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a b s t r a c t
The current study examined neuroendocrine processes associated with emotional intimacy in humans. Despite the importance of this aspect of close relationships, emotional intimacy has received much less attention in neuroendocrine research compared to other aspects of close relationships. In this study,
participants viewed movie clips depicting an emotionally intimate parent–child interaction or other, nonintimate themes, and we assessed whether depictions of emotional intimacy increased levels of estradiol, a
steroid hormone associated with attachment and caregiving processes. We also examined whether estradiol
responses were moderated by individual differences in attachment avoidance, or people's discomfort with
closeness and intimacy. Our ﬁndings revealed that, among single participants, estradiol levels increased in response to the emotionally intimate clip, but this effect was not observed among currently partnered participants. Moreover, the effects of emotional intimacy were moderated by gender and attachment avoidance,
such that highly avoidant women showed smaller increases in estradiol after watching the emotionally intimate clip. Women's avoidance was unrelated to estradiol responses in the non-intimate control conditions,
however, suggesting that the effects of avoidance were speciﬁc to intimate contexts. Taken together, the current ﬁndings contribute to our understanding of the biological bases of attachment and caregiving processes.
They also highlight the potential role of estradiol in avoidant individuals' regulation of closeness and
intimacy.
© 2011 Elsevier Inc. All rights reserved.

Introduction
Close relationships are an important source of pleasure and support throughout the lifespan. Individuals who are more socially
connected and engaged in higher quality relationships also reap beneﬁts in other important life domains; for instance, they have better
mental and physical health outcomes and lower rates of mortality
(e.g., Cacioppo et al., 2002; House et al., 1988). Although many aspects of social relationships are likely to underlie these beneﬁcial effects, research has emphasized the importance of the quality, rather
than simply the quantity, of an individual's social connections (e.g.,
Amieva et al., 2010; McAdams, 1989). For instance, adult romantic relationships characterized by emotional intimacy (e.g., self-disclosure,
mutual responsiveness; Reis and Shaver, 1988) tend to be more satisfying and rewarding than those lacking such intimate qualities
(Cordova et al., 2005; Laurenceau et al., 1998). Increases in emotional
intimacy also predict increases in couples' marital and sexual
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satisfaction over time (Greeff and Malherbe, 2001; Rubin and
Campbell, in press).
The goal of the current study was to assess neuroendocrine processes associated with emotional intimacy in humans. Despite the importance of this aspect of close relationships, it has received relatively
little attention in neuroendocrine research. In the current study,
participants viewed movie clips depicting an emotionally intimate
parent–child interaction or other, non-intimate themes and we
assessed whether depictions of emotional intimacy increased levels
of estradiol, a steroid hormone associated with attachment and caregiving processes (Mileva-Seitz and Fleming, 2011). We also examined
whether estradiol responses were moderated by individual differences in adult attachment, or people's characteristic approaches to
close relationships (Shaver and Mikulincer, 2006).
Research with humans and other animals highlights the central
role of estradiol in caregiving behavior (Mileva-Seitz and Fleming,
2011). In females, estradiol levels rise during pregnancy, peak around
parturition, and then decline following birth (e.g., Storey et al., 2000);
the rise of estradiol prior to delivery is thought to be especially critical
for the onset of maternal behavior (Wynne-Edwards and Reburn,
2000). During this period, for instance, pregnant female macaques
demonstrate heightened caregiving behavior toward other females'
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infants, and such behavior is correlated with rising estradiol levels
(Maestripieri and Zehr, 1998). In humans, mothers who maintain
high levels of estradiol before and after childbirth report feeling
more attached to their infants after birth compared to postpartum
women with lower levels of estradiol (Fleming et al., 1997). Although
research with males is more limited, estradiol has also been linked
with paternal caregiving behavior (Wynne-Edwards, 2001). For instance, in humans and nonhuman primates, estradiol levels are
higher among expectant fathers compared to non-fathers (Berg and
Wynne-Edwards, 2001), particularly those with prior parental experience (Ziegler et al., 2004).
These ﬁndings suggest that state levels of estradiol ﬂuctuate in response to both biological processes (e.g., pregnancy) and social contexts (e.g., parental experience) that are relevant to caregiving and
bonding. To date, however, there have been very few experimental
investigations of contextual inﬂuences on human estradiol responses.
In one relevant exception, van Anders et al. (2009) showed women
an erotic ﬁlm clip (portraying a heterosexual encounter) and measured pre- to post-manipulation changes in estradiol. Women's estradiol levels increased after watching the erotic movie, suggesting that
estradiol may be sensitive to sexual content, at least in women. However, this study did not include a control condition to assess the
effects of relational content per se (apart from sexuality), so it is
unclear whether women's responses were a function of the sexual
content of the ﬁlm speciﬁcally or its intimate nature more generally.
Women's estradiol responses were also uncorrelated with their selfreported sexual arousal and with genital arousal (measured with vaginal pulse amplitude), which could suggest that estradiol responses
were not uniquely tied to sexual aspects of the ﬁlm. Finally, it is
unclear whether and how male participants would respond to the
same erotic stimuli.
Nonetheless, van Anders et al.'s (2009) ﬁndings suggest that
women's estradiol levels are sensitive to at least one aspect of intimacy—sexuality—in adult relationships. Their ﬁndings are also consistent with other studies demonstrating that thematic video stimuli
can effectively elicit hormone responses in the laboratory (e.g.,
López et al., 2009; Schultheiss et al., 2004). In the current study, we
expected that participants who viewed depictions of emotional intimacy would show pre- to post-movie increases in estradiol. We also
included two control conditions that portrayed non-intimate themes:
1) an emotionally positive movie clip depicting platonic social interactions, to control for the effects of positive emotion and social interaction in general, and 2) an emotionally neutral movie clip depicting
non-afﬁliative themes, to control for the effects of simply watching
the videos.
In contrast to prior work (e.g., van Anders et al., 2009), we were
speciﬁcally interested in the extent to which emotional, rather than
sexual, aspects of intimacy would elicit hormone responses. Few
studies have examined emotional aspects of intimacy or closeness
in relation to hormones (but see Brown et al., 2009; Schultheiss
et al., 2004) and, to our knowledge, none have examined estradiol responses speciﬁcally. Further, sexual stimuli are known to elicit hormone responses (Hamilton and Meston, 2011; Hellhammer et al.,
1985), including increases in estradiol as just described (van Anders
et al., 2009). To ensure that any hormonal responses we observed
were due to the emotionally intimate nature of the stimuli rather
than any sort of sexual content, we chose a portrayal of a parent–
child relationship (described in more detail below), rather than that
of a romantic relationship.
We additionally examined whether estradiol responses were
moderated by individual differences in adult attachment, which are
generally conceptualized as differences in attachment avoidance and
anxiety (Shaver and Mikulincer, 2006). Attachment avoidance reﬂects
people's comfort with closeness and intimacy (Edelstein and Shaver,
2004). Individuals with an avoidant attachment style dislike both
physical and emotional aspects of intimacy in close relationships

