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A B S T R A C T

Oxytocin is known for its stress-reducing effects and has been associated with autonomic nervous system mea-
sures (ANS) involved in the stress response, such as heart rate variability (HRV). The current study examined the
effects of intranasal oxytocin on HRV among women (oxytocin N ¼ 87, placebo N ¼ 86) during rest. Results show
that oxytocin reduced RMSSD and low frequency (LF)-HRV, but only in women with positive childhood rearing
experiences, and not in women with negative childhood experiences. These findings suggest that oxytocin plays a
role in ANS regulation and that childhood rearing experiences may influence oxytocin effects on this stress
regulating system.
1. Introduction

Autonomic nervous system (ANS) changes in response to stress are
regulated by neuroendocrine factors. More specifically, previous
research points to a role of oxytocin, a neuropeptide important for social
behaviour that may underlie previously reported social influences on
psychophysiological measures relevant to cardiovascular health [1].
Intranasal oxytocin (inOT) administration experiments point to a causal
role of oxytocin in stress reduction and show that ANS measures relevant
to the stress response, such as heart rate variability (HRV), are influenced
by inOT [2]. InOT increases HRV during stress but has also been shown to
affect HRV during rest; thus, without potential biases related to responses
to external demands [3]. More specifically, two previous studies showed
increasing effects of oxytocin on resting levels of HRV in predominantly
male samples consistent with higher parasympathetic nervous system
(PNS) activity [1,4]. However, inOT effects on HRV may be different in
women because of sex differences and associated hormonal influences on
cardiac HRV patterns [5,6]. Therefore, the first objective of this study is
to examine the effect of inOT on HRV among women during a resting
condition.

InOT effects may not only differ by sex [2]; a vast amount of literature
has demonstrated that the effects are also moderated by negative child-
hood rearing experiences [7]. More specifically, studies indicate that
prosocial and stress-reducing effects of oxytocin are only present in in-
dividuals with positive childhood rearing experiences, but absent in
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individuals with negative childhood rearing experiences, possibly due to
epigenetic changes resulting in reductions in oxytocin receptor expres-
sion and a dysregulated oxytocin system [7,8]. For example, one previous
study showed that oxytocin enhanced functional connectivity within
complex brain networks during rest, but not in women with negative
childhood rearing experiences [9]. However, it remains unclear whether
oxytocin effects on HRV in rest are influenced by childhood rearing ex-
periences. The second objective of this study is therefore to examine the
role of childhood rearing experiences in shaping oxytocin effects on HRV
in rest among women.

2. Materials and methods

2.1. Participants

The current study is part of a project examining prosocial oxytocin
effects [10] which is approved by the Medical Ethics Committee Bra-
bant and registered in the Dutch Trial Registry (NTR6513). Participants
were female undergraduates enrolled at Tilburg University, the
Netherlands and gave informed consent. A sample of 200 female stu-
dents was invited to participate in the study, but 20 participants
dropped out due to cancelled participation or no data on primary out-
comes (see supplement), resulting in a final sample consisting of 180
participants. All participants were nulliparous, 57.8% used hormonal
contraceptives. Exclusion criteria involved drug/alcohol abuse, nasal
am, Amsterdam, the Netherlands.
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problems, use of medication (except contraception), psychiatric, car-
diovascular/neurological disorders, hypertension, or pregnancy. As
oxytocin levels vary during the menstruation cycle [11] participants
were preferably invited to the lab in the luteal phase.

2.2. Procedure

Participants were randomly assigned to the oxytocin (N ¼ 90) or a
placebo group (N ¼ 90). A random half of both groups (placebo N ¼ 45,
oxytocinN¼ 45) was instructed to bring a female friend with them to the
laboratory session for the purpose of another experiment in the overall
project. Participants were instructed to abstain from alcohol during the
24 h before the study, and from caffeine and smoking on the data
collection day. Of all participants 88.7% participated in the luteal phase
(see supplement).

