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The Effect of Intranasal Oxytocin on the Association
Between Couple Interaction and Sleep: A
Placebo-Controlled Study
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ABSTRACT

Objective: Although most people in romantic relationships cosleep, biosocial modulators of sleep quality have only recently come into
focus. Oxytocin (OT) might be one such modulator, as it had been shown to increase social attachment and safety. We investigated the
association between everyday life couple interaction and sleep quality, as well as the effects of OT on this association.

Methods: Eighty heterosexual couples (N = 160 individuals, mean [standard deviation] age = 28 [5] years) were randomized to self-
administer a) 32 international units of intranasal OT or b) placebo during 5 consecutive days. Each morning, they reported on sleep quality,
and on subjective feelings of closeness and valence of couple interaction at a maximum of four times a day. Data were analyzed using
hierarchical linear models.

Results: Subjective closeness (B = 0.43, #(73) = 3.80, p < .001) and valence (negative — positive) of couple interaction (B = 0.50, ¢
(73) = 3.91, p <.001) were positively associated with sleep quality. Persons with OT reported higher levels of sleep quality than those
without (B = 0.47, #(74) = 2.32, p = .023). The association between closeness and sleep quality was stronger with OT than without (OT
by closeness: B=10.31, #72)=2.29, p = .025; OT by valence of interaction: B=0.27, #(72) = 1.77, p = .081). Whereas the effect of couple
interaction on sleep quality was strong in men, the OT effects were especially pronounced in women.

Conclusions: Our results suggest that enhancing closeness and positive couple interaction in cosleeping partners might be a way to im-
prove sleep quality. The moderating effects of OT and sex on the association between couple interaction and sleep quality can have impor-
tant implications for sleep therapy.

Trial Registration: The study was preregistered at ClinicalTrials.gov (“Oxytocin, Couple Interaction, and Wound Healing” study, iden-
tifier NCT01594775). The present analyses were not preregistered.
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INTRODUCTION linking relationship functioning with health benefits (7-9). For ex-
ample, Hasler and Troxel (10) found that less negative partner in-
teractions during the day predicted higher sleep efficiency in
cosleeping couples. Other studies showed that husband’s anxiety
and depressive symptoms negatively predicted wife’s sleep dura-
tion (11), and the stable presence of a male partner predicted better
sleep quality in women (6). Sex differences are reported through-
out studies with regard to the effects of relationship functioning on

leep is essential for maintaining health and functioning (1).

Chronic poor sleep quality is implicated in reduced quality
of life, physical diseases like hypertension, diabetes, cancer, and
premature mortality (2—4). To prevent these adverse consequences
and improve early interventions, there is a need for research on
biosocial factors influencing sleep.

Up to 75% of the population (and 89% of those married or
partnered) sleep with a significant other (5), and recently, sleep re-

search has begun to focus on how close social relationships influ- B = unstandardized coefficient (increase/decrease in outcome with
ence sleep quality. In the past decade, growing evidence suggests 1 increase in predictor), EMA = ecological momentary assessment,
the effects of couples’ bed sharing on sleep outcomes (6,7). Because HPA = hypothalamic-pituitary-adrenal axis, ICC = intraclass corre-

lation, IU = international units, NPAT = no partnership apprecia-

humans spend about one-third of life sleeping, couple-level influ- el @17 = Gyyice din, 100 o et 2o E1eye faeheifen 2k

ences on sleep quality might represent one of the pivotal pathways
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sleep (for an overview, see Ref. (7)). A recent study showed that
husbands’ sleep problems decrease with increasing marital satis-
faction due to a couple intervention (12). The same study, how-
ever, did not find beneficial effects in women. Another study could
show that sleep quality covaries across days within couples (13).
With regard to sleep, this means that improving sleep quality in
one partner can positively affect both partners’ health outcomes.
Furthermore, distress in close relationships may lead to ruminative
thoughts at bedtime and upregulated arousal, which may interfere
with the sleep state (14-16).

With a focus on psychobiological mechanisms underlying so-
cial influences on sleep quality, the neuropeptide oxytocin (OT)
may serve as a potential neurobiological substrate underpinning
associations between relationship quality and sleep (17). In a sem-
inal study, OT increased trust behavior in healthy men (18), al-
though replication suggests that this seems only true for those with
low levels in dispositional trust (19). In line with this, central ner-
vous system OT has been related to reduced anxiety and stress
levels and to an increased focus on prosocial stimuli, making the
OT system a potential mechanism important for effects of behav-
ioral treatments (17,20,21). Furthermore, OT administration in-
creased positive communication (22) and reduced cortisol and au-
tonomic arousal (although the latter in women only) during couple
conflict (23). More specifically, OT increased the appraisal of pos-
itive aspects within one’s own relationship (24) and improved the
stress-reducing effects of social touch (25,26), suggesting it to me-
diate the processing of social safety signals (27). As an underlying
mechanism, an attentional shift toward social cues triggered by the
interactions of OT with the dopaminergic (reward) system has
been suggested (28).

