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Unhappy couple relationships are associated with impaired individual health, an effect thought to be mediated through ongoing couple conflicts. Little
is known, however, about the underlying mechanisms regulating psychobiological stress, and particularly autonomic nervous system (ANS) reactivity,
during negative couple interaction. In this study, we tested the effects of the neuropeptide oxytocin on ANS reactivity during couple conflict in
a standardized laboratory paradigm. In a double-blind, placebo-controlled design, 47 heterosexual couples (total n —94) received oxytocin or placebo
intranasally prior to instructed couple conflict. Participants’ behavior was videotaped and salivary alpha-amylase (sAA), a measure of sympathetic
activity, and emotional arousal were repeatedly measured during the experiment. Oxytocin significantly reduced sAA during couple conflict in women,
whereas men showed increases in sAA levels (sex x group interaction: B=—49.36, t=—2.68, P=0.009). In men, these increases were related to
augmented emotional arousal (r—0.286, P—0.028) and more positive behavior (r=0.291, P—0.026), whereas there was no such association in
women. Our results imply sex-specific effects of oxytocin on sympathetic activity, to negative couple interaction, with the neuropeptide reducing sAA
responses and emotional arousal in women while increasing them in men.
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INTRODUCTION

Social integration and affectionate social interactions have a substantial
influence on individual stress resilience (Robles and Kiecolt-Glaser,
2003), health (Uchino, 2006; Thoits, 2011) and longevity (House
et al., 1988; Holt-Lunstad et al, 2010), making couple relationships,
as the most prominent social relationship for nearly all adults, an
important predictor of quality of life and health (Proulx et al,
2007). In line with this and in contrast to positive couple interaction
(cf. Grewen et al, 2003; Coan et al., 2006; Ditzen et al., 2007;
Holt-Lunstad et al., 2008), ongoing couple conflicts have been sug-
gested to constantly increase stress and, thereby, to impair individual
health (Kiecolt-Glaser and Newton, 2001).

Consequently, research interest has turned to the neurobiological
mechanisms underlying the effects of couple interaction on stress
and individual health-relevant outcomes (Uchino et al., 1996; Robles
and Kiecolt-Glaser, 2003; Karelina and DeVries, 2011). Among other
factors, this research points to the neuropeptide oxytocin (OT), which
has been shown to improve social affiliation and attachment and to
reduce anxiety and stress (Young et al., 2001; Donaldson and Young,
2008; Ross and Young, 2009; Insel, 2010). OT is synthesized in the
hypothalamus, from where it exerts its effects on widespread areas in
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the central nervous system (CNS) (Gimpl and Fahrenholz, 2001; de
Bono, 2003; Landgraf and Neumann, 2004). As no specific central
nervous in-vivo markers are yet available, the interpretation of OT
measures in humans is limited (Meyer-Lindenberg et al., 2011; Szeto
et al., 2011). However, neuropeptides have been shown to gain access
to the brain following intranasal administration (Born et al, 2002;
Chang et al.,, 2012). Using this technique, an increasing number of
human studies suggest effects of OT on the level of behavioral and
neural systems, including social interaction, social memory and stress
reactivity (Heinrichs et al, 2009; Bos et al., 2011; Meyer-Lindenberg
et al., 2011). Notably, with regard to couple interaction, previous data
from our laboratory indicate that intranasal OT augments the ratio of
positive to negative communication behavior and leads to reduced
endocrine stress activity, i.e. cortisol levels, during a couple conflict
task (Ditzen et al, 2009). Within the context of social interaction
research, couple conflict is a valuable research paradigm, because for
all subjects it involves a highly relevant social interaction partner
during instructed and observable real-time behavior. Indeed, in previ-
ous research, couple conflict was shown to increase autonomic nervous
system (ANS) stress responses, which were identified with different
measures. Kiecolt-Glaser et al (1993) and, more recently,
Nealey-Moore et al. (2007) observed increased heart rate (HR) and
blood pressure (BP) in response to couple conflict in both men and
women, as did Flor et al. (1995) in chronic pain patients and healthy
controls. Ewart and colleagues found increased BP in response to
couple conflict (1991) in high-BP patients. Interestingly, however, in
women, these changes were related to affective content and quality of
the interaction, whereas in men, these (overall smaller) changes were
related to speech rate (Ewart et al, 1991). In line with BP and HR,
levels of the catecholamines epinephrine (EPI) and norepinephrine
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(NE) in blood were found to raise during conflict tasks in the labora-
tory (Malarkey et al., 1994), although again with sex differences, as
revealed by significantly higher responses in EPI levels in women than
in men.