Participants completed questionnaires on childhood experiences one
week prior to the session. At the start of the experiment, participants took
6 puffs of nasal spray containing oxytocin (24 IU total) or a placebo under
supervision of the experimenter (double blind administration). After-
wards, participants performed a stop-distance task for the purpose of
another study in the overall project. State anxiety was measured using
the Spielberger Trait State Anxiety Inventory ~35 min after adminis-
tration. Resting-state HRV was measured 40 min after intranasal
administration by ECG electrodes. The participant’s friend was not pre-
sent in the room during the resting-state measure.

2.3. Heart rate variability

HRV measures were derived from continuous ECG recordings ob-
tained during 5 min while participants looked at a presentation of
landscape photographs. Data were obtained using the Biopac-MP150
system with ECG100C-module, MEC110C-amplifier, and three
hydrogel-ECG electrodes. Data were processed with AcqKnowl-
edge,v4.4 (see supplement). Time domain-root mean square of suc-
cessive RR interval differences (RMSSD); frequency domain-HF power
(0.15–0.40 Hz), LF power (0.04–0.15 Hz), and heart rate (HR) were
derived. RMSSD, LF-and HF-HRV were log-transformed because of
skewed distributions. Seven participants were excluded because of poor
quality ECG data.

2.4. Childhood rearing experiences

Two childhood rearing experiences were measured; maternal use of
love withdrawal and traumatic childhood experiences. Maternal use of
love withdrawal is an insensitive disciplinary strategy that involves
withholding love and affection when a child misbehaves or fails at a task
and has been associated with negative child outcomes. It was measured
by an 11-item questionnaire which combines 7 items of the Withdrawal
of Relations subscale of the Children’s Report of Parental Behavior In-
ventory [12] and 4 -items from the Parental Discipline Questionnaire
[13]. Participants rated how well each statement described their mother
on a 5-point scale, with higher scores indicating negative childhood
rearing experiences. Previous studies have shown that experienced
maternal use of love withdrawal moderate the effects of oxytocin in
samples similar to the current study (healthy female students) [9].
Cronbach’s α was 0.83.

Traumatic childhood experiences was measured with the self-
reported 28-item Childhood Trauma Questionnaire Short Form (CTQ-
SF, [14,15]) assessing experiences of physical abuse, emotional abuse,
sexual abuse, physical neglect, and emotional neglect. Each item is rated
on a 5-point Likert scale ranging from never true to very often true.
Higher scores were indicative of negative childhood rearing experiences.
Cronbach’s α was 0.73. The CTQ was log-transformed because of skew-
ness. Love withdrawal and CTQ scores were significantly correlated, r ¼
0.36, p < .001.

Statistical analysis To test whether inOT affected HRV, analyses of
2

variance (ANCOVA) were performed. Treatment group (oxytocin/pla-
cebo) and the control variables; presence of a friend, use of hormonal
contraceptives, and menstrual phase were entered as between-subject
factors, and age, and state anxiety as covariates. To examine whether
childhood rearing experiences moderate the effect of inOT on HRV, an-
alyses were repeated with interaction terms treatment condition*love
withdrawal/childhood trauma (continuous and separately) and their
main effect. Analyses were performed for RMSSD, HF-HRV, LF-HRV, and
HR separately. Sensitivity analyses were performed without the inclusion
of control variables. The Benjamini Hochberg procedure was applied to p
values resulting from the analyses with autonomic arousal (4 repeated
tests: RMSSD, HF-HRV, LF-HRV, and HR) in order to correct significance
levels for Type I error.

3. Results

3.1. Sample characteristics

A total of 173 women participated (age M ¼ 20.17, SD ¼ 1.89).
Negative childhood rearing experiences were similar in both treatment
groups (love withdrawal: M ¼ 2.26; SD ¼ 0.74; (t(171) ¼ -1.28, p ¼
0.203), CTQ: M ¼ 1.34; SD ¼ 0.30; (t(171) ¼ -1.17, p ¼ 0.868)).