Trust, relaxation, and the perception of social safety are essen-
tial for sleep health (29). It is, thus, likely that OT mechanisms
might be involved in sleep and exert such effects by modulating
social interactions. There is evidence that OT increases the
stress-buffering effect of social interactions (see also Ref. (30)),
leading to a decrease in arousal, which should promote sleep. Fur-
thermore, OT might promote sleep directly via a functional link
between the paraventricular nucleus (the release sight of OT) and
the suprachiasmatic nucleus (important for sleep-wake patterns)
of the hypothalamus (31,32). Indeed, sleep-promoting effects of
OT have been observed in male rats under basal conditions (33).
Human studies investigating the effect of OT on sleep are scarce.
One study found an increase in subjective sleep satisfaction and
areduction of apnea events in patients with sleep apnea after intra-
nasal OT administration (34), albeit relying on a very small sample
of eight participants. Lipschitz and colleagues (35), on the other
hand, did not find a significant association between sleep problems
and evening basal salivary OT levels in cancer survivors with sleep
problems, although descriptively the effect was in the expected di-
rection (negative). Interestingly, Fekete and colleagues (36) found
evidence that basal blood OT levels moderated the association be-
tween social support and sleep in women with human immunode-
ficiency virus: women with high OT levels seemed to benefit from
social support, but social support and sleep were negatively asso-
ciated in women with low levels of blood OT. However, the latter
two studies did not administer OT. Also, caution is mandatory
when interpreting peripheral OT levels with regard to central
nervous system mechanisms. However, these initial studies
suggest some associations of endogenous OT with sleep. We are
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not aware of another study investigating the effect of OT adminis-
tration on sleep.

Driven by these preliminary findings, we hypothesized that in-
tranasal administration of OT might enhance relationship quality,
such as positive couple interaction, as well as sleep quality in cou-
ples. We also hypothesized that there would be a positive associa-
tion between couple interaction and sleep and that OT might mod-
ulate that association. Furthermore, we investigated possible dif-
ferences between women and men in these associations. We
chose a randomized (OT/placebo) ecological momentary assess-
ment (EMA) design gathering data in the everyday life of couples.
EMA designs result in higher ecological validity (37), reduce ret-
rospective bias (38), and add a crucial perspective in behavioral
medicine (39).

METHODS

Participants

Eighty heterosexual couples were recruited via flyers; information brochures;
Internet ads; mailing lists of the University of Zurich, Switzerland; and social
media. Inclusion criteria were age between 21 and 45 years, exclusive dating,
relationship duration between 1 and 15 years, cohabitation, and cosleeping.
Exclusion criteria comprised having children and shiftwork due to their ef-
fects on sleep. We also excluded persons with a current or chronic physical
or psychiatric illness (based on self-report during an initial phone contact),
or currently using medication (except for hormonal contraceptives) or drugs
(no alcohol intake on a daily basis or smoking more than five cigarettes a
day). Couples were asked to participate during a normal week in their lives
and not to spend any night during the assessment period apart from each
other. Naturally cycling women (n = 40) were studied during the early follic-
ular phase of the menstrual cycle, and the remainder (n = 40) were using oral
contraception. All participants gave written informed consent. Each couple
received 500 Swiss franks (about 510 US dollars) for study completion.

Study Design

Data collection took place between November 2011 and July 2013. The
study protocol was approved by the ethics committee of the Canton of
Zurich, and the study was monitored by the Clinical Trials Center Zurich.
The research was conducted in accordance with the Declaration of Helsinki.
The study was preregistered at ClinicalTrials.gov (“Oxytocin, Couple Inter-
action, and Wound Healing” study, identifier NCT01594775). The study
addressed, among other questions, the effects of OT and couple interaction
on wound healing (of a standard suction blister skin wound, see Ref. (40)).
The present analyses were not preregistered. We used a 2 x 2 design. Cou-
ples were randomized into OT group versus placebo group, and a condition
in which one group was instructed to engage in a short verbal partnership
appreciation task (PAT) (41) which they should implement in their every-
day lives during the assessment period and a group without such instruc-
tions (NPAT). This intervention, conceptualized as appreciation of the rela-
tionship and positive personal characteristics of each partner (40), was sup-
posed to lead the focus on highly individual and positive relationship
aspects, thereby increasing relationship satisfaction and decreasing stress
reactivity. For a more in-depth description of the task, see Ref. (24). In ad-
dition to the initial laboratory session, couples in the PAT condition were
instructed to engage in the task at least once more during the 5 days of as-
sessment. To check for compliance, participants in the PAT condition were
asked if they engaged in the task or not each day at the last measurement
point. Overall, results show that every couple in the PAT condition engaged
in the task at least once, but in 60% (233 of possible 390 occasions) of the
days, the couples did not engage in the task. Based on the prestudy phone
interview, couples were stratified with half of the women in each group
using hormonal contraception, and the other half were naturally cycling.
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After checking for inclusion and exclusion criteria during the initial
phone contact, couples were invited to an instruction session at the labora-
tory. They provided information on their general awakening times (for the 5
days of EMA to follow), to match the iPod touch programming to partici-
pants’ daily routine. At this first laboratory appointment, participants pro-
vided urine samples to rule out drug consumption and pregnancy in the
women. Furthermore, they completed electronic questionnaires to assess
baseline relationship criteria and were instructed to use a preprogrammed
(iDialogPad; G. Mutz, Cologne, Germany) iPod touch and a nasal spray
that contained either OT or placebo. The device used for this study was
iPod touch, third generation, with a screen size of 3.5 inches and 32GB
storage space.

