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Vasopressin, but not oxytocin, increases
empathic concern among individuals who
received higher levels of paternal warmth:
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Summary
Background: Empathy improves our ability to communicate in social interactions and motivates prosocial behavior. The neuropeptides arginine vasopressin and oxytocin play key roles in
socioemotional processes such as pair bonding and parental care, which suggests that they may
be involved in empathic processing.
Methods: We investigated how vasopressin and oxytocin affect empathic responding in a randomized, double-blind, placebo controlled, between-subjects study design. We also examined
the moderating role of parental warmth, as reported in the early family environment, on
empathic responding following vasopressin, oxytocin, or placebo administration.
Results: Among participants who reported higher levels of paternal warmth (but not maternal warmth), vasopressin (vs. placebo and oxytocin) increased ratings of empathic concern
after viewing distressing and uplifting videos. No main or interaction effects were found for
individuals who received oxytocin.
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Conclusions: Vasopressin has a role in enhancing empathy among individuals who received higher
levels of paternal warmth.
Trial registration: NCT01680718.
© 2014 Elsevier Ltd. All rights reserved.

Empathy improves our ability to communicate in social
interactions and motivates prosocial behavior (Batson et al.,
1987, 1988). While a great deal of psychological research has
shown the social importance of empathy, far less is known
about the neurobiological processes that influence empathy.
Recent research has examined the role of the neuropeptide
oxytocin (OT) in empathy due to its involvement in many
socioemotional processes (Bartz et al., 2011). Studies investigating the effects of OT on empathy in healthy individuals
have produced mixed results. Initial evidence suggested
no effect (Singer et al., 2008), but more recent work has
shown that empathy does increase following OT administration (Abu-Akel et al., 2014; Shamay-Tsoory et al., 2013).
Other studies suggest that OT may influence specific components of empathy (Hurlemann et al., 2010; Theodoridou
et al., 2013) and that the effect of OT on empathy may be
moderated by individual differences (Bartz et al., 2010a,b).
Less work has explored the role of the neuropeptide arginine vasopressin (AVP; which is structurally similar to OT and
diverges by two amino acids; Gimpl and Fahrenholz, 2001)
in empathy. In addition to AVP’s function in vasoconstriction
and water retention, AVP plays a key role in pair bond formation, parental care, and social approach in a variety of
species (Goodson, 2013; Lim and Young, 2006) and thus may
influence empathic responses. In a recent study of the social
monogamous coppery titti monkey, AVP V1a receptor binding
was wide-spread throughout the brain, including the cingulate and insular cortices (Freeman et al., 2014a,b), which
are implicated in emotional empathy (Shamay-Tsoory, 2011).
Additionally, in monogamous male prairie voles, an AVP
V1a receptor antagonist reduced affiliative and attachment
behavior (Winslow et al., 1993). In humans, variation in the
AVP V1a receptor gene has been associated with prosociality
(Avinun et al., 2011; Knafo et al., 2008), including partner
bonding in married couples (Walum et al., 2008). Variation
in AVP V1a receptors has also been associated with autism
spectrum disorders, a neurodevelopmental disorder characterized by social impairments including deficits in empathy
(Kim et al., 2002; Wassink et al., 2004; Yirmiya et al., 2006).
In addition, studies of heterosexual couples have found positive associations between plasma AVP and indices of positive
relationship functioning as well as decreased negative communication behaviors (Gouin et al., 2010, 2012, but see
Taylor et al., 2010).
Although AVP is hypothesized to contribute to the
neurobiological mechanisms underlying empathy, little
experimental research in humans has examined the effect
of AVP on empathic responding. Empathy is typically decomposed into two components: (1) cognitive empathy, which
refers to the ability to understand others’ thoughts and
to take their perspective and (2) emotional or affective
empathy, which consists of empathic concern, or feelings
of concern and warmth toward others, along with personal
distress that involves experiencing stress and anxiety as a