(Brennan et al., 1998). 1 Attachment avoidance is also associated
with negative feelings about physical touch in both romantic and parent–child relationships (Edelstein et al., in preparation). Moreover,
there is evidence that avoidant adults have lower endogenous estradiol levels, particularly if they also have a low desire for emotional intimacy (Edelstein et al., 2010). We therefore expected that, in the
current study, more avoidant participants would show attenuated estradiol responses to depictions of emotional intimacy.
Attachment anxiety, in contrast, reﬂects people's concern about
abandonment in close relationships. Highly anxious individuals
tend to be hypervigilant to relationships and relationship partners
(Mikulincer et al., 2002), and they typically desire more closeness
from their relationship partners than those partners are willing to give
(Mashek and Sherman, 2004). At the same time, anxious individuals'
concern about rejection can interfere with their ability to achieve the
closeness they so desire (Shaver et al., 2005). Perhaps because of these
competing motivations, attachment anxiety generally does not show
clear associations with caregiving behavior (e.g., Edelstein et al., 2004;
Simpson et al., 1992), and anxiety was unrelated to endogenous estradiol levels in our prior research (Edelstein et al., 2010). We therefore did
not expect attachment anxiety to be associated with estradiol responses
to emotional intimacy. However, for exploratory purposes, and because
anxiety and avoidance tend to be positively correlated (Del Giudice,
2011), we included attachment anxiety in our analyses as well.
In addition, we included relationship status as a covariate and
tested whether relationship status moderated the effects of attachment avoidance on estradiol responses to emotionally intimate
stimuli. Relationship status shows important associations with endogenous hormones, with partnered individuals typically having
lower testosterone and higher cortisol levels compared to single individuals (e.g., Gettler et al., 2011; van Anders and Siciliano, 2010).
Although there is less direct evidence for associations between relationship status and baseline estradiol levels or estradiol responses
(e.g., Berg and Wynne-Edwards, 2001; van Anders et al., 2009), several studies have documented stronger associations between estradiol
and measures of personality among single versus partnered women
(e.g., Schultheiss et al., 2003; Stanton and Edelstein, 2009).
There are also reasons to expect that responses to emotional intimacy would differ according to participants' relationship status.
Greenwood and Long (2011), for instance, found that single participants imagined more intimacy with opposite-sex media characters
compared to partnered participants, which could be a way of compensating for perceived deﬁcits in closeness (Greenwood and Long,
2009). Finally, it is important to note that avoidant adults are much
less likely than their less avoidant counterparts to be in a romantic relationship at any given time (e.g., Noftle and Shaver, 2006), and there
is evidence that associations between avoidance and behavioral outcomes differ for single versus partnered individuals (e.g., Birnbaum,
2007; Edelstein and Gillath, 2008). Taken together, these ﬁndings
suggest that relationship status may be an important factor to consider in the context of avoidant individuals' neuroendocrine responses to
emotionally intimate stimuli.

Methods
Participants and procedure
Participants were 229 undergraduate students (51% female), ranging in age from 18 to 37 (M = 19.50 years, SD = 2.47), who received