An EMA design was used with 5 consecutive days of data collection.
Measurement time points were prompted by iDialogPad directly after awak-
ening; +30 minutes, +2.5 hours, +8 hours, and +12 hours after awakening;
and at bedtime. Sleep variables were assessed at awakening referencing the
prior night’s sleep. Information on couple interaction was reported at four
of the six time points (excluding awakening and +30-minute measurements).
Study participants self-administered the nasal spray containing either intrana-
sal OT (Syntocinon Spray; Novartis, Basel, Switzerland) or placebo (contain-
ing identical ingredients except for the peptide; Cantonal Pharmacy of
Zurich) in two puffs per nostril each evening at +8 and +12 hours after awak-
ening. One puff of OT spray exposed participants to 4 international units (IU)
of OT, which resulted in 32 TU of OT (2 puffs x 2 nostrils x 2 times x 4 IU)
per day (42). To check for compliance, participants indicated if they sprayed
in both nostrils at each of these measurement points. Participants indicated
“yes” in 90% of the occasions (1% “no,” 9% missing data). Furthermore, na-
sal spray bottles were weighed before and after data collection period.

MEASURES
Relationship Quality

Relationship Quality: Baseline Measure

As a measure of general relationship satisfaction, the Relationship
Questionnaire by Hahlweg (43) was used. This questionnaire com-
prises three scales with 10 items each, which are assessed on a
scale from 0 (never) to 3 (very often). The scales are as follows:
1, quarreling (aggressive behavior of the partner during argument);
2, tenderness (physical contact, and verbal as well as physical inti-
macy); and 3, togetherness (shared activities, communication, and
feelings of belonging together). A general score can then be calcu-
lated as a sum of the “tenderness and togetherness” scales and the
inverted “quarreling” scale. Good validity and reliability of the in-
strument have been shown in previous studies (44).

Couple Interaction and Closeness: Daily Measures

Four times daily, participants indicated whether they had interacted
with their partners since the previous data entry (“Since the last beep,
did you interact with your partner?”” yes/no), and if so, they rated the
valence of this couple interaction (“Which valence did the interaction
with your partner have?”’) on a scale from 0 (negative) to 9 (positive),
as well as how close to the partner they felt (“Did you feel close to
your partner?”’) on a scale from 0 (not at all close) to 9 (very close).
Using single-item scales to ensure briefness and compliance is a
common approach in EMA studies (45), and scales with opposite va-
lences have been found to be highly valid in prior EMA studies (46).

Measure of Sleep Quality

Sleep was assessed via self-report every morning after awakening.
For the assessment of sleep quality, participants indicated how
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well they had slept during the previous night (“How well did
you sleep?”) on a scale from 0 (very bad) to 9 (very good). This
item constitutes the main outcome in our analyses.

Furthermore, sleep duration was assessed by the item “How
long did you sleep?” which the participants could adjust by
scrolling on screen in hours and minutes, but the output of the
iDialog program was given in minutes. Participants also indicated
if they had woken up during the night (yes/no) and if they had
problems falling asleep (yes/no). For measurements of awakening
time and bedtime, we used electronic time stamps of the first and
last measurement time points per day.

Statistical Analyses

We used three-level hierarchical linear regression models using the
statistics software package HLM 7 (47), with days (level 1) nested
within persons (level 2) within couples (level 3) to gain estima-
tions of the effects for the whole data set (men and women). In ad-
dition, we used multilevel models for distinguishable dyads (48).
This approach controls for interdependencies of reports within
couples while distinguishing between members of the dyad (in
our case, men and women) in the output of the program. Sleep
quality was measured on a daily basis (outcome at level 1). In a
first step of analyses, we were interested in the effects of daily cou-
ple interactions on the following night’s sleep quality. Therefore,
daily measures (valence of couple interaction and felt closeness,
daily means, 1-day lag) were included at level 1. As for covariates,
we controlled for day of assessment (1-5) at level 1, as well as sex,
and age at level 2. Substance (OT/placebo) and intervention group
(PAT/NPAT) were included at level 3. Baseline relationship quality
(as assessed via the Relationship Questionnaire) did not have an
effect on sleep quality (data not shown) and did not change the re-
sults, which is why we did not include this variable into the final
models. In a second step, we were interested in between-person ef-
fects and added mean momentary measures (valence of couple in-
teraction and felt closeness, person means) at level 2 while control-
ling for daily means at level 1. In addition, multilevel models for
distinguishable dyads as explained previously were modeled with
daily means of couple interaction variables at level 1, and person
means of couple interaction variables as well as substance (OT/
placebo) at level 2. A list of the specific regression equations for
each model is available in the Supplemental Digital Content,
http:/links.lww.com/PSYMED/A844.

The intraclass correlations (ICCs) of sleep quality showed 73%
of variance at the within-person level (day), 15% at the between-
person/within-couple level, and 12% at the between-couple level.
ICCs of valence of couple interaction showed 58% of the variance
at the within-person level (day), 15% at the between-person/
within-couple level, and 27% at the between-couple level. ICCs
of felt closeness showed 50% of variance at the within-person
level (day), 28% at the between-person/within-couple level,
and 22% at the between-couple level. The x* tests of the empty
models indicated that there was significant variance at each
level for every outcome variable. As a measure of effect size,
pseudo-R? was used where pseudo-R? = (aggregated variance
across levels reference model — aggregated variance across
levels final model)/aggregated variance across levels reference
model (49); the reference model was the final model excluding
the predictor in question.
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RESULTS