result of another’s suffering (Batson et al., 1987; ShamayTsoory, 2011). Although research has shown that AVP does
not seem to improve cognitive empathy (Kenyon et al., 2013;
Uzefovsky et al., 2012), less work has examined affective
empathy. Given that empathic concern, one component of
affective empathy, is the primary motivator of prosocial
behavior (Batson et al., 1988, 1987) and that multiple studies have shown that AVP increases human prosocial behavior
(Rilling et al., 2012, 2014), AVP may have specific effects on
empathic concern.
Another factor that may be important to consider in
understanding the effect of AVP and OT on empathic concern
is the role of the early environment. For example, research
on OT has shown that its effects on human prosociality
are sensitive to early environmental factors. Recent studies have demonstrated that the early family environment,
and specifically a positive family environment, appears to
make people more susceptible to OT’s effects on prosocial
behavior often motivated by empathy (Riem et al., 2013;
Van IJzendoorn et al., 2011). For example, in an all female
sample, Van IJzendoorn et al. (2011) found that OT increased
charitable giving, but only among those who reported having
more supportive parents.
Given the role of AVP and OT in socioemotional
processing, and recent findings demonstrating that positive
early family environments may increase susceptibility to the
effects of OT on prosociality (e.g., Riem et al., 2013; Van
IJzendoorn et al., 2011), we investigated the interaction
between drug condition (AVP, OT, and placebo) and an aspect
of the family environment that has been shown to affect
empathy development: reported experiences of parental
warmth (Zhou et al., 2002). In addition, based on previous
studies demonstrating sexually dimorphic effects of AVP and
OT (Rilling et al., 2012, 2014; Thompson et al., 2006), we
included a sample of women and men. We hypothesized that
AVP and OT would increase empathic concern compared to
placebo, but only among individuals who received higher
levels of parental warmth.

1. Materials and methods
1.1. Participants
Participants were 125 undergraduate students from the
University of California, Los Angeles (90 female, age
range = 18—31 years, Mean age = 20.88, SD = 2.71). They were
randomly assigned to receive intranasal AVP (n = 42; 30
female, 12 male), OT (n = 42; 30 female, 12 male) or placebo
(n = 41; 30 female, 11 male). Exclusion criteria included current allergies or cold symptoms as well as present or history
of heart disease, hypertension, myocardial infarction, cardiac arrhythmia, kidney or liver disease, vascular disease,
epilepsy, migraine, asthma, nephritis, diabetes or another
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endocrine disease, frequent or unexplained fainting, stroke,
aneurysm or brain hemorrhage, other neurological illness,
or current restricted fluid intake. Exclusion criteria also
included use of current mediations (e.g., vasoconstrictive medications), present psychiatric diagnosis including
alcohol abuse, pregnancy, breastfeeding, and smoking >15
cigarettes per day. Participants were asked to refrain from
using medication or alcohol for 24 h, caffeine for 4 h,
and food or drinks (except water) for 2 h preceding the
experiment (see Supplementary Fig. 1 for more detailed
information). The sample consisted of participants who selfidentified as Asian (56.0%), White (20.8%), Hispanic/Latino
(13.6%), Black or African American (4.8%), and ‘‘Other’’
(4.8%). 11.4% identified as Hispanic/Latino in addition to
one of the groups described above (except for those who
only identified as Hispanic/Latino). Participants who completed all aspects of the study were paid $40—$50 depending
on their choices in another task not relevant to the present
study. Informed consent was obtained from all participants
and the UCLA Institutional Review Board approved this study.

