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Background/Obijectives: Rapid Eye Movement (REM) sleep is associated with memory
consolidation and several health effects including stress response, mental health, and
longevity. Recently, it has been shown that regularly co-sleeping couples have increased
and stabilized REM sleep when co-sleeping as compared to sleeping individually.
However, it remained unclear whether this is due to a specific effect of altering the
usual sleeping environment by partner deprivation or due to a generalizable REM-sleep
promoting effect of couple relationships. The present study aims to clarify this ambiguity.

Methods: Married or never married individuals were taken from the Sleep Heart Health
Study (n = 5,804) and matched regarding sociodemographic and health parameters.
Matching was done using propensity score matching (1:1, nearest neighbor) and resulted
in two groups of n = 69 each (married vs. never married). After confirmation of successful
matching, samples were compared regarding REM sleep and other polysomnographic
parameters (paired Students t-tests or Wilcoxon signed-rank tests).

Results: Married individuals showed significantly higher levels of total and relative REM
sleep as compared to never married individuals (all p’s < 0.003). Neither other sleep
stages nor REM-sleep fragmentation differed between groups (all p’s > 0.29). Results
regarding number of sleep cycles were ambiguous.

Conclusion: This is the first between-subjects study to show that couple relationships
are associated with increased REM sleep. This finding represents a necessary (but not
sufficient) condition for the previously hypothesized self-enhancing feedback loop of REM
sleep and sociality as well as for REM-sleep promotion as a mechanism through which
couple relationships prevent mental illness.
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INTRODUCTION

Sleep research has found REM sleep to be a key factor in
central cognitive and health-related functions such as memory
consolidation (1), development of major public health challenges
as insomnia or depression (2-5), stress response (6), and
even longevity (7). Particularly its close relationship to mental
disorders make REM sleep a focus of interest in psychiatry
(2,3, 5, 8-10).

At the same time, REM sleep is a fragile state that is
easily disturbed amongst others by psychosocial stress and
therefore depends strongly on situational and environmental
factors (6, 11, 12).

Despite the fact that about 50% of the adult population in
western countries live in couple relationships and share a bed,
the social sleep environment has only been marginally considered
in this context. Particularly polysomnographic data are rare. A
recent publication finds that regularly co-sleeping couples show
increased and stabilized REM sleep when sleeping together as
compared to sleeping apart (13). This reproduced findings from
more than 50 years ago (14). Yet, both study designs make it
impossible to differentiate whether the observed effects are due
to psychosocial stress induced by changing the habitual sleeping
environment (i.e., by partner deprivation) or whether they are
due to a general promoting effect of close social relationships
on (REM) sleep. The latter could have far reaching implications
and could represent an important mechanism through which
partnerships impact sociability and (mental) health (13). In fact,
it has long been argued that sleep might mediate the health effects
of couple relationships (15), yet mechanisms on the sleep stage
level have remained a long-standing question.

Against this background, the present work seeks to clarify
whether there is a general effect of couple relationships on (REM)
sleep. The main hypothesis is: stable couple relationships are
associated with higher levels of REM sleep as compared to not
being in such a relationship.

The secondary hypothesis is that there are no additional
changes in other sleep stages. Additionally, we investigate
parameters that coincided with the increased amount of REM
sleep during co-sleep in one of the previous studies: REM-
sleep fragmentation (13) and number of REM-sleep periods (i.e.,
number of ultradian sleep cycles (14). Investigation of individual
sleep cycles seems also of interest since it has been shown
that—in people with mental illness—deficits in sleep stability are
particularly pronounced in the first and third sleep cycle (16).

In order to test these hypotheses, we re-analyze a large
dataset using in home polysomnography and compare never
married to married individuals. That way, the habitual sleeping
arrangement remains unaltered and both marital statuses are
associated with ~95 and 90% of individually sleeping and bed-
sharing, respectively (17, 18).

METHODS

Procedure
The aim of the present study is to investigate the effect of being
in a stable couple relationship on REM sleep. In order to do so,

access to a large-sample observational study that used in-home
polysomnography and collected marital status [the Sleep Heart
Health Study; SHHS (19, 20)] was obtained through the National
Sleep Research Resource (21, 22). Prior to filing for access to the
data, the institutional review board (IRB) of the medical faculty
of Kiel University confirmed that in light of the previous IRB
clearance of the original trial and the anonymous nature of the
dataset, no formal IRB clearance was needed for the present
analysis. This is in accordance with European law.

The Original Study

The dataset of the present study was derived from the baseline
examinations of the Sleep Heart Health Study [SHHS; (19,
20)]. The SHHS was designed to longitudinally investigate
obstructive sleep apnea as a risk factor for cardiovascular disease.
Inclusion criteria were >40 years of age. Patients with diagnosed
and treated sleep apnea were excluded but snorers below the
age of 65 (19, 20) were purposively overrepresented in the
study population.

Data acquisition of the SHHS took place between December
1995 and January 1998. During that time 6697 participants
underwent overnight in-home polysomnography that was
administered by a trained technician. Ninety five percent of
the polysomnographies had an acceptable data quality and were
included in the study. For further information please see Redline
and colleagues (20) and Quan and colleagues (19).

Measures Used for the Present Analysis
Polysomnography

Polysomnographic monitoring of the SHHS comprised EEG
(C3/A1 and C4/A2), binocular electrooculography (EOGs),
submental electromyography (EMG), monitoring of movements
of chest and abdomen (via inductive plethysmography bands),
airflow, pulse oximetry, ECG, and body position (20). Scoring
was done manually by trained raters according to Rechtschaffen
and Kales criteria (23). Sleep stages S3 and S4 were summed up
[in the following referred to as slow-wave sleep (SWS)]. There
was an “excellent” (24) intra- and interrater reliability regarding
the scoring of sleep stages (kappa statistics >0.80) and respiratory
events (intra class correlation >0.90). Arousal scoring was less
reliable (intra class correlation = 0.54) (24).

