pertot, 1981; Pastore et al., 2007) to many years fol-
lowing child birth (Botros et al., 2006). The pattern offindings for sexual
function asmeasured by resumption of intercourse and painwith inter-
course shows a different pattern following parturition than self-reports
of desire. Generally, by six months postpartum most women have
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resumed sexual intercourse (Connolly et al., 2005; De Judicibus and
McCabe, 2002; Hyde et al., 1996) and report orgasm function compara-
ble to before pregnancy (Connolly et al., 2005) even though reports of
dyspareunia are quite common in the first six months postpartum
(Barrett et al., 2000). The literature to date suggests that physical
changes and symptoms during the first six months postpartum, includ-
ing incontinence, prolapse, and pain, may not be the only, or evenmost
significant, source of decreased sexual interest in women as compared
to psychological factors (Botros et al., 2006; De Judicibus and McCabe,
2002; Pertot, 1981).

There are significant neuroendocrinological changes with parturi-
tion promoting optimalmaternal care thatmay decrease sexual interest
during the first sixmonths to one year postpartum. Neuroimagingwork
suggests that there are changes in the prefrontal–limbic system, includ-
ing the amygdala, with motherhood to increase maternal responsive-
ness to infants (Leibenluft et al., 2004; Lorberbaum et al., 1999, 2002;
Seifritz et al., 2003; Swain et al., 2007; Swain, 2008). Given the role of
the amygdala in both sexual behavior (Karama et al., 2002; Hamann
et al., 2004) and maternal behavior, as well as general emotion and
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Table 1
Mean scores (±std. dev) by cohort on the BISF-W, mood, and sleep. Nulliparous
women had significantly higher scores for all BISF-W dimensions except D7. There
were no differences in measures of anxiety, depression, or sleep.

Nulliparous Postpartum Total

(N=27) (N=24) (N=51)

BISF-W
D1 thoughts/desires
(range 0–12) ***

7.71±2.23 5.13±2.20 6.49±2.55

D2 arousal
(range 0–12) ***

8.23±2.33 5.49±2.40 6.94±2.72

D3 frequency
(range 0–12)***

5.69±1.89 3.20±1.31 4.52±2.05

D4 receptivity/initiation
(range 0–15) *

9.70±2.71 7.88±3.55 8.84±3.24

D5 pleasure/orgasm
(range 0–12) ***

6.51±1.48 4.03±2.07 5.34±2.16

D6 relationship satisfaction
(range 0–12) **

10.52±1.60 7.92±2.50 9.29±2.44

D7 problems affecting sex
(range 0–16)

2.72±1.59 4.97±2.10 3.78±2.15

Composite score
(range −16 to 75) ***

45.65±8.51 28.66±11.27 37.66±13.02

Anxiety (range 0–7) .32±.55 .25±.44 .29±.49
Depression (EPDS) 5.42±4.51 4.24±2.36 4.78±3.51
Sleep (hours) 7.24±1.46 7.45±1.53 7.34±1.48

Significant difference across cohorts *p≤05; **p≤01; ***p≤ .001
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reward processing, we hypothesized that in postpartum women the
amygdala would be less responsive to sexual images and more respon-
sive to infant images.

The post-partum period is a reproductive event with unique neuro-
endocrine characteristics and motivations. Although the mechanisms
underlying the postpartum changes in neural and behavioral responses
are not entirely clear, the neuropeptide oxytocin is thought to play an
important role in postpartum women's heightened infant responsive-
ness and decreased response to non-infant stimuli (Carter et al., 2007;
Galbally et al., 2011;Mortimer, 2008). Breast-feeding, which raises oxy-
tocin levels (Altemus, 1995; Carter et al., 2007; Drewett et al., 1982) has
been associated with a reduction in postpartum women's sexual desire
and frequency of intercourse (Avery et al., 2000; Forster et al., 1994;
Glazener, 1997; Hyde et al., 1996). Although oxytocin facilitates periph-
eral sexual arousal (Salonia et al., 2005), is elevatedwhen sexual arousal
does occur (Carmichael et al., 1987) and increases with orgasm
(Blaicher et al., 1999), it is not thought to be a direct driver of sexualmo-
tivation and desire that precedes the initiation of sexual behavior
(Carter, 1992; Pfaus and Scepkowski, 2005; Pfaus, 2009). This is consis-
tent with self-report questionnaire data suggesting that postpartum
women seem to enjoy intercourse and experience orgasm when inter-
course occurs (Connolly et al., 2005), though theymay not desire or ini-
tiate it (Woranitat and Taneepanichskul, 2007). Together, this work
demonstrates both positive and negative associations of oxytocin with
sexual behavior, seemingly varying based on whether the sexual be-
havior examined is appetitive or consummatory. The current study
will examine differences in possible appetitive sexual behavior
with parturition and whether there is a causal role for oxytocin in
its inhibition.