1.2. Procedure
Each participant completed two sessions. In the first session,
participants completed several self-report questionnaires
that included the assessment of parental warmth using
the Parental Bonding Instrument (PBI; Parker et al., 1979;
described below).
In the second session (completed on average 18.36 days
after the first session, SD = 16.08) participants arrived in
groups of 2—15 at a computer lab where they each had
their own independent computer. All participants completed
the second session between the hours of 2:00 pm and
5:30 pm. Participants first completed a set of questionnaires pre-administration including measures of positive
and negative affect using the Positive and Negative Affect
Schedule (PANAS; Thompson, 2007; described below). All
participants also provided a urine sample, which was tested
for possible pregnancy and drug use. Research nurses then
checked all participants’ temperature, heart rate, and blood
pressure to ensure that they were in the accepted limits:
systolic blood pressure between 90 and 130, diastolic blood
pressure between 60 and 90, heart rate between 55 and
100 beats/min, and temperature less than 100 ◦ F. If vital
signs were out of range, participants rested for 10—15 min
and measurements were repeated until readings were within
acceptable limits; one participant was excluded on basis of
abnormal vital signs and did not receive AVP, OT, or placebo.
In preparation for each drug-administration session,
a third-party research coordinator unrelated to the
present study used an online random number generator
(www.random.org) to randomly assign participants to the
AVP, OT, or placebo condition (blocked on gender; allocation ratio of 1:1) and communicated this information to the
UCLA pharmacy. A UCLA pharmacist prepared the drug or
placebo for each participant; there was no indication on
the label as to what was received (to maintain the blind).
Approximately 1 h after arriving, participants received AVP,
OT, or placebo using a randomized, double-blind, placebocontrolled, between-subjects procedure. We used sterile
6 ml amber glass bottles with metered nasal pumps from
Advantage Pharmaceuticals, Inc. Participants first received
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instructions on how to use the nasal sprays from the first
author and a UCLA research nurse. Participants were then
instructed to deliver one spray per nostril in an alternating
fashion when prompted (every 30 s).
AVP was provided by American Regent Laboratories,
Shirley, NY, USA. The pharmacist transferred AVP (20 IU/ml)
into the bottles with attached intranasal applicators (1
puff = 0.1 ml). Participants self-administered 5 puffs per nostril (2 IU/puff) for a total dose of 20 IU. AVP has been
shown to exert effects on behavior at this dosage (e.g.,
Rilling et al., 2012, 2014; Thompson et al., 2006; Uzefovsky
et al., 2012). OT (Syntocinin) was provided by Novartis
Pharmaceuticals, Switzerland. The pharmacist transferred
OT (24 IU/ml) into the bottles with attached intranasal
applicators (1 puff = 0.1 ml). Participants self-administered
5 puffs per nostril (2.4 IU/puff) for a total dose of 24 IU.
Administration of 24 IU of OT has also been shown to affect
behavior in previous studies (e.g., Bartz et al., 2010a,b;
Rilling et al., 2012, 2014). Placebo (used previously by Rilling
et al., 2014) consisted of 2 ml glycerine and 3 ml purified
water (methylparaben and propylparaben mixed according
to purified water formula) for a total of 5 ml. This was filtered with a 5 !m filter and transferred to the bottles with
attached intranasal applicators (1 puff = .1 ml). Participants
self-administered 5 puffs per nostril.
As in previous research (Rilling et al., 2012, 2014), following completion of administration, participants waited
approximately 40 min before beginning the tasks. During
this time, participants were asked to sit quietly and read
from a stack of 10 magazines (e.g., Newsweek). They were
also instructed to turn off their phones and refrain from
speaking to one another. Participants then completed the
PANAS (Thompson, 2007). Next, they completed a series of
tasks unrelated to empathy that were presented in randomized order to prevent order effects (e.g., working memory,
deception detection, perceptions of faces). The present
study is focused on the empathy task (described below).
Study personnel and research nurses were blind to the drug
condition (there were participants in each condition in each
group session). The first author supervised the procedure
and was present throughout every session.
To induce empathy, we used two videos provided by
Sze et al. (2012) that were presented in random order.
The first video, referred to hereafter as the ‘‘distressing
video’’ (117 s), began with a short introduction to the crisis
in Darfur and followed with images of the horrible conditions experienced by individuals living in the region. This
included images of children and adults who were receiving
aid because they were sick, wounded, and/or emaciated.
The second video, referred to hereafter as the ‘‘uplifting’’
video (116 s), began with a short introduction to autism
spectrum disorders and followed with uplifting images from
Surfers Healing, a non-profit organization that teaches children with autism how to swim and surf. Immediately upon
finishing each video, participants responded to the questions
described below that assessed levels of empathic concern.