Sample Characteristics

Two couples were excluded from the analyses because they indi-
cated they slept alone during all nights of the study period. An-
other was excluded because time of measurements indicated
incompliance (i.e., the iPod touch time stamps indicated that data
were entered once daily for every measurement point). The final
sample consisted of 77 opposite-sex couples, which results in
770 possible data entries (77 couples x 2 individuals per couple-
5 days). Compliance was generally high with 2% missing data at
level 1 for sleep quality and 3% missing data for valence of inter-
action as well as felt closeness. Time points with missing data in
at least one relevant variable at level 1 were automatically de-
leted by the HLM program during analyses. There were no miss-
ing person-level data. Participants had a mean (standard devia-
tion) age of 28 (5) years. The education level was rather high,
with 22.4% holding a high school diploma (Matura), 28.6%
holding a bachelor’s degree, and 24.7% holding a master’s de-
gree. More than three-quarters of the sample (79.9%) were em-
ployed. Descriptive values of relationship as well as sleep data
are shown in Table 1. Other than sleep quality (Figure 1), there
were no differences in these variables between groups when
assessed with hierarchical linear models.

Day-to-Day Associations Between Couple Interaction,
OT, and Sleep Quality

We found no significant associations between couple interaction
(daily means) and following night’s sleep quality (valence of cou-
ple interaction: B = —0.10, #(74) = —1.16, p = .25; felt closeness:
B =0.06, #74) = 0.71, p = .48) on a within-person level. Further-
more, couple interaction did not differ between OT/placebo groups
(neither valence of couple interaction B = 0.06, #74) = 0.27,
p =.78; nor felt closeness: B=0.19, #(74) = 0.88, p = .39) or pos-
itive relationship appreciation (PAT/NPAT) groups (valence of in-
teraction: B=0.13, #(74) = 0.63, p = .53; felt closeness: B=10.12, ¢
(74)=0.53, p = .60). However, in the OT group, sleep quality was
better than in the placebo group (B =0.51, #(74) = 2.24, p = .028,
pseudo-R* = 0.18). There was no difference in sleep quality be-
tween the PAT groups (B = 0.00, #(74) = 0.01, p = .99).

Between-Person Associations Between Couple
Interaction, OT, and Sleep Quality

As explained previously, we included daily means of couple inter-
action variables at level 1, additional to person means at level 2. In
this model, we found a significant association between couple in-
teraction (person mean) and sleep quality (such that more positive
interaction was associated with better sleep quality; see Table 2,
model 1, for valence of interaction and Table 3, model 2, for felt
closeness). Because substance (OT/placebo) did not have a
cross-level interaction effect with the couple interaction variables
when entered at the couple level (level 3; data not shown), we de-
cided to investigate the interaction effect at level 2 (person level).
In these models, we found a significant interaction effect of sub-
stance (OT/placebo) by felt closeness on sleep quality (Table 3,
model 2.a). The interaction effect of substance by valence of inter-
action on sleep quality (Table 2, model 1.a) failed to reach signif-
icance at the 5% level, but was significant at the trend level
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TABLE 1. Descriptive Data of Relationship Related and Sleep-

Related Variables

OT (38
Couples), M (SD)

Placebo (39
Couples), M (SD)

Relationship

Baseline questionnaire
data

Relationship length, y 3.86 (2.62) 3.76 (2.53)
Cohabitation length, y 2.07 (1.98) 1.98 (1.68)
Overall relationship 71.64 (9.37) 72.69 (7.46)
satisfaction?
EMA data
No. partner 14.11 (2.97) 13.36 (3.55)
interactions”
Valence of interaction® 7.25 (1.00) 7.17 (1.02)
Felt closeness? 7.47 (1.00) 7.26 (1.20)
Sleep (EMA)
Sleep quality®’ 6.71 (1.02) 6.26 (1.23)
Sleep duration® 7 h 21 min 7 h 24 min
(38 min) (43 min)
No. awakening during 1.83 (1.52) 1.97 (1.57)
the night”
No. sleep problems' 0.43 (0.68) 0.51(0.79)
Waking time/ 7:46 AM 7:47 AM
(1 h 32 min) (1 h 39 min)
Bedtime® 11:34 Pm 11:43 Pm
(1 h 35 min) (1 h 50 min)

OT = oxytocin; M (SD) = mean (standard deviation); EMA = ecological momentary

assessment.

Boldface represents outcome (sleep quality) and main predictors (felt closeness,
valence of interaction) in the upcoming analyses. Relationship length (range, 1.0-11.
5 years), cohabitation length (range, 0.1-9.0 years), and overall relationship
satisfaction (range, 49—89) were measured with questionnaires at baseline, the other
variables shown here were measured via self-report or via electronic time stamps
(waking and bedtime) during the 5 days of ecological momentary assessment.

“ Overall relationship satisfaction was measured with the relationship questionnaire,
the given values match stanine values between 6 and 9 (average to high) when

compared with a norm sample provided by Hahlweg (43).

*Did you interact with your partner since the last beep? (sum of “yes “answers; range,

4-20).

¢ Which valence did your interaction have? (“0 [negative]-9 [positive]; range, 0-9.

“How close to your partner did you feel (during your interaction)? (0 [not at all close]-

9 [very close]; range, 0-9.

¢ How well did you sleep last night? (“0 [very bad]-9 [very good]; range, 0-9.

/Results of ¢ tests show no differences between OT and placebo in any of these
parameters except for sleep quality (p =.017).

£ How long did you sleep? (range, 2 hours 50 minutes—11 hours 30 minutes).