Parameters that were used for further analysis in the present
study were sleep-onset latency (min), total sleep time (min),
sleep efficiency (%), sleep stages [S1, S2, SWS, and REM sleep;
as total duration (min) and relative duration of total sleep
time (%)], REM-sleep latency (min), wake after sleep onset
(WASO, min), awakenings per hour of sleep (n), and Apnea-
Hypopnea Index (AHIL n/h). We did not use arousals due to
the limited reliability of the scoring. Additionally, we calculated
the following parameters based on the manually scored sleep
profiles of the SHHS: number of REM-sleep periods (ie.,
number of sleep cycles), duration of sleep cycles, and REM-
sleep fragmentation (i.e., total number of disruptions of REM
sleep, relative number of disruptions per minute of REM sleep,
and REM-sleep fragmentations per REM period). REM-sleep
fragmentation was defined as intrusion of non-REM sleep or
wake epochs within a REM-sleep period. This was in line with
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the previous operationalization of Drews and colleagues (13). A
sleep cycle was defined by a sequence of non-REM sleep stages
and the following REM sleep period (25).

Non-PSG Measures

The following sociodemographic parameters were used for the
present study: gender [male (1), female (2)], marital status
[married (1), never married (2)], ethnicity [white (1), non-white
(2)], educational level [<10 years of education (1), 11-15y (2),
16-20y (3), >20y (4)], and age (years). For a comprehensive
assessment of subjective health status the SF-36 (26) was used.
The SF-36 is a widely-used instrument that measures eight
dimensions of health, i.e., physical functioning, bodily pain, role
limitations due to physical health problems, role limitations due
to personal or emotional problems, general mental health, social
functioning, energy/fatigue, and general health perceptions.
Scores for each sub-scale range from 0 to 100. Higher scores
represent better health status. In addition to using the results
of the individual scores, we also used the sum score of all
individual scores.

Additional health and subjective sleep parameters we used
were body mass index (BMIL kg/m?), subjective daytime
sleepiness [measured by the Epworth Sleepiness Scale (27)], as
well as use of antidepressants and benzodiazepines [due to their
(potential) effect on REM sleep (28, 29)].

Sample Construction for the Present Study
Of the baseline SHHS participants, only those that showed no
or mild respiratory symptoms (AHI < 15 /h), that had no
missing values regarding the used parameters, and that were

either currently married (n = 1,889) or never married (n =
69) were used for the present study. To control for health
and sociodemographic parameters, nearest neighbor propensity
score matching (constantly married vs. never married; 1:1)
was employed.

Propensity score matching is a statistical technique to
retrospectively balance characteristics of groups that have not
originally been balanced [for overviews see (30, 31)]. Propensity
score matching is often employed to assess effects of a particular
treatment in observational studies. Thus, it is a method to
retrospectively create more randomized-controlled-trial (RCT)
-like conditions in observational studies (30). It is particularly
useful when trying to control for a large number of covariates
between groups and it has been named a good alternative in
absence of randomization (32).

Technically, propensity score matching consists of two steps.
First, a logistic regression is used to define typical characteristics
of a group with a certain target characteristic (e.g., having
received a certain treatment, or—as in the present case—
having never been married). Based on the results of the
logistic regression, a score is calculated for each individual
that describes the propensity of having the target characteristic.
The second step is the matching procedure. In the present
case, we used nearest neighbor matching with a 1:1 ratio. That
means that to each participant that is positive with respect
to the target characteristic, exactly one negative counterpart is
allocated that has a similar (or very close) propensity score.
It is of note that one of the most important factors that
define quality of the matching procedure is the existence of
a sufficiently large pool of controls from which the matching

TABLE 1 | Sociodemographic and health parameters of the matched sample.

Total sample

Constantly married

Never married p-value (married vs.

(n =138, m = 48) (n =69, m = 25) (n =69, m = 23) unmarried)
[median (Q1-Q3)] [median (Q1-Q3)] [median (Q1-Q3)]
Age 58.0 (47-57.9) 59 (50-64) 52 (44-72) 0.308
Education level 3(2-9) 3(2-3) 3(2-9) 0.692
Body-Mass Index 25.7 (23.2-29) 25.6 (23.8-28.32) 25.7 (23.2-29.8) 0.83
Epworth Sleepiness Scale 6 (4-9) 6.5 (5-9.75) 6 (4-9) 0.267
Apnea-Hypopnea Index 6.9 (3.4-11.3) 6.6 (4-11) 7.2 (3-11.4) 0.877
SF 36 Sum 654.2 (562.9-717.8) 669 (562.7-718.0) 651 (568.3-706.5) 0.711
SF 36-Pain 80 (61-100) 80 (61-100) 84 (61-100) 0.805
SF 36-Physical functioning 90 (75-98.75) 90 (65-95) 90 (75-100) 0.491
SF 36-Role limitations due to 100 (50-100) 100 (75-100) 100 (50-100) 0.371
physical health
SF 36-Role limitations due to 100 (75-100) 100 (66.67-100) 100 (100-100) 0.505
emotional problems
SF 36-Energy/fatigue 65 (55-75) 65 (55-75) 70 (50-80) 1
SF 36-Emotional well-being 84 (72-88) 84 (72-88) 84 (72-88) 0.909
SF 36-Social functioning 100 (78.1-100) 100 (87.5-100) 100 (75-100) 0.430
SF 36-General health 77 (67-87) 77 (67-90) 80 (67-87) 0.513