1.3. Measures
1.3.1. Maternal and paternal warmth
Participants completed the Mother and Father Care subscale of the PBI (Parker et al., 1979) in a separate session
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Means and standard deviations of positive and negative affect.
AVP

Pre-administration positive affect
Post-administration positive affect
Pre-administration negative affect
Post-administration negative affect

2.54
2.00
1.30
1.12

OT
(.92)
(.79)
(.35)
(.24)

that occurred on a day prior to the drug administration.
The Care subscale of the PBI asks participants to rate how
warm and affectionate their mother and father were during childhood up until age 16. The two 12-item measures
(one for mother and one for father) are rated using a 4point Likert-type scale (0 = very unlike; 3 = very like) and
include questions such as, ‘‘Spoke to me in a warm and
friendly voice,’’ and ‘‘Was affectionate to me.’’ Six participants either did not have a father, or did not choose to
rate their father’s level of paternal warmth. A mean composite was created to represent maternal (˛ = .89) and paternal
warmth (˛ = .88). Both measures of parental warmth were
mean centered in all analyses. Importantly, there were no
differences between the AVP, OT, and placebo groups on the
two subscales (ps > .3).
1.3.2. State empathic concern
Immediately after watching each video, participants rated
the extent to which they felt empathic concern based on
three adjectives (sympathetic, moved, compassionate) used
in previous research (Sze et al., 2012) using a 5-point Likerttype scale (1 = not at all; 5 = extremely). A mean composite
score was created to represent empathic concern after
watching the distressing video (˛ = .84) and uplifting video
(˛ = .84).
1.3.3. State positive and negative affect
To examine whether self-reported positive and/or negative affect changed due to AVP or OT administration,
participants completed the 10-item PANAS (Thompson,
2007) pre-administration and approximately 40 min postadministration before beginning the task. Items on the
PANAS are rated using a 5-point Likert-type scale (1 = not
at all; 5 = extremely). A mean composite was created
to represent positive affect (pre-administration ˛ = .82;
post-administration ˛ = .83) and negative affect (preadministration ˛ = .6; post-administration ˛ = .63). Change
scores (post-administration − pre-administration) were then
computed to examine differences in positive and negative
affect before and after drug-administration.

1.4. Statistical analysis
We first conducted Analyses of Variance (ANOVA) to examine non-specific drug effects (i.e., main effects of pre—post
changes in positive and negative affect) as well as the main
effect of drug condition (AVP, OT, placebo) on empathic concern. We then conducted Analyses of Covariance (ANCOVA)
to examine the interaction between drug condition (AVP, OT,
placebo) and maternal warmth as well as drug condition and

2.62
2.06
1.14
1.08

Placebo
(.89)
(.75)
(.19)
(.15)

2.63
2.03
1.23
1.15

(.91)
(.76)
(.33)
(.29)

paternal warmth on empathic concern. Significant omnibus
interactions were further investigated through the use of
hierarchical linear regression analysis that examined differences between two drug conditions at a time (i.e., AVP vs.
placebo, OT vs. placebo, and AVP vs. OT). Post hoc tests of
specific interaction effects were conducted using PROCESS
(Hayes, 2013). p-values < .05 (two-tailed) were considered statistically significant. One participant unintentionally
began completing post-administration questionnaires and
tasks approximately 25-min post-administration instead of
approximately 40 min post-administration. Results remained
unchanged when removing this participant from analyses. Additionally, all results remained unchanged when
removing outliers on all major study variables based
on scores lower than the 25th percentile −1.5× the
interquartile range and scores higher than the 75th percentile +1.5× the interquartile range. For this reason,
all data is included in the results reported. In all analyses, the dependent variable was a continuous measure
of empathic concern following each video. Measures of
maternal warmth, paternal warmth, and empathic concern were continuous. All analyses were conducted using
SPSS version 20. Figures were created using Stata version 13. Based on the moderate to large main effect
(Cohen’s D = 0.7) of AVP on a different type of empathic
processing (i.e., emotion recognition; Uzefovsky et al.,
2012), we estimated that we would need at least n = 34
participants in each group to achieve > 0.8 power (G*Power
3.1).