3.2. Treatment effect

The ANCOVA did not show significant oxytocin effects on HR
(F(1,166)¼ 0.02, p¼ .882), RMSSD (F(1,166)¼ 1.83, p¼ .179), HF-HRV
(F(1,166) ¼ 0.58, p ¼ .448), or LF-HRV (F(1,166) ¼ 0.00, p ¼ .955).

3.3. Moderation by childhood rearing experiences

The ANCOVA examining the role of love withdrawal showed a sig-
nificant treatment effect (F(1,163) ¼ 6.20, p ¼ .014) and interaction
effect (treatment*love withdrawal, F(1,163)¼ 4.46, p¼ .036) on RMSSD
during rest (Table 1). Similarly, a significant treatment effect of inOT
(F(1,163) ¼ 5.07, p ¼ .026) and a significant love withdrawal � treat-
ment interaction (F(1,163) ¼ 5.22, p ¼ .024) was found in the analyses
with LF-HRV. Results remained significant after Benjamini Hochberg
correction. No main effects or interactions were found in the analyses
with HR and HF-HRV (ps > .183).

Results of the ANCOVA examining the role of childhood trauma also
showed a significant effect of oxytocin on RMSSD (F(1,163) ¼ 5.00, p ¼
.027), but no effect on LF-HRV (F(1,163) ¼ 2.58, p ¼ .110). In addition,
there was a significant childhood trauma*treatment interaction for
RMSSD (F(1,163) ¼ 3.93, p ¼ .049) and for LF-HRV (F(1,163) ¼ 4.20, p
¼ .042), but no significant interactions for HR and HF-HRV (p’s >

0.278). Results remained significant after Benjamini Hochberg correc-
tion. Stratified analyses dichotomizing childhood rearing experiences
using low or high scores on love withdrawal and childhood trauma
using median splits (median: love withdrawal ¼ 2.27, childhood
trauma ¼ 1.24) were performed in order to interpret the interactions
(Fig. 1). Planned contrasts showed that oxytocin significantly reduced
RMSSD and LF-HRV only in individuals with low levels of love with-
drawal (RMSSD: t(169) ¼ 2.32, p ¼ .022, LF-HRV t(55) ¼ 2.39, p ¼
.018) and reduced RMSSD in individuals with low levels of childhood
trauma (t(169)¼ 2.43, p¼ .016). No significant effects on LF-HRV were
found in individuals with low childhood trauma (t(169) ¼ 1.16, p ¼
.247).

Analyses were repeated without controlling for the inclusion of
presence of a friend, use of hormonal contraceptives, menstrual phase,
age, and state anxiety. Analyses with RMSSD showed associations in the
same direction, that is, a similar significant interaction between treat-
ment and love withdrawal (F(1,169)¼ 4.41, p¼ .037) and a trend for the
interaction term with childhood trauma (F(1,169) ¼ 3.05, p ¼ .083).
However, the interactions between treatment and childhood trauma or
love withdrawal were not significant in the uncorrected analyses with LF-



Table 1
Adjusted mean and standard deviations of RMSSD, HF-HRV, LF-HRV and HR for individuals in the oxytocin and placebo group.

RMSSD HF (log ms2) LF (log ms2) BPM

M SE M SE M SE M SE

Model A Placebo 70.93 4.44 2.21 0.05 2.15 0.04 72.16 1.05
Oxytocin 63.45 4.41 2.15 0.05 2.13 0.04 72.72 1.05

Model B Placebo 71.93 4.45 2.21 0.05 2.15 0.04 72.18 1.05
Oxytocin 64.37 4.42 2.16 0.05 2.15 0.04 72.59 1.04

Note: Model A: adjusted for love withdrawal, treatment condition*love withdrawal, age, menstrual cycle, presence of friend, hormonal contraceptives, anxiety. Model B:
adjusted for childhood trauma, treatment condition*childhood trauma, age, menstrual cycle, presence of friend, hormonal contraceptives, anxiety.