" Did you wake up during the night? (sum of “yes” answers; range, 0-5).

‘ Did you have problems falling asleep? (sum of “yes” answers; range, 0-3).

/ Range, 3:11 AM to 2:01 PM.
K Range, 8:48 PM to 7:40 AM.

(p <.10). The respective associations were stronger in the OT than
in the placebo group. Therefore, OT seems to be a moderator of the
effect of couple interaction on sleep quality on a between persons
basis. There was no interaction effect of substance(OT/placebo) by
PAT group (B =0.34, (72) = 0.83, p = .41).

Although sleep quality and couple interaction reports did not
differ between women and men, we further found significant
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FIGURE 1. M (SE) values of sleep quality (on a scale from 0 [very bad] to 9 [very good]) throughout the 5 days of assessment, separate
lines for men and women as well as substance groups. OT = oxytocin; PLAC = placebo; M = mean; SE = standard error.

TABLE 2. Effects of Valence of Interaction and OT on Sleep Quality, 3-Level (Days Within Persons Within Couples) Hierarchical
Linear Model Using Full Maximum Likelihood (Level 1, n=770; Level 2, n=154; Level 3, n=77)

Model 1 Model 1.a
B (SE) t p B (SE) t p
Fixed effects

Level 3 (couples)
Intercept 6.24 (0.18) 35.40 <.001 6.27 (0.20) 32.11 <.001
Substance*® 0.50 (0.21) 2.32 .023 -1.46(1.12) -1.31 .20
PAT/NPAT? —0.01 (0.22) —0.06 95 —0.03 (0.21) -0.13 .90
Level 2 (persons)
Valence of interaction (person mean) 0.50 (0.13) 3.91 <.001 0.35(0.17) 2.01 049
Sex“ —0.00 (0.15) -0.03 97 -0.03(0.17) 0.21 .84
Age 0.02 (0.04) 0.42 .68 0.01 (0.04) 0.40 .69
Substance by valence of interaction 0.27 (0.15) 1.77 .081
Level 1
Valence of interaction (daily mean) 0.09 (0.07) 1.25 22 0.09 (0.07) 1.29 .20
Day of assessment 0.14 (0.05) 2.61 .010 0.14 (0.04) 3.47 <.001

Variance Component (SD) ;(2 p Variance component (SD) ;(2 p

Random effects

Levels 1 and 2
Intercept 0.36 (0.60) 137.45 <.001 0.39 (0.63) 139.60 <.001
Valence of interaction (daily mean) 0.05 (0.22) 161.00 16 0.05 (0.23) 161.27 154
Level 3
Intercept 0.46 (0.68) 162.92 <.001 0.38 (0.62) 145.89 <.001

OT = oxytocin; B = unstandardized coefficient; SE = standard error; PAT = partnership appreciation task; NPAT = no partnership appreciation task; SD = standard deviation.

Valence of interaction (daily mean) has been centered around the person mean; valence of interaction (person mean) and age have been centered around the group mean. Predictors
relevant to our hypotheses are captured in bold.

“ Substance: Oxytocin = 1, placebo = 0.
b Positive relationship appreciation = 1, neutral = 0.

“Men =0 women= 1; df=74 atlevel 3, 73 at level 2 (model 1.a: 72 at level 2), 352 at level 1; substance: pseudo—R2 =0.02; valence of interaction: pseudco—R2 =0.01, substance by
valence of interaction: pseudo-R* = 0.02.
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TABLE 3. Effects of Felt Closeness and OT on Sleep Quality, 3-Level (Days Within Persons Within Couples) Hierarchical Linear
Model Using Full Maximum Likelihood (Level 1, n=770; Level 2, n=154; Level 3, n=77)

Model 2 Model 2.a
B (SE) t P B (SE) t p
Fixed effects
Level 3
Intercept 6.24 (0.20) 31.43 <.001 6.29 (0.19) 32.56 <.001
Substance?® 0.45 (0.21) 2.11 .038 -1.87 (0.97) -1.92 .059
PAT/NPAT? —0.00 (0.21) -0.02 .99 —0.04 (0.21) -0.18 .86
Level 2
Felt closeness (person mean) 0.43 (0.11) 3.80 <.001 0.30 (0.14) 2.18 .033
Sex© 0.03 (0.15) 0.22 .83 —0.02 (0.15) -0.14 .89
Age 0.03 (0.04) 0.71 A48 0.02 (0.04) 0.61 .55
Substance by felt closeness 0.31(0.14) 2.29 .025
Level 1
Felt closeness (daily mean) 0.04 (0.06) 0.68 .50 0.04 (0.06) 0.66 0.51
Day of assessment 0.14 (0.05) 2.56 .011 0.14 (0.05) 2.54 .011
Variance Component (SD) 7 P Variance Component (SD) 7 p
Random effects
Levels 1 and 2
Intercept 0.33(0.58) 118.90 <.001 0.36 (0.60) 121.91 <.001
Felt closeness (daily mean) 0.03 (0.00) 123.39 >.50 0.00 (0.05) 123.49 >.50
Level 3
Intercept 0.45 (0.67) 162.05 <.001 0.37 (0.60) 143.17 <.001

OT = oxytocin; B = unstandardized coefficient; SE = standard error; PAT = partnership appreciation task; NPAT = no partnership appreciation task; SD = standard deviation.