1
For the sake of simplicity, we refer to individuals with high scores on measures of
attachment avoidance or anxiety as “avoidant” or “anxious”, respectively. However, as
recommended by attachment researchers (e.g., Fraley and Waller, 1998), we assess
these constructs on a continuum, and all analyses are conducted using continuous variables (i.e., we do not create attachment “categories”).
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course credit or monetary compensation for their participation. 2 Participants were tested between the months of September and June.
The ethnic composition of the sample was 63% Caucasian, 17%
Asian-American, 8% African-American, and 12% of mixed or other ethnicities. Thirty-ﬁve percent of participants reported that they were
currently involved in a romantic relationship. Female participants
were tested during all phases of their menstrual cycles and women
reported being, on average, 16.13 days (SD = 11.09) past the onset
of their last menstruation. 3 Eighteen women reported being on oral
contraceptives. Seven additional participants were tested but were
missing data on either the attachment measure (due to computer
malfunctions, n = 3) or estradiol (due to insufﬁcient saliva, n = 4)
and are therefore not included in the present analyses. In addition,
because estradiol levels decline sharply in the years surrounding
menopause (Burger et al., 2002), one 68-year-old female participant
was excluded from the present analyses.
All procedures were approved by the University of Michigan
Institutional Review Board. Participants were asked to refrain from
eating, drinking, smoking, or brushing their teeth for 1 h prior to
the beginning of the experimental session. Participants were tested
between the hours of 10:00 and 19:00 h, but most participants
(91%) were tested between 12:00 and 18:00 h to control for circadian
changes in estradiol. (We also included time of day as a covariate in
our analyses.) During individual testing sessions, informed consent
was ﬁrst obtained, after which participants provided a saliva sample that was used to assess baseline (pre-movie) estradiol levels.
Participants then completed a series of questionnaires, including a
measure of adult attachment. Next, participants were randomly
assigned to view one of three 25-minute video clips (described in
more detail below) depicting an emotionally intimate, positive, or
neutral theme. Immediately after watching the video (i.e., approximately 25 min after video onset), participants provided a second
saliva sample to assess changes in estradiol as a function of the experimental manipulation. Although the time course of estradiol responses has not been well characterized, Schultheiss et al. (in press)
recommend that the post-manipulation hormone assessment be
placed approximately 20 to 30 min after what is thought to be the
most impactful component of the manipulation. Moreover, the timeframe used in the current study is similar to that used successfully in
prior research with other steroid hormones (e.g., López et al., 2009;
Schultheiss et al., 2004), including estradiol (van Anders et al., 2009).
Materials
Adult attachment
The Experiences in Close Relationships (ECR) Inventory (Brennan
et al., 1998) was used to assess individual differences in adult attachment. The ECR avoidance subscale (α = .94) reﬂects an individual's
discomfort with closeness. The anxiety subscale (α = .90) reﬂects an
individual's concern about abandonment. Sample items for avoidance
include “I don't feel comfortable opening up to romantic partners”
and “I get uncomfortable when a romantic partner wants to be very
close”; sample items for anxiety include “I often worry that my partner doesn't really love me” and “I worry a fair amount about losing
my partner”. Participants rate the extent to which they agree with
each statement, using a 7-point Likert-type scale, ranging from 1 (disagree strongly) to 7 (agree strongly).
2
Baseline testosterone data from this sample were combined with those from a second sample and reported in Edelstein et al. (2011). Although these two reports include
many of the same participants, the prior report focused on baseline associations between testosterone and sociosexuality, whereas the current report focuses on changes
in estradiol as a function of an experimental manipulation and individual differences in
attachment.
3
Five women who reported being more than 45 days past onset of their last menstruation are not included in this average or in analyses involving menstrual cycle
phase.
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Video stimuli
All movie clips were approximately 25 min in length and were created by extracting scenes from a commercially available ﬁlm (using
iMovie). The extracted scenes were edited to create a continuous, coherent stimulus, which was presented to participants on a 23" computer screen. We intentionally selected movies that we thought would be
unfamiliar to most undergraduate participants. The emotionally intimate
clip was from A Simple Twist of Fate (1994), a dramatic ﬁlm about the father–daughter relationship that develops between a middle-aged man
and a young girl whose mother has died and whom he is seeking to
adopt. The emotionally positive clip was from Mad Hot Ballroom
(2005), a documentary ﬁlm about a ballroom dance program in New
York City. It chronicles the lives of elementary-school children who
are engaged in the world of competitive dancing. The emotionally neutral clip was from an installment of Planet Earth (2006), an engaging
television series produced by the BBC Natural History Unit and aired
on the Discovery Channel. The selected segment focused on animal
life in the deep ocean.
The video clips were pre-rated by an independent sample of undergraduate students (N = 71; 55% female; 34% in a relationship) to
determine whether they depicted the intended themes. Participants
were asked to rate the extent to which the clips elicited various emotions and depicted various themes, using 5-point Likert-type scales,
ranging from 1 (not at all) to 5 (extremely). They were also asked
whether they had seen the movie depicted in the clips. None of the
participants reported having seen the emotionally intimate or neutral
movies, but two participants reported having seen the positive
movie; data for these two participants were excluded from further
analyses because we were interested in their impressions of the
clips per se rather than their pre-existing knowledge about the fulllength movies.
Analyses of variance (ANOVAs) were conducted on participants' ratings (see Table 1) to conﬁrm that the movie clips differed in the
intended ways but did not differ on other important dimensions.
These analyses revealed that the clips differed signiﬁcantly in emotional
closeness, a composite of “this clip portrayed emotional closeness”, and
“this clip portrayed an intimate relationship” (α = .87), F (2, 66) =
16.72, p b .01, ηp2 = .34. As shown in Table 1, the emotionally intimate
clip was rated as depicting more emotional closeness compared to the
positive clip and the neutral clip. The positive and neutral clips did not
signiﬁcantly differ on ratings of emotional closeness. Additionally, the
clips differed on ratings of general afﬁliation, a composite of “this clip
portrayed a happy relationship” and “this clip made me think about
my friendships” (α = .63), F (2, 66) = 14.53, p b .01, ηp2 = .31. The neutral
clip was rated as depicting less afﬁliation compared to the emotionally
intimate clip and the emotionally positive clip. Importantly, however,
the emotionally intimate and positive clips did not signiﬁcantly differ
on ratings of afﬁliation. The clips also differed signiﬁcantly on ratings
of positive affect, a composite of “this clip was emotionally positive”
and “this clip made me feel happy” (α = .88), F (2, 66) = 8.00, p b .01,
ηp2 = .20. The emotionally neutral clip was rated as less positive compared to the emotionally intimate clip and the emotionally positive

