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ABSTRACT 

 Subjective feeling, or mood, is not just a product of situational and dispositional 

factors, but is also based in part on underlying circadian rhythms.  Notably, accumulating 

evidence suggests that circadian patterning is limited to positive affect, possibly as an 

adaptive manifestation of an appetitive motivational system.  Furthermore, dispositional 

factors may influence the observed patterning, such as blunting the rhythm in positive 

affect when depression is present.  The present study sought to examine further these 

phenomenon at an individual-level, as well as to explore circadian and affective 

interactions at a couple-level  for perhaps the first time by monitoring mood, 

interpersonal interactions, sleep, activity, and light in 31 bed-sharing cohabitating couples 

over the course of 7 days.  Participants’ depression, well-being, relationship satisfaction, 

and morningness-eveningness were also assessed.  Systematic daily patterning was found 

in all three measures of affect, and was moderated by depression, well-being, and 

morningness-eveningness.  Within-couple affective synchrony (covariation) was 

positively associated with relationship satisfaction, within-couple morningness-

eveningness similarity, and synchrony of sleep timing. Finally, day-to-day within-couple 

sleep timing synchrony predicted the tenor of the following day’s partner interactions and 

affect.  These data provide further evidence of potentially important interactions between 

sleep, circadian, affective processes both within- and between-individuals.   
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BACKGROUND AND RATIONALE 

Affect generation and regulation 

The processes underlying emotion generation and regulation are highly relevant to 

mental health. Although the understanding and identification of the neuroanatomical and 

physiological underpinnings of emotion continue to progress, much remains to be 

elucidated, including a convincing linking of the subjective experience of emotion (i.e., 

feeling or affect) to specific brain areas or neural circuits (Barrett & Wager, 2006).  

Furthermore, the generation and regulation of mood, an affective phenomenon related to 

emotion in which the subjective feeling is the primary component, remains even less 

understood, despite dedicated efforts by a few investigators (e.g., (Thayer, 1997). 

Because baseline mood is directly related to the likelihood of the evocation of particular 

emotions (Clore & Ortony, 2000), greater understanding of mood regulation would 

advance our understanding of emotion regulation as well.  

One impediment to the most expeditious progress of the emotion literature has 

been confusion over and inconsistency in the definitions of various affective constructs, 

including properly differentiating between different affective categories.  (Scherer, 2000) 

writes, “many controversies in emotion psychology can be traced to a failure to clearly 

distinguish between the different classes of phenomena.”  Therefore, it’s important to 

define clearly what I mean by mood in this study.  Mood has been called “a diffuse affect 

state, most pronounced as change in subjective feeling, of low intensity but relatively 

long duration, [and] often without apparent cause” by (Scherer, 2000) and said to “differ 

from emotions in duration (often hours and even days long), a greater degree of 
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endogenous influence relative to external events, and a broader inclusion of transient 

feeling states than those associated with discrete emotions” by (Watson, 2000).  Both of 

these definitions overlap well with that of (Russell, 2003), who in an attempt to provide 

clarity to the conceptual framework of emotion, has advanced core affect as a 

fundamental, and perhaps the most essential, psychological building block in the 

framework.  Defined as “that neurophysiological state consciously accessible as the 

simplest raw (nonreflective) feelings evident in moods and emotions, “it is conceived as 

the conscious experience of “a single integral blend of two dimensions,” namely 

pleasure-displeasure and arousal.  In this framework, mood is considered a prolonged 

manifestation of core affect without an identified object on which the mood is directed.  

Although Russell’s dimensions of choice differ from those discussed below, he and 

others in this literature (e.g., Watson and Tellegen, 1985) agree that their models share 

the same conceptual space, an assertion with some empirical support (Yik, Russell, & 

Feldman Barrett, 1999).  Given this conceptual consensus, Russell’s definition of mood 

provides an excellent operationalization for the purposes of this study. 

It is likely that numerous simultaneous causes underlie mood at any given 

moment, with current mood an “accounting” of the “accumulation” of a “continuous flow 

of events (persons, places, things, states of affairs),” as well as a variety of internal events 

including daily biological rhythms (Russell, 2003).  Investigations of the role of circadian 

rhythms have yielded intriguing results.   With the publication of (Boivin et al., 1997), 

which was based on two independent studies using the gold-standard in chronobiological 

metholodology (i.e., the forced desynchrony paradigm), the evidence strongly indicates 



13 

that ongoing mood is not just based on dispositional and contextual factors, but also has 

both circadian and homeostatic (i.e., sleep drive based on prior amount of sleep and 

wakefulness) components.   Meanwhile, a number of other studies have noted the same 

pattern: that self-reported positive affect (PA) varies according to a diurnal rhythm, while 

self-reported negative affect (NA) does not (e.g., (Thayer, 1997; Watson, Wiese, Vaidya, 

& Tellegen, 1999; Wood & Magnello, 1992)).  The validity of this pattern is strengthened 

by a more recent study that demonstrated that these positive mood fluctuations parallel 

the core body temperature rhythm, an endogenous circadian rhythm that is used as a 

measure of the central pacemaker in the brain (Murray, Allen, & Trinder, 2002).  

Although some investigations have produced conflicting findings, these can usually be 

attributed to the use of bipolar scales for mood assessments (Barbini et al., 1998; Boivin 

et al., 1997) that confound positive-negative distinctions or to the use of dichotomous 

measures assessing the presence or absence of particular moods at each time point (Stone, 

Smyth, Pickering, & Schwartz, 1996), thereby precluding the investigation of the 

variation in magnitude.  The one exception that is not subject to these caveats was a study 

by (Peeters, Berkhof, Delespaul, Routtenberg, & Nicolson, 2006) that compared PA and 

NA patterns in healthy and depressed samples.  Intriguingly, the study reported that the 

depressed participants’ NA not only exhibited increased diurnal variation relative to the 

NA of healthy participants, but also exhibited the characteristic inverted-U (or -shaped) 

diurnal pattern (as modeled by a quadratic function of time) that was predicted (and 

observed) in PA. 
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(Watson, 2000) has offered an explanation for the divergent diurnal patterns of 

PA and NA that involves possible differences in their interactions with motivational 

systems.  Specifically, Watson links the systematic diurnal pattern of PA to an underlying 

Behavioral Facilitation System (i.e., Behavioral Activation System or Behavioral 

Approach System)i that is motivating engagement of the environment during the day.  In 

other words, PA is systematically increasing during times of maximal reward (daytime 

for diurnal species such has humans) and decreasing during times of maximal danger 

(nighttime).  In contrast, NA remains relatively level in the absence of aversive or 

ambiguous stimuli, theoretically as the manifestation of a reactive Behavioral Inhibition 

System.  

As mentioned, understanding of the neurophysiological underpinnings of mood 

remains incomplete, arguably in part because more scientific resources have been brought 

to bear on elucidating the regions underlying mood regulation (e.g., the hippocampus and 

frontal cortex) than those involved in mood generation.  The endogenous (and thus, truly 

circadian) pattern of mood suggests that pathways must exist between these yet-to-be-

determined regions and the master circadian pacemaker located in the hypothalamus, the 

suprachiasmatic nucleus (SCN).  If the circadian pattern of mood is confined to PA, then 

a likely candidate would be the mesolimbic dopamine reward circuit, an important 

substrate of the BAS (Gray, 2000).  As reviewed by (Nestler & Carlezon, 2006), this area 

is almost certainly involved in the mediation of mood under both normal and abnormal 

circumstances. Importantly for the discussion at hand, the animal literature has 

demonstrated that a number of circadian genes (genes that are part of the generation of 
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circadian rhythms at the molecular level) are expressed in this reward circuit, specifically 

in the ventrotegmental area (VTA) and nucleus accumbens (NAc).  Whether the 

expression of these genes is under the direct control of the SCN remains unknown, but 

the possibility exists that circadian pattern of PA is entrained to the light/dark cycle by 

the SCN in the same manner as is the circadian sleep/wake pattern. 

Dyadic processes in affect regulation 

A complete account of affect regulation requires attention to how individuals 

influence one another’s mood.  One might expect individuals in pair-bonds to have a 

relatively large mutual influence on one another’s moods; thus studying mood regulation 

in dyads seems a good place to start.  Investigations of affect regulation with regard to 

dyads are numerous in both the attachment literature (e.g., (Diamond & Aspinwall, 2003; 

Feeney, 1999)) and in the developmental literature (e.g., (Spinrad, Stifter, Donelan-

McCall, & Turner, 2004; Supplee, Shaw, Hailstones, & Hartman, 2004)).  However, in 

looking for the pathways via which dyad members might impact one another’s mood, 

past studies have looked primarily at psychological mechanisms rather than emphasizing 

circadian and other physiological systems.  According to Diamond (2001), the possibility 

of bond between romantic partners being both psychological and physiological is a 

“compelling and provocative notion [that] has never been empirically tested”. 

Some evidence that sleep processes may be implicated in the bond between 

romantic partners does exist.  As discussed by a recent review (Troxel, Robles, Hall, & 

Buysse, 2007), the role of sleep in close relationships has received occasional attention 

over the years.  Based on 21 studies of the impact of sleep disturbance (including sleep 
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apnea) on relationship quality, as well as four studies of the effect of relationship 

functioning on sleep quality, the authors concluded there was at least “conditional 

support for the hypothesis that relationship quality is importantly implicated with sleep 

and vice versa.   

However, this intuitive notion, that bidirectional pathways exist between sleep 

quality and relationship quality, is conceptually different than whether (or how) 

synchrony of sleep schedules and/or circadian phase might relate to relationship quality.  

With respect to sleep, more than two decades ago Aaronson et al (1980) wrote that “in 

contrast to our extensive knowledge of solo sleep, our understanding of interpersonal 

interaction during sleep is virtually non-existent.”  Other than those authors’ attempt to 

address this oversight with video analysis, only a handful of studies in the intervening 

years have attempted to advance this knowledge.  An analysis of the correlated 

movements of 46 couples during sleep by (Pankhurst & Horne, 1994) found a 

“substantial degree of concordance” between partners’ movements.  (Wulff & Siegmund, 

2000) used cross-correlational analyses to investigate the extent rest-activity 

synchronization in mother, father, and infant dyads, and found that synchrony in mother-

father activity increased from the prenatal period to the postnatal period.  Building on this 

prior work, (Meadows, Venn, Hislop, Stanley, & Arber, 2005) evaluated two alternatives 

for the actigraphic analysis of couples’ sleep with an eye towards establishing methods to 

examine the ‘impact” that one bed partner has on the other’s sleep.  Most recently, 

(Dittami et al., 2007) found sex differences in sleep quality and sleep efficiency in 10 

couples depending on whether the couples were sleeping together or apart. However, 
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none of these studies addressed whether variations in the dyadic sleep interdependence 

had consequences for the relationship of the dyad. 