Studies administering nasal oxytocin to men and nulliparous
women further support a role for this hormone in amygdala responsive-
ness to social stimuli. Oxytocin administration has been associatedwith
decreased amygdala activation in men in response to emotional faces
(Domes et al., 2007; Kirsch et al., 2005; Meyer-Lindenberg et al.,
2011) as well as increased amygdala activation in women in response
to fearful faces (Domes et al., 2010). The authors of the latter study
(Domes et al., 2010) argue that increased amygdala activation to oxyto-
cin might facilitate child protection due to the sensitization towards
possible threat. In women, therefore oxytocin may be associated with
both an increase in amygdala activation to relevant infant stimuli, and
a decrease in activation to irrelevant stimuli in the environment, includ-
ing sexual stimuli. Therefore, in the current studywe test thehypothesis
that the proposed changes in amygdala activation in response to infant
and sexual stimuli are due to specific inhibitory influences of oxytocin
on women's responses to sexual images.

This study aimed to characterize neural activation typical of post-
partumwomen in response to sexually explicit and infant images and
examine whether oxytocin is related to amygdala activity in response
to these stimuli. We expected postpartum women to report lower
arousal to sexual images and increased arousal to infant images. We
also expected a lower amygdala response compared to nulliparous
women in response to sexually arousing pictures and higher amygda-
la activation in response to infant images. Differences between nullip-
arous and postpartum women in both self-reported arousal and
amygdala activation were expected to be attenuated with exogenous
oxytocin nasal spray.

Methods

Participants

Participants were 30 nulliparous and 29 postpartum women
recruited through flyers, emails, and local organizations. We includ-
ed only heterosexual women currently in relationships, aged 20–40,
and not pregnant. The majority of participants self-reported as
White (47; 22 nulliparous), six were Asian (4 nulliparous), three
were Black (all nulliparous), one was Hispanic/Latino (postpartum),
and two participants self-described themselves as ‘Other’ (1 nullipa-
rous). Themajority of women (26) reported an education level at the
Bachelor's degree level, 17 reported completing up to high school
(8 postpartum), and 16 had post-graduate degrees (11 postpartum).
Average age of participants was 27 years old, however nulliparous
women were significantly younger than postpartum women (Mean±
SD nulliparous=23.8±3.74, Mean±SD postpartum=30.21±4.44,
p≤ .001). All women self-reported their health as ‘Good’ or ‘Excellent’
and there was no significant difference across groups. Women reported
an average 7 hours of sleep a night, as measured as self-reported hours
asleep the previous night (excluding interruptions), with no significant
difference between nulliparous and postpartum women (Table 1). We
did observe a significant difference in weight (p=.04) and percent
body fat (p=.001) in which postpartum women were higher (weight,
Mean±SD nulliparous=138.21±27.26, Mean±SD postpartum=
153.72±26.04; Percent body fat, Mean±SD nulliparous=25.84±
7.76, Mean±SD postpartum=33.82±8.89). None of the variables
discussed above differed significantly by nasal spray assignment
group. All women reported high satisfaction with their partners in
terms of their relationship (Scale 1–5, 1=very satisfied, Mean±SD=
1.4±.5) and partner's help with childcare (Mean±SD=1.34±.48).

Postpartum respondentswere eligible only if they had an infant aged
3–6 months at the time of testing (Mean weeks±SD=21.30±6.13; No
difference by spray group) and were primarily breast-feeding their
infant (>75% breast-feeding), in order to reduce potential confounds
between bottle and breast-feedingwomenwhomayhave different neu-
roendocrine states. All postpartumwomenwere breast-feeding primar-
ily (average percent breast-feeding, Mean±SD=87%±17.55). Sixteen
of postpartum women were primiparous (Mean # children=1.76±
1.15). Ten of the postpartumwomen reported currently using hormonal
contraceptives, none of the nulliparous women did. Within postpartum
women, eight women reported having resumed menstruation, 21 had
not. Differences in contraceptive use and menstruation status did not
impact the pattern of findings reported here.