There is also evidence for an influence of OT mechanisms on ANS
activation from animal and human research. In female prairie voles,
peripheral OT administration reduced HR responses to social isolation
(Grippo et al., 2009) and to social stress (resident intruder test)
(Grippo et al., 2012). In humans, an association of OT receptor gene
polymorphism rs53576 with cardiac pre-ejection period (PEP) was
recently found in males, with A allele carriers displaying higher
levels of sympathetic cardiac control, as revealed by lower resting
PEP levels (Norman et al, 2012). Moreover, intranasal OT increased
both sympathetic activity (assessed by PEP) and parasympathetic ac-
tivity (assessed by high-frequency HR variability) (Norman et al,
2011). The authors did not find overall changes in HR following the
administration of intranasal OT. Rilling et al. (2011) and Gamer and
Buchel (2011) also failed to find such changes in HR. However, inter-
estingly, in the latter study, phasic HR in OT-treated men increased
specifically in response to pictures of fearful (and to a lesser extent
neutral) faces. The authors interpret these data in terms of an intensi-
fied emotional valence of these pictures following the administration of
OT. On a central level, OT might modulate ANS responses via the
amygdala-cingulate circuit processing of emotional and cognitive re-
sponses to stress (Kirsch et al., 2005; Domes et al, 2007). However,
substantial sex differences might be expected here, as women show
different amygdala activation in response to OT than men (Domes
et al., 2010). As parallel data on OT effects in both men and women
are still rare and, in part, conflicting (for an overview, see Bartz et al,
2011), it is particularly important to investigate both sexes within the
same research design. Interestingly, in a most recent study, Fischer-
Shofty et al. (2012) detected a significant OT by sex interaction in
social perception of kinship and competition in video sequences.
The authors concluded that ‘gender differences in OT may be evident
in different categories of social behaviors’ (Fischer-Shofty et al., 2012).
Distinct effects of OT in men and women might also be evident in
different physiological systems. We were thus interested to examine the
effect of OT on ANS responses to couple conflict. The following might
be hypothesized in this context: either decreased activation in women
(as suggested by the studies in female prairie voles); increased activa-
tion in men due to increased emotional valence (as implied by the
research in men); or no sex differences, based on the data from
Norman et al. (2011).

With the dataset on OT nasal spray during an instructed couple
conflict session (cf. Ditzen ef al., 2009), we have a unique possibility
to investigate the effects of this pharmacological modulation on
real-time interpersonal behavior and physiology in men and women.
We therefore went back to our data and investigated the effects of
intranasally administered OT on ANS activation through repeated as-
sessment of the salivary enzyme alpha amylase (sAA). SAA has been
interpreted as an indirect marker of ANS activity and sympathetic
nervous system (SNS) activity in particular (Ehlert et al., 2006; Nater
et al., 2006; Nater and Rohleder, 2009). In order to capture possible
modulators of ANS responses, emotional arousal was measured repeat-
edly and analyzed in relation to sAA and couple behavior.