Likewise, only a small, if intriguing literature has broached the role of circadian 

processes—specifically synchrony of circadian phase—in relationships.  According to 

(Ehlers, Frank, & Kupfer, 1988), it is “well established” that marital partners tend to 

synchronize their circadian rhythms based on a compromise between their mealtimes, 

sleeping times, and times of activity, which may be adaptive, given that there are some 

indications that romantic partners at the opposite extremes of circadian phase (“morning 

larks” and “night owls”) tend to have negative consequences in their relationship (Monk, 

Essex, Smider, Klein, & Kupfer, 1996).   Although the empirical basis for Ehlers’s 

assertion at the time has yet to be verified, the question of whether such synchrony is 

adaptive for relationships is a compelling one.  Unfortunately, only a handful of studies 

with inconsistent findings were located that can speak to this question.   Two early 

studies mostly conceptualized the potential problems from partners’ being “out-of-phase” 

with one another as largely springing from the difficulty in scheduling social (e.g., meals, 

conversation) and relationship-relevant (e.g., serious discussions, sex) activities at 

mutually-agreeable times.  Working from a systems perspective, a third study explored 

the possibility of a link between cyclicity of interpersonal conflict and biological rhythms 

(using body temperature as a phase marker).   Although limited by very small sample 

sizes, two of the three studies found evidence for an association between rhythms and 

relationship adjustment (Adams & Cromwell, 1978; Araoz, 1979), while the third did not 

find a statistically significant association (Hoskins, 1979)ii.  More recently, (Larson, 
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Crane, & Smith, 1991) studied the effects of couples’ sleep/wake patterns on a variety of 

facets of marital adjustment in 150 couples.  Based on their responses to a study-specific 

4-item “Morningness-Nightness” measure, couples were labeled “matched” or 

“mismatched”.  The mismatched couples reported less marital adjustment and more 

marital conflict (along with differences in other more specific measures, e.g., time spent 

in serious conversation) than matched couples.iii  (Lange, Waterman, & Kerkhof, 1998) 

attempted to replicate this finding using a different 7-item measure of morningness-

eveningness (Kerkhof, 1984) and sleep diaries in 55 couples who were classified as 

“matched” or “mismatched” on the basis of a median split of the scores and times, 

respectively.  In contrast to the earlier findings, Lange and colleagues did not find an 

association between preferred sleep/wake patterns (i.e., morningness-eveningness) and 

marital adjustment; however, they did find that a mismatch in actual in-bed times was 

associated with lower marital adjustment. 

Social rhythm theory is the focus of a related literature, which has investigated the 

role of social zeitgebers (i.e., social time cues that serve to entrain biological rhythms) in 

maintaining stable circadian rhythms (Ehlers, Frank, & Kupfer, 1988).  According to the 

theory, a lack of consistent social zeitgebers can lead to unstable social rhythms, leading 

in turn to unstable biological rhythms and ultimately to mood dysregulation.  Romantic 

partners play a particularly important role by influencing and constraining the timing of 

key daily social activities, including (but not limited to) first contact with another person 

after waking, meals, and sleep schedules (Monk, Frank, Potts, & Kupfer, 2002).  

Although these ideas are clearly relevant to the discussion at hand, I would argue that 
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social rhythm theory takes a narrower perspective by emphasizing individual instead of 

dyadic processes.   Assessing both partners simultaneously allows the examination of 

intra-dyadic processes, as well as the impact of these processes on individual-level 

wellbeing in both partners and on couple-level relationship quality. 

Are the consequences of being “mismatched,” or “out-of-sync,” mediated only 

through the couple’s relative difficulty in scheduling of social and relationship-relevant 

activities?  Or are there synchrony-related physiological processes that also impact the 

bond between the couple?  The apparent endogenous component of positive mood 

described above provides one possible such physiological pathway.  By constraining each 

others’ sleep schedules (and thus circadian timing), dyad members may impact the 

circadian component of positive mood, thus indirectly altering each others’ positive mood 

patterning.   In other words, by increasing the similarity of their sleep schedules, partners 

in a couple might shift their respective positive mood rhythms toward something 

approaching synchrony.  The previously hypothesized pathway between the SCN and the 

BAS provides an ostensible endogenous means for this to occur.  Furthermore, one might 

expect this synchrony to be relatively chronic, given that circadian rhythms are 

comparatively stable, normally shifting no more than 30-60 minutes per day even in the 

face of exogenous manipulation.  

In contrast, as the BIS hypothetically manifests negative mood in a reactive rather 

than systematic fashion, the influence partners would have over each other’s negative 

mood would have a more exogenous component relative to positive mood.  This is 

because, according to the proposed hypothesis, the extent of negative mood observed at 
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any time in one of the partners would be more a result of an external event (with a low 

baseline levels in the absence of any triggering events) than a systematic endogenous 

variation as noted in positive mood.  Consequently, the effect would also be both 

relatively specific—impacting a more limited expanse of affective landscape—and 

relatively acute—unlikely to endure day in, day out as would a circadian rhythm. The 

likely caveat to the latter point would be in the possibility of a triggering a depressive 

episode.  There is no doubt that romantic relationships do have powerful effects on 

negative mood.  The marital relationship has been called the “single most consequential 

interpersonal relationship for negative affect” (Beach, Martin, Blum, & Roman, 1993). 

 Despite the possibility of within-couple interdependence in sleep and affective 

synchrony, and despite indications that similar sleep schedules are relevant to relationship 

satisfaction, no extant studies have examined how affective processes might be involved 

in the impact of sleep schedule similarity on relationship characteristics.  If the 

sleep/wake cycle and mood rhythms are both outputs of the same governing circadian 

pacemaker, and thus the extent of synchrony in sleep/ wake patterns and/or circadian 

phase is associated with the extent of synchrony in mood rhythms, questions arise about 

the consequences of being in- or out-of-phase in mood rhythms for couples with similar 

or divergent sleep schedules. The literature on affective synchrony is inconclusive at this 

point, although it is apparent that mood concordance is not “necessarily uniformly 

beneficial”, and that both valence (e.g., positive or negative mood) and timescale (e.g., 

moment-to-moment, hourly, or daily) might be important determinants of this.  
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Present study 

This project will investigate for the first time the associations of variations in 

circadian activity rhythms, sleep, and positive and negative mood in the context of a co-

sleeping relationship. The proposed paradigm has several advantages.  First, if the extent 

of synchrony between partners’ positive mood patterns is related to the extent of 

synchrony between the partners’ circadian phase (as measured by sleep timing and/or 

activity rhythms), this would provide further credence that the central circadian 

pacemaker is also underlying the observed positive mood rhythm (i.e., the positive mood 

rhythm has an endogenous basis rather than an environmental or sociocultural one).  

Thus, I predict that if the positive, but not negative, mood ratings of individual 

participants vary according to a daily rhythm (Hypothesis #1), greater correspondence 

between partners’ sleep and/or circadian data will correspond to greater covariation 

between their positive mood data (Hypothesis #2). Because the context of a romantic co-

sleeping relationship (beyond similarity in sleep timing, etc.) is almost certain to 

contribute additional predictive power in the mood of couple members, participants will 

also be prospectively rating their partner interactions in order to parse out their relative 

contributions to mood.  

Another advantage is the potential relevance to co-sleeping couples, for whom 

greater synchrony (literally being “in sync”) may have implications for their relationship 

satisfaction and psychological well-being.  Consequently, I also predict that greater 

overall synchrony between co-sleeping partners’ respective sleep, activity, and/or mood 

patterns will be related to higher levels of relationship satisfaction, less depression, and 



22 

greater psychological well-being (Hypothesis #3).  If circadian patterning is limited to 

positive mood (per Hypothesis #1), I predict that only synchrony in positive mood will be 

related to positive relationship and individual outcomes.  Finally, in addition to relevance 

to mood regulation as a basic psychological process at both an individual and couple-

level, the findings may have implications for understanding the magnitude and patterning 

of mood with in disorders such as major depression. 
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METHODS 

Participants  

 Participating couples were recruited through community advertising, university-

wide e-mail bulletins, and word-of-mouth.   Participants had a mean age of 26.0 years 

(range = 18-40 years).  Couples (n = 31), who were predominantly heterosexual except 

for two same-sex (both female) couples, had been co-sleeping (operationally defined as 

sharing a bed for at least 4 nights per week) for a mean duration of 2.7 years (range = 6 

months-9 years, 11 months).  Prior to enrolling in the study, participants were asked 

about their age, duration of co-sleeping, presence of any current diagnoses of and/or 

treatment for sleep disorders, psychiatric disorders, or substance abuse.  Female 

participants were also asked if they were currently pregnant, currently post-menopause, 

or experiencing any post-menopausal symptoms.  

Participants were excluded if their age was outside the range of 18-45 or they had 

been co-sleeping for less than 6 months or more than 10 years.  Participants were also 

excluded if they had been diagnosed with any current sleep disorders, psychiatric 

disorders, or current substance abuse.  Female participants were excluded if they were 

currently pregnant or might become pregnant during the course of the study, or if they 

were post-menopause or experiencing pre-menopausal symptoms. Although it was not a 

formal exclusion criterion, none of the couples had children. 

Study Design 

 The hypotheses posed above were tested in an observational, longitudinal design 

using ecological momentary assessment (EMA) methods and employing a combination 
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of scheduled signal-contingent and event-contingent sampling.  Specifically, participating 

couples were assessed on a variety of self-report measures under naturalistic conditions 

up to 6 times a day over 7 days for a total of 42 time points.  The data collection schedule 

was selected in order to balance a sufficiently high sampling frequency in order to track 

mood patterning with concerns over participant burden and reactivity.   

Patterns of mood, sleep, activity, and light exposure were followed in 

participating couples over the week using EMA methods.  Sleep was assessed via daily 

diaries and actigraphy (using wrist-mounted activity monitors).  The activity monitors 

also provided 24-hour activity recordings for the estimation of circadian activity rhythms.  

Sleep offset (or wake-up time) was calculated from the actigraphy data for use as a 

marker of circadian phase.  In order to track mood patterns as well as relevant contextual 

factors, participants recorded their mood, current light conditions, and the nature of last 

contact with their partner in personal digital assistants (PDAs) every three hours during 

their waking phase only (approximately six times per day).   

In addition, traditional pen-and-paper measures of depressive symptomatology, 

well-being, and relationship satisfaction were administered at baseline and at the end of 

the study on day 7.  These were included in order to address questions about the 

moderation of mood patterns by dispositional variables, as well as questions about the 

consequences of within-couple synchrony for relationship satisfaction. 