Participants were assigned to either the placebo or oxytocin nasal
spray group in a double blind procedure. Because depression is associat-
ed with altered neural responses to emotional stimuli (Siegle et al.,
2007), we only included nondepressed women. Screening was done
with The Edinburgh Postnatal Depression Scale (Cox et al., 1987;
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cut-off score of 10). Due to the strong magnetic fields used for MR im-
agers, womenwho hadmagnetic life-support devices (e.g., pacemakers
and aneurysm clips), metal prostheses or othermetallic objects (e.g. co-
chlear implants, steel pins implanted to help repair and strengthen bro-
ken bones,metal fragments fromprevious injuries)were excluded from
this research.

Procedure

All procedures of the study were approved by the University's IRB
committee and were in compliance with ethical treatment of human
subjects guidelines. After the initial phone screening and scheduling
thewomenweremailed a participant packet for at-home completion
before the scheduled test session. This packet contained a consent
form detailing the procedures of the study, as well as a questionnaire
regarding demographics, health, menstrual cycle, motherhood, rela-
tionships with partners, and sexual behavior. The central measure of
sexual behavior in the current study was The Brief Index of Sexual
Function for Women (BISF-W, Mazer et al., 2000; Taylor et al.,
1994). The BISF-W is a 22-item self-report questionnaire for
assessing female sexual function. Scores overall and across 7 dimen-
sions were calculated according to Mazer et al. (2000). These dimen-
sions were D1 (thoughts/desires), D2 (arousal), D3 (frequency of
sexual activity), D4 (receptivity/initiation), D5 (pleasure/orgasm),
D6 (relationship satisfaction), and D7 (problems affecting sexual
function). Higher scores on the composite and D1-D6 reflect higher
sexual function.

Nulliparous respondents were tested during the periovulatory
phase of theirmenstrual cycle (days 8–16) in order to control for fluctu-
ations in hormones and sexual desire. Postpartum participants sched-
uled their session time around their infant's usual feeding time to
control for the associated changes in oxytocin with breast-feeding
(Altemus, 1995). Participants were asked to abstain from alcohol, sexu-
al activity, and tobacco use the day of the test session. Postpartum
women were requested to bring their infant with them to the test ses-
sion. On the test day, following the informed consent process, postpar-
tum participants were asked to nurse their infant in a private adjacent
room to enhance the comfort of the mothers and infants and control
for the time since feeding. Breast-feeding ended approximately 1 hour
and 15 minutes before fMRI scanning. This timing allowed for us to
avoid the ceiling and baseline levels present directly before and after
breast-feeding (Carter et al., 2007). Following consent (and postpartum
nursing), all participants were administered a paper version of the
10-item EPDS to confirm absence of depression. These scores, as well
as Likert scale ratings of self-reported feelings of anxiety (“Do you cur-
rently feel anxious, Scale 0–7; 0=not at all, 7=very) were used as the
mood variables in the current study. They were then introduced to the
task that they would perform in the fMRI scanner and given the oppor-
tunity to practice it in the lab. The task involved viewing sexually explic-
it and infant images taken from publicly available websites, in addition
to neutral images from the International Affective Picture Set (IAPS,
Lang et al., 2005). The sexual photos used in this study have been
used successfully elsewhere and are known to evoke sexual interest in
women (Rupp andWallen, 2007, 2009). Duringphoto presentation par-
ticipants performed a backward-matching task to ensure attention. For
this practice portion participants were shown 10 pictures including
each stimulus type for 4 seconds each with a 1-second fixation slide
in between each picture. If the photo was the same as the image previ-
ously viewed theywere instructed to hit the space bar, if it was not they
were told to do nothing.