2. Results
To ensure that any observed effects of drug condition were
not simply due to changes in positive or negative affect,
we first assessed non-specific main effects of drug condition (AVP, OT, placebo) on changes in positive and negative
affect. No differences were found between drug conditions
on pre—post changes in positive, F(2, 122) = .05, p = .95, or
negative affect, F(2, 122) = 1.73, p = .18 (See Table 1 for
group means and SDs).
With regard to the videos, there was a main effect
of video type (distressing [M = 3.21, SD = 1.12] vs. uplifting [M = 2.59, SD = 1.03]) on empathic concern, t(124) = 7.97,
p < .001, such that the distressing video elicited higher levels of empathic concern compared to the uplifting video.
Hence, the effects of drug condition and parental warmth
on empathic concern were analyzed separately for the two
videos. There were no interactions between video type and
drug condition, F(2, 122) = .16, p = .85 (see Table 2 for group
means and SDs).

AVP, paternal warmth and empathy
Table 2
concern.

AVP
OT
Placebo
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Means and standard deviations of empathic
Uplifting

Distressing

2.72 (1.05)
2.51 (1.05)
2.55 (1.01)

3.35 (1.06)
3.17 (1.11)
3.11 (1.19)

2.1. Effect of drug and parental warmth on
empathic concern: distressing video
For the distressing video, there was no main effect of drug
condition on empathic concern, F(2, 122) = .532, p = .589.
However, there was a significant main effect of paternal
warmth on empathic concern, F(1, 113) = 5.41, p = .022,
!p 2 = .05, as well as a significant interaction between drug
condition and paternal warmth on empathic concern, F(2,
113) = 3.38, p = .037, !p 2 = .06. There was no main effect of
maternal warmth, F(1, 119) = 1.5, p = .223, and no interaction between drug condition and maternal warmth on
empathic concern, F(2, 119) = .113, p = .894.
To further investigate the significant interaction between
drug condition and paternal warmth, we conducted post
hoc hierarchical linear regression analyses to examine the
differences between two drug conditions at a time. We
first examined AVP vs. placebo (dummy coded AVP = 1;
placebo = 0) and found a significant interaction between
drug condition and paternal warmth on empathic concern, b = .12, SE = .05, p = .015, R2 = .18, Interaction effect
R2 change = .07. Analysis of simple slopes identified a significant association between paternal warmth and empathic
concern in the AVP group, b = .13, SE = .03, p < .001, R2 = .34,
but not in the placebo group, b = .01, SE = .04, p = .712.
To further explore the significant interaction, we examined mean differences in empathic concern between the
AVP and placebo groups at one SD above and below the
mean of paternal warmth. There was a significant difference in empathic concern between the AVP and placebo
group at higher levels of paternal warmth (+1 SD), b = .74,
SE = .32, p = .025, but no significant difference at lower
levels (−1 SD), b = −.4, SE = .32, p = .219 (see Fig. 1). Thus,
among individuals who experienced higher levels of paternal warmth in childhood, AVP increased empathic concern.
However, AVP did not have a significant effect on empathic
concern for individuals who experienced lower levels of
paternal warmth.
Next, we examined OT vs. placebo (dummy coded OT = 1;
placebo = 0) and found no interaction between drug condition and paternal warmth on empathic concern, b = .002,
SE = .06, p = .979. Last, we examined AVP vs. OT (dummy
coded AVP = 1; OT = 0) and found a significant interaction
between drug condition and paternal warmth on empathic
concern, b = .12, SE = .06, p = .047, R2 = .18, Interaction
effect R2 change = .04. Analysis of simple slopes identified a significant association between paternal warmth
and empathic concern in the AVP group, b = .13, SE = .03,
p < .001, R2 = .34, but not in the OT group, b = .02, SE = .05,
p = .766. Further analyses revealed that there was a significant difference in empathic concern between the AVP and
OT group at higher levels of paternal warmth (+1 SD), b = .71,

Figure 1 There was a significant interaction of drug condition (AVP, OT, placebo) × paternal warmth on empathic concern
following the distressing video. At +1 SD above the mean
of paternal warmth, individuals on AVP reported significantly
higher levels of empathic concern compared to those on placebo
or OT. Error bars represent 95% CIs.