Participants were compensated for their time.  In order to increase compliance, 

participants had the opportunity to earn raffle tickets for days in which they complete a 

minimum number (at least 4) of PDA assessments. 
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Table 1. Study design 
Friday (Day 0) Saturday – Thursday (Days 1 – 6) Friday (Day 7) 

1)  Co-sleeping questionnaire 

2)  Morningness scale 

3)  Depression & well-being 

scales  

4)  Relationship satisfaction 

scales  

1) Sleep diary and actigraphy 

2) Mood assessments every 3 hours 

3) Light exposure ratings every 3 hours 

4) Partner contact ratings every 3 hours 

 

1) Sleep diary and actigraphy 

2) Mood assessments every 3 hours 

3) Light exposure ratings every 3 hours 

4) Partner contact ratings every 3 hours 

5) Depression & well-being scales 

6) Relationship satisfaction scales 

Ecological momentary assessment (EMA) 

Each participant utilized EMA software, the Purdue Momentary Assessment Tool 

(PMAT; Military Family Research Institute at Purdue University), on a personal digital 

assistant (PDA; Palm Z22 Color PDA HandHeld Organizer) to complete mood scales, 

light exposure ratings, and nature of last contact with their partner approximately every 

three hours during their waking period (six times per day).  The PDA alerted the 

participant about the first five time points using an alarm (a brief beeping sound that 

repeated every 30 seconds for two minutes) previously set by the experimenter.  The first 

five time points were based on the participant’s usual sleep offset (wake-up time) as 

reported by the participant during the baseline interview, occurring first at the usual sleep 

offset, then at 3 hours, 6 hours, 9 hours, and 12 hours post- sleep offset increments.  

Participants were required to enter the last time point at their bedtime.  The bedtime time 

point was not set at an established increment from sleep offset in order to allow 

participants to maintain flexible sleep schedules, thus minimizing artificial constraints 

due to the study.    

Even further flexibility was built into the PDA assessments.  The PMAT 

application remained “on” for a 30-minute window after each time point.  If the 
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participants were to miss the entire 30-minute window, they were instructed to select the 

‘missed time point’ option provided by PMAT as their first opportunity, and as close to 

the original time point as possible.  Furthermore, participants were able to program 

PMAT to skip an upcoming time point if they anticipated being in a situation where the 

alarm would be disturbing to others or potentially embarrassing to the participant (e.g., a 

business meeting).  Participants were encouraged to use the ‘missed time point’ function 

in this case.  In order to reduce participant burden, it was also emphasized during the 

baseline meeting that, given the 30-minute response window and the ‘missed time point’ 

option, participants need not worry about rushing to the respond to the PDA’s alert 

sound, particularly if they were in a situation where doing so would be inconvenient (e.g., 

talking on the phone) or dangerous (e.g., driving).  This instruction was also intended to 

minimize participant reactivity to the study that might confound the results (e.g., 

increased participant irritation could lead to artificially high negative affect ratings). 

Measures 

Mood sampling.  In accordance with other recent studies investigating the 

rhythmicity of affect in hypothetical relation to the BAS (Murray, 2007; Murray, Allen, 

& Trinder, 2002), PA and NA were measured on an abbreviated form of the Positive and 

Negative Affect Schedule (PANAS, (Watson, Clark, & Tellegen, 1988).   The overall 

PANAS-General is a 20-item self-report scale designed to tap two broad dimensions:  

positive affect and negative affect.  The abbreviated PA and NA scales contain four items 

(excited, interested, determined and active) and five items (upset, guilty, scared, hostile 

and jittery), respectively.  In order to increase the variability of scores and per 
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recommendations for circadian mood research (Porto, Duarte, & Menna-Barreto, 2006), 

the PANAS items were answered on VAS scales ranging from “not at all” to 

“extremely”.  In addition, because the PANAS does not contain items regarding 

happiness, mood valence was measured using a bipolar VAS scale (very sad – very 

happy) representing the extremes of unpleasantness and pleasantness. 

 Sleep assessment.  Participants completed a 7-item sleep diary including entries 

for naps, bedtime, sleep onset, sleep latency, number and duration of awakenings, and 

sleep offset, and out-of-bed time was completed throughout the week.  Partway through 

the study, an eighth item was added to assess the subjective level of daily stress (34 

participants—19 females—completed the 8-item version).  In addition, participants were 

encouraged to write additional notes concerning any events that may have impacted their 

sleep (e.g., a car alarm or loud party) or if they had not shared a bed with their partner 

that night.iv   

Wrist actigraphy (Actiwatch®; Mini Mitter, Sunriver, OR) provided a 

complimentary objective measure of sleep and activity. , Participants were instructed to 

wear a wrist Actiwatch (Mini Mitter Co. Inc., Model AW64) at all times other than in 

situations where the Actiwatch might be damaged (e.g., bathing or swimming).  

Participants were asked to press a button on the face of the Actiwatch, which serves as an 

event marker in the downloaded data on two occasions during each sleep period:  when 

they intended to fall asleep and when they had awakened for the final time at the end of 

their sleep period.  These markers served as measures of lights-off and lights-on times, 

providing outside boundaries for subsequent calculation of sleep onset and offset. 
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Other sleep-related assessments.  At study start, participants were asked about the 

duration of their co-sleeping arrangement and their usual sleep offset times.  Participants 

also completed the Composite Scale of Morningness (CSM; (Smith, Reilly, & Midkiff, 

1989)) to assess their diurnal preference (i.e., morningness-eveningness).  The CSM is a 

13-item scale with a Likert-type response format. For each item, the 5 response options 

refer to different times of the day. The score is obtained by the sum of the items and 

ranges from 13 (extreme eveningness) to 55 (extreme morningness). (Greenwood, 1994), 

(Guthrie, Ash, & Bendapudi, 1995) and Smith et al. (1989) provide data about both 

reliability and validity. 

Measurement of individual-level functioning.  In order to tap individual 

functioning, depressive symptomatology and psychological well-being were assessed 

using the Beck Depression Inventory-2nd edition (BDI-II; (Beck, Steer, & Brown, 1996)) 

and the WHO-Five Well-Being Index  (WHO-5, (Organization, 1998)), respectively. The 

BDI-II is a widely-used 21-item self-report measure that can serve as a quantitative index 

of the severity of depressive symptoms. It measures the presence and severity of 

depressive symptomatology via multiple-choice items that are scored 0 to 3 in terms of 

intensity, with a total score ranging from 0 to 63.   The BDI-II demonstrates “high 

internal consistency, high content validity, validity in differentiating between depressed 

and nondepressed subjects, [and] sensitivity to change” (Richter, Werner, Heerlein, 

Kraus, & Sauer, 1998). 

The WHO-5 was designed for measuring general psychological well-being, 

including depression.  Although it has been validated as a screening instrument for 
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depression in primary care settings (Henkel et al., 2003), it taps more aspects of well-

being than merely the absence of depression symptoms (Bech, 2004). Items cover 

positive mood (good spirits, relaxation), vitality (being active and waking up fresh and 

rested), and general interests (being interested in things).  Scores below 13 (the scale has 

a maximum of 25) indicate poor well-being. 

 Measurement of couple-level functioning.  At both study start and study end, 

participants completed two instruments assessing relationship quality or satisfaction.  

Participants were physically separated from their partners while completing these 

instruments in order to minimize concern about their partner seeing their responses.  

Couples were also assured that this information would not be shared under any 

circumstances. 

The Dyadic Adjustment Scale-4 item (DAS-4; (Sabourin, Valois, & Lussier, 

2005)) is an abbreviated version of a widely-used 32-item measure of the severity of 

couple problems. The DAS-4 proved to be informative at all levels of couple satisfaction. 

Sabourin, Valois, and Lussier (2005) found that the DAS-4 was as effective as the DAS-

32 in predicting couple dissolution, was less contaminated by socially desirable 

responding, and was very stable over a 2-year time period, all while being less time 

consuming than the full measure.  The Relationship Assessment Scale (RAS; Hendrick, 

1988) is a 7-item Likert scale designed to be a generic measure of relationship 

satisfaction.  According to (Hendrick, Dicke, & Hendrick, 1998), the RAS shows 

moderate-to-high correlations with measures of marital satisfaction, has good test-retest 
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reliability, and displays consistent measurement properties across samples of ethnically 

diverse and age-diverse couples. 

In addition, relationship satisfaction was assessed prospectively on three different 

VAS scales (ranging from ‘not at all’ to ‘extremely’) via the PDAs.  The first two items 

assessed the valence of recent partner contact (at the same 3-hour intervals as the PANAS 

and bipolar measures), asking about positive interactions (i.e., ‘If in contact (in person, 

phone, or e-mail) with your partner within the last 3 hours, to what extent was your 

interaction of a positive nature?’) and negative interactions, respectively. These two items 

were included in order to partial out at least a portion of the mood variance associated 

with contextual factors.  The third VAS item, which appeared only at bedtime, assessed 

the overall subjective relational cohesion for the day by asking “Looking back at the day 

as a whole, to what extent were you and your partner “in sync” today?” 

Light exposure ratings.  Participants’ subjective impressions of their light 

exposure were rated using a novel 9-point scale (see Appendix A; Kripke, personal 

communication).   

Data analysis procedures 

 Reactivity of study measures. Due to concerns about reactivity of the paper-and-

pencil relationship measures impacting the depression and well-being measures (or vice 

versa), half the sample completed the relationship measures first while the other half 

completed the depression and well-being measures first.  Two-tailed t-tests were used to 

test for the presence of order effects. 
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 Computation of within-couple synchrony variables.  In an effort to capture the 

level of within-couple similarity in morningness-eveningness or sleep, it was necessary to 

compute several new variables.  Each variable was calculated using the absolute value of 

the difference between the partners’ respective scores for morningness-eveningness, sleep 

onset, and sleep offest (both actigraphy-based and diary-based).  Thus, all values of these 

variables were either zero or in the positive range, with a zero value indicating no 

difference between partners and increasing values indicating incrementally greater 

differences between partners.  Both weekly means and daily means were calculated for 

the sleep difference measures.  The morningness-eveningness and sleep differences 

scores were evaluated for outliers using a cap of three standard deviations (3SD).  Any 

scores beyond the 3SD threshold were set at the 3SD value.  This applied to one dyad’s 

weekly means of the differences between their respective sleep onsets (an outlier of 4.92 

hours was constrained to the 3SD mark at 3.75 hours) and sleep offsets (an outlier of 

10.46 hours was constrained to 8.51 hours).  With regard to the daily means, two sleep 

onset difference scores (belonging to a single dyad) were beyond the 3SD threshold and 

constrained to 4.41 hours, and seven sleep offset difference scores (from three different 

dyads) were constrained to 10.78 hours.   

 Missing data.  Participants were encouraged to complete as many of the EMA 

time points as possible (and given extra incentive via the raffle), and as a result, nearly 

half the sample (29 participants) missed 2 or fewer time points.  One participant broke 

her PDA just prior to returning it on Day 7 and the data was not recoverable.  As a result, 

that couple were not included on any of the couple-level analyses.  As for the remaining 
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participants with datasets of varying degrees of completeness (M = 89.02 %, range = 0 – 

100%), no extra procedures (e.g., imputation of missing time points) were undertaken as 

the multilevel modeling approach is well-suited for handling missing data in that 

individual trajectories can still be computed albeit with attenuated reliability.  With 

regard to the paper-and-pencil measures, the end-of-study RAS and DAS-4 measures for 

one couple were each completed by only one partner, respectively.  Thus, the mean RAS 

and DAS-4 ratings for these individuals are based on the baseline scores only. 