After the task introduction, about 30 min prior to the first run of
fMRI scanning, participants received either nasal oxytocin or placebo
nasal spray. Participants received an absolute dose of 24 IU, based on
previous studies (Ditzen et al., 2009; Heinrichs et al., 2001; Kirsch et
al., 2005; MacDonald et al., 2011). The oxytocin nasal spray
(Syntocinon®, Novartis Pharma, Switzerland) contains a synthetic
oxytocin nonapeptide. The spray is most commonly used to facilitate
breast-feeding in postpartum women and is approved by the FDA for
use in this sample. Acute overdose of the nasal spray has not been
reported as oxytocin is inactivated in the digestive tract by proteolytic
enzymes (Syntocinon Nasal Spray Core data sheet). The main risk of
exogenous oxytocin is uterine contraction, so all women were asked
to take a pregnancy test before drug administration. Allergic reaction
to this drug is unlikely, but antihistamines and on-call medical sup-
port were present at all sessions as a precaution. The placebo spray
contained only the inactive carrier found in the active oxytocin
spray and is indistinguishable from the active spray
(Meyer-Lindenberg et al., 2011). Oxytocin spray has recently been
shown to increase salivary levels of the hormone as soon as 15 mi-
nutes after inhalation and levels remain elevated up to 4 hours
(Weisman et al., 2012). A recent study in primates demonstrated in-
creased levels of oxytocin measured in CSF after oxytocin spray inha-
lation (Chang et al., 2012), supporting the possibility of central
effects.

Imaging was carried out using a Siemens Magnetom Trio 3 T
whole body MRI. The MRI session took about 1 hour, during which
the following scans were acquired: 1) one 10-second, three-plane
scout/localizer used for choosing slice planes and volumes for the
remaining scans; 2) seven approximately 5-minute whole-brain
functional blood oxygenation-level dependent (BOLD) scans; and
3) one 5-minute high-resolution whole-brain anatomical scan.
Each of the seven functional runs began with 12 seconds of rest to
ensure a stable baseline signal. During each run, participants viewed
in randomized order 64 stimuli from each category of sexual, infant,
and neutral pictures. Each stimulus was presented for 2 seconds,
followed by a variable inter-stimulus interval (ISI) of 2–6 seconds.
As described for the practice task, the participants performed a
one-back matching task. Participants then viewed the same stimuli
as presented during the fMRI scanning on a laptop and rated them
for how ‘aroused they make them feel’ (1–9). In the instructions
we clarified ‘arousal’ was not specifically sexual, but was more of
an intensity measure of whatever emotion they were feeling. Each
rating screen followed the picture as was accompanied by the
Self-Assessment Manikin (SAM) figures of the IAPS ratings (Lang et
al., 2005).

Imaging parameters and analysis

Images were collected using a 32-channel phased-array head coil.
The field of view was 220×220 mm, with an in-plane resolution of
128×128 pixels and 35 axial slices of 3.4 mm thickness per volume.
These parameters produced voxels that were 1.7×1.7×3.4 mm.
Functional images were collected using a gradient echo BOLD
echo-planar imaging (EPI) sequence: TE=24 ms, TR=2,000 ms,
flip angle=70°. Parallel imaging was used with a iPAT factor of 2.
High-resolution T1-weighted anatomical volumes were acquired
using a Turbo-flash 3-D sequence: TI=900 ms, TE=2.67 ms, TR=
1800 ms, flip angle=9°, with 192 sagittal slices of 1 mm thickness,
a field of view of 224×256 mm, and an isometric voxel size of
1 mm3.

Imaging data were analyzed using BrainVoyager™ QX 2.2. Indi-
vidual anatomical volumes were transformed into a common stereo-
tactic space based on the reference of the Talairach atlas using an
eight-parameter affine transformation. All functional volumes were
re-aligned to a reference functional volume, which was the volume
collected closest in time to the anatomical volume. Re-alignment
was done using an intensity-based motion-correction algorithm.
Functional volumes also underwent slice scan-time correction, 3-D
spatial Gaussian filtering (FWHM 6 mm), and linear trend removal.
Functional volumes were co-registered to the anatomical volume using
an intensity-based matching algorithm and normalized to the common
stereotactic space using an eight-parameter affine transformation.
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During normalization, functional data were re-sampled to 3 mm3 iso-
metric voxels. Whole-brain statistical parametric maps were calculated
using a random-effects general linear model with predictors based on
the timing protocol of the blocked stimulus presentation, convolved
with a two-gamma hemodynamic response function. Beta weights
were extracted from group ROIs using the VOI/ROI ANCOVA data table
tool in BrainVoyager's volume of interest module. Statistical hypothesis
testingwas performed on the extracted betaweights using the Repeated
MeasuresANOVAandmultiple regression tools in SPSS. The betaweights
represent % BOLD signal change from baseline in response to each stim-
ulus in the amygdala ROI.