Table 1
Pre-ratings of video stimuli.
Experimental condition
Intimacy

Positive

Neutral

Rating

M

SD

M

SD

M

SD

Emotional closeness
Afﬁliation
Positive affect
Interest level

3.56a
3.18a
3.30a
3.38a,b

1.40
1.16
1.20
1.35

2.25b
2.55a
3.75a
3.61a

.70
1.08
.97
.86

1.81b
1.75b
2.50b
2.75b

.97
.69
.94
1.23

Note. Within each row, means with different subscripts are signiﬁcantly different at
p b .05. All post-hoc comparisons were conducted using the Tukey HSD correction.
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clip. Importantly, however the emotionally intimate and positive clips
did not signiﬁcantly differ on ratings of positive affect. Finally, participants' ratings of how interesting the clips were, a composite of “this
clip was interesting” and “this clip was enjoyable to watch” (α = .94),
did not signiﬁcantly differ between the emotionally intimate and positive clips or between the emotionally intimate and neutral clips. However, the positive clip was rated as more interesting than the neutral
clip, overall F (2, 66) = 3.20, p b .05, ηp2 = .09.
We additionally examined whether participants' ratings were associated with their gender and/or relationship status. When these variables were included as factors in the ANOVAs just described, only one
marginally signiﬁcant effect emerged: Across conditions, videos were
rated more positively by single participants, M = 3.40, SD = 1.10,
than by partnered participants, M = 3.19, SD = 1.15, F (1, 57) = 3.46,
p = .07, ηp2 = .06. There were no other signiﬁcant effects or interactions involving gender or relationship status, all p's > .13. In addition,
the effects of condition (described above) were virtually identical
with gender and relationship status included.

Table 2
Descriptive statistics and correlations among primary study variables.
1

2

Gender
Relationship status
Attachment avoidance
Attachment anxiety
Time 1 (pre-movie) estradiol
Time 2 (post-movie) estradiol

−.07
−.06
−.14⁎
−.25⁎⁎
−.16⁎

−.35⁎⁎
−.09
.04
−.01

Mean
Standard deviation

–
–

–
–

Participants used a stick of sugar-free chewing gum to collect up
to 7.5 mL saliva in a sterile polypropylene vial and then discarded
the chewing gum. The vials were placed in frozen storage immediately after the experimental session was complete. Samples were freed
from mucopolysaccarides and other residuals by three freeze–thaw
cycles followed by centrifugation. Salivary estradiol was assessed
with a solid phase 125I radioimmunoassay (TKE21, Diagnostic Products Corporation, Los Angeles) at the University of Michigan Core
Assay Facility. All samples were assayed in duplicate. Analytical sensitivity of the assay (B0 − 2 SD) was .06 pg/mL. The mean inter- and
intra-assay coefﬁcients of variation were 11.2% and 9.8%, respectively.

Preliminary analyses

4
All results were very similar when difference scores were used instead of percent
change scores.

.06
.08
.12

.04
.07

3.04
1.11

3.64
.97

5

6

.59⁎⁎
1.51
.92

1.35
.69

with oral infections or lacerations were very similar to those reported
here, although some effects were slightly smaller in magnitude.)
Results

The Statistical Package for the Social Sciences (SPSS, version 19)
and SAS (version 9.2) were used to conduct all analyses. Mean differences were assessed using independent samples t-tests (two-tailed)
and associations were assessed using correlations, general linear
models, and multiple linear regressions.
Data for three participants (two males, one female) with estradiol
levels greater than 3.5 standard deviations above the mean at one
or both time points were excluded. To examine pre- to postmanipulation changes in estradiol, we computed percent change scores
(i.e., ((post-video estradiol − pre-video estradiol)/ pre-video estradiol)× 100), which provide a measure of change that accounts for baseline differences in hormone levels (e.g., Hamilton and Meston, 2011;
van Anders et al., 2009).4 To reduce positive skewness, percent change
scores were log-transformed for use in subsequent analyses; however,
for ease of interpretation, values in the text, tables, and ﬁgures are
presented in the untransformed metric.
An additional fourteen participants reported having oral infections
or lacerations, which can lead to blood contamination in saliva and
subsequent elevations in steroid hormone levels (Schultheiss and
Stanton, 2009). Although these participants did not differ signiﬁcantly
from the rest of the sample in Time 1 (pre-movie) or Time 2 (postmovie) estradiol levels, t's b |1.47|, p's > .14, they did show signiﬁcantly
larger percent changes in estradiol, M = 43.87, SD = 46.07, than participants who did not report such infections or lacerations, M = 3.44,
SD = 55.10, t (224) = 2.98, p b .01. Thus, we excluded these participants from further analyses as well, leaving 212 participants (108
women) for all subsequent analyses. (Results including participants

4

Note. N = 212; gender: 0 = female, 1 = male; relationship status: 0 = single; 1 = in a
relationship. Estradiol levels are reported in pg/mL.
⁎ p b .05.
⁎⁎ p b .01.