Education level is expressed on a four-point scale: 1 = <10 years of education, 2 = 11-15y, 3 = 16-20 y, 4 = >20 y. Tests: Wilcoxon signed-rank test. Comparison of binary
variables (gender and ethnicity— white vs. non-white (white: n = 56 in married couples; n = 54 in never married individuals), use of tricyclic antidepressants (n = 4; n = 2), non-tricyclic
antidepressants (n = 1; n = 83), or benzodiazepines (n = 4, n = 6) by Chi-Squared or Fisher’s tests showed no significant differences (all p’s > 0.62).
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counterparts can be extracted. A factor of larger than 3-
4:1 (control pool:itreated group) has been suggested (31). In
the present study, that factor is larger than 25:1 (1889:69;
married:never married).

Initial matching parameters were: age, gender, education level,
ethnicity, the SF-36 sum score, the SF-36 general mental health
subscore, the SF36 general health subscore, and AHI.

After initial matching, imbalances between the groups
regarding any of the other above-mentioned (non-PSG)
parameters were checked. Detailed sample characteristics are
given in Table 1.

Statistical Analyses

Normal distribution was tested using Shapiro-Wilk tests.
Groups were compared using paired Student’s ¢-tests, or—where
applicable—the non-parametric alternative Wilcoxon signed-
rank test. The primary hypothesis was tested using one-sided
tests. The one-sidedness was chosen since the primary interest of
this analysis was to investigate whether the previously uniformly
reported higher levels of REM sleep during co-sleep in regularly
co-sleeping couples as compared to individual sleep (13, 14, 33)
could be confirmed in between subjects design. This led to
the formulation of the primary hypothesis (being in a couple
relationship is associated with increased REM sleep) for the
testing of which only that exact effect direction (“greater”)
is of interest. The secondary hypothesis (no effects on other
sleep parameters) as well as the additional analyses (REM sleep
fragmentation and number of sleep cycles) were tested using
two-sided tests. Here the results of previous studies are more
ambiguous (13, 14, 33).

There was only one primary hypothesis (impact of couple
relationship on REM sleep). Thus, no adjustment for multiple
testing was done.

All calculations were computed using “R” Version 3.6.1
(34). Propensity score matching was done using the “matchIT”
package for “R” (35).

Significance levels were set at p < 0.05%, p < 0.01**, and
p < 0.001***, Reported are means (£SD) in case of normally
distributed data and median (IQR, lower to upper) in case of
lacking normal distribution.

RESULTS
Propensity Score Matching

Propensity score matching resulted in two groups (n = 69
each) of married and never married individuals, respectively.
The result of the matching procedure as represented by
the propensity scores of the married and never married
group is given in Figure 1. Moreover, the groups showed no
significant differences regarding gender, ethnicity, age, education,
subjective daytime sleepiness, Apnea-Hypopnea Index, use of
antidepressants, and subjective health status as measured by
the SF 36 sum score and all of its subscores (all p’s > 0.27;
see Table 1).

REM Sleep and Other Polysomnographic

Sleep Parameters

Testing our main hypothesis, married individuals spent very
significantly more time in REM sleep throughout the night as
compared to never married individuals (76.5 = 27.71 min vs.
62.8 + 33.1min, p = 0.003; Figure 2A). This also held true
for the relative amount of REM sleep (20.5 £ 6.2% vs. 17.1 £
7.7%, p = 0.001; Figure 2B). Since there was only one subject
in the married group vs. six subjects in the never married group
for which no or very little REM sleep (i.e., <3 min/night) was
reported, we reanalyzed the data excluding these cases (and
their matching partners). This led to a reduction of differences
between the groups but the effect remained significant (p = 0.023
(absolute amount of REM sleep) and p = 0.015 (relative amount
of REM sleep).

None of the other sleep-stage parameters was significantly
altered (all p’s > 0.29; Table 2).

With respect to the additional analyses of number of REM
periods (number of sleep cycles) and REM-sleep fragmentation,
there was a significantly increased number of sleep cycles in
married individuals [4 (4 to 5)] as compared to never married
individuals [4 (3 to 5); p = 0.026] and the sleep cycles of
married individuals were significantly shorter in duration [95.5
(84.1 to 112.0) min vs. 103.7 (87.6 to 133.2) min; p = 0.034].
This difference however became non-significant when the above-
mentioned individuals with little or no REM sleep were excluded
(all p’s > 0.116).

Likewise, there was no significant difference in absolute or
relative number of REM-sleep fragmentations between married
and never married individuals (all p’s > 0.433). The same held
true when comparing the individual REM sleep periods between
married and never married individuals with respect to absolute
duration, and total and relative number of fragmentations (all p’s
> 0.090).

DISCUSSION

The present study reports that married individuals have
significantly higher levels of absolute and relative REM sleep as
compared to never married individuals. Secondly, no other sleep
stage parameter differs significantly between the two groups. This
means that both, the main as well the secondary hypothesis
of the present analysis are confirmed. [Note that the observed
increased REM-sleep duration remains in the non-pathological
range (36) and is not associated with additional signs of REM-
sleep disinhibition (e.g., reduced REM-sleep latency) which could
indicate the presence of a mood disorder (37)].

These findings support the concept that being in a close couple
relationship (which is associated with co-sleeping) is linked to
increased REM sleep which has been put forward based on
studies on regularly co-sleeping couples (13, 14, 33).