Fig. 1. Mean RMSSD and LF-HRV for individuals in the oxytocin and placebo group with negative or positive childhood rearing experiences (i.e. higher or lower levels
of love withdrawal or childhood trauma). The range subsamples was N ¼ 35–53, *p < .05.
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HRV (ps > .18).

4. Discussion

InOT significantly reduced RMSSD among healthy women without
the history of a negative childhood rearing style during rest. Addition-
ally, negative childhood rearing experiences moderated the effects of
oxytocin on HRV, such that oxytocin reduced RMSSD and LF-HRV among
those without a history of negative childhood rearing style, whereas
oxytocin did not affect RMSSD and LF-HRV among participants who
experienced positive or negative childhood rearing experiences. No sig-
nificant effects were seen for oxytocin on HR and HF-HRV, regardless of
childhood rearing experiences.

A previous study among healthy men reported HRV indices of
elevated PNS activation (increased HF-HRV) after inOT [4]. In contrast,
we found that oxytocin lowers RMSSD, indicating reduced para-
sympathetic activity, although no effects on HF-HRV were found. In
addition, reduced LF-HRV may point to reduced activation of the sym-
pathetic nervous system, although there is controversy regarding the
interpretation of the LF component, as it includes both sympathetic and
parasympathetic (baroreflex-related) components of the ANS [6]. Our
contradicting findings, reduced parasympathetic and sympathetic
3

activity after inOT in women, could be interpreted in multiple ways.
First, because previous studies indicate that low HRV is related to
attentional state (e.g. [3]), our findings may indicate that oxytocin in-
creases alertness or arousal in women during rest. Consistent with this
explanation, a recent study showed that oxytocin decreased LF-HRV and
HF-HRV during a mild state of stress as induced by an arithmetic task
among individuals with chronic neck or shoulder pain [16], possibly
indicating that oxytocin enhanced attentional control and the salience of
external stimuli. Second, only among those with positive childhood
rearing experiences, the lowering effects of oxytocin on the LF-HRV
reflect the cardiac pattern that may be typical for the
tend-and-befriend response in women during stress [5]. Future studies
are needed to examine the effects of inOT on HRV components reflecting
different aspects of the ANS in women exposed to stress, ideally taking
into account childhood rearing experiences. Lastly, an alternative
explanation for the mixed findings of inOT on HRV may be that child-
hood rearing experiences were not included in previous studies.

This study has a few limitations. A between-subject design was used
and pre-existing group differences may therefore have influenced the
results, although randomization reduced this risk. Furthermore, we used
a retrospective self-report questionnaire to assess childhood rearing ex-
periences, whereas interviews might yield more valid data. Lastly, our
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sample consisted of female undergraduate students with only mild
negative childhood rearing experiences. Results cannot be generalized to
male samples or clinical samples with more severe childhood maltreat-
ment. Future studies should include both sexes in order to test possible
sex differences in the cardiac effects of oxytocin. Lastly, it should be
noted that studies increasingly point to inconsistent findings with regard
to influences of childhood rearing experiences on intranasal oxytocin
effects, with studies pointing to either less [17] or more pronounced
effects of oxytocin after childhood adversity [18]. More research is
therefore needed examining oxytocinergic dysregulations after child-
hood adversity in both males and females, as effects may be sex-specific
and it is still unknown how such changes emerge.

Taken together, the present results indicate that inOT affects HRV by
lowering RMSSD and LF-HRV among women with positive childhood
rearing experiences. Contrary, among those with negative childhood
rearing experiences (higher maternal love withdrawal and higher
childhood trauma) RMSSD and LF-HRV were unaffected by oxytocin,
possibly because changes in oxytocin receptor expression after childhood
adversity result in a dysregulated oxytocin system and altered sensitivity
to inOT. Our study is the first to show that childhood rearing experiences
shape oxytocin effects at cardiac patterns even in the absence of external
demands. In addition, our results may suggest that oxytocin, among other
neuroendocrine factors, plays a role in previously found sex differences in
HRV.
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