Performing analyses on a subset of the data (i.e., only on regions of
interest) limits the number of statistical tests relative to a whole-
brain analysis and control the Type I error rate while allowing for de-
tection of smaller effect sizes (Poldrack, 2007; Saxe et al., 2006). Thus,
to further analyze the interaction between stimulus, cohort, and nasal
spray, we performed another ANOVA on the data from the amygdala
region of interest determined from the main effect of the whole-brain
analysis. Note that the main effect used to select the ROIs and the in-
teraction effect tested in the ROI analysis are orthogonal contrasts,
which protects the analysis from the problem of non-independent
ROI analysis (Kriegeskorte et al., 2009).

Results

Questionnaire data

There was no difference in self-reported anxiety or depression be-
tween postpartum or nulliparous women, both groups reporting low
on both measures (Anxiety, Score 0–7, Mean±SD=.29±.49; EPDS,
Mean±SD=4.78±3.51; Table 1). As mentioned, we calculated an
overall and seven dimensional scores from the BISF-W (Mazer et al.,
2000). Nulliparous women had significantly higher scores on all
D1–D6 compared to postpartumwomen, though no significant differ-
ence for D7/problems (Multivariate ANOVA with cohort and group as
between subjects factors and age and percent body fat as covariates;
Table 1.). All scores were in the normal range (Mazer et al., 2000)
and there was no difference across nasal spray groups.

Picture ratings

Threewomenwere not included in the self-report data analysis; two
women (one in each cohort) rated all pictures as ‘1’ and onepostpartum
woman did not complete the survey due to time constraints. Overall,
pictures of sexual stimuli were rated most arousing (Mean±SD=
5.09±1.47), followed by infant (Mean±SD=4.30±1.55) and then
neutral stimuli (Mean±SD=1.58±.48). We examined if survey rat-
ings for sexual, neutral and infant pictures differed across cohort (nul-
liparous versus postpartum) or with nasal spray treatment group
(Repeated Measures ANOVA across picture type with cohort and nasal
spray as between subjects factors and age and % body fat as covariates).
There was an interaction of photo type, cohort, and nasal spray cohort
(F1,47=4.55, p=.04, Fig. 1). Post-hoc analyses (One-Way ANOVA)
demonstrated that nulliparouswomen rated sexual stimulimore arous-
ing than postpartum women did, as we predicted (F1,56=16.65,
p≤ .001; Nulliparous Mean±SD=5.76±1.28; Postpartum Mean±
SD=4.35±1.32). There was also a trend in which postpartum
women rated infant stimuli more arousing than did nulliparous
women (F1,55=3.63, p=.06; Nulliparous Mean±SD=3.93±1.60;
Postpartum Mean±SD=4.70±1.43). Repeated measures post-hoc
analyses within cohorts showed that nulliparous women found sexual
photos significantly more arousing than infant images (pb .001), while
postpartum women found them equally arousing (p=.48). Additional
post-hoc analyses within nasal spray groups and cohorts also demon-
strated an increase in the nulliparous women's ratings of infant stimuli
with oxytocin administration (F1,29=7.48, p=.01; Nulliparous Placebo
Mean±SD=3.23±1.00; Nulliparous Oxytocin Mean±SD=4.68±
1.79). Ratings of neutral pictures did not differ across cohort or spray
group.

In order to examine relationships between individual factors and
subjective ratings of the sexual images we ran stepwise regression
analyses across the entire population and within cohorts and groups.
Variables entered into the model were percent body fat, age, and BISF
Total. For the model conducted across all participants, only women's
scores on the BISF (total) positively predicted subjective ratings of
the sexual images (R2=.12. r=.35, p=.01). BISF-W scores also pos-
itively predicted subjective sexual ratings for the model conducted
within the Oxytocin nasal spray group (R2=.30. r=.55, p=.005).
Models performed within cohorts and for the placebo participants
found no significant predictors.

Whole brain contrasts

fMRI data from six of the women were not usable due to excessive
motion artifacts or technical issues at the time of scanning, leaving a
total sample of 53 (13 nulliparous placebo, 14 nulliparous oxytocin,
12 postpartum placebo, 14 postpartum oxytocin) for the brain imaging
analysis. A whole-brain analysis was conducted using a three-factor
2×2×2 design with stimulus (sexual, neutral), cohort, and nasal
spray as factors. Contrary to our hypotheses, no clusters passed a false
discovery rate (FDR) corrected threshold (q=.05) for the main effect
of cohort, the main effect of nasal spray, or any of the interaction
terms. Across all women we confirmed an increased response to sexual
versus neutral stimuli in the right amygdala (Talairach coordinates; 15,
−4,−8), hypothalamus (−1,−1,−13),midbrain (1,−25,−7), thal-
amus (1, −15, 2), insula (39, 3, 24), anterior cingulate cortex (−4, 2,
35), premotor cortex (28, −9, −47) and extended parietal and visual
cortical regions (FDR corrected threshold q=.05).