Pre-analysis data checking and preparation.  In order to improve the reliability of 

the individual well-being and couple-level relationship measures, the means of their 

baseline and of end-of-study scores were used for all further analyses (unless otherwise 

specified).  If either the baseline or end-of-study score was missing for any participant, 

the available score was substituted for the mean (on three occasions a single score was 

missing for each of three different participants).  All between-person and between-couple 

variables were checked for skewness and kurtosis prior to inclusion in any multilevel 

modeling, regression, or correlation analyses.  As might be expected in a healthy sample, 

mean BDI was skewed towards zero.  Both square root- and log-transformation were 

tested for BDI; the former method was chosen for its superior (relative improvement in) 

skewness and kurtosis. 

 In addition, per standard recommendations (e.g., (Bolger, Davis, & Rafaeli, 2003; 

Enders & Tofighi, 2007) all within-person time-varying covariate predictor variables in 

the multilevel analyses were group centered (centered around each participant’s own 

mean).  When group-centering rather than grand mean centering (using the mean of the 
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entire sample) within-person covariates, the intercept is interpreted as the within-person 

mean over time and the relevant coefficient is unambiguously interpreted as the mean 

within-person regression of the outcome variable on the covariate (Enders & Tofighi, 

2007).  In contrast, most between-person (or between-couple) predictor variables were 

grand mean centered (centered around the mean of the entire sample).  This eases 

interpretation of the intercept, which is now equivalent to the mean at the mean levels 

(i.e., zero) of the between-person predictor variables.   The only between-person variables 

left uncentered were variables for which zero was meaningful value (e.g., the distance 

between partners’ morningness-eveningness scores). 

 Note that outcome variables (i.e., PA, NA, and the bipolar scale) were not 

converted to z-scores, despite the temptation of this method as a means towards 

standardizing the idiosyncratic approaches participants had to using each VAS.  As 

explained by (WIllett, Singer, & Martin, 1998), “standardizing the outcome within-wave 

places unnecessary and unusual constraints on its variation.  If the collection of individual 

growth curves fans out over time (as is common), standardizing the outcome within-wave 

essentially increases the amount of outcome variation manifest during early time periods 

and diminishes the amount of outcome variation manifest during later ones.” 

 Primary analyses.  Variants of multilevel modeling (MLM) were employed to 

investigate individual-level diurnal rhythmicity (Hypothesis #1) and couple-level 

affective synchrony (Hypotheses #2 and 3). Analyses were conducted in SAS Proc Mixed 

version 9.  In its most basic form, this approach to modeling change includes (1) a Level-

1 submodel that estimates how individuals change over time and (2) a Level-2 submodel 
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that estimates how these changes vary across individuals.  By simultaneously addressing 

both sources of variance and allowing for within-participant non-independence of 

observations, MLM provides more precise standard errors of parameter estimates than 

ordinary least squares regression, resulting in more accurate hypothesis testing (Singer & 

Willett, 2003).   Furthermore, MLM provides a means to both account for and directly 

investigate the between-participant non-independence inherent to dyadic data sets by 

using the dyad, rather than the individual, as the unit of analysis.  More details specific to 

the various analyses can be found in Appendices C (individual-level diurnal rhythmicity) 

and D (couple-level affective synchrony).  Correlational analyses were used for 

preliminary testing of Hypothesis #3 (does within-couple synchrony predict relationship 

satisfaction?). 

 Effect sizes and power analyses.  Largely because of the relative newness of 

MLM, the literature has not yet established agreed-upon measures of effect size.  

Although MLM is an extension of regression procedures, the partitioning of variance into 

Level-1 (i.e., within-participant in longitudinal models) and Level-2) (i.e., between 

participants) with accompanying different sample sizes at each level renders 

inappropriate the previously established effect size measures for regression (Roberts & 

Monaco, 2006).  In place of the R2 and change in R2 as measures of the variance 

explained by the entire model or individual predictors, respectively, MLM procedures 

compare models via measures that capture the relative decrement in model fit or relative 

shift in Level 1 or Level 2 variance explained.  These procedures are explained in greater 
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detail in Relationship consequences of synchrony in sleep timing as well as Appendices C 

and D. 

 Power analyses for MLM are somewhat more established, with relevant software 

available (e.g., PINT by Bosker, Snijders, and Guldermond).  However, given the 

relatively dense accompanying instructional material, the mostly impenetrable 

explanatory articles in the literature, and (perhaps most importantly) the apparent lack of 

published procedures for relevant approaches for dyadic analyses, I was unable to run the 

appropriate power analyses to estimate a target sample size a priori or necessary sample 

size to achieve significance post hoc.  That being said, general recommendations for 

sample sizes in MLM have been published.  According to (Maas & Hox, 2005), Level-2 

sample sizes smaller than 50 lead to biased estimates of the Level-2 standard errors 

(which are estimated about 15% too small with an n of 30) and thus biased hypothesis 

testing.  Consequently, hypothesis testing in the individual-level analyses below should 

be relatively unbiased (with a Level-2 n of 61 participants, but the couple-level analyses 

are somewhat more suspect (n ~ 30 at Level-2).   
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Results 

Overview of sample 

 Mean-level data for the sample—62 participants (31 couples)—are displayed in 

Table 2.  Other than a trend towards higher mean daily stress in males, no significant 

differences existed in the means for female and male partners.  The mean score on the 

Composite Scale for Morningness indicates that on average, participants tended towards 

the “Morningness” end of the  ‘Intermediate Type’ range (23-45, higher scores indicate a 

greater degree of morningness) according to the original criteria set by (Smith, Reilly, & 

Midkiff, 1989)  Most of the sample fell into the Intermediate range, with only 3 evening 

types and 5 morning types.  As expected in a healthy sample, the mean BDI at baseline 

(M = 5.34, SD = 4.64) was in the nondepressed range (<10) and the mean WHO-5 at 

baseline (M = 15.60, SD = 2.99) was above the cutoff for poor well-being (13).  

Likewise, baseline scores towards the high end of the range for both relationship 

measures (M scores of 13.66 out of 16 and 31.79 out 35 for the DAS-4 and RAS, 

respectively) were consistent with stable, healthy relationships among the participating 

couples. 
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Table 2.  Overall sample characteristics 

All participants 
 (n = 62) 

 Females  
(n = 33) 

Males  
(n = 29) 

  

M SD  M SD M SD  t-test 
Age (years) 25.98 4.92 25.39 4.22 26.66 5.61 -1.01 
Co-sleeping duration (years) 2.65 2.45 2.58 2.41 2.72 2.52 na 
Usual wake time (self-reported) 7:24 2:12 7:31 2:21 7:15 2:01 .47 
Composite Scale of Morningness 35.84 8.59 34.73 8.50 37.10 8.67 -1.09 
Dyadic Adjustment Scale  (4-item)        

Baseline 13.66 1.69 13.82 1.55 13.48 1.84 .78 
End of study 13.77 1.80 13.78 1.79 13.76 1.85 .05 
Mean 13.73 1.61 13.82 1.49 13.62 1.76 .51 

Relationship Assessment Scale        
Baseline 31.79 2.72 32.18 2.53 31.34 2.91 1.21 
End of study 32.07 2.95 32.03 2.71 32.11 3.27 -.10 
Mean 31.92 2.66 32.11 2.42 31.71 2.94 .59 

Beck Depression Inventory (2nd ed.)        
Baseline 5.34 4.64 5.06 3.22 5.66 5.88 -.50 
End of study 4.58 5.38 4.21 3.62 5.00 6.91 -.57 
Mean 4.96 4.55 4.64 3.21 5.33 5.74 -.59 

WHO-5 Well Being Index        
Baseline 15.60 2.99 15.76 2.37 15.41 3.60 .45 
End of study 16.18 3.32 16.09 2.69 16.28 3.97 -.22 
Mean 15.89 2.90 15.92 2.18 15.84 3.60 .11 

Bipolar scale (very sad–very happy) 66.73 13.82 68.07 15.35 65.26 12.00 .79 
Positive Affect 41.10 16.07 38.48 13.46 43.99 18.34 -1.35 
Negative Affect 8.05 6.44 7.43 5.41 8.73 7.46 -.78 
Positive Contact with Partner 78.32 13.42 80.26 13.22 76.18 13.55 1.35 
Negative Contact with Partner 9.31 9.55 9.35 10.09 9.27 9.11 .03 
Daily stress rating (1-10)a 4.22 1.23 3.88 .98 4.65 1.42 -1.86† 
Light Exposure Scale 4.03 0.67 4.02 0.61 4.05 0.75 -.19 
 

aThis question was added as a daily item on the sleep diary partway through the study; 
thus, only 34 participants (19 females) completed it. 
† p < .10. 
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Table 3.  Diary- and actigraphy-based sleep data 
 

All participants 
 (n = 62) Females (n = 33) Males (n = 29) 

 

M SD M SD M SD t-test 
Diary-based sleep data        

In bed 23:25 1:33 23:15 1:37 23:36 1:27 -.91 
Lights out 23:42 1:27 23:25 1:25 0:02 1:26 -1.67† 
Out of bed 7:48 1:16 7:54 1:09 7:42 1:25 .60 
 
Sleep onset 23:56 1:29 23:38 1:28 0:17 1:27 -1.75† 
Sleep midpoint 3:44 1:11 3:38 1:00 3:51 1:21 -.72 
Sleep offset 7:31 1:16 7:38 1:09 7:24 1:24 .67 
 
Sleep onset latency, min. 14.09 12.39 12.88 10.29 15.47 14.47 -.82 
Wake after sleep onset, min. 9.70 11.73 9.30 8.91 10.17 14.45 -.29 
Total sleep time, hr 7.33 1.44 7.68 1.74 6.94 0.87 2.07* 
Time in bed, hr 8.39 1.43 8.65 1.56 8.09 1.23 1.54 
Sleep efficiency (%) 87.64 6.66 88.45 5.31 86.73 7.92 1.02 

   
Actigraphy-based sleep data        

Sleep onset 0:09 1:27 0:04 1:29 0:14 1:26 -.41 
Sleep midpoint 3:31 0:59 3:25 0:55 3:38 1:04 -.80 
Sleep offset 6:53 1:41 6:46 2:01 7:01 1:15 -.58 
        
Sleep onset latency (min.) 12.12 7.75 11.01 6.85 13.40 8.61 -1.22 
Sleep efficiency (%) 85.00 4.67 85.87 4.67 84.02 4.55 1.57 
Wake after sleep onset (min.) 40.66 16.72 41.08 18.76 40.17 14.35 .21 
Total sleep time (hr) 6.62 .86 6.84 .85 6.36 .81 2.27* 
# of days included in mean 6.81 .70 6.82 .58 6.79 .82 .14 

 
 
Sleep data 

The sleep data based on diary and actigraphy measures, and divided by sex, are 

displayed in Table 3.  The mean values for the markers of sleep quality were generally 

consistent with normal sleep for the sample as a whole, with both diary- and actigraphy-

based sleep onset latencies (SOL) below 30 minutes, diary-based wake after sleep onset 
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(WASO) under 30 minutes, and both diary- and actigraphy-based sleep efficiency at or 

above 85%.  The only exceptions to this were a relatively high actigraphy-based WASO 

(> 30 minutes) and relatively low actigraphy-based total sleep time (TST), both of which 

are consistent with other reports of overestimation of wake by actigraphy (Ancoli-Israel, 

Cole, & Alessi, 2003).  A few sex differences emerged in the sleep data.  In general, male 

partners were attempting to fall asleep later (trend difference in diary-based ‘lights-out’ 

times), actually falling asleep later (trend difference in diary-based sleep onset times), 

and sleeping less than the female partners (significant differences on both diary- and 

actigraphy-based TST).  