SE = .33, p = .03, but no significant difference at lower levels (−1 SD), b = −.24, SE = .33, p = .464 (see Fig. 1). Thus,
among individuals who experienced higher levels of paternal
warmth in childhood, AVP increased empathic concern compared to OT. However, AVP (vs. OT) did not have a significant
effect on empathic concern for individuals who experienced
lower levels of paternal warmth.

2.2. Effect of drug and parental warmth on
empathic concern: uplifting video
For the uplifting video, there was no effect of drug condition on empathic concern, F(2, 122) = .5, p = .61. However,
similar to the distressing video, there was a significant
main effect of paternal warmth on empathic concern, F(1,
113) = 7.68, p = .007, !p 2 = .06, as well as a significant interaction between drug condition and paternal warmth on
empathic concern, F(2, 113) = 3.3, p = .04, !p 2 = .06. There
was no main effect of maternal warmth, F(1, 119) = 2.62,
p = .108, and no interaction between drug condition and
maternal warmth on empathic concern, F(2, 119) = .16,
p = .853.
To further investigate the significant interaction between
drug condition and paternal warmth, we conducted post
hoc hierarchical linear regression analyses to examine the
differences between two drug conditions at a time. We
first examined AVP vs. placebo (dummy coded AVP = 1;
placebo = 0) and, like the results from the distressing video,
found a significant interaction between drug condition and
paternal warmth on empathic concern, b = .1, SE = .04,
p = .03, R2 = .21, Interaction effect R2 change = .05. Analysis
of simple slopes identified a significant association between
paternal warmth and empathic concern in the AVP group,
b = .13, SE = .03, p < .001, R2 = .35, but not in the placebo
group, b = .04, SE = .03, p = .273. To further explore the
significant interaction, we examined mean differences in
empathic concern between the AVP and placebo groups at
one SD above and below the mean of paternal warmth.
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ANCOVA was conducted to examine the three-way interaction between drug condition, paternal warmth, and
video order. There was no interaction with video order on
empathic concern in the distressing video, F(2, 107) = 2.36,
p = .1, or in the uplifting video, F(2, 107) = 2.19, p = .803.
Thus, video order did not appear to affect the present
results.

2.4. Gender effects

Figure 2 There was a significant interaction of drug condition (AVP, OT, placebo) × paternal warmth on empathic concern
following the uplifting video. At +1 SD above the mean of paternal warmth, individuals on AVP reported significantly higher
levels of empathic concern compared to those on OT and
marginally higher levels of empathic concern compared to those
on placebo. Error bars represent 95% CIs.

There was a marginally significant difference in empathic
concern between the AVP and placebo group at higher levels of paternal warmth (+1 SD), b = .52, SE = .3, p = .086, but
no significant difference at lower levels (−1 SD), b = −.42,
SE = .3, p = .17 (see Fig. 2). Thus, among individuals who
experienced higher levels of paternal warmth in childhood,
AVP marginally increased empathic concern to the uplifting video. However, AVP did not have a significant effect
on empathic concern for individuals who experienced lower
levels of paternal warmth.
Comparing OT with placebo (dummy coded OT = 1;
placebo = 0) revealed no interaction between drug condition and paternal warmth on empathic concern, b = −.03,
SE = .06, p = .643. Last, we examined AVP vs. OT (dummy
coded AVP = 1; OT = 0) and again found a significant interaction between drug condition and paternal warmth on
empathic concern, b = .12, SE = .06, p = .028, R2 = .19, Interaction effect R2 change = .05. Analysis of simple slopes
identified a significant association between paternal warmth
and empathic concern in the AVP group, b = .13, SE = .03,
p < .001, R2 = .35, but not in the OT group, b = .01, SE = .05,
p = .856. Further analyses revealed that there was a significant difference in empathic concern between the AVP
and OT group at higher levels of paternal warmth (+1 SD),
b = .77, SE = .31, p = .015, but not at lower levels (−1 SD),
b = −.25, SE = .32, p = .43 (see Fig. 2). Thus, among individuals who experienced higher levels of paternal warmth in
childhood, AVP increased empathic concern compared to
OT. However, AVP (vs. OT) did not have a significant effect
on empathic concern for individuals who experienced lower
levels of paternal warmth.