ROI: Amygdala

Data extracted from the right Amygdala ROI analysis (Talairach co-
ordinates; 15,−4,−8)were first examined using a RepeatedMeasures
ANOVA across the picture types (sexual, infant, neutral) with cohort
and nasal spray as the between subjects factors. Themain effect of stim-
ulus (F1,49=4.71, p=.04) was not interpreted due to the concern of
non-independence with the selection of the ROI (Kriegeskorte et al.,
2009). This analysis also showed a main effect of cohort (F1,49=4.07,
p=.05) in which nulliparous had higher right amygdala responses
than did postpartum women overall (Fig. 2). There were no significant
differences related to nasal spray group.

Finally, we were also interested in whether activation in the
amygdala was related to women's self-reports of arousal to the sex-
ual and infant images, the relationship of which we expected to be
mediated by spray application. To examine this we conducted two
correlation analyses (Pearson Bivariate two-tailed) within nasal
spray groups (oxytocin, placebo), for a total of four correlations (in-
fant and sexual stimuli). Variables were amygdala response (sexual
or infant) and sexual and infant ratings. For sexual stimuli, we
found a positive relationship between amygdala activation and rat-
ings in the placebo (N=24, R=.51, p=.01; Fig. 3) but not oxytocin
group (N=27, R=.01, p=.95). For infant stimuli, in womenwho re-
ceived the oxytocin nasal spray there was a significant positive rela-
tionship between amygdala activation and ratings of infant images
(N=27, R=.51, p=.007; Fig. 4). This relationship between amygda-
la activation and subjective ratings was not observed in the placebo
group (N=23, R=− .39, p=.06).

Discussion

This study demonstrates differences in amygdala responses to
sexual and infant stimuli in postpartum versus nulliparous women.



Nulliparous Postpartum Nulliparous Postpartum

Oxytocin Placebo
Sexual
Neutral
Infant

a

b

c,d c

b

c

a,d

b

e

c

b

c,d

“H
o

w
 a

ro
us

ed
 d

id
 t

hi
s 

p
ic

tu
re

 m
ak

e 
yo

u 
fe

el
?”

a

c
6.00

4.00

2.00

.00

Fig. 1. Average ratings of arousal by picture type within cohorts by nasal spray condition. Significant differences are indicated by differences in lettering. Overall, nulliparous women
rated sexual pictures to be more arousing than postpartumwomen did. Postpartumwomen in the placebo group rated infant pictures more arousing than did nulliparous women in
the placebo group. Nulliparous women receiving oxytocin had higher ratings of infant stimuli compared to nulliparous women receiving placebo.
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We originally proposed that changes in sexual desire in postpartum
women were a byproduct of changes in the functional neuroendocri-
nology that facilitates maternal behavior, predicted to be demonstrated
as lower amygdala responses to sexual stimuli and higher responses to
infant stimuli. In our study, postpartum did women self-report lower
sexual function, as well as higher ratings of arousal towards infant
photos. However, nulliparouswomen demonstrated higher right amyg-
dala activation compared to postpartumwomen in response toall types
of stimuli presented, sexual, neutral and infant. We interpret these data
to suggest that decreases in self-reported feelings of sexual desire in
postpartum women are related, in part, to a generalized decrease in
amygdala responsiveness to arousing stimuli rather than a sex-
stimulus specific change in brain function during the postpartum peri-
od. This has implications for the understanding of sexual function and
perceptions of dysfunction during the postpartum period, as well as
for our understanding of arousal neural systems in general.

Although we did find amygdala response differences between nul-
liparous and postpartum women in response to infant and sexual
stimuli, they were in a different pattern than originally hypothesized.
Specifically, amygdala activation in postpartum women was lower in
response to both sexual and infant stimuli, rather than increased in
Fig. 2. BOLD signal change as a function of stimulus and cohort. There was a significant
effect of cohort in which nulliparous women had a higher right amygdala response
than post partum.
response to infant stimuli as predicted. These findings, therefore, do
not support an evolutionary trade-off theoretical perspective. These
findings are however consistent with previously reported decreases
in postpartum women's peripheral psychophysiological response to
arousing stimuli (Altemus et al., 2001; Groer et al., 2002; Heinrichs
et al., 2001). It may be that decreased amygdala responsiveness to in-
fants facilitates maternal behavior by buffering newmothers from the
stress of the demands and pressures of caring for an infant (Carter et
al., 2001). If so, then the generalized decrease in this region may also
decrease arousal to sexual stimuli as a consequence of this change.