Felt closeness (daily mean) has been centered around the person mean; felt closeness (person mean) and age have been centered around the group mean. Predictors relevant to our

hypotheses are captured in bold.
“ Substance: Oxytocin = 1, placebo = 0.

b Positive relationship appreciation = 1, neutral = 0.

“Men =0 women= 1; df=74 atlevel 3, 73 atlevel 2 (model 2.a: 72 at level 2), 352 at level 1; substance: pseudo—R2 =10.02; felt closeness: pseudo—R2 =0.02, substance by valence

of interaction: pseudo-R? = 0.02.

interaction effects of male sex by valence of interaction (B = 0.46, ¢
(72)=3.64, p <.001, pseudo-R> = 0.04) and male sex by felt close-
ness (B = 0.37, £(72) = 2.98, p = .004, pseudo-R* = 0.02). These
results indicate a stronger relationship between valence of interac-
tion and sleep quality as well as felt closeness and sleep quality in
men as compared with women. This is in line with results we found
from multilevel models for distinguishable dyads (Tables 4 and 5,
Figure 2). Here, the main effects of couple interaction (valence
and felt closeness) remain significant only in men, whereas the main
substance effect and the interaction effects of substance by couple
interaction are statistically significant in women. When comparing
the models, we find that the coefficients for valence and felt close-
ness in men, as well as the coefficient for the interaction effect of
valence of interaction by substance fall outside of the 95% confi-
dence intervals for the three-level model coefficients (Table S1,
Supplemental Digital Content, http://links.lww.com/PSYMED/
A844). Therefore, the pattern of results depends on taking into ac-
count sex differences.

DISCUSSION
In this study, participants who, on average, reported more positive
interactions with their partner and more closeness in everyday life
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throughout a period of 5 days slept better at night. Couples who re-
ceived OT reported better sleep quality, but not more positive inter-
actions or closeness in their everyday lives, than those receiving pla-
cebo. Furthermore, participants who reported more closeness and
received OT reported the highest sleep quality. Specifically, the in-
teraction effect was moderated by OT insofar that the association
between felt closeness and sleep quality was stronger in the OT than
in the placebo group. This effect showed the same direction for va-
lence of interaction but failed to reach statistical significance. Fur-
thermore, we found a stronger association between average reports
of couple interaction and sleep quality in men than in women,
whereas the effects of OT were especially pronounced in women
as compared to in men when investigating both sexes separately.
The association between relationship quality and sleep quality is
in line with other EMA studies: a study by Hasler and Troxel (10)
found a positive effect of relationship satisfaction on actigraphy
assessed sleep efficiency. Gordon and Chen (50) reported a bidirec-
tional relationship between daily couple conflict and sleep in a stu-
dent sample. In a recent study, Tracy and colleagues (51) found neg-
ative dyadic effects of own and partner’s stress on sleep in patients
with diabetes. In addition, Kane and colleagues (52) showed a ben-
eficial impact of self-disclosure on different self-rated sleep
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TABLE 4. Hierarchical Linear Models for Distinguishable Dyads (Women/Men) Predicting Sleep Quality by Valence of Interaction
(Model 3) and Oxytocin (Model 3.a) Using Restricted Maximum Likelihood (n = 77 Couples)

Model 3 Model 3.a
Women Men Women Men
B SE t B SE t B SE t B SE t
Fixed effects
Intercept 5.65 0.21 27.46%* 6.21 021 29.83** 561 021 27.23** 621 0.20 30.58***
Level 2
Valence of interaction (person mean) 0.06 0.10 0.59 0.53 0.12 430" -0.13 0.14 -0.96 0.58 0.12  4.69***
Age 0.02 0.02 1.01 0.00 0.02 0.11 0.02 0.02 1.13 0.00 0.02 0.06
PAT/NPAT 030 0.19 1.62 -0.15 0.24 -0.66 031 0.19 1.69 -0.15 0.19 -0.81
Substance 0.62 0.18 3.37** 030 0.24 1.23 0.63 0.18  3.3%** 0.30 0.18 1.64
Substance by valence of interaction 044 020 2.16* -0.09 0.17 -0.56
Level 1
Day of assessment 0.18 0.06 2.78** 0.11 0.06 1.64 0.18 0.06 2.78** 0.11 0.06 1.64*
Valence of interaction (daily mean) 0.05 0.10 0.48 0.09 0.09 1.05 0.05 0.10 0.48 0.09 0.10 0.91
SD VvC x SD VC X SD vC X SD VC X
Random effects
Valence of interaction (daily mean) 0.20 0.04 75.56 0.05 0.00 46.16 0.21 0.04 75.86 0.05 0.00 46.38

B = unstandardized coefficient; SE = standard error; PAT/NPAT = partnership appreciation task (yes = 1, no = 0); SD = standard deviation; VC = variance component.

Valence of interaction has been centered around the person mean. Substance: oxytocin = 1, placebo = 0; for comparability with the main analyses, valence of interaction was entered
at level 2 (person mean) and centered around the grand mean; df'= 572 at level 1 (for model 3.a; 570 at level 1), 76 at level 2. Substance: pseudo-R* = 0.02; valence of interaction:
pseudo-R* = 0.05; substance by valence of interaction: pseudo-R? = 0.004. Predictors relevant to our hypotheses are captured in bold.