Salivary estradiol: collection and assessment

Statistical analyses

3

Descriptive statistics and correlations among the primary study variables are presented in Table 2. As shown in Table 2, estradiol levels
were higher among women compared to men at both time points
(see also Table 3). In addition, Time 1 and Time 2 estradiol levels were
signiﬁcantly positively correlated, demonstrating rank-order stability
of estradiol levels over time. Attachment anxiety was higher among
women, M = 3.77, SD= .98, compared to men, M = 3.50, SD= .94, t
(210) = 2.00, p b .05, but attachment avoidance did not signiﬁcantly differ by gender, p = .37. Single participants also reported higher levels of
attachment avoidance, M = 3.34, SD= 1.11, compared to participants in
a relationship, M = 2.53, SD= .92, t (210) = 5.45, p b .01, but attachment
anxiety was not signiﬁcantly associated with relationship status,
p = .19. Finally, time of day was signiﬁcantly negatively correlated
with Time 1 estradiol levels, r = −.16, p b .05, reﬂecting an expected decline in estradiol over the course of the day; the association between
time of day and Time 2 estradiol levels was in the same direction but
was not statistically signiﬁcant, r = −.11, p = .11.5
Pre- to post-movie changes in estradiol
Means and standard deviations for Time 1 and Time 2 estradiol
levels and percent changes in estradiol are presented in Table 3 by
condition and gender. The general linear model (PROC GLM) procedure in SAS was used to examine percent changes in estradiol as a
function of the experimental condition, gender, attachment avoidance, attachment anxiety, and relationship status. An important advantage of the GLM procedure over traditional ANOVA models is
that GLM allows for interactions between ﬁxed factors (i.e., condition,
gender, and relationship status) and continuous covariates (i.e.,
avoidance and anxiety). Time of day was also included in this
model as a continuous covariate. Avoidance and anxiety were
mean-centered, as is recommended for continuous covariates included in interaction terms (Aiken and West, 1991), and all two- and
three-way interactions involving experimental condition, gender, attachment avoidance, and relationship status were included. To reduce
the number of interaction terms in our analyses, and because we did
not have predictions regarding estradiol responses as a function of attachment anxiety, we included the main effect of anxiety but not any
5
Eight participants reported having previously seen the movies depicted in these
clips (four in the neutral condition, three in the positive condition, and one in the emotional intimacy condition). All ﬁndings were virtually identical with these participants
excluded.
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Table 3
Pre- and post-movie estradiol levels by gender and condition.
Women (N = 108)
Intimacy

Pre-movie
Post-movie
% Change

Men (N = 104)
Positive

Neutral

Total

Intimacy

Positive

Neutral

Total

M

SD

M

SD

M

SD

M

SD

M

SD

M

SD

M

SD

M

SD

1.80
1.59
7.71

1.12
.69
56.99

1.72
1.44
− 8.25

.89
.69
37.00

1.70
1.36
−.70

.91
.75
73.35

1.74
1.46
−.64

.97
.71
57.57

1.38
1.35
3.79

.93
.69
35.17

1.24
1.24
6.58

.71
.60
35.46

1.19
1.14
12.16

.78
.66
73.72

1.27
1.24
7.68

.81
.65
52.35

Note. Estradiol levels are reported in pg/mL.

of its interactions with other independent variables. (None of these
interactions were statistically signiﬁcant when included in the
model, all p's > .15.)
Results from the GLM analysis yielded a signiﬁcant two-way interaction between experimental condition and relationship status,
F (2, 188) = 3.58, p b .05, ηp2 = .04, and a signiﬁcant three-way interaction among gender, experimental condition, and attachment
avoidance, F (2, 188) = 4.13, p b .05, ηp2 = .04. No other main effects
or interactions were statistically signiﬁcant, all F's b 1.71, p's > .19.
As depicted in Fig. 1, post-hoc tests of the condition × relationship
status interaction revealed that, among single participants, percent
changes in estradiol were signiﬁcantly larger in the emotional intimacy condition compared to the neutral condition. The difference
between single participants' responses in the emotional intimacy
condition and the positive condition was in the same direction but
was not statistically signiﬁcant, p = .19, and there was no signiﬁcant
difference between single participants' responses in the neutral and
positive conditions, p = .37. In addition, in the emotional intimacy
condition, single participants showed larger estradiol increases
compared to partnered participants (also depicted in Fig. 1). The effect of relationship status was not signiﬁcant in the positive, p = .71,
or neutral conditions, p = .14. Finally, it is worth noting that estradiol changes approached a signiﬁcant increase from zero only among
single participants in the emotional intimacy condition, t (40) =
1.92, p = .06 (one-tailed).
Thus, our experimental manipulation of emotional intimacy had
the hypothesized effect of eliciting estradiol responses only among
single participants, a point to which we return in the discussion.
Next, to decompose the signiﬁcant gender × condition × avoidance interaction, we conducted separate GLM analyses for men and women,
with experimental condition, avoidance, anxiety, and relationship status as independent variables, time of day as a covariate, and percent
changes in estradiol as the dependent variable. All two-way interactions among condition, avoidance, and relationship status were included. Results from these analyses revealed that the interaction