Reactivity of study measures 

 Given the lack of significant difference between each half’s respective scores for 

baseline BDI, WHO-5, DAS-4, and RAS, no effects due to order of administration were 

evident.  In addition, pre-post study differences were examined in order to detect any 

potential impact of the study on individual well-being or couple-level relationship 

measures.  Only the WHO-5 showed a trend-level difference, with an increase from 15.60 

to 16.18 (t(61) = -1.83, p = .07) from baseline to end-of-study.  

Individual-level diurnal rhythmicity (Hypothesis #1) 

Using a MLM approach, the presence of a 24-hour diurnal pattern is determined 

by a significant fit of the data to a sinusoidal curve, or sine wave, with a period of 24 

hours.  Data analytic procedures and data for all models of interest are reported in 

Appendix C (Tables C1-3).  Figure 1 (A-C) shows the observed data (aggregated across 

participants and across days) for PA, NA, and valence, as well as the respective predicted 
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data based on the coefficients from each cosinor model.  Because participants’ data were 

standardized according to their own mean sleep offsets, the time scale begins at the mean 

sleep offset.  For comparison’s sake, see Appendix B for graphs of the observed data 

(aggregated across participants) are plotted over the 7 days separately according to 

clocktime or the standardized time scale (Figures B1-3).   

Positive Affect. As predicted (see Hypothesis #1), a sinusoidal pattern was 

detected in PA (see Figure 1A), as indicated by a significant sine term (10 = 11.72, t(60) 

= 10.71, p < .0001).  The negative sign of the model’s significant cosine term (20 = -

6.08, t(60) = -10.20, p < .0001) indicates that the phase (the point where the waveform 

crosses the midline between the nadir and the peak)  of the sinusoidal waveform occurred 

later than sleep offset (t = 0).  The pattern of PA was moderated by depression, well-

being, and morningness-eveningness.  This moderation was confined to interactions with 

the sine term; interactions with the cosine term were nonsignificant for all three Level-2 

variables and were subsequently dropped from the final models. 

Greater levels of depression (higher mean BDI) were associated with a trend-level 

blunting (i.e., reduced amplitude) in the sinuosoidal PA pattern (11 = -1.89, t(63) = -1.70,  

p = .09).  In contrast, greater levels of well-being (higher mean WHO-5) were associated 

with higher mean PA levels (02 = 2.04, t(61) = 3.23, p = .002) and an amplified 

sinusoidal PA pattern (12 = 1.11, t(62) = 3.16,  p = .002).  Likewise, greater morningness 

(higher M-E) was also associated with a trend towards higher mean PA levels (03 = 0.43, 

t(61) = 1.94, p = .057) and a significantly amplified sinusoidal PA pattern (13 = .27, t(63) 

= 2.24, p = .03).  When both M-E and mean BDI were included in the model, only M-E’s  
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effect on the sinusoidal pattern retained a trend towards significance (11 = .24, t(62) = 

1.82,  p = .07).  Likewise, when both M-E and mean WHO-5 were included in the model, 

only the WHO-5 components remained significant (12 = .92, t(65) = 2.30,  p = .01), 

indicating that well-being accounts for the entire relationship between morningness-

eveningness and PA.  In both cases, the results suggest that an overlap may exist in the 

affective processes that these three measures are tapping.  The moderating effects of 

WHO-5 are shown in Figure 2, in which high WHO-5 (mean + 1 SD) results in a 

relatively higher PA intercept and a higher amplitude of the PA waveform, while low 

WHO-5 results in relatively lower intercept and amplitude.  

 Negative Affect.  Against predictions (see Hypothesis #1), a subtle-but-statistically 

significant sinusoidal pattern was detected in NA (see Figure 1B), as indicated by a 

significant sine term (10 = 1.15, t(63) = 2.97, p = .004).  A trend towards significance 

existed for the cosine term (20 = -.45, t(2263) = -1.68, p = .09), indicating that the phase 

of the NA pattern was slightly delayed.v   

Although the current lack of consensus in the literature on appropriate measures 

of effect size in MLM (Roberts & Monaco, 2006) precludes a definitive quantitative 

comparison of the extent of sinusoidal patterning in the PA versus NA data, a “next best” 

option is to use pseudo-R2  statistics, which capture the relative reduction in within-person 

variance achieved by moving from the unconditional means model to more complex 

models (Singer & Willett, 2003).  Comparing the pseudo-R2  statistics for the two cosinor 

models reveals that the cosinor model of PA  accounts for an additional 22.2% ((382.18-

297.34)/382.18) of the within-person variance, substantially more than the 2.3% ((86.02-
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84.06)/86.02) additional within-person variance accounted for by the cosinor model of 

NA.  Furthermore, visual comparison of the NA data to that of the PA data (Figures 1A 

& 1B) would suggest that any systematic sinusoidal rhythm in NA is considerably less 

robust than that of PA.  In other words, the relatively diminutive amplitude of the NA 

rhythm suggests that any systematic variation that is present in NA is probably not 

meaningful in daily affective experience. 

The mean level, but not the sinusoidal pattern, of NA was moderated by 

depression and morningness-eveningness.  Specifically, significantly higher mean levels 

of NA were associated with greater BDI scores (01 = 1.93, t(62) = 2.64, p = .01) and 

lower M-E scores (03 = -.18, t(61) = -2.16, p = .03).  When both Level-2 variables were 

included in the model, only BDI remained significant (01 = 1.57, t(61) = 2.08,  p = .04), 

indicating that depression accounts for the entire relationship between morningness-

eveningness and NA.  

Valence.  The valence data did not fit the full cosinor model; instead, a different 

systematic pattern was present in the data (see Figure 1C).  Although the cosine term was 

significant (20 = -2.86, t(2254) = -5.48, p < .001), the sine term was not and was 

subsequently dropped from the model (see Table B3).  The resulting model, which 

manifested as a flattened -shape, was termed the “cosine” model in order to distinguish 

it from the full cosinor model.  As was the case with the NA data, the cosine term was 

“fixed” in response to error messages indicating a covariance estimate of zero.  This 

“cosine” model did provide a significantly better fit to the model than the linear model 

(see the respective deviance statistics in Table B3). 
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Without demonstration of significant unexplained variance in the only significant 

temporal parameter in the model, investigation of moderation by Level-2 variables was 

only justified for the intercept (not for the cosine term).  Both morningness-eveningness 

and well-being moderated the mean level of valence, with increasing morningness and 

level of well-being associated greater happiness.  Specifically, significantly higher mean 

levels of valence were associated with greater WHO-5 scores (02 = 2.03, t(61) = 3.71, p 

< .0001) and greater M-E scores (03 = .52, t(61) = 2.68, p = .009).  Once again, well-

being took precedence over morningness-eveningness when both Level-2 variables were 

included in the model, as only WHO-5 remained significant (02 = 1.68, t(60) = 2.82,  p = 

.007).  The moderating effects of WHO-5 are shown in Figure 3, in which high WHO-5 

(mean + 1 SD) results in a relatively higher valence intercept and low WHO-5 results in 

relatively lower intercept and amplitude, with no effect on the flattened -shape of the 

predicted data. 

Within-couple interdependence.  A major concern with doing individual-level 

analyses with a dataset organized by clusters (couples, or dyads) is that within-couple 

interdependence or non-independence in the outcome variable would violate the 

assumptions of the MLM analyses and provide biased hypothesis testing.  In order to 

assess the degree of within-couple interdependence, I followed recommendations from 

(Kenny, Kashy, & Cook, 2006) and ran between-partner correlation analyses on the 

residuals from cosinor regression models using the same Level-1 predictors from the 

above multilevel analyses (sine and cosine terms).  In other words, I correlated the 

variance that remained in the partners’ respective affect ratings after accounting for the 
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variance associated with the diurnal patterning (which should presumably have an 

etiology other than from the partner).  According to the correlations, a significant amount 

of within-couple interdependence was present for PA (r = .30, p < .001) and NA (r = .17, 

p < .001).  In addition, multilevel analyses were run separately for male and female 

partners.  Although there were no substantive changes in the Level-1 effects (the same 

models emerged for PA, NA, and valence), some of the moderators were only significant 

for one of the sexes (e.g., morningness-eveningness moderated the sinusoidal patterning 

of PA for males only).   Well-being remained a significant moderator of the sinusoidal 

patterning of PA for both sexes.  Follow-up analyses (and/or studies) would be advised to 

determine whether a lack of power (based on a split sample) or true moderation by sex 

underlies the differences in Level-2 results for the male and female datasets.   
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Figure 1. Diurnal patterning in PA, NA and valence. Mean PA (A), NA (B), valence (C) data across 24 hours after the mean 
sleep offset.  The solid line represents the observed data (aggregated across participants and days) for each affect variable, 
while the hatched line represents the predicted data based on the specific coefficients from each MLM-derived cosinor model. 
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Figure 2. Well-being moderates PA.  Effect of varying levels of well-being (WHO-5) on 
the predicted pattern of PA.  High and low well-being were based on the mean ±1 SD, 
respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Well-being moderates valence. Effect of varying levels of well-being (WHO-5) 
on the predicted pattern of valence.  High and low well-being were based on the mean ±1 
SD, respectively. 
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Couple-level affective synchrony (Hypotheses #2 and 3) 

 Affective synchrony was operationalized as the covariation of mood between the 

partners of each couple and tested in a multilevel framework using the dyad as the unit of 

the analysis. The data analytic procedures are detailed in Appendix D. 

 Within-couple covariation of PA.  Significant within-couple, between-partner 

covariation of PA was present for both male and female partners, even after accounting 

for the variance associated with the partners’ respective Positive Contact with Partner 

ratings (see Table 4).  With respect to the between-person (Level-3) variables in female 

partners, one relationship measure (mean RAS) significantly moderated the covariation 

effect but not the extent of PA, and the other relationship measure (mean DAS-4) 

moderated neither the covariation effect nor the level of PA.  Specifically, as predicted 

(Hypothesis #3) a greater degree of between-partner synchrony (covariation) in PA was 

associated with higher relationship satisfaction ratings.  Figure 4 graphically depicts the 

how both the extent (intercept) of the female partner’s PA and the between-partner PA 

covariation change based on whether the female partner’s mean RAS rating was high 

(mean + 1 SD) or low (mean – 1 SD).  The “starting points” of the lines in the figure 

demonstrate that higher female partner RAS ratings are associated with higher female 

partner PA ratings.  The slopes of the lines demonstrate that a greater degree of 

covariation occurs in the case of high female partner RAS ratings; as the male partner’s 

PA ratings increase by 10 points, the female partner’s PA ratings increase at a greater 

rating than in the case of low RAS ratings (albeit still at a considerably lower ratio than 

1:1).   
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Figure 4.  Association of the female partner’s relationship satisfaction (RAS) with the 
mean level of her own PA and the between-partner covariation of PA. 
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 Also as predicted, being in a couple mismatched for morningness-eveningness 

was associated with reduced synchrony in PA for female partners, as differences in M-E 

scores significantly moderated the covariation effect (see Figure 5).  However, neither 

measure of sleep timing desynchrony was a significant moderator in the PA analyses.   