The present work complements the previous works and is
an important step forward since the preceding studies used a
within-subjects design that monitored the sleep of habitually co-
sleeping couples in two sleeping arrangements: sleeping apart
and sleeping together (13, 14, 33). This approach complicates
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FIGURE 1 | Propensity scores of the never married individuals and the matching married individuals after propensity score matching.
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the interpretation and generalizability of these studies since
it is impossible to distinguish whether the observed higher
levels in REM sleep when co-sleeping as compared to sleeping
individually are due to a generalizable effect of sleeping in
company or whether they are due to the specific alterations
in the habitual sleeping environment (i.e., deprivation of a
partner when sleeping individually). REM sleep is susceptible to
psychosocial stress factors (6, 9, 11, 12). Changing the habitual
sleeping arrangement by removing the partner could induce low-
level stress that would lead to disruptions of REM sleep during
individual sleep (13). Also, the artificial lab setting of the previous
studies is an additional disruption of the habitual environment
which might have interacted with the partner deprivation
and might have amplified the stress effect. Additionally, the
homogeneity of the samples regarding young age, health status,
and ethnicity make the results of the previous studies less
generalizable to the general population. These weaknesses have
been discussed previously (13).
The present study overcomes these limitations:

1) It uses in-home polysomnography with no intervention
to the usual sleeping arrangement so that participants
are monitored in their usual sleeping arrangement and
environment, excluding effects of partner deprivation and
sleeping in a lab.

2) The sample is more heterogenous regarding age, ethnicity,
and regarding health as compared to the previous studies and
makes it more comparable to the general population. This
increases generalizability.

This methodological approach of the present work excludes
the possible stress-related explanation that limit the previous
works. Thus, the here presented findings indicate a generalizable

promoting effect of couple relationships on REM sleep. Thereby,
the present work represents a necessary (but not sufficient)
condition regarding the implications of the partner-related
REM-sleep increase as proposed by Drews and colleagues
(13, 33). These potential implications are, first, REM sleep
acts as a mechanism through which close social relationships
benefit mental health: Disrupted REM sleep has been argued
to cause insomnia (2, 3), which in turn increases the risk for
mental illnesses (e.g., mood disorders) (38). Second, a positive
feedback loop between REM sleep and sociality: REM sleep
has been reported to support emotional and episodic memory
consolidation (39, 40), which [among other factors influenced
by REM sleep (e.g., 41, 42)] are important for our ability to be
social (43, 44). On the other hand, as exemplified by the previous
studies on co-sleeping, sociality (such as sleeping with a partner)
has been argued to impact REM sleep. Yet, given the above-
mentioned limitations of the previous studies on habitually co-
sleeping couples this has been a weak spot of the model. The
present findings resolve that weakness.

An additionally relevant finding is the clarification of a
partner-effect on other sleep stages. While a small pilot study
has found effects on more sleep parameters including slow-wave
sleep, sleep efficiency, and total sleep time (33), two larger studies
report predominant effects on REM sleep (13, 14). The latter
findings are supported by the present work.

However, there are ambiguities between the present work
and these previous studies on co-sleeping couples that concern
the microstructural correlates of the increase in total REM
sleep when sleeping with a partner. Drews and colleagues (13)
report decreased fragmentation of REM sleep, a non-significant
decrease sleep stages N1-N3 (p-values between 0.26 and 0.5),
and a non-significant (counterintuitive) increase in awakenings
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FIGURE 2 | REM sleep duration in married and never married individuals. Absolute (A) and relative (B) REM sleep duration is significantly higher in married individuals
(blue raincloud plots) than in never married individuals (red raincloud plots): 76.5 & 27.7 min vs. 62.9 + 33.1 min, p = 0.003; and 20.5 + 6.2% vs. 17.1 £ 7.7% p =
0.001. Note: the effect remains significant if individuals with no or little REM sleep (<3 min) are excluded (o = 0.023 absolute REM sleep amount and p = 0.015
relative amount of REM sleep). Tests: paired, one-sided t-tests.
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TABLE 2 | Polysomnographic sleep parameters.

Total sample

Constantly married

Never married

p-value (married vs.

(n =138, m = 48) (n =69, m = 25) (n =69, m = 23) unmarried)

[mean (+ SD) or [mean (+ SD) or

median (Q1-Q3)] median (Q1-Q3)]
Sleep onset Latency [min] 14.5 (8.5-25) 13.5(9.3-24.8) 16 (8.5-24.7) 0.432
Total Sleep Time [min] 362 (+ 60.8) 363 (+ 51.7) 360 (+ 68.6) 0.971
Sleep Efficiency [%] 85 (79.6-89.5) 85.2 (76.4-89.9) 85.9 (82.2-88.9) 0.29
Sleep Stage N1 [min] 15.8 (9.9-24.5) 16.0 (10.1-24.5) 15.5 (9.9-24.5) 0.931
Sleep Stage N2 [min] 208.6 (+ 54.3) 210.9 (+ 51.9) 206.3 (£ 57.3) 0.575
Sleep Stage N3 [min] 64.5 (35.1-91.6) 64.0 (38.5-81.4) 64.8 (33.9-93.9) 0.85
Sleep Stage N1 [%] 4.3 (2.7-7) 4.3 (2.7-6.3) 4.3 (2.9-7) 0.872
Sleep Stage N2 [%] 57.0 (+ 11.4) 56.9 (+ 11.042) 57.1 (£ 11.9) 0.755
Sleep Stage N3 [%)] 17.0 (9.3-24.6) 17.0 (10.2-28.8) 17.8 (8.7-27.2) 0.694
REM Latency [min] 66.8 (48.6-88.3) 66.5 (51.0-80.5) 67.0 (46.5-107.0) 0.49
Wake after Sleep Onset [min] 44 (30.5-65.6) 43 (28.5-58) 46 (32-74) 0.29
Awakenings per hour 3.4 (2.6-4.3) 3.4 (2.8-4.1) 3.6 (2.6-4.4) 0.599

No sleep stage other then REM sleep (see Figure 2) differs between married and never married individuals. Median (IQR, upper to lower) is given for parameters without normal

distribution. Tests: two-sided, paired student t tests, or Wilcoxon signed-rank test.