Fig. 1. Percent changes in estradiol as a function of experimental condition and participants' relationship status. *p b .05, **p b .01. Error bars represent standard errors of the
mean. Note that statistical tests were conducted on log-transformed percent-change
scores.

between avoidance and experimental condition was signiﬁcant for
women, F (2, 96) = 4.97, p b .01, ηp2 = .09, but not for men, F (2, 92) =
.41, p = .66.
To decompose the condition × avoidance interaction for women,
we conducted separate multiple linear regressions for each condition,
predicting percent changes in women's estradiol from avoidance,
anxiety, relationship status, and time of day. As expected, avoidance
was negatively associated with changes in estradiol for women in
the emotional intimacy condition, ß = −.41, p b .05. However, avoidance was, if anything, positively associated with estradiol responses
in the positive, ß = .18, p = .33, and neutral conditions, ß = .30,
p = .10, although these effects were not statistically signiﬁcant. Associations between avoidance and percent changes in estradiol are
depicted in Fig. 2. 6 In summary, highly avoidant women in the emotional intimacy condition showed a smaller estradiol response compared to less avoidant women; the effects of avoidance were not
observed among men or among women in the emotionally neutral
or positive conditions.
Effects of women's oral contraceptive use and menstrual cycle phase
Because women's estradiol levels can be inﬂuenced by the use of oral
contraceptives and by menstrual cycle phase (e.g., Edelstein et al., 2010;
Kirschbaum et al., 1999), we examined the extent to which these variables played a role in our ﬁndings. At both time points, estradiol levels
were lower among women using oral contraceptives, MTime1 = 1.08 pg/
mL, SDTime1 = .93; MTime2 = 1.05 pg/mL, SDTime2 = .44, compared to normally cycling women, MTime1 = 1.84 pg/mL, SDTime1 = .94; MTime2 =
1.52 pg/mL, SDTime2 = .72, t's (106) > 2.46, p's b .05. However, percent
changes in estradiol did not differ according to women's use of oral contraceptives, p = .19. Moreover, excluding the 15 women on oral contraceptives from our analyses yielded a virtually identical pattern of results:
in the GLM analysis predicting percent changes in estradiol among
women, the interaction between experimental condition and avoidance
was signiﬁcant, F (2, 81) = 5.29, p b .01, ηp2 = .12. In the regression analyses predicting percent changes in estradiol for each experimental condition, women's avoidance was negatively associated with estradiol
changes in the emotional intimacy condition, ß = −.40, p = .08.
Next, we assessed the role of menstrual cycle phase among the 88
normally cycling women who provided usable day-of-cycle data.
These women reported being, on average, 15.74 days (SD = 10.94)
past the onset of their last menstrual period. Days since last menstruation was positively associated with women's estradiol levels at
Time 1, r = .31, p b .01; this association was in the same direction at
Time 2 but was not statistically signiﬁcant, r = .15, p = .17. However,
days past last menstruation was negatively associated with percent
changes in estradiol, r = −.23, p b .05. 7 When we included days past
6
The raw scores depicted in Fig. 2 include one seemingly large estradiol response for
a woman in the neutral condition; however, this participant's response fell within the
normal range (Z = 3.16) once percent change scores were log-transformed (and all analyses were conducted using log-transformed scores). Further, all ﬁndings reported
here were virtually identical with this participant excluded.
7
We also examined whether there was a quadratic association between days past
last menstruation and estradiol levels or estradiol responses; none of the quadratic
terms were signiﬁcant, all p's > .62.
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Fig. 2. Percent changes in estradiol among women. Regression lines are plotted separately for each condition as a function of women's attachment avoidance scores,
which have been residualized for the effects of attachment anxiety, relationship status,
and time of day. Higher scores reﬂect higher levels of avoidance. The solid line corresponds to the regression line for women in the emotional intimacy condition; the
dashed line corresponds to the regression line for women in the positive condition;
and the dotted line corresponds to the regression line for women in the neutral condition. Note that statistical tests were conducted on log-transformed percent-change
scores.

last menstruation as a covariate in our analyses, results were virtually
identical to those presented earlier: in the GLM analysis predicting
percent changes in estradiol among women, the interaction between
experimental condition and avoidance was signiﬁcant, F (2, 75) =
3.46, p b .05, ηp2 = .09. In the regression analyses predicting percent
changes in estradiol for each condition, women's avoidance was negatively associated with estradiol changes in the emotional intimacy
condition, ß = −.50, p = .07.
Finally, to examine whether attachment-related differences in
women's estradiol responses varied according to menstrual cycle
phase, we included the three-way interaction among avoidance, experimental condition, and days since last menstruation (as well as
all constituent two-way interactions) in the original GLM analysis
predicting percent changes in estradiol. This interaction was not statistically signiﬁcant, F (2, 70) = .75, p = .48, indicating that the interaction between women's avoidance and experimental condition was
not moderated by menstrual cycle phase. Thus, our ﬁndings regarding
attachment-related differences in estradiol responses do not appear
to be driven by changes in estradiol as a function of women's oral
contraceptive use or by changes that occur over the course of the
menstrual cycle.
Discussion
Findings from the current study provide novel experimental evidence that emotional intimacy can elicit estradiol responses in
humans. We found that single participants showed increases in estradiol after watching a movie depicting an emotionally intimate parent–
child relationship; such changes were not observed after participants
watched movies depicting non-intimate themes. Further, changes in
estradiol were moderated by participants' gender and level of attachment avoidance, such that more avoidant women did not show the
estradiol-enhancing effects of emotional intimacy. Taken together,
these ﬁndings contribute to our understanding of the biological
bases of attachment and caregiving processes, and they highlight the
potential role of estradiol in avoidant individuals' regulation of closeness and intimacy.
Very few studies have experimentally assessed the effects of social
context on human estradiol responses (but see, e.g., Stanton and
Schultheiss, 2007), and the current ﬁndings are the ﬁrst to show
that emotional intimacy speciﬁcally elicits increases in estradiol. Importantly, the emotionally intimate clip we used differed from the