 

Figure 5. Association of the couple’s difference in morningness-eveningness with the 
mean level of the female partner’s PA and the between-partner covariation of PA. 
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 In contrast to the female partners, moderation by between-partner variables was 

limited to the extent of PA in male partners, with no impact on the covariation of PA.  

Both relationship measures (DAS-4 and RAS) showed trend-level effects on the intercept 
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of PA, with higher levels of relationship satisfaction associated with a greater extent of 

PA.  No significant effects were found among the morningness-eveningness or sleep 

timing desynchrony measures. 

   

Table 4.  Relationship quality, between-partner morningness-eveningness differences, 
and between-partner sleep timing differences moderate within-day covariation between 
partners’ levels of positive affect 

 Level 1 model 
(within-person) 

Level 2 model 
(across persons) Intercept 

Positivity of   
partner 

interaction(s) 

Partner’s 
positive affect 

Female 
Intercept 

 
37.08*** 

 
.24*** 

 
.33*** 

Dyadic Adjustment Scale  (4-item; DAS-4) .37  .04 
Relationship Assessment Scale (RAS) 1.36  .04**a 
Difference in morningness-eveningness -.28  -.01*a 

Difference in actigraphy-based sleep onsetsb 1.09  -.04 
Difference in actigraphy-based sleep offsetsb -.97  -.0004 

    
Male 

Intercept 
 

43.80*** 
 

.22*** 
 
.33*** 

Dyadic Adjustment Scale  (4-item; DAS-4) 3.26†  .004 
Relationship Assessment Scale (RAS) 2.24†  .01 
Difference in morningness-eveningness -.27  -.004 

Difference in actigraphy-based sleep onsetsb 5.77  .03 
Difference in actigraphy-based sleep offsetsb .57  .04 

    
Note: Both Level-1 independent variables are group centered; i.e., scores are centered around each 
individual’s 7-day mean.  Two Level-2 variables (DAS-4 and RAS) are grand mean centered (i.e., scores 
are centered around the sample mean), while centering is unnecessary in the other two (the difference 
scores) for which zero is a meaningful value.  In order to aid interpretation of the above table, a simplified 
version of the combined Level-1 and Level-2 fixed effect equation (for a female participant with RAS as 
the moderator at Level-2) is: 

PAhour i, couple j, female = Interceptjm + Intercept * RASjf + Partner’s PAij  + Partner’s PAij *RASjf + Positive           
Partner Contactij  

aThis parameter was “fixed” (i.e,. the random effect was dropped from the model) 
bConstrained to be within three standard deviations of the sample mean 
† p < .10. * p < .05. ** p < .01. *** p < .001. 
 
  Within-couple covariation of NA.  As was the case with PA, significant within-

couple, between-partner covariation of NA was present for both male and female 
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partners, even after accounting for the variance associated with the partners’ respective 

Negative Contact with Partner ratings (see Table 5).  In female partners, moderation was 

limited to the morningness-eveningness and sleep timing variables, with no effects 

associated with the relationship measures.  All three variables displayed the same pattern:  

greater differences between M-E scores or sleep timing were associated with reductions 

in the between-partner covariation in NA.  Both the difference in M-E scores and the 

difference in actigraphy-based sleep onsets showed trend-level effects on NA covariation 

(the latter is shown in Figure 6), while a significant association occurred between the 

between-partner difference in actigraphy-based sleep offsets and NA covariation. 

 

Figure 6. Association of the couple’s difference in morningness-eveningness with the 
mean level of the female partner’s NA and the between-partner covariation of NA. 
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  As with the female partners, neither relationship measure was a significant 

moderator of extent of NA or covariation of NA in the male partners.  Between-partner 

differences in M-E scores were significantly associated with NA covariation, with greater 

morningness-eveningness mismatches related to reductions in NA synchrony.  Both the 

sleep timing desynchrony measures significantly moderated the extent of NA.  Larger 
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differences in actigraphy-based sleep onsets or offsets were associated with higher mean 

levels of NA.   

 

Table 5. Effects of relationship quality, between-partner morningness-eveningness 
differences, and between-partner sleep timing differences on within-day covariation 
between partners’ levels of negative affect 

 Level 1 model 
(within-person) 

Level 2 model 
(across persons) Intercept Negativity of   

partner interaction(s) 
Partner’s 

negative affect 

Female 
Intercept 

 
7.05*** 

 
.21*** 

 
.07*a 

Dyadic Adjustment Scale  (4-item; DAS-4) .76  .007a 
Relationship Assessment Scale (RAS) .04  .01a 
Difference in morningness-eveningness -.02  -.008† a 

Difference in actigraphy-based sleep onsetsb -.66  -.04† a 
Difference in actigraphy-based sleep offsetsb -.84  -.02* 

    
Male 

Intercept 
 

7.64*** 
 

.23*** 
 
.13* 

Dyadic Adjustment Scale  (4-item; DAS-4) -.17  .04 
Relationship Assessment Scale (RAS) -.08  .03 
Difference in morningness-eveningness .16  -.02* a 

Difference in actigraphy-based sleep onsetsb 2.72*  -.14 
Difference in actigraphy-based sleep offsetsb 1.02*  -.02 

    
Note: Both Level-1 independent variables are group centered; i.e., scores are centered around each 
individual’s 7-day mean.  Two Level-2 variables (DAS-4 and RAS) are grand mean centered (i.e., scores 
are centered around the sample mean), while centering is unnecessary in the other two (the difference 
scores) for which zero is a meaningful value. In order to aid interpretation of the above table, a simplified 
version of the combined Level-1 and Level-2 fixed effect equation (for a female participant with RAS as 
the moderator at Level-2) is: 

NAhour i, couple j, female = Interceptjm + Intercept * RASjf + Partner’s NAij  + Partner’s NAij *RASjf + Negative           
Partner Contactij  

aThis parameter was “fixed” (i.e,. the random effect was dropped from the model) 
bConstrained to be within three standard deviations of the sample mean 
† p < .10. * p < .05. ** p < .01. *** p < .001. 
 

 By simultaneously modeling affect for both male and female partners, it was 

possible to directly compare specific coefficients for the presence of significant sex 
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differences.  The coefficients of all significant Level-3 moderators were tested using the 

ESTIMATE function of SAS Proc Mixed according to syntax and instructions provided 

by Jonathan Butner (personal communication, March 17, 2008).  If no significant sex 

difference was found, a joint significance test was used to produce an overall test 

(collapsing across sex) of the nonzero magnitude of the coefficient.  None of the 

ostensible sex differences in moderation were strong enough to produce a significant 

difference in coefficients during these comparisons, possibly due to a lack of statistical 

power.  However, the joint significance tests supported all but one of these instances 

(moderation of NA covariation by mean between-partner differences in sleep offsets in 

male partners) as at least trend-level moderators for partners of either sex.  Briefly, a 

greater degree of between-partner synchrony (covariation) in PA was associated with 

higher relationship satisfaction ratings for each partner ( = .05, t(59) = 2.41, p = .02).  

Greater between-partner disparities in morningness-eveningess scores (i.e., more 

mismatched) were associated with a lesser degree of between-partner affective 

synchrony, regardless of whether it was PA or NA (PA:  = -.02, t(70) = -1.63, p = .10; 

NA:  = .03, t(1304) = -2.85, p = .004).  Likewise, less between-partner synchrony in 

sleep timing (i.e., sleep onsets) was associated with a trend-level reduction in between 

partner synchrony in NA ( = -.18, t(33) = -1.87, p = .07).vi 

Relationship consequences of synchrony in sleep timing (Hypothesis #3) 

 Correlational analyses.  In another test of the prediction that between-partner 

synchrony in sleep timing, and thus circadian phase, would be related to relationship 

satisfaction (Hypothesis #3), correlational analyses were conducted.  These analyses 
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revealed sex differences in the associations between measures of individual or 

relationship functioning and measures of synchrony in sleep timing (see Appendix D, 

Tables D1 and D2).   In all cases, as predicted, larger differences (greater desynchrony) 

were associated with worse individual and relationship functioning.  Interestingly, the 

strongest findings were limited to the averages of prospective measures of affect (mean 

NA) or relationship functioning (mean Positive Contact with Partner and mean Negative 

Contact with Partner), with only scattered mostly trend-level associations appearing 

among the global measures of affect (square root-transformed BDI-II or WHO-5) and 

relationship quality (i.e., DAS-4 or RAS).  Distinct patterns of associations were most 

apparent with one measure of sleep synchrony:  the distance between partners’ respective 

actigraphy-based sleep onsets (higher numbers indicated less synchrony or greater 

desynchrony).  For males, a positive association existed between this measure and the 

mean NA. For females, mean Positive Contact with Partner and mean Negative Contact 

with Partner were negatively and positively associated with this measure, respectively.  In 

order to directly test whether the differences between sexes were significant, I employed 

Fisher’s transformation to z-score analysis for all hypothesis testing for differences 

between correlations.  Specifically, as the distance between partners’ respective 

actigraphy-based sleep onsets increased, male partners reported significantly greater NA 

(z-score = 1.76, p = .039) than did female partners.  In contrast, female partners reported 

significantly lower positive contact with their partners (z-score = 1.66, p = .049) than did 

male partners as between-partner sleep onset differences increased. 

 With regard to morningness-eveningness, which is associated with an underlying 
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circadian phase leading to a preference for particular sleep timing, between-partner 

differences mostly were associated with worse individual and relationship functioning 

(see Tables D1 and D2).  However, the association between morningness-eveningness 

differences and mean BDI scores proved a baffling exception to this pattern.  For female 

partners, the expected direction in association existed:  larger between-partner differences 

in the morningness-eveningness scores were significantly associated with more severe 

depression scores.  In sharp contrast, the male partners displayed a trend-level negative 

association between these two variables; in other words, male partners had lower 

depression scores when they differed more in their morningness-eveningness scores with 

their partner.  Not surprisingly, these correlations significantly differed by sex (z-score = 

-2.68, p = .004). 

  Multilevel analyses.  Prompted by these correlational findings, a series of 

multilevel analyses were conducted to examine whether within-couple daily differences 

in sleep timing (as a proxy for synchrony of circadian phase) predicted individual 

partners’ prospective mean daily ratings of relationship quality over the course of the 7 

days of the study. In this case, relationship quality was operationalized as the daily mean 

of Positive Contact with Partner, the daily mean of Negative Contact with Partner, or the 

single-item ‘in sync’ rating completed at bedtime.  