(p = 0.15). Monroe (14) on the other hand reports an increased
number of REM periods (i.e., an increased number of sleep
cycles), significantly reduced S4 sleep, no significant changes
in S1-S3 sleep, and (likewise counterintuitively) significantly
increased awakenings. The present work seemingly supports
the increase in REM periods as microstructural correlate.
However, exclusion of individuals with extremely low REM-
sleep values (that might be caused by unknown confounding
parameters) renders the results non-significant. Moreover, albeit
not significant, the present work reports a decreased time of wake
after sleep onset in married individuals and more similar values
of non-REM sleep stages compared to the previous works. In
sum, more research is needed to disentangle the microstructural
correlates of REM increase in couple relationships and bed-
sharing.

Besides these microstructural correlates of REM increase
in close relationships, the present work also raises the
question about the underlying mechanisms. Three mechanisms
seem conceivable. First, a psychological mechanism: sleeping
individually could represent a form of chronic stress impairing
REM sleep and that is abrogated by a soothing effect of a partner.
Second, a body-temperature-related mechanism: REM sleep is a
state in which the body’s capacity to maintain its temperature
is impaired. A bed-partner might stabilize body temperature—
as it has been hypothesized for the rock hyrax, which shows a
similar increase of REM sleep when sleeping socially (45). Third,
a circadian clocking mechanism: REM sleep is under strong
circadian regulation (46). The circadian rhythm is known to be
clocked by social cues (i.e., social zeitgebers) (47). Hence, the
partner might impact circadian clocking which in turn might
influence REM sleep.

Last but not least, our study suffers from limitations. First,
the marital quality, work status, and menopausal status were
not assessed, all of which have been reported to affect sleep
(48-50). Second, the present work compares married individuals
to never married individuals which means that the actual

sleeping arrangement (bed-sharing vs. individual sleep) remains
unknown. This could be seen as impairing comparability with the
aforementioned studies on co-sleeping that directly manipulate
the sleeping arrangement (13, 14, 33). Yet, it is of note that there
is a high correlation between the marital statuses and sleeping
arrangement: In the US >87% of the married individuals share a
bed with their partner (18) (this number might be lower in elderly
couples) and <5% of the elderly population (aged 50 and above,
which is comparable to the present sample) are cohabiting (and
co-sleeping) while not being married (17). Therefore, it seems
rather unlikely that a significant number of neither never married
but still bed-sharing individuals nor married but separately
sleeping individuals confounds the results and interpretation of
the present study.

Nevertheless, future studies should also include a group
of couples that are habitually individually sleeping to better
differentiate between the effects of being in a relationship
(social setting) to sleep-setting-specific effects. A third important
limitation of the present study is the cross-sectional design
which precludes defining effect directions. While the previous
interventional studies clearly indicate an effect of the sleeping
arrangement on REM sleep (13, 14, 33) in the present study both
directions are—theoretically—possible, i.e., REM sleep might
increase the probability of getting married or vice versa. In fact,
the hypothesized feedback loop of REM sleep and sociality would
predict that both directions do occur.

Thus, future studies should use a long-term, longitudinal
approach to actually retrace that postulated feedback loop.

In conclusion, the here presented analyses support and
generalize the concept that couple relationships benefit REM
sleep. The fact that this could be shown in a between-subjects
design in comparison to (predominantly) habitually individually
sleeping never married individuals complements previous studies
and represents a necessary but not sufficient condition toward
investigating a positive feedback loop of REM sleep and sociality
as well as REM-sleep promotion as mechanism through which
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relationships benefit mental health—both of which should be
addressed in future studies.

DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data
can be found here: sleepdata.org.

ETHICS STATEMENT

The present study is a re-analysis of a publicly available,
anonymous dataset. Ethical review and approval was not
required for the study on human participants in accordance
with the local legislation and institutional requirements. Written
informed consent for participation was not required for this
study in accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

HD:  conceptualization and  writing—original  draft
preparation. HD and AD: design and methodology and
statistical analysis and interpretation. AD: writing—review

REFERENCES

1. Boyce R, Williams S, Adamantidis A. REM sleep and memory. Curr Opin
Neurobiol. (2017) 44:167-77. doi: 10.1016/j.conb.2017.05.001

2. Riemann D, Spiegelhalder K, Nissen C, Hirscher V, Baglioni C, Feige B. REM
sleep instability-a new pathway for insomnia? Pharmacopsychiatry. (2012)
45:167-76. doi: 10.1055/s-0031-1299721

3. Wassing R, Benjamins JS, Dekker K, Moens S, Spiegelhalder K, Feige B,
et al. Slow dissolving of emotional distress contributes to hyperarousal.
Proc Natl Acad Sci U S A. (2016) 113:2538-43. doi: 10.1073/pnas.15225
20113

4. Galbiati A, Sforza M, Fasiello E, Casoni E Marrella N, Leitner
C, et al. The dysregulation and
REM sleep features in insomnia disorder. Brain Cogn. (2020)
146:105642. doi: 10.1016/j.bandc.2020.105642