2.3. Video order effects
Videos were presented in random order, but to ensure
that the significant interaction between drug condition and
paternal warmth was not affected by the video order, an

Due to potential sexually dimorphic effects of AVP and OT
(Rilling et al., 2012, 2014), we also examined the effect
of participant gender on empathic concern following each
of the videos. For the distressing video, an ANCOVA with
drug condition (AVP, OT, placebo) and gender as betweensubjects factors and paternal warmth as a covariate showed
no main effect of gender, F(1, 107) = .24, p = .623, no twoway interactions (ps > .15), and no three-way interaction,
F(2, 107) = .237, p = .789. An ANCOVA with drug condition and
gender as between-subjects factors and maternal warmth as
a covariate showed no main effect of gender, F(1, 113) = .65,
p = .423, no two-way interactions (ps > .8) and no three-way
interaction, F(2, 113) = 1.95, p = .147.
For the uplifting video, An ANCOVA with drug condition and gender as between-subjects factors and paternal
warmth as a covariate showed no main effect of gender, F(1,
107) = .007, p = .931, no two-way interactions (ps > .33), and
no three-way interaction, F(2, 107) = .2, p = .822. Likewise,
an ANCOVA with drug condition and gender as betweensubjects factors and maternal warmth as a covariate showed
no main effect of gender, F(1, 113) = .034, p = .854, no twoway interactions (ps > .45) and no three-way interaction,
F(2, 113) = .62, p = .541. Because none of the interactions
that included gender were significant, gender was not
included as a covariate in the analyses reported (see Supplementary Material for gender-specific analyses).