METHODS AND MATERIALS

Forty-seven heterosexual couples (n=94 subjects), aged 20-50 years,
who were married or had been cohabiting for at least 1 year partici-
pated in the study. Exclusion criteria for participation were smoking,
chronic mental or physical illness, medication intake and, for women,
the intake of hormonal contraceptives, current pregnancy or
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breastfeeding. All women were investigated during the luteal phase
of their menstrual cycle. Couples provided written informed consent
and were offered 100 Swiss Francs for participation. The study was in
line with the Declaration of Helsinki and approved by the ethics com-
mittee of the Canton of Zurich, Switzerland.

Equivalence among OT and placebo groups was assessed using the
General Health Questionnaire (GHQ) (Goldberg and Williams, 1969),
the Relationship Questionnaire (PFB) (Hahlweg, 1996) and the Short
Chronic Stress Scale (SSCS) (Schulz et al., 2004). Experiments took
place in the laboratories of the Department of Psychology at the
University of Zurich between 5:00 pm and 7:30pm to control for
diurnal variation in sAA activity.

In order to reflect ANS activity and, more precisely, sympathetic
activity (Ehlert et al, 2006; Nater et al.,, 2006; Nater and Rohleder,
2009), sAA was repeatedly assessed from saliva samples. Salivette col-
lection devices (Sarstedt, Sevelen, Switzerland) were taken at baseline
(—50 min relative to the onset of the conflict discussion), at —20 min,
immediately before conflict (—1min) and after conflict (+10, 420,
430, +45min). Saliva samples were stored at —20°C until required
for analysis. AA activity was determined using the automatic analyzer
Cobas Mira and assay kits obtained from Roche. The reagents in the kit
contain the enzyme alpha amylase and alpha glucosidase, which con-
vert the substrate ethyliden nitrophenyl to p-nitrophenol. The rate of
formation of p-nitrophenol is directly proportional to the amylase
activity. Activity is determined by measuring the absorbance at
405nm. The assay is a kinetic colorimetric test. Inter- and intraassay
variance was below 1%.

Following the baseline saliva assessment and a pregnancy test in
women, all individuals rated their emotional arousal and specific emo-
tions (anxiety, sadness, anger, joy) with a standard 14-item question-
naire to be evaluated on a seven-point Likert Scale (BSKE-EA, Janke
et al., 1988). Sum-scores for emotional arousal (as described in Janke
et al, 1988) were interpreted as dependent variables in the data
analyses.

Couples were then asked to chose 2 out of 23 pre-determined areas
of continuing disagreement in their own relationship (Hahlweg, 1996)
for the later discussion (cf. Gottman, 1994; Weiss and Heyman, 1997;
Kaiser et al., 1998). Following this procedure, in a double-blind design,
couples self-administered either 40 IU (five puffs in each nostril) of OT
(Syntocinon Spray, Novartis, Basel, Switzerland) or placebo intrana-
sally under the supervision of the study coordinator. The dosage and
timing of the nasal spray administration were chosen based on pub-
lished research on intranasal OT, behavior and emotions in humans
(Meyer-Lindenberg et al., 2011) and on Born and colleagues’ results on
cerebrospinal fluid levels after intranasal vasopressin administration
(Born et al, 2002). Assignment to groups was based on the couple
level, meaning that both partners received either OT or placebo.

Forty-five minutes after drug administration, couples were asked to
discuss the previously chosen conflict issue for the following 10 min.
During this conflict discussion, couples were alone in the room and
were videotaped. Videotapes were coded with a computer-aided
system of behavior analysis (Computer Aided Observation System,
CAOS) (Bourquard et al., 1992-2005). Positive conflict behavior was
coded as the ratio of relative duration of positive/negative behavior
according to Gottman’s balance theory (for details, see Gottman,
1994). Following the conflict discussion, participants were asked to
evaluate the conflict on the dimensions ‘validity of the task, stressful-
ness of the task, positive own and partner’s behavior, negative own and
partner’s behavior, and solution-oriented own and partner’s behavior’,
using a standard evaluation questionnaire (cf. Hahlweg and Jacobson,
1984) and were again asked to rate their emotional arousal and specific
emotions. During the following 60 min, saliva samples were taken re-
peatedly and couples watched a documentary (Komplett-Video, 2006)
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to prevent them from further talking or ruminating about the conflict.
Finally, participants received the reimbursement and left the laboratory
at 7:30 pm.