5. Goder R, Bares S, Vogel C, Bottcher H, Drews HJ, Lechinger ],
et al. Psychotic-like experiences in patients with insomnia or sleep
apnea: associations with sleep parameters. Sleep Med. (2020) 77:367-
73. doi: 10.1016/j.sleep.2020.04.015

6. Nollet M, Hicks H, McCarthy AP, Wu H, Moller-Levet CS, Laing EE, et al.
REM sleep’s unique associations with corticosterone regulation, apoptotic
pathways, and behavior in chronic stress in mice. Proc Natl Acad Sci. (2019)
116:2733-42. doi: 10.1073/pnas.1816456116

7. Leary EB, Watson KT, Ancoli-Israel S, Redline S, Yaffe K,
Ravelo LA, et al. Association of rapid eye movement sleep with
mortality in middle-aged and older adults. JAMA Neurol. (2020)
77:1-12. doi: 10.1001/jamaneurol.2020.2108

8. Gottesmann C, Gottesman I. The neurobiological characteristics of rapid
eye movement (REM) sleep are candidate endophenotypes of depression,
schizophrenia, mental retardation and dementia. Prog Neurobiol. (2007)
81:237-50. doi: 10.1016/j.pneurobio.2007.01.004

9. Van Someren EJW. Brain mechanisms of insomnia: new
perspectives  on  causes and  consequences.  Physiol  Rev.
(2020). doi: 10.1152/physrev.00046.2019. [Epub ahead of print].

10. Lechinger J, Koch J, Weinhold SL, Seeck-Hirschner M, Stingele K, Kropp-
Nif C, et al. REM density is associated with treatment response in major

association between emotional

and editing and resources. All authors

submitted version.

approved the

FUNDING

The present analysis was not supported by any third-party
funding. The Sleep Heart Health Study (SHHS) was supported
by National Heart, Lung, and Blood Institute cooperative
agreements UO01HL53916 (University of California, Davis),
U01HL53931 (New York University), U01HL53934 (University
of Minnesota), U01HL53937 and U01HL64360 (Johns Hopkins
University), U01HL53938 (University of Arizona), U01HL53940
(University of Washington), U01HL53941 (Boston University),
and U01HL63463 (Case Western Reserve University). The
National Sleep Research Resource was supported by the
National Heart, Lung, and Blood Institute (R24 HL114473,
RFP 75N92019R002).

ACKNOWLEDGMENTS

We would like to thank the people behind the National Sleep
Research Resource for this extremely valuable initiative and for
providing such competent support.

depression: Antidepressant pharmacotherapy vs. psychotherapy. J Psychiatr
Res. (2021) 133:67-72. doi: 10.1016/j.jpsychires.2020.12.009

11. Kim E-J, Dimsdale JE. The effect of psychosocial stress on sleep: a
review of polysomnographic evidence. Behav Sleep Med. (2007) 5:256-
78. doi: 10.1080/15402000701557383

12. Pawlyk AC, Morrison AR, Ross R], Brennan FX. Stress-induced changes in
sleep in rodents: models and mechanisms. Neurosci Biobehav Rev. (2008)
32:99-117. doi: 10.1016/j.neubiorev.2007.06.001

13. Drews HJ, Wallot S, Brysch P, Berger H, Weinhold SL, Mitkidis P,
et al. Bed-sharing in couples is associated with increased and stabilized
REM sleep and sleep-stage synchronization. Front Psychiatry. (2020)
11:583. doi: 10.3389/fpsyt.2020.00583

14. Monroe LJ. Transient changes in eeg sleep patterns of married good sleepers:
the effects of altering sleeping arrangement. Psychophysiology. (1969) 6:330-
7. doi: 10.1111/j.1469-8986.1969.tb02910.x

15. Troxel WM. Its more than sex: exploring the dyadic
of sleep and implications for health. Psychosom Med.
72:578-86. doi: 10.1097/PSY.0b013e3181de7{t8

16. Sasidharan A, Kumar S, Nair AK, Lukose A, Marigowda V, John JP,
et al. Further evidences for sleep instability and impaired spindle-
delta dynamics in schizophrenia: a whole-night polysomnography study
with neuroloop-gain and sleep-cycle analysis. Sleep Med. (2017) 38:1-
13. doi: 10.1016/j.sleep.2017.02.009

17. Brown SL, Wright MR. Marriage, cohabitation, and divorce in later life. Innov
Aging. (2017) 1:igx015 . doi: 10.1093/geroni/igx015

18. National Sleep Foundation. 2012 Bedroom Poll - Summary of Findings. (2012).
Available online at: https://www.sleepfoundation.org/wp-content/uploads/
2018/10/NSF-Sleep-in- America- Poll-Summary- of- Findings-.pdf?x12991
(accessed April 20, 2021).

19. Quan SE Howard BV, Iber C, Kiley JP, Nieto FJ, O’Connor GT, et al.
The sleep heart health study: design, rationale, and methods. Sleep. (1997)
20:1077-85.