  In order to avoid the interdependence inherent to the dyadic data set, the male and 

female samples were run separately.vii  Unconditional means and unconditional growth 

models were fit prior to the models of interest in order to confirm significant variability 

in the outcome variables, to examine relative proportions of within-individual and 
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between-individual variability, and to test for the presence of a linear trend across the 

week.  In addition, a “lag only” model, which modeled the outcome variable as predicted 

by that the previous day’s mean for that variable was fit for each outcome variable.  By 

accounting for day-to-day interdependence, this model served as a reference point for the 

relative contribution of the predictors of interest to accounting for the within-participant 

variability.  Using Positive Contact with Partner as an example, the Level-1 equation 

was: 

 

Positive Contactday i, individual j = 0j + 1j(Positive Contact on the day prior)ij + 

2j(Difference between sleep times)ij + eij 

  

  The Level-1 equation was essentially the same for the other outcome variables 

(Negative Contact with Partner and “in sync”).  Given the absence of moderating 

variables in these analyses, the Level-2 equations were very straightforward: 

 

   0i = 00 + 0i 

  1i = 10 + 1i 

  2i = 20  

 

Note the absence of an error term in the last Level-2 equation.  In the original models, 

this error term, which permits between-person variability in the slope of the regression 

line for sleep differences predicting the outcome, was included.  However, SAS Proc 
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Mixed invariably failed to converge until this error term was dropped from each model.   

 For all participants, the unconditional means and growth models indicated that 

significant variability existed at both the within- and between-individual levels and no 

significant linear trend existed over the week in either the daily mean Positive Contact or 

Negative Contact ratings.  The remaining models of interest are reported in Tables E3-

E6.   

 All the results for female partners were consistent with predictions (Hypothesis #3), 

with greater between-partner differences in sleep timing (whether onset or offset) 

predicting worse ratings of partner interaction the following day, even after controlling 

for the quality of the previous day’s interactions.   Between-partner sleep onset 

differences significantly predicted the female partners next day’s mean Positive Contact 

ratings after accounting for the variance associated with the previous day’s Positive 

Contact ratings (Table E3).  The sleep offset differences predicted the outcome at a trend-

level.  Greater between-partner sleep timing differences the night before predicted lower 

Positive Contact ratings during the next day (Figure 7).  Notably, differences in sleep 

onset remained a significant predictor of the next day’s mean Positive Contact ratings 

even after including that day’s mean Positive Affect rating as a predictor.  When both 

sleep onset and sleep offset differences were included in the model, only the sleep onset 

difference remained a significant predictor.  All three models significantly improved 

upon the fit of the “lag only” model, accounting on average for an additional ~7% of the 

within-person variability.   
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 Likewise, both sleep timing difference variables were significant predictors of the 

female partners’ next day’s mean Negative Contact ratings after accounting for the 

variance associated with the previous day’s Negative Contact ratings and with that day’s 

mean Negative Affect ratings (Table E4).  Greater between-partner sleep timing 

differences the night before predicted higher (worse) Negative Contact ratings (Figure 7). 

In contrast to the Positive Contact model, both sleep onset and sleep offset differences 

remained significant predictors when included in the same model, indicating independent 

associations with exacerbated inter-partner negative interactions.  

 

Figure 7.  Prediction of the female partner’s daily mean partner contact ratings from the 
between-partner sleep timing differences of the night before. 
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In contrast to the female partners, the previous night’s sleep timing differences 

was mostly unrelated to the male partner’s Positive and Negative Contact ratings.  Only 

one trend-level association was found:  a difference in sleep offsets predicted higher 
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Negative Contact ratings the following day (Table E4).   However, this effect disappeared 

if that day’s mean Negative Affect rating was included in the model.   

Sleep timing desynchrony also predicted worse Positive Affect, but not Negative 

Affect the next day in female partners.  A between-partner difference in sleep onsets 

predicted lower mean Positive Affect ratings for female partner’s the following day.  

Sleep offset differences were unrelated to the next day’s affect ratings. 

For male partners, the strongest associations between sleep timing desynchrony 

and the next day’s consequences were found for Negative Affect (Table E6).  Between-

partner differences in sleep offsets and sleep onsets both predicted higher mean Negative 

Affect ratings for the male partners during the following day.  Furthermore, even when 

both sleep timing difference measures were included in the same model, both remained at 

least trend-level predictors of Negative Affect.  As with Negative Contact for the female 

partners, this suggests that the two measures of sleep timing desynchrony are providing 

independent contributions to individual-level negative consequences the following day.   

Because no measures of sleep timing desynchrony were predictive of the daily “in 

sync” ratings, those data are not reported further here. 

In order to address the possibility that the tenor of the daily partner interactions is 

driving the between-partner sleep timing desynchrony (e.g., a conflict during the evening 

leads the girlfriend to go to bed early while the boyfriend waits until she falls asleep 

before coming to bed), a second set of simple multilevel analyses were conducted to 

examine the daily mean partner contact ratings (i.e., Positive Contact with Partner and 

Negative Contact with Partner) as predictors of the corresponding nights’ sleep timing 
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differences (i.e., sleep onset and sleep offset differences).  In other words, the predictors 

and outcomes were reversed from the above analyses.  Although the data are not reported 

here, in nearly all cases the partner contact ratings were significant predictors of the sleep 

timing differences, indicating that daily partner interaction may indeed be influencing the 

timing of the partners’ respective bedtimes.   
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DISCUSSION 

Summary of major findings 
 

In summary, the major findings from my 7-day observational study of co-sleeping 

couples were that (a) systematic diurnal patterning existed in PA, NA, and valence, (b) 

dispositional variables, including morningness-eveningness, depression, and well-being, 

moderated the level and/or shape of the affective patterning, (c) within-couple affective 

synchrony (covariation) was positively associated with relationship satisfaction (PA 

only), within-couple morningness-eveningness similarity (PA and NA), and synchrony of 

sleep timing (NA only), and (d) day-to-day within-couple sleep timing synchrony 

predicted the following day’s mean partner contact and PA ratings in female partners and 

mean NA ratings in male partners. 

These data provide further evidence of potentially important interactions between 

sleep, morningness-eveningness, and affect.  At the level of the individual, diurnal 

patterning occurred in all three measures of affect, but it was relatively more robust in PA 

than in NA or valence.  Importantly, not only the extent of affect, but the shape of the 

diurnal patterning was moderated by dispositional variables.  From a dyadic perspective, 

within-couple or between-partner similarities in sleep timing and morningness-

eveningness were linked to affective synchrony, as would be the case if the same master 

circadian pacemaker was underlying all of these processes.  Furthermore, between-

partner synchrony was associated with higher relationship satisfaction. Greater synchrony 

in PA was linked to higher relationship satisfaction ratings for both partners.  Finally, the 

data provide some evidence of sex differences in response to sleep timing synchrony.  
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Day-to-day synchrony in sleep timing was associated with higher positive and lower 

negative partner interaction ratings by the female partner the following day.  In contrast, 

for male partners, day-to-day sleep timing synchrony was associated primarily with lower 

negative affect ratings. 

 
Individual-level diurnal variation in affect 
 
 Consistent with previous studies (e.g., (Murray, Allen, & Trinder, 2002)) and 

predictions, self-reported PA varied according to a systematic diurnal rhythm.  Contrary 

to predictions, NA also displayed diurnal patterning, although both statistical and 

theoretical explanations may reconcile this finding.  Finally, valence appeared to have a 

diurnal rhythm of a flattened -shape that peaked in the middle of the 24-hour interval 

between one sleep offset and the next, rather than the expected sinusoidal form with a 

peak closer to the middle of the waking period.   

 Diurnal variation in PA.  Not only did PA vary according to a diurnal pattern, but 

this pattern was moderated by measures of psychological functioning and diurnal 

preference.  Increases in well-being were associated with increases in both the overall 

level of PA and the amplitude of the PA rhythm.  In contrast, but as might be expected, 

increasing depression was associated with amplitude reductions (or blunting) in the PA 

rhythm.   

Although a diurnal rhythm in self-reported PA had been convincingly replicated 

before the present study, demonstrations of moderation of this rhythm by dispositional 

factors have been less frequent.  Such demonstrations are important steps toward linking 

this affective patterning to underlying biobehavioral systems, as well as how these 



62 

systems go awry in cases of mood dysregulation.  According to prior research, both 

neuroticism and depression impact the diurnal rhythm in PA.  Separate studies by the 

same group (Murray, 2007; Murray, Allen, Trinder, & Burgess, 2002) found that, (1) in 

contrast to PA in a low Neuroticism group, PA in a high Neuroticism group did not fit a 

sinusoidal curve, and (2) that there was a relatively more robust circadian component 

(operationalized as a quadratic effect) and higher circadian amplitude in a low depression 

group as compared to a high depression group.  While these studies were limited to 

healthy samples, another study compared clinically depressed individuals to age- and sex-

matched healthy controls and found a relatively later acrophase (peak) in the depressed 

group’s diurnal pattern of PA.  Both of these findings are consistent with other reports in 

the circadian literature of changes in amplitude or phase associated with depression.  

Unfortunately, the consistency of reports of circadian changes associated with depression 

is matched by the inconsistency of how the changes manifest.  The present data do not 

resolve this issue, but they do offer more support to the so-called ‘blunting hypothesis’ of 

depression, which is based on the observed presence of low amplitude circadian rhythms 

in depressed patients that normalize in recovery (Souetre et al., 1989).   

 These data may be the first to expand the link between morningness-eveningness 

and distress beyond demonstrations of overall symptoms and/or mean level differences 

associated with increasing eveningness.  Previous reports have consistently found that 

eveningness is associated with relatively greater mood dysregulation, including both 

depression or depressive symptoms (Chelminski, Ferraro, Petros, & Plaud 1999; 

Drennan, Klauber, Kripke, & Goyette, 1991; Hasler, Allen, Bernert, Sbarra, & Bootzin, 
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In preparation), and seemingly paradoxically, sub-clinical mania (Soehner, Kennedy, & 

Monk, 2007).  What has been missing, however—surprisingly so, given the presumably 

circadian underpinnings of diurnal preference—is a satisfying chronobiological 

explanation of why eveningness would be linked to distress.  In the present study, higher 

levels of eveningness were associated with both lower levels of PA and a blunting in the 

PA rhythm.  This suggests that the circadian signal (as indicated by the relative amplitude 

of the rhythm) may be less robust in evening-types.  The robustness of circadian 

amplitude is influenced by, among other things, the regularity of the zeitgebers (Monk, 

Reynolds, Buysse, DeGrazia, & Kupfer, 2003).  This explanation is consistent with 

reports that lifestyle regularity (i.e., the uniformity of daily activities such as eating, 

exercise, and social rhythms) was decreased among evening compared to morning types 

(Monk, Buysse, Potts, DeGrazia, & Kupfer, 2004), an effect likely driven by the timing 

of sleep, which appears significantly more variable among evening types (Ishihara, 

Miyasita, Inugami, Fukuda, & Miyata, 1987).  However, post-hoc analyses in the present 

data set cast doubt on this explanation for the current findings.  Morningness-eveningness 

was unrelated to the variability of either diary- or actigraphy-based sleep timing. 