STATISTICAL ANALYSES

Baseline differences between groups were analyzed using ANOVAs.
Time slopes of sAA were calculated as sAA=a+x; (measure)+x,
(baseline sAA)+e. Associations of increases in sAA (difference
scores were calculated as sAA after conflict, +10 min, —sAA prior to
conflict instructions, —20 min) with group assignment (OT/placebo)
and emotional arousal were calculated using hierarchical linear mod-
eling (HLM), with sex, group, sex x group, BMI, age and baseline sAA
included on level 1, and an empty couple level 2, in order to take into
account the nested structure in the couple data (Kenny et al., 2006).
Within sexes, associations of emotional arousal, sAA and behavior
were calculated with correlations. Normal distribution of the
data was assessed with the Kolmogorov—Smirnov test. As normal dis-
tribution of repeatedly assessed sAA was not violated, untransformed
sAA levels were used in the analyses. Data on sAA during the course
of the experiment were analyzed with repeated measures ANOVAs
(groupoT/pl X S€Xmen/women X tiMes measures)- 1N these analyses, couple
data were also treated as repeated measures in order to account for
dependency between partners. Mauchly’s test indicated that the as-
sumption of sphericity had been violated, and therefore in repeated
measures, multivariate tests using Pillai’s trace correction are reported
(cf. Field, 2009). Data were analyzed using SPSS 19 (SPSS Inc.,
Chicago, IL, USA) and HLM 6 (Raudenbush et al., 2004).

RESULTS

The two groups (placebo vs OT) did not significantly differ in their
BMI, duration of relationship, relationship quality, years of education,
chronic stress levels, and number of general health symptoms or base-
line sAA (—50 min relative to the onset of the conflict). However, male
participants in the placebo group were slightly older than participants
in the OT group. Emotional arousal prior to the conflict did not differ
between groups or sexes (for statistical values and all baseline values,
see Supplementary Table S1).

SAA significantly increased from pre- to post-couple conflict (time
slope SAA 50 min> +10min: B=16.84, t=6.10, P<0.001; mean sAA
Increasepiacebo condition = 33.70, s.d. =51.47; mean sAA increaseor con-
dition = 33.98, s.d.=52.12), with subsequent decreases (time slope
SAA+ 10 min, +20 min, +30 min, +45min+ B= —4.92, t=—-2.52, pP= 0.012;
mean SAA decrease piacebo condition = —10.22, s.d. =51.79; mean sAA
decrease o1 condition=—17.13, s.d.=48.42) during recovery in the
total group. Interestingly, this effect was driven by men who had
received OT. Results with regard to sAA increases from pre- to
post-conflict show no significant group effect, no significant sex
effect, but a significant sex x group interaction (Table 1). Whereas
women with OT showed decreases in sAA as compared to placebo,
men in the OT group showed increased sAA (Figure 1A).

These results were confirmed in the repeated measures ANOVA. No
main effect was found for OT on sAA over time (time X group inter-
action: F=0.8575, 37, P=0.519, NS) and no overall difference was
detected between men and women in sAA over time (time X sex inter-
action: F=0.6115, 37, P=10.692, NS), but men and women significantly
differed between OT and placebo group in their sAA levels over time
(time X sex x group: F=2.581s 3;, P=0.042; Figure 1B).