*p<.05.
** p<.01.
*kE p <001,

measures in couples. Contrary to these studies, we did not find an
effect on a day-to-day basis, but exclusively on a between-person
basis. However, our study differs from the aforementioned ones in
several ways, including our multiple measurements of couple inter-
action throughout the day and our focus on valence of interaction as
well as felt closeness as specific indicators of the couple interaction.
It can be assumed that certain couple behaviors exert their effects on
sleep in a different time frame than others.

Another explanation is that day-to-day changes in relationship
quality were not strong enough to influence sleep in our sample.
There is no indication that the couples that took part in our study
experienced a major argument during the assessment period,
which might have led to, for example, bedtime worrying, which
is known to affect sleep (53). We might therefore suspect that “nor-
mal” day-to-day variance in couple interaction does not lead to
changes in sleep quality in couples with generally high relation-
ship satisfaction. However, the between-person effect suggests that
enhancing overall closeness in cosleeping partners might have
beneficial effects on sleep hygiene.

On a neuroendocrine level, it has been hypothesized that these
positive effects of relationship quality on sleep are mediated via
neurotransmitters or neuromodulators, which promote felt safety
and relaxation on the central nervous system level (6). OT might
be one of these neuromodulators involved, and although OT is
known for its calming effects (27), its effects on sleep had not been
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systematically investigated. Using repeated measurements for the
duration of 5 days in healthy adult men and women’s everyday
lives, we find that application of OT might, indeed, improve sleep
quality. This is in line with animal research (33) and an initial sam-
ple with eight sleep apnea patients (34) where OT improved sleep
quality. The mechanism underlying this effect might stem from the
functional link between the paraventricular nucleus of the hypothal-
amus, where OT is released (31), and the suprachiasmatic nucleus of
the hypothalamus, which plays a central role in regulating sleep-
wake patterns (32). Furthermore, studies in rats suggest that OT
might be associated with sleep by its influence on hypothalamic-
pituitary-adrenal (HPA) axis activity and its interaction with
corticotropin-releasing hormone (54,55). Human studies support a
suppressing effect of OT on HPA axis activity, depending, however,
on the kind of stress exposure and the study population (for a re-
view, see Ref. (56)). In addition to HPA axis dynamics, OT was
found to increase parasympathetic activity (as assessed via heart rate
variability; see Ref. (57)) and might lead to an overall more relaxed
state that facilitates sleep. Moreover, we found that the effect of OT
on sleep quality, as well as the interaction effect of OT and couple
interaction variables on sleep quality, was of special relevance in
women. This is in line with research showing a stronger negative ef-
fect of intranasal OT on autonomic arousal (measured with salivary
-amylase (23)), as well as a stronger positive effect on feelings of
relaxation in women than in men (58).
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TABLE 5. Hierarchical Linear Models for Distinguishable Dyads (Women/Men) Predicting Sleep Quality by Felt Closeness (Model

4) and Oxytocin (Model 4.a) Using Restricted Maximum Likelihood (n = 77 Couples)

Model 4 Model 4.a
Women Men Women Men
B SE t B SE t B SE t B SE t
Fixed effects
Intercept 563 021 2717¥* 621 0.21 30.24*** 561 021 2711 623 0.21 30.36%*
Level 2
Felt closeness (person mean) 0.00 0.09  0.02 042 0.08 5.23** -0.14 0.11 -1.31 0.32 0.11 2.92%
Age 0.02 0.02 1.03 0.01 0.02 0.64 0.02 0.02 0.92 0.01 0.02 0.80
PAT/NPAT 033 0.19 1.767 -0.15 0.19 -0.80 031 0.19 1.64 -0.18 0.19 -0.94
Substance 0.63 0.19  3.36*  0.27 0.19 1.45 0.60 0.19  3.20** 0.26 0.18 1.40
Substance by felt closeness 046 0.19  2.40* 0.21 0.16  1.30
Level 1
Day of assessment 0.18 0.07  2.70** 0.11  0.07 1.70% 0.18 0.07 2.69** 0.11  0.06 1.71%
Felt closeness (daily mean) 0.03 0.11 0.24 0.05 0.10 0.53 0.05 0.10 0.24 0.03 0.11 0.24
SD vC x SD VC x SD VvC ¥ SD vC X
Random effects
Felt closeness (daily mean) 0.08 0.01 55.01 0.04 0.00 33.35 0.09 0.01 55.44 0.03 0.00 35.64

B = unstandardized coefficient; SE = standard error; PAT/NPAT = partnership appreciation task (yes = 1, no = 0); SD = standard deviation; VC = variance component.

Substance: oxytocin = 1, placebo = 0; felt closeness (daily mean) has been centered around the person mean; felt closeness (person mean) and age have been centered around the
grand mean; df= 572 at level 1 (for model 4.a; 570 at level 1) and 76 at level 2; substance: pseudo-R? = 0.02; felt closeness: pseudo-R> = 0.03; substance by felt closeness: pseudo-

R?=0.01. Predictors relevant to our hypotheses are captured in bold.
*p<.05.

**p<.0l.

**k p <.001.

Tp<.10.