20. Redline S, Sanders MH, Lind BK, Quan SE Iber C, Gottlieb DJ, et al.
Methods for obtaining and analyzing unattended polysomnography data
for a multicenter study. Sleep heart health research group. Sleep. (1998)
21:759-67. doi: 10.1093/sleep/21.7.759

nature
(2010)

Frontiers in Psychiatry | www.frontiersin.org

May 2021 | Volume 12 | Article 641102


https://www.sleepdata.org
https://doi.org/10.1016/j.conb.2017.05.001
https://doi.org/10.1055/s-0031-1299721
https://doi.org/10.1073/pnas.1522520113
https://doi.org/10.1016/j.bandc.2020.105642
https://doi.org/10.1016/j.sleep.2020.04.015
https://doi.org/10.1073/pnas.1816456116
https://doi.org/10.1001/jamaneurol.2020.2108
https://doi.org/10.1016/j.pneurobio.2007.01.004
https://doi.org/10.1152/physrev.00046.2019
https://doi.org/10.1016/j.jpsychires.2020.12.009
https://doi.org/10.1080/15402000701557383
https://doi.org/10.1016/j.neubiorev.2007.06.001
https://doi.org/10.3389/fpsyt.2020.00583
https://doi.org/10.1111/j.1469-8986.1969.tb02910.x
https://doi.org/10.1097/PSY.0b013e3181de7ff8
https://doi.org/10.1016/j.sleep.2017.02.009
https://doi.org/10.1093/geroni/igx015
https://www.sleepfoundation.org/wp-content/uploads/2018/10/NSF-Sleep-in-America-Poll-Summary-of-Findings-.pdf?x12991
https://www.sleepfoundation.org/wp-content/uploads/2018/10/NSF-Sleep-in-America-Poll-Summary-of-Findings-.pdf?x12991
https://doi.org/10.1093/sleep/21.7.759
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Drews and Drews

Couple Relationships Increase REM Sleep

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Dean DA, Goldberger AL, Mueller R, Kim M, Rueschman M, Mobley D, et al.
Scaling up scientific discovery in sleep medicine: the national sleep research
resource. Sleep. (2016) 39:1151-64. doi: 10.5665/sleep.5774

Zhang G-Q, Cui L, Mueller R, Tao S, Kim M, Rueschman M, et al. The national
sleep research resource: towards a sleep data commons. ] Am Med Inform
Assoc JAMIA. (2018) 25:1351-8. doi: 10.1093/jamia/ocy064

Rechtschaffen A, Kales A. A Manual of Standardized Terminology, Techniques
and Scoring System for Sleep Stages of Human Subjects. Los Angeles, Calif.:
Brain Information Service, University of California (1968).

Whitney CW, Gottlieb DJ, Redline S, Norman RG, Dodge RR, Shahar E, et al.
Reliability of scoring respiratory disturbance indices and sleep staging. Sleep.
(1998) 21:749-57. doi: 10.1093/sleep/21.7.749

Schulz H, Dirlich G, Balteskonis S, Zulley J. The REM-NREM sleep
cycle: renewal process or periodically driven process? Sleep. (1980) 2:319-
28. doi: 10.1093/sleep/2.3.319

Ware JE, Sherbourne CD. The MOS 36-item short-form health survey (SF-
36). I. Conceptual framework and item selection. Med Care. (1992) 30:473—
83. doi: 10.1097/00005650-199206000-00002

Johns MW. A new method for measuring daytime sleepiness: the Epworth
sleepiness scale. Sleep. (1991) 14:540-5. doi: 10.1093/sleep/14.6.540
Wichniak A, Wierzbicka A, Walecka M, Jernajczyk W. Effects
of Antidepressants on  Sleep.  Curr  Psychiatry  Rep. (2017)
19:63. doi: 10.1007/s11920-017-0816-4

Roth T, Zorick E Sicklesteel ], Stepanski E. Effects of benzodiazepines
on sleep and wakefulness. Br ] Clin Pharmacol. (1981) 11(Suppl.
1):31S—58. doi: 10.1111/§.1365-2125.1981.tb01836.x

Austin PC. An introduction to propensity score methods for reducing the
effects of confounding in observational studies. Multivar Behav Res. (2011)
46:399-424. doi: 10.1080/00273171.2011.568786

Olmos A, Govindasamy P. Propensity scores: a practical introduction using R.
J MultiDisc Eval. (2015) 11:68-88. Available at: https://journals.sfu.ca/jmde/
index.php/jmde_1/article/view/431 (accessed April 21, 2021).

Dekkers IA, van der Molen AJ. Propensity score matching as a substitute
for randomized controlled trials on acute kidney injury after contrast media
administration: a systematic review. Am ] Roentgenol. (2018) 211:822-
6. doi: 10.2214/AJR.17.19499

Drews HJ, Wallot S, Weinhold SL, Mitkidis P, Baier PC, Roepstorff A, et al.
“Are we in sync with each other?” Exploring the effects of cosleeping on
heterosexual couples’ sleep using simultaneous polysomnography: a pilot
study. Sleep Disord. (2017) 2017:e8140672. doi: 10.1155/2017/8140672

R Core Team. R: A Language and Environment for Statistical Computing.
Vienna, Austria: R Foundation for Statistical Computing (2019). Available
online at: https://www.R-project.org/ (accessed April 20, 2021).

Ho D, Imai K, King G, Stuart E, Whitworth A. MatchIt: nonparametric
preprocessing for parametric causal inference. ] Stat Softw. (2018) 42:23167.
doi: 10.18637/jss.v042.i08

Hertenstein E, Gabryelska A, Spiegelhalder K, Nissen C, Johann AF, Umarova
R, et al. Reference data for polysomnography-measured and subjective sleep
in healthy adults. J Clin Sleep Med JCSM Off Publ Am Acad Sleep Med. (2018)
14:523-32. doi: 10.5664/jcsm.7036

Riemann D, Krone LB, Wulff K, Nissen C. Sleep, insomnia, and depression.
Neuropsychopharmacology. (2020) 45:74-89. doi: 10.1038/s41386-019-0411-y
Palagini L, Bastien CH, Marazziti D, Ellis JG, Riemann D. The key
role of insomnia and sleep loss in the dysregulation of multiple systems

involved in mood disorders: a proposed model. J Sleep Res. (2019)
28:¢12841. doi: 10.1111/jsr.12841