The response pattern of decreased amygdala respondingmay not ex-
tend to other categories of stimuli, such as fearful faces and infant-related
threats. It has been argued that increased amygdala activation with in-
creased oxytocinmight occur to facilitate child protection due to the sen-
sitization towards possible threat (Domes et al., 2010). This
interpretation is consistent with the results of the current study in
which we used infant stimuli that were generally pleasant. We believe
that infant-related threatening stimuli would produce a different re-
sponse than the non-threatened ‘cute’ infant stimuli used here. It is
Fig. 3. BOLD signal change in placebo participants in response to sexual images in relation
to self-reported feelings of arousal in response to the images. There was a significant pos-
itive relationship between the right amygdala response and self-reports of arousal for
these images within this group (N=24, R=.51, p=.01).

image of Fig.�3


Fig. 4. BOLD signal change in response to infant images in relation to self-reported feel-
ings of arousal in response to the images in women receiving the intranasal oxytocin.
There was a significant positive relationship between the right amygdala response
and self-reports of arousal for these images (N=27, R=.51, p=.007).

119H.A. Rupp et al. / Hormones and Behavior 63 (2013) 114–121
also unknown whether the same pattern would be observed if we had
used pictures of the mother's own infants versus novel babies. Previous
work demonstrated higher right amygdala activation in response to
one's own versus other infants (Leibenluft et al., 2004). It is possible
that postpartum women may have higher amygdala activation in re-
sponse to their own infants compared to nulliparous women.

In contrast to the fMRI data, our subjective data were generally in
support of the proposed directional reproductive trade-off interpreta-
tion in that postpartumwomen reported lower arousal to sexual stimuli
in conjunction with higher arousal to infant stimuli compared to place-
bo nulliparous women. This may suggest that there are other critical
neural processes outside of the amygdala for the overall subjective feel-
ings of arousal in response to infants. Alternatively this inconsistency in
directionality of findings between subjective and amygdala datamay be
related to the methodology used, specifically the positive nature of the
infant images used. Postpartum women may have experienced more
pleasure in response to and interest in infant images, which they
could have misinterpreted and self-reported as increased arousal. The
study design and data analysis were focused on a hypothesis and theo-
retical framework addressing oxytocin's possible inhibitory action on
arousal through the amygdala's response to social stimuli. Therefore
the stimuli chosen were specifically quantified for ‘arousal’ rather
than ‘attractiveness’ or ‘reward’ or some other motivational variable.
For that reason we did not focus ROI analyses on limbic regions related
to reward or desire such as the ventral striatum. Although the current
study demonstrates important changes in arousal in response to infant
and sexual stimuli, we believe that futurework should focus on possible
oxytocin mediated changes in reward salience of sexual and infant
stimuli given known interactions between the dopamine and oxytocin
systems (Pfaus, 2009). It is possible that postpartum women's lower
arousal to sexual stimuli and self-reported lower sexual desire are due
to oxytocin-related changes in motivated attention and increases re-
ward value towards infants and away from sexual stimuli.

Contrary to our hypotheses, we did not observe differences in
amygdala responsiveness to infant or sexual stimuli with oxytocin
nasal spray administration. This is inconsistent with a previous
study in which administration of nasal oxytocin spray was shown to
decrease levels of amygdala activation to infant cries in nulliparous
women (Riem et al., 2011). We did observe an increase in nulliparous
women's subjective ratings of arousal for infant images with nasal
oxytocin administration. However, given the other findings this
study does not support an activational or directly state-dependent
causal role of oxytocin on postpartum women's responses to sexual
or infant visual stimuli. Thus, we do not believe that this lower
arousal response in postpartum women is directly caused by state
levels of oxytocin, but instead may reflect longer term changes in
postpartum neuroendocrine function warranting further investiga-
tion. The finding of an association between amygdala activation and
ratings of infant stimuli in the oxytocin, but not placebo, group do
suggest some acute role of oxytocin on women's infant responsive-
ness, however.