The lack of an association between OT and couple interaction,
as well as the lack of effect of the positive relationship appreciation
task, might be due to a lack of variance in actual couple behavior
during the 5 days of assessment. OT being a moderator of the as-
sociation between relationship quality and sleep is in line with ear-
lier findings by Fekete and colleagues (36), who reported that so-
cial support is positively associated with better sleep in those par-
ticipants (women suffering from human immunodeficiency virus)
with high OT levels and is negatively associated with sleep in
those with low OT levels (investigating blood OT and one-time
questionnaire measurements). Our study expands on these find-
ings and confirms the results with regard to everyday life assess-
ments in both sexes. A moderating role of OT in the association
between positive human interaction and health outcomes is also
in line with earlier results by Heinrichs and colleagues (30), who
found that intranasal OT and social support interacted to suppress
psychobiological stress responses in healthy men. A potential
mechanism of this moderation or “catalyst effect” is that higher
OT availability in the central nervous system might lead to an at-
tentional shift toward social cues (for an overview, see Ref.
(59)). If positive, such cues can then trigger perceptions of trust
and safety, which would consequently reduce amygdala activation
and alertness (21). Our results therefore support the contention that
OT may be a catalyst for the effects of positive social interaction
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on improved sleep. In turn, such effects could promote physical
health in general by promoting healthy immune and metabolic
functioning. However, more multimethod psychobiological re-
search is needed to substantiate these assumptions.

Interestingly, we found a stronger association of average cou-
ple interaction and daily sleep quality in men than in women. This
is not in line with previous studies suggesting that women’s sleep
is more strongly influenced by relationship quality than men’s (for
an overview, see Ref. (7)). However, Lee and colleagues (13) re-
ported no difference in the intradyadic covariation of sleep quality
between sexes. Also, they found that only men’s sleep duration
was influenced by their spouse’s sleep duration, not women’s. An-
other recent study suggested that increases in men’s marital satis-
faction had beneficial effects on their symptoms of insomnia, an
effect that was not found in women (12). In addition, Hasler and
colleagues (10) found an effect of positive partner interaction as in-
dicated by the wife on diary-based sleep efficiency in their hus-
bands, whereas actigraphy-measured sleep parameters were influ-
enced by partner interaction exclusively in women. Thus, there
might be a dissociation between self-rated and objectively mea-
sured sleep parameters concerning the association between couple
interaction and sleep between men and women. In addition, the
study by Kane and colleagues (52) suggests that different sleep pa-
rameters (awakening after sleep onset versus sleep onset latency)
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FIGURE 2. Sleep quality as a function of felt closeness (on a scale from O [little close] to 9 [very close]) by substance, separate diagrams

for men and women. OT = oxytocin; PLAC = placebo.

might be affected by couple interaction depending on sex. Also
considering our finding that the effect of OT on sleep might be
stronger in women, it is clear that more research is needed on the
matter. Preferably, future studies should use subjective and objec-
tive sleep measures in couples comparing sex effects.

An important strength of our study is the assessment in every-
day life, which ensures a high ecological validity. Furthermore, we
investigated both parts of a couple as opposed to assessing
relationship-specific variables in individuals. Another strength is
the randomized design and rigid investigation and control of con-
founding variables, such as hormonal contraceptives, menstrual
cycle phase, and medication, sports, caffeine, etc. Furthermore,
with an assessment period of several days, we had the possibility
of comparing within- and between-person effects.

On the other hand, we investigated a relatively homogenous
sample of (premenopausal) adults in a stable heterosexual relation-
ship with relatively high relationship satisfaction, high socioeco-
nomic status, and no children. Therefore, results might not neces-
sarily be applicable to all individuals living in a relationship, and

Psychosomatic Medicine, V 84 « 727-737
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ceiling and floor effects might have occurred, as discussed previ-
ously. For example, future studies should consider comparing cou-
ples in diverse stages of their relationship. We did not find an effect
of relationship length in our analyses (data not shown), but former
research indicates that sleep-relevant parameters like couples’
emotional strain (60) and the importance of similarity in daily pat-
terns (61) decrease with increasing relationship length. Related to
that, excluding couples with children is another important limita-
tion in the generalizability of our results, considering that about
50% of persons between the ages of 25 and 44 years living in
Switzerland have children (62). However, we defined this exclu-
sion criterion to ensure comparability between couples and reduce
external influences on sleep. In addition, because of the everyday
life design, we cannot rule out that un-assessed third variables, in-
cluding the presence of sleep disorders, might have influenced
sleep quality. We also had limited possibilities to surveil partici-
pants’ behavior and ensure compliance. However, very few miss-
ing measurement points and mostly correct timing of the data en-
tries, as well as entering of the SaliCap-number into the iPod

July/August 2022

Copyright © 2022 by the American Psychosomatic Society. Unauthorized reproduction of this article is prohibited.



ORIGINAL ARTICLE

touch, make us confident that participants complied with the given
instructions. Furthermore, most of the variables, including all of
the sleep outcomes, were measured via self-report. Future research
should therefore gather more information about the biological
mechanisms transferring OT/relationship quality into better sleep,
before we can draw conclusions about the exact causal pathways.
Lastly, we did not adjust for multiple testing, which heightens
the possibility of type 1 error, and replication of our findings is
needed. Still, we hope that the results inspire future studies’ hy-
potheses as explained previously.

In sum, the results of this study speak for a beneficial effect of
OT and of high everyday life relationship quality on sleep quality.
Furthermore, we found evidence that OT could be a catalyst of the
association between couple interaction and sleep quality. We also
found that the association between couple interaction and sleep
quality was stronger in men than in women, whereas the effects
of OT seemed to be more pronounced in women. Future studies
should now investigate biological mechanisms responsible for this
effect before further exploring the probable use of OT in sleep and
couples’ therapy.
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