39. Groch S, Wilhelm I, Diekelmann S, Born J. The role of REM
sleep in the processing of emotional memories: Evidence from
behavior and event-related potentials. Neurobiol Learn Mem. (2013)
99:1-9. doi: 10.1016/j.nlm.2012.10.006

40. Rauchs G, Bertran E Guillery-Girard B, Desgranges B, Kerrouche N,
Denise P, et al. Consolidation of strictly episodic memories mainly requires
rapid eye movement sleep. Sleep. (2004) 27:395-401. doi: 10.1093/sleep/2
7.3.395

41. McNamara P. REM sleep: a social bonding mechanism. New Ideas Psychol.
(1996) 14:35-46. doi: 10.1016/0732-118X(95)00023-A

42. Revonsuo A, Tuominen J, Valli K. The Avatars in the Machine: Dreaming as a
Simulation of Social Reality. Open MIND. Frankfurt am Main: MIND Group
(2015). Available online at: http://open-mind.net/papers/the-avatars-in-the-
machine-dreaming-as-a-simulation- of-social-reality/getAbstract

43. Dolcos E Katsumi Y, Weymar M, Moore M, Tsukiura T, Dolcos S.
Emerging directions in emotional episodic memory. Front Psychol. (2017)
8:1867. doi: 10.3389/fpsyg.2017.01867

44. Mahr JB, Csibra G. Why do we remember? The communicative
function of episodic memory. Behav Brain Sci. (2018) 41:1-
93. doi: 10.1017/S0140525X17000012

45. Gravett N, Bhagwandin A, Lyamin OI, Siegel JM, Manger PR. Sociality
affects  REM sleep episode duration under controlled laboratory
conditions in the rock hyrax, Procavia capensis. Front Neuroanat. (2017)
11:105. doi: 10.3389/fnana.2017.00105

46. Borbély AA. A two process model of sleep regulation. Hum Neurobiol.
(1982) 1:195-204.

47. Ehlers CL, Frank E, Kupfer DJ. Social zeitgebers and biological rhythms.
A unified approach to understanding the etiology of depression. Arch Gen
Psychiatry. (1988) 45:948-52. doi: 10.1001/archpsyc.1988.01800340076012

48. Yang H-C, Suh S, Kim H, Cho ER, Lee SK, Shin C. Testing bidirectional
relationships between marital quality and sleep disturbances: a 4-year
follow-up study in a Korean cohort. ] Psychosom Res. (2013) 74:401-
6. doi: 10.1016/j.jpsychores.2013.01.005

49. Kim HJ, Kim REY, Kim S, Kim SA, Kim SE, Lee SK, et al. Sex differences in
deterioration of sleep properties associated with aging: a 12-year longitudinal
cohort study. J Clin Sleep Med JCSM Off Publ Am Acad Sleep Med.
(2021). doi: 10.5664/jcsm.9072. [Epub ahead of print].

50. Garbarino S, Lanteri P, Durando P, Magnavita N, Sannita WG. Co-
morbidity, mortality, quality of life and the healthcare/welfare/social costs
of disordered sleep: a rapid review. Int J Environ Res Public Health. (2016)
13:831. doi: 10.3390/ijerph13080831

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Drews and Drews. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org

May 2021 | Volume 12 | Article 641102


https://doi.org/10.5665/sleep.5774
https://doi.org/10.1093/jamia/ocy064
https://doi.org/10.1093/sleep/21.7.749
https://doi.org/10.1093/sleep/2.3.319
https://doi.org/10.1097/00005650-199206000-00002
https://doi.org/10.1093/sleep/14.6.540
https://doi.org/10.1007/s11920-017-0816-4
https://doi.org/10.1111/j.1365-2125.1981.tb01836.x
https://doi.org/10.1080/00273171.2011.568786
https://journals.sfu.ca/jmde/index.php/jmde_1/article/view/431
https://journals.sfu.ca/jmde/index.php/jmde_1/article/view/431
https://doi.org/10.2214/AJR.17.19499
https://doi.org/10.1155/2017/8140672
https://www.R-project.org/
https://doi.org/10.18637/jss.v042.i08
https://doi.org/10.5664/jcsm.7036
https://doi.org/10.1038/s41386-019-0411-y
https://doi.org/10.1111/jsr.12841
https://doi.org/10.1016/j.nlm.2012.10.006
https://doi.org/10.1093/sleep/27.3.395
https://doi.org/10.1016/0732-118X(95)00023-A
http://open-mind.net/papers/the-avatars-in-the-machine-dreaming-as-a-simulation-of-social-reality/getAbstract
http://open-mind.net/papers/the-avatars-in-the-machine-dreaming-as-a-simulation-of-social-reality/getAbstract
https://doi.org/10.3389/fpsyg.2017.01867
https://doi.org/10.1017/S0140525X17000012
https://doi.org/10.3389/fnana.2017.00105
https://doi.org/10.1001/archpsyc.1988.01800340076012
https://doi.org/10.1016/j.jpsychores.2013.01.005
https://doi.org/10.5664/jcsm.9072
https://doi.org/10.3390/ijerph13080831
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Couple Relationships Are Associated With Increased REM Sleep—A Proof-of-Concept Analysis of a Large Dataset Using Ambulatory Polysomnography
	Introduction
	Methods
	Procedure
	The Original Study
	Measures Used for the Present Analysis
	Polysomnography
	Non-PSG Measures

	Sample Construction for the Present Study
	Statistical Analyses

	Results
	Propensity Score Matching
	REM Sleep and Other Polysomnographic Sleep Parameters

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