Subsequently, we tested whether OT increased emotional arousal
during/following conflict, which might, in turn, be associated with
higher sympathetic activity specifically in men. Results, as indicated
by HLM analyses with emotional arousal as dependent variable, indeed
suggest no main effects of either group or sex but, again, a significant
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Table 1 HLM with increases in sAA as dependent variable

Fixed effects Coefficient; B SE T-ratio df. P-value
Intercept 26.28 13.07 2.01 46 0.050*
Sex 16.29 13.80 1.18 87 0.242
Group 237 17.19 135 87 0.181
Sex x group —49.36 18.38 —2.68 87 0.009*
Age —0.89 84 —1.06 87 0.292
BMI —1.63 1.66 —0.98 87 0.331
Baseline sAA —0.04 0.09 —0.48 87 0.632
Random effects Variance component s.d. chi-square d.f. P-value
Intercept 461.44 21.48 62.46 46 0.053
Residual 2135.87 46.21

Group: 0 = placebo, 1=20T; sex: 0 =man, 1= woman. Increases in sAA were calculated as delta
SAA 10 min — SAA_50min- The model explained 3.1% in SAA increases to couple conflict.
*Significant on a 5% level.

sex X group interaction (Table 2). Men with OT reported higher emo-
tional arousal to the couple conflict, whereas women with OT reported
lower emotional arousal in comparison to placebo (Figure 2).

In line with this, emotional arousal was positively correlated with
increases in sAA (r=0.286, P=0.028) and with more positive
observed behavior during couple conflict (r=0.291, P=0.026) in
men. In women, there were no associations of sAA with emotional
arousal or with observed conflict behavior.

DISCUSSION

In the current study, we found significant increases in sAA, as a pro-
posed measure of SNS activation, in response to a standardized conflict
discussion in couples. These responses were moderated by sex and
central nervous availability of the neuropeptide OT: men with intra-
nasal OT administration showed increased sAA responses in compari-
son to placebo, whereas women with OT showed decreases in sAA.
Notably, in men, these increases were positively related to higher emo-
tional arousal and to increased positive in relation to negative
behavior.

Overall, these results confirm earlier results on ANS activation in
response to couple conflict, such as increased HR, BP and catechol-
amines (Ewart et al., 1991; Flor et al., 1995; Nealey-Moore et al., 2007).
However, with regard to underlying neuroendocrine mechanisms, in
our study, OT did not show overall attenuating or stimulating effects
but rather sex-specific influences on sAA. It is particularly this
sex-specific nature of the OT effects which is salient in the present
findings. In women, our findings are concurrent with animal data
on OT application and reduced ANS activation in female prairie
voles (Grippo et al., 2009, 2012). They also correspond to ‘befriending’
mechanisms in women, as opposed to the fight-or-flight physiology in
men, as suggested by Taylor et al. (2000), and to the anxiolytic effects
which were found in previous research in humans (Meyer-Lindenberg
et al., 2011). However, the opposite is the case in men, in whom results
strikingly resemble the data recently reported by Gamer and Buchel
(2011). The authors assumed that in men, OT increased differential
HR responses as a function of higher motivational value and followed
that this might result in increased approach behavior. Indeed, it has
been argued that besides anxiety reduction and affiliation, OT might
modulate social salience (Bartz et al., 2011). According to the authors
(Bartz et al., 2011), by increasing attention to social cues, OT might
have socially more or less desirable consequences, depending on per-
sonal factors and the social context. In a most recent review paper,
McCall and Singer (2012) presented the hypothesis that OT might
modulate the motivational states approach and quiescence, and that
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Fig. 1 (A) Increases in sAA in women (n=23) and men (n = 23) with intranasal OT, or women (n =24) and men (n = 24) with placebo during the 10-min conflict discussion. Increases in SAA were

calculated as difference scores SAA 19 min —
and men (n = 24) with placebo (intranasal administration). Error bars are s.e.m.

these states should be distinguishable by their autonomic responses.
Whereas quiescence is assumed to be associated with parasympathetic
activity, approach would be characterized by SNS activity. Thus, in line
with Bartz et al. (2011) and McCall and Singer (2012), in our study,
OT might have driven quiescence in women and social salience and
approach behavior in men. This increased social salience and approach
behavior in men might have resulted in higher sympathetic activation,
a result which is in line with the positive association of sAA levels and
emotional arousal in our male participants.