emotionally positive clip only in the extent to which it portrayed
emotional intimacy, and from the neutral clip in the extent to which
it elicited positive emotion and depicted general afﬁliation. Thus, we
can be more conﬁdent that the estradiol responses we observed
were due not to the emotional nature of the intimate clip or its general focus on social interactions, but to its emotionally intimate nature
speciﬁcally.
Moreover, because our study focused on a depiction of a parent–
child relationship, our ﬁndings can be explicitly attributed to emotional rather than sexual aspects of intimacy. Prior research using
erotic ﬁlm clips indicates that estradiol may be responsive to sexual
content (van Anders et al., 2009); however, because these sexual portrayals occurred in an interpersonal context, the extent to which estradiol responses were a function of the sexual nature of the stimuli
speciﬁcally or their intimate nature more generally remains unclear.
The current ﬁndings further our understanding of the interpersonal
nature of estradiol responses by demonstrating that such responses
are also sensitive to emotional aspects of intimacy.
Of course, we did not include a sexually intimate video condition
in our study, in part because it would have differed from the emotionally intimate video in more than just its sexual nature (e.g., in the kind
of relationship it depicted). Thus, our ﬁndings cannot speak to the effects of sexual versus emotional intimacy on estradiol responses. van
Anders et al. (2011) argue that estradiol should be responsive to
both sexual and emotional aspects of intimacy in adult romantic relationships. However, to our knowledge, researchers have not yet
attempted to differentiate the effects of sexual versus emotional
intimacy on estradiol responses. These two aspects of intimacy can
be difﬁcult to separate in adult romantic relationships (Diamond,
2003), and it may be especially difﬁcult to identity stimuli that
evoke sexual but not emotional intimacy. Nonetheless, it would be
particularly interesting to assess whether such “purely” sexual stimuli
also elicit estradiol responses.
It is also important to note that our manipulation of emotional intimacy elicited signiﬁcant increases in estradiol only among participants who were not currently involved in a romantic relationship;
among currently partnered individuals, estradiol responses did not
differ across conditions. Why might single but not partnered participants show estradiol responses to emotionally intimate stimuli?
One possibility is that single participants were more likely to identify
with the parent–child interaction depicted in the emotionally intimate video clip, potentially enhancing the experience of emotional
intimacy and, in turn, estradiol responses. Parents typically serve as
an individual's primary attachment ﬁgure from infancy through adolescence, but peers and romantic partners become increasingly likely
to serve attachment functions during young adulthood (Fraley and
Davis, 1997). Given that the majority of our sample was between
the ages of 18 and 22, and most were not currently partnered, it is
possible that many currently single individuals had not yet experienced this shift in attachment functions from parents to romantic
partners, and that, for single individuals, parents remained the primary attachment ﬁgure (Doherty and Feeney, 2004). It is also possible
that the causal direction works in the opposite way, such that
young adults who are overly attentive to or enmeshed in relationships with parents may have greater difﬁculty establishing independent romantic relationships (e.g., Seiffe-Krenke, 2006). Either
possibility suggests that single participants may have found the parent–child interaction particularly relevant to their lives, which could
have heightened estradiol responses. This line of reasoning further
suggests that partnered individuals would ﬁnd a depiction of an emotionally intimate romantic interaction particularly evocative, and
would therefore experience larger estradiol responses to this kind of
interaction. Of course, this is an empirical question, and it would be
interesting to examine whether currently single and partnered individuals show differential estradiol responses to depictions of different
kinds of intimate relationships.
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Thus, our ﬁrst hypothesis—that emotional intimacy would lead to
increases in estradiol—was at least partially supported, in that such
increases were observed among single participants. Our second hypothesis was that the effects of emotional intimacy would be moderated by individual differences in attachment avoidance. Speciﬁcally,
we expected that avoidant individuals would be less likely to show
the estradiol-enhancing effects of emotional intimacy. This hypothesis also received some support, in that avoidant women showed smaller increases in estradiol after viewing the emotionally intimate
movie clip. Moreover, women's avoidance was not signiﬁcantly related to their estradiol responses in the two non-intimate control conditions, suggesting that the effects of avoidance were speciﬁc to
emotional intimacy rather than to positive emotion or interpersonal
interactions more generally.
These ﬁndings contribute to a growing body of research on the strategies used by avoidant individuals to regulate closeness and intimacy
(Edelstein and Shaver, 2004; Fraley et al., 1998) and the biological
mechanisms that may underlie such strategies (Edelstein et al., 2010;
Gillath et al., 2005). For example, avoidant individuals tend to restrict
attention to information with emotional, intimate themes (both positive and negative), perhaps as a way of reducing attachment-related
distress, but such biases are not apparent for other kinds of emotional
information (Dewitte et al., 2007; Edelstein, 2006; Edelstein and
Gillath, 2008). Avoidant adults also tend to dislike more affectionate aspects of sexual interactions (e.g., kissing, cuddling; Fraley et al., 1998),
and report more negative and fewer positive emotions after sexual
activities (Brennan et al., 1998). Perhaps some of these effects can be
at least partially attributed to differences in avoidant individuals'
neuroendocrine responses to intimacy, potentially making intimate behavior less rewarding and ultimately discouraging future intimate