These findings discussed above leave openmany questions and pos-
sibilities for future research. One hypothesis is that increases in oxytocin
do act acutely only transiently in the nulliparous or newly postpartum
brain. It is possible that comparing nulliparous to relatively late postpar-
tum women misses the window of time in which oxytocin does act di-
rectly and in an activational manner to inhibit arousal to infants,
perhaps in the first weeks after birth. The postpartum neuroendocrine
system at three-six months postpartum as measured in the current
study may be very stable and acclimated to the neuroendocrine state
of motherhood and not respond notably to transient fluctuations in
oxytocin. Furthermore, differences in responses to sexual stimuli in
postpartum women versus nulliparous may not be related to oxytocin
or parturition directly, but alternatively may reflect increases in sexual
interest in nulliparous women during the follicular phase compared to
other times since all nulliparous women were tested during this time.
Specific causal attribution of oxytocin and parturition to differences in
amygdala responsiveness to sexual stimuli cannot be confidently con-
cluded until this is replicated in another sample of women at different
phases of the menstrual cycle. A significant limitation of the study is
the absence of serum levels of oxytocin throughout the session, which
could help inform the questions raised above. Future work should in-
clude repeated measures of oxytocin levels and testing of nulliparous
women outside of the follicular phase in order to separate direct state
effects of oxytocin from more general neuroendocrine adaptations in
the latter postpartum period.

The subjective questionnaire data and arousal ratings that were
used in this fMRI study offer interesting replication and insights. Pri-
marily of interest was that nulliparous women reported higher sexual
functioning across all six domains of the BISF which address more
psychological and motivational issues, in the absence of any differ-
ence in scores on D7, which measures physical problems affecting
sexual function. This suggests the postpartum period is a period of
psychological sexuality adjustment independent of the peripheral
physiological changes with parturition. Additionally, postpartum
women subjectively rated the sexual pictures to be less arousing
than did nulliparous women, indicating lower sexual interest. These
findings are also consistent with the idea that postpartum changes
in sexual interest were more closely related to centrally mediated
processes of desire and motivation as opposed to peripheral physio-
logical problems (Botros et al., 2006; De Judicibus and McCabe,
2002; Pertot, 1981).

Limitations of our study warrant mention in order to inform future
work and interpretation of the current results. Although the use of the
oxytocin nasal spray methodology is a significant strength, its relative
novelty allows for some outstanding questions. The dosage and timing
used was based on previous studies in men and women (i.e. Heinrichs
et al., 2001; Kirsch et al., 2005) rather than a dose or neuroendocrine re-
sponse expected to be reflective of postpartum neuroendocrinology. It
is not known whether lower or higher doses would produce different
patterns of results, or for instance, whether there is some ‘threshold’
over which levels of oxytocin alter responsiveness in women or reach
a ceiling effect, and more importantly whether this differs between
nulliparous and postpartum women. This may also change with multi-
parity, a variable we did not account for in the current study. Future
work examining the dose response curve and timing of oxytocin action
in humans or primates would be useful for future study designs using
nasal oxytocin and for our understanding of oxytocin in the maternal
brain. Although there were no differences in total sleep time between
nulliparous and postpartum women, we did not measure overall sleep
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quality or disruption, which may alter neural responses to arousing
stimuli. Finally, although our nulliparous and postpartum participants
were very similar on many parameters, they did differ in age and use
of hormonal contraception, which may have undetected impacts on
women's arousal response given associations of these variables with
cortisol responsiveness (Carr et al., 1979; Kirschbaumet al., 1996), in ad-
dition to possible unmeasured socio-psychological differences between
groups such as interest in having children. An ideal follow-up experi-
ment would be a within-subjects design.

In sum, we believe that this study demonstrates important differ-
ences in subjective and cognitive responses to sexual and infant images
between postpartum and nulliparous women. This study supports the
idea that sexual dysfunction in postpartum women may commonly be
due to psychological, social, and neuroendocrine changes with the
post partum period rather than peripheral physiological problems.
This may have important implications in the understanding of postpar-
tum women's sexuality. From a basic research perspective these find-
ings are further evidence of the extraordinarily complex role of
hormones in altering women's responses to and processing of social
stimuli. These findings emphasize the complexity in the mechanisms
underlying fluctuations in women's reproductive priorities. We believe
that decreases in sexual desire during the postpartum period may less
be considered a dysfunction or problem and more positively as behav-
ioral neuroendocrine change characteristic of the postpartum period
warranting further investigation.
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