3. Discussion
Our findings provide the first evidence that childhood experiences of paternal warmth moderate the effect of AVP
on empathic concern. Specifically, AVP increased empathic
concern in a sample of female and male participants who
experienced higher levels of paternal warmth in childhood.
This effect was not found for OT and it was not gender
specific. In addition, this effect was observed for both the
distressing and the uplifting videos, suggesting that these
effects extend across empathy for the negative experiences
of others (e.g., those suffering in Darfur) as well as empathy
for the accomplishments made by others (e.g., individuals
with autism learning how to swim and surf).
Studies have shown that parental care, or a lack thereof,
can alter AVP expression and immunoreactivity in several
animal species (Bester-Meredith and Marler, 2003; Frazier
et al., 2006; Veenema and Neumann, 2009). Francis et al.
(2002) found that differences in rat maternal care (i.e., high
or low licking and grooming) were associated with increased
oxytocin receptor binding in female (but not male) adult
offspring and increased AVP V1a receptor binding in male
(but not female) adult offspring. In addition, in the monogamous prairie vole (who, like humans, show biparental care of
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offspring), central administration of AVP promotes (whereas
an AVP antagonist reduces) parental behavior in males but
not females (for review see, Wang et al., 1999). That the
moderation of AVP’s effects on empathic concern in the
present study was specific to paternal warmth, as opposed to
maternal warmth, suggests that human paternal parenting
style may have specific effects on epigenetic modification of
AVP V1a receptors. However, the mechanism through which
this might occur is not yet known as limited research has
examined how paternal behavior affects the vasopressin
system in female offspring and the function of AVP V1a
receptors in females are less well understood (Bales et al.,
2007). Future work is needed to examine these processes.
To date, research investigating the effects of AVP and OT
on empathy has produced inconsistent results. For example, in one study AVP reduced cognitive empathic ability
(i.e., the ability to recognize negative emotions; Uzefovsky
et al., 2012), but Kenyon et al. (2013) found no effect of AVP
on cognitive empathy. Singer et al. (2008) found no effect
of OT on affective empathy whereas others found increased
empathy following OT administration (Abu-Akel et al., 2014;
Shamay-Tsoory et al., 2013). OT has also been found to
increase affective, but not cognitive empathy (Hurlemann
et al., 2010), as well as cognitive, but not affective empathy (Theodoridou et al., 2013). The present results are in
agreement with Singer et al. (2008) and Theodoridou et al.
(2013) and found no main effect of OT on affective empathy. However, based on recent evidence demonstrating that
the effect of OT on prosocial behavior is specific to individuals who have more positive family environments in general
(Van IJzendoorn et al., 2011), we hypothesized that parental
warmth would moderate the effect of AVP and OT on empathy.
Bartz et al. (2010a,b) found that the effect of OT administration on recollections of maternal care and closeness was
moderated by attachment anxiety, which may reflect early
negative interactions with a caregiver. Specifically, following
OT administration individuals with lower levels of attachment anxiety remembered their mothers as more close and
caring, whereas individuals with higher levels of attachment
anxiety remembered their mothers as less caring (Bartz
et al., 2010a,b). The study by Bartz et al. (2010a,b) suggested that maternal parenting style may have more specific
effects on the OT system, but the present results do not
confirm this finding. One possibility for the discrepancy in
results is that both the moderator and outcome variables
examined in Bartz et al. (2010a,b) differ compared to the
present study. It is possible that adult attachment anxiety
and experiences of parental warmth in childhood and adolescence may moderate the effects of OT differently.
In addition to demonstrating the moderating role of
paternal warmth on AVP’s effects, our results add to studies identifying the prosocial influence of AVP in animals (Lim
and Young, 2006; Winslow et al., 1993) as well as human
men (Rilling et al., 2012) and women (Rilling et al., 2014;
Thompson et al., 2006). Our findings also add to the smaller
number of studies that have administered AVP and OT to
females and shown prosocial effects (e.g., Rilling et al.,
2012, 2014). Although OT is often considered more relevant
for females and AVP more relevant for males (Carter, 2007),
both play a significant role in regulating socioemotional processes in males and females (Cushing and Kramer, 2005; Insel
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and Young, 2001) and warrant additional attention in future
research. This is made apparent most recently by the work of
Rilling and colleagues who found sexually dimorphic effects
of OT and AVP at the behavioral and neural level (2012,
2014).
Results from the present study also contribute to a more
nuanced understanding of the effects of neuropeptides on
socioemotional processes. Indeed, just as research continues to identify individual difference factors and contextual
variables that moderate the effects of intranasal OT (Bartz
et al., 2011; Macdonald, 2012), as well as associations
between variation in oxytocin receptor gene polymorphisms
(Tabak, 2013), the effects of AVP also appear to be moderated by similar factors (Rilling et al., 2012, 2014; Shalev
et al., 2011; Thompson et al., 2006). In addition to our
focus on affective rather than cognitive empathy, another
potential reason that the present results differ from previous findings (Kenyon et al., 2013; Hurlemann et al., 2010;
Theodoridou et al., 2013; Uzefovsky et al., 2012) may relate
to our investigation of the moderating role of the early
family environment, which was not considered in previous
studies focusing on empathy.
Although no gender effects were found in the present
study, it is important to note that the majority of our sample was female by a ratio of approximately 3:1. Future
studies would benefit from including an equal number of
men and women to further disentangle potential sexually
dimorphic effects of AVP and OT. Based on the work of Born
et al. (2002) demonstrating that AVP in cerebrospinal fluid
increases after intranasal administration, the assumption in
the field is that AVP affects behavior via central mechanisms. However, further research is needed to confirm if and
how intranasal AVP is transmitted to the brain (Churchland
and Winkielman, 2012; Ludwig et al., 2013). A recent study
in rhesus macaques identifying the neuroanatomical distribution of OT receptor binding and mRNA found little OT
receptor binding in brain areas associated with empathy
(Freeman et al., 2014a,b). Based on this information, it is
unlikely that the effects of AVP found in the present study
are driven by AVP binding to OT receptors, even though
there is known cross-reactivity of AVP with the OT receptor
(Koshimizu et al., 2012). Last, our reliance on a retrospective self-report measure of the early family environment is
limiting. Future prospective longitudinal research that more
precisely measures the childhood environment is needed to
confirm the present findings.
In sum, the present findings demonstrate that the effect
of AVP, but not OT, on empathic concern is moderated by
experiences of paternal warmth in childhood. This novel
finding in humans is in agreement with animal research
showing that the parental environment can alter the AVP system and contribute to long-term changes in adult behavior
(Veenema, 2012; Wang et al., 1999).
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