interactions.
Additionally, our previous research indicated that the association
between avoidance and endogenous estradiol levels was moderated
by people's desire for intimacy (Edelstein et al., 2010). That is, avoidance was associated with lower estradiol levels primarily in the context of high levels of intimacy, a ﬁnding that is conceptually similar
to that obtained in the current study. Although there were no signiﬁcant baseline (i.e., pre-movie) associations between avoidance and
estradiol in the current study, avoidance was nevertheless negatively
associated with estradiol levels in the context of high levels of
intimacy.
Yet it should be noted that, in the current study, associations between avoidance and estradiol were observed only among women.
Perhaps estradiol responses are more closely tied to caregiving processes among women compared to men (e.g., Wynne-Edwards and
Timonin, 2007), making it more difﬁcult to detect differences in
estradiol among men. There is evidence that men's estradiol levels
change as a function of parenting and caregiving (e.g., WynneEdwards, 2001), and we did not ﬁnd gender differences in estradiolavoidance associations in our previous research (Edelstein et al.,
2010); however, in other studies, estradiol has been linked with outcomes among women but not men (e.g., power motivation;
Schultheiss et al., 2003; sexual desire; van Anders and Dunn, 2009).
Another possibility is that our emotionally intimate movie clip,
which depicted a father–daughter dyad, elicited stronger defensive
responses among avoidant women compared to avoidant men. Interestingly, there is evidence linking women's (but not men's) avoidance
with heightened stress reactivity during a conﬂict discussion with a
romantic partner (Powers et al., 2006). Fraley and Shaver (1998) similarly found that women's (but not men's) avoidance predicted
distancing behavior among separating couples. Thus, women's avoidance may be particularly relevant in situations involving caregiving or
potential relationship threat. That we did not ﬁnd any gender differences in our pre-test ratings of the video clips suggests that there
were not obvious differences in the perceptions of these videos by
men versus women. Nonetheless, it will be important to explore this
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ﬁnding in future research, perhaps by manipulating the gender of
the protagonists or by assessing hormones other than estradiol.
Several limitations of our research should also be considered. First,
although our laboratory manipulation of emotional intimacy allowed
experimental control over many aspects of the stimuli used in this
study, the ecological validity of our ﬁndings remains to be determined. There is evidence that “real life” physically intimate activities,
such as sexual activity, cuddling, and massage, can elicit changes in
hormones such as testosterone and oxytocin (e.g., Holt-Lunstad et
al., 2008; van Anders et al., 2007). Thus, there are reasons to expect
that emotional intimacy would similarly modulate estradiol responses in non-laboratory contexts, but, to our knowledge, such research has not yet been conducted. Second, participants in the
current study were young adults, the majority of whom were not currently involved in a romantic relationship. Although we did not ask
about parenting experience, it is likely that most of our participants
did not yet have children of their own. The current ﬁndings demonstrate that relationship status is an important moderator of estradiol
responses, and there is evidence that parenting experience may
be similarly important (Mileva-Seitz and Fleming, 2011). Thus, we
do not yet know whether our ﬁndings will extend to older samples of participants with more diverse relationship and parenting
experiences.
Finally, the emotionally intimate and emotionally positive video
clips both focused on positive social interactions, which differed in
their level of emotional intimacy. However, emotional intimacy can
also occur in the context of negative emotion, for instance in situations of separation and loss. Given that such situations are likely to
elicit proximity-seeking and caregiving behavior (Bowlby, 1980), it
is plausible that they would elicit estradiol responses as well. Moreover, research has shown that avoidant individuals are less responsive to relationship partners in stressful situations (Edelstein et al.,
2004; Simpson et al., 1992) and less attentive to relationshipthreatening information (Dewitte et al., 2007; Edelstein and Gillath,
2008). Future research should investigate whether the emotional valence of an intimate situation inﬂuences estradiol responses, and
whether such responses are moderated by attachment avoidance.
Despite these limitations, ﬁndings from the current study demonstrate that emotional intimacy can increase estradiol levels, and that
there are important moderators of the estradiol-enhancing effects of
emotional intimacy. We found that single (but not partnered) participants showed increases in estradiol following an experimental manipulation of emotional intimacy. Estradiol responses were not
observed following exposure to interpersonal, emotionally positive
stimuli or to neutral control stimuli, however, suggesting that such
responses are not simply a function of positive affect or the depiction
of social relationships. Moreover, avoidant women showed smaller
estradiol increases in the emotional intimacy condition, suggesting
that they may not experience the estradiol-enhancing effects of emotional intimacy. Further research will be necessary to determine
whether other kinds of emotionally intimate stimuli elicit estradiol
responses in partnered individuals, why men's avoidance was not associated with estradiol responses to our stimuli, and whether our
ﬁndings generalize from the laboratory to the real world. Nevertheless, the current ﬁndings advance our understanding of the neuroendocrine bases of emotional intimacy in humans. They also highlight a
potential neuroendocrine correlate of avoidant individuals' defensive
responses to closeness and intimacy, which could ultimately feed forward to impair future intimate experiences.
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