However, caution is warranted with regard to the interpretation of
causal effects. Although all variables were assessed repeatedly, continu-
ous data sampling during the actual conflict was not possible. Hence,
attempts to account for the causal nature of sAA, emotions or behavior
in response to the conflict remain speculative. Moreover, effects of a

SAA _ 0 min- Error bars are s.e.m. (B) Courses of sAA before and following the 10-min conflict in women (n = 23) and men (n = 23) with OT, or women (n = 24)

single neuropharmacological challenge might differ considerably from
endogenous OT mechanisms, which are modulated by number and
sensitivity of OT receptors in different areas of the CNS (Bale et al,
2001; Landgraf and Neumann, 2004). In this regard, the sex-specific
effects observed here might also be interpreted in the light of possible
vasopressin receptor activity, and in interaction with steroid hor-
mones. Neither of these points has so far been investigated in humans.

Taken together, the sex-specific response pattern to OT observed
here is of relevance not only for future theory building but also for
health-promoting marital interventions. Research in couples shows
that women tend to express demand behavior more frequently, while
men tend to show withdraw behavior (Gottman and Krokoff, 1989;
Christensen and Heavey, 1990; Bodenmann et al., 1998), the latter
being a behavioral pattern that is consistently predictive of decreases
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in relationship satisfaction (Heavey et al., 1995). This point leads to the
interpretation of the positive associations of sAA with emotional arou-
sal and positive behavior in men which were detected here. In a recent
study, ANS responses were triggered by positive couple interactions
(as compared to neutral interactions; Nealey-Moore et al., 2007), an
effect which was attributed to the emotional nature of the task. With
regard to the results presented here, this suggests a more refined
interpretation of sympathetic activation during social interaction
(cf. Porges, 2009). In fact, SAA responses during conflict might repre-
sent not only negative aspects of arousal, but also task engagement and
emotional involvement in a positive sense.

It might be hypothesized that decreased emotional arousal in
women and increased emotional arousal along with more positive be-
havior in response to OT in men might help couples to overcome the
above-described demand/withdraw patterns and possibly improve re-
lationship satisfaction in the long term. However, in contrast to cou-
ples who seek treatment, a closer look at our study sample might lead

Table 2 HLM with emotional arousal after conflict as dependent variable

Fixed effects Coefficient; B SE T-ratio d.f. P-value
Intercept 3.87 0.22 17.69 46 <0.001**
Sex 0.34 0.26 130 85 0.197
Group 0.21 0.28 0.73 85 0.469
Sex x group —0.73 0.34 —-212 85 0.037%
Age —0.02 0.02 —1.16 85 0.251
BMI —0.02 0.04 —0.59 85 0.553
Random effects Variance component s.d. chi-square d.f. P-value
Intercept 0.09 0.30 51.15 46 0.278
Residual 0.85 0.92

Group: 0 = placebo, 1=0T; Sex: 0 =man, 1= woman. ‘Specific Emotions’ (anxiety, joy, sadness,
anger), ‘Unspecific Emotions’ (mental wellbeing) and ‘Physical Wellbeing’, according to Janke et al.,
1988, were included as control variables. The model explained 22.4% in emotional arousal.
*Significant on a 5% level; **Significant on a 1% level.
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this interpretation to be revised. It could be argued that OT increases
emotional arousal and affiliative or genuine positive behavior toward
the partner in men who associate their partner with positive memories
and positive future expectations. In unhappy relationships, in contrast,
emotional arousal might be coupled with considerable distress and
hence may even be accompanied by contempt or aggressive behavior.
These differential effects are beyond the scope of the present study,
which included relatively happy couples who were not seeking treat-
ment. However, they might help to refine our view of OT effects in
couple interaction and thus be of utmost importance for couple
therapy.

In sum, the results suggest sex-specific and more complex influences
of OT on sympathetic and emotional reactivity in human pair-bonds
than might be suggested by the neuropeptide’s advertisement and per-
ception in the public domain.
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