 Finally, well-being taking statistical precedence over morningness-eveningness in 

moderating the PA patterning, with morningness-eveningness, in turn, taking precedence 

over depression severity in moderating PA patterning, may provide clues for the 

association between morningness-eveningness and affective dysregulation.  Future work 

aimed at understanding this understanding should target elucidating what processes and 

neurophysiological pathways overlap in these three constructs. 
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Diurnal variation in NA.  The presence of a systematic diurnal pattern in NA is 

contrast to most of the prior literature, in which the converging evidence indicates that 

negative affect does not vary according to a circadian rhythm, but remains at relatively 

constant low levels in the absence of aversive stimuli (Murray, 2007; Murray, Allen, & 

Trinder, 2002; Watson, 2000).  The well-established low baseline levels of NA point to 

one confound for establishing the presence of a rhythm:  the restriction of range, or 

ceiling effect, precludes obtaining statistical significance.  The present data set was large 

enough to establish a rhythm, albeit one relatively less robust than that of PA. Consistent 

with this explanation, the only investigation of clinically depressed individuals found 

evidence of a systematic -shaped pattern in NA (along with reporting higher mean 

levels of NA than the healthy controls) (Peeters, Berkhof, Delespaul, Routtenberg, & 

Nicolson, 2006). 

In addition to statistical accounts, a more theoretically-satisfying explanation that 

could reconcile these divergent findings is that while baseline negative affect per se does 

not display a diurnal rhythm, the extent of response to aversive events may be affected by 

time of day.  In other words, a diurnal variation may exist in how much negative affect is 

engendered by a given stimulus.  According to a reanalysis by (Kudielka, Schommer, 

Hellhammer, & Kirschbaum, 2004) of five independent studies, there was no evidence of 

various HPA measures (free salivary cortisol, total plasma cortisol, and ACTH) having 

differential responses to the Trier Social Stress Test (TSST) based on time of day.  

However, TSST-induced mood worsening did differentially change depending on 

whether the trial occurred in the morning or the afternoon.  Unfortunately, the German 
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mood questionnaire (MDBF; (Steyer, Schwenkmezger, Notz, & Eid, 1994) utilized in 

these studies is comprised of bipolar measures (elevated versus depressed mood, 

wakefulness versus sleepiness, and calmness versus restlessness), confounding the 

question whether the observed variation is in negative (i.e., depressed or restless) or 

positive (i.e., elevated or calm) affect.  Furthermore, the authors themselves note that they 

did not control for individual differences in diurnal preference (morningness-

eveningness) or circadian phase.   

While moderation of the extent of NA by depression severity is unsurprising and 

consistent with emotion based models of depression (e.g., (Barlow, Allen, & Choate, 

2004), the link between elevated NA and eveningness was unanticipated given the 

proposed disassociation of negative mood and circadian pathways.  Furthermore, 

depression severity taking precedence over morningness-eveningness in moderating NA 

suggests that negative mood per se that is elevated in eveningness and accounts, at least 

in part, for the association between the two moderators.   

Diurnal variation in valence.  Although a systematic diurnal pattern in valence 

was present, this pattern manifested as a flattened -shape rather than the expected 

sinusoidal form.  Given that the strongest evidence to date for an endogenous circadian 

rhythm in affect used a bipolar valence scale rather than separate PA and NA scales 

(Boivin et al., 1997), it is difficult to know what to make of this.  One possible 

explanation is that the present study was limited to data collection during participants’ 

normal waking hours, rather than collecting mood reports at all points during the 24-hour 

cycle and at all circadian phases (as did the (Boivin et al., 1997) study).  The more 
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limited window of collection may have led to a distortion of the rhythm, despite attempts 

to account for between-person differences in circadian phase by standardizing according 

to sleep offset.  A related alternative explanation is that the homeostatic component of 

valence (demonstrated in (Boivin et al., 1997)) may have a relatively stronger influence 

than for PA when interacting with the circadian component, resulting in the observed 

pattern.   

The level, but not the pattern, of valence was moderated by well-being and 

morningness-eveningness.  In other words, participants more frequently rated themselves 

on the happy end of the scale when they also had high levels of overall well-being or 

were more towards the morningness end of the diurnal preference spectrum.  Neither of 

these findings is surprising in light of the above discussion.   

 
Sleep/wake synchrony as predictive of affective synchrony in co-sleeping couples 

 As posited above, if the same circadian pacemaker (i.e., the SCN) underlies both 

the sleep/wake and mood rhythms, relative between-partner synchrony or desynchrony in 

the sleep/wake rhythms should be paralleled by relative synchrony or desynchrony in the 

mood rhythms.  Furthermore, because the preponderance of the extant evidence indicates 

that positive affect, but not negative affect has an underlying rhythm, it was also posited 

that between-partner sleep/wake synchrony associations would be limited to synchrony in 

positive affect.  However, along with the unpredicted apparent rhythm in negative affect 

at an individual level, actual sleep timing synchrony was linked to covariation in negative 

affect, not positive affect.  Only preferred sleep timing synchrony (i.e., difference in 

morningness-eveningness scores) was associated with synchrony in positive affect.  This 
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does not support a circadian underpinning to the affective synchrony, as actual sleep 

times show higher correlation with physiological measures of circadian phase (Burgess et 

al., 2003) than do morningness-eveningness scores (Bernert, Hasler, Cromer, & Joiner, 

2006). 

 On top of raising concern about the viability of the underlying theory (that as a 

manifestation of an appetitive motivational system, only positive affect has the 

evolutionary basis for a circadian rhythm), this finding suggests that the limitations of the 

present methodology must also be considered.  Perhaps most importantly, what is driving 

the relative differences in the sleep timing in these couples?    

 Certainly a number of factors likely contribute: work obligations, home demands, 

social activities, illness, acute or chronic sleep deprivation, etc.  Among these, circadian 

phase (which also manifests in morningness-eveningness) may have varying degrees of 

influence depending on the particular couple, and depending on the day.  Even on a 

week-to-week basis, sleep/wake synchrony within a given couple is likely to vary.   

Furthermore, weekdays might be associated with relatively greater desynchrony in sleep 

timing than weekends, when the couple’s overall schedule is more likely to be in 

common.  Given all of these factors, it is impossible to know what the relative 

contribution of the partners’ respective circadian phases without directly measuring a 

physiological marker such as melatonin or core body temperature.  Without the use of 

such markers, attributing the present findings to circadian processes, even in part, must 

remain speculative.  Furthermore, the day-to-day analyses indicate that at least of portion 

of the sleep/wake desynchrony is attributable to partner interaction.  This implies that a 
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self-perpetuating cycle exists, where problematic partner interactions during the day lead 

to sleep timing desynchrony that night, which further exacerbates partner interaction the 

following day via uncertain (and possibly circadian) processes. 

Affective synchrony and relationship satisfaction 
 
The present findings support only a limited relationship between between-partner 

affective synchrony and overall relationship satisfaction.  A greater degree of synchrony 

in positive affect was associated with one measure of relationship satisfaction 

(Relationship Assessment Scale).  Of course, without temporal priority, it is impossible to 

determine if synchrony is a consequence or a determinant of a satisfactory relationship.  

Nevertheless, this association is consistent with the proposal that “attunement” in positive 

affect might be beneficial ((Butner, Diamond, & Hicks, 2007) in contrast to evidence that 

reciprocation of negative affect leads to marital distress (Gottman, 1994).  The data also 

provide incremental evidence for addressing questions about whether the implications of 

affective synchrony are partially dependent on its timescale (Butner, Diamond, & Hicks, 

2007). 

Consequences of sleep/wake synchrony 

According to the correlational findings, no relationship measures were associated 

with between-partner morningness-eveningness similarity for either sex. Furthermore, 

only prospective measures (i.e., partner contact ratings), not the global retrospective 

measures (i.e., DAS-4 and RAS) were associated with between-partner synchrony in 

sleep timing, and only for female partners.  This is consistent with the most recent similar 

investigation that found only mismatches in actual in-bed times, not preferred sleep-wake 
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patterns, was associated with lower marital adjustment (Lange, Waterman, & Kerkhof, 

1998). 

 The day-to-day findings suggest that within-couple synchrony in sleep timing 

does indeed have an impact on relationship satisfaction, at least as exhibited by the tenor 

of the couple’s daily interactions.  Interestingly, although by analyzing male and female 

partners separately, the data cannot speak to sex differences, only apparent sex-specific 

effects, the synchrony in sleep timing appears to impact the two partners differently.  In 

response to being “out of sync” with her partner’s timing, the female partner has a 

relational response, rating the following day’s interactions with her partner as more 

negative.  In contrast, the male partner’s response appears relatively intra-psychic, rating 

his own mood as more negative. In other words, the desynchrony in sleep timing is 

associated with negative waking experience for both sexes, but manifests in an 

interpersonal or affective manner depending on sex.  Notably, the interpersonal 

manifestation in females appears to be distinct from affect, as the effect remained 

significant even when NA was included as a predictor.   

Sex differences in the physiological and psychological correlates of marital 

interaction are well-established (e.g., (Kiecolt-Glaser & Newton, 2001; Mead, 2002).  

The current findings that being “out of sync” with regard to sleep timing is differentially 

associated with the tone of the partner interactions for the female partners is consistent 

with prior evidence suggesting that women may be more physiologically and 

psychologically responsive to the current state of their relationship (Kiecolt-Glaser & 

Newton, 2001).   If circadian processes are indeed involved, the findings suggest that 
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females may have a clock that is more sensitive to perturbations in their relationship, or 

vice versa, females are more likely to have circadian incongruities with their partner 

manifest in the interpersonal realm.  This would be consistent with findings indicating 

that the marital satisfaction of wives, but not husbands, is associated with the robustness 

of their circadian cortisol rhythms (Saxbe, Repetti, & Nishina, 2008).  

Again, however, the pathways underlying these effects are uncertain.  Returning 

to the previously posed question about what underlies relative differences in between-

partner sleep timing, it may be worthwhile to consider another one: why were between-

partner differences in sleep onsets more predictive of the next day’s affective and 

relationship consequences than sleep offset differences?  The fact that there was a 

difference, when considered along with the finding that the two areas of desynchrony 

might independently contribute to relationship satisfaction (see Table E4), suggests that 

they might be operating through different mechanisms.  Couples have the most volitional 

control over their bedtimes (and subsequently sleep onset), often with little flexibility in 

their wake-up times due to work or school obligations.  This may point away from a 

circadian explanation, as sleep midpoint or sleep offset are generally most correlated with 

circadian phase (Burgess et al., 2003; Martin & Eastman, 2002) in healthy individuals.  

Instead of inter-partner circadian desynchrony, the association may simply reflect tension 

or conflict in the relationship leading to more disparate bedtimes. Although relationship 

conflict might similarly contribute to within-couple differences in wake-up times, 

circadian desynchrony is at least a potential alternative mediator here, given the 
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independent contribution of sleep offset desynchrony to the female partners’ next day’s 

negative partner interaction ratings. 

Limitations and future directions 

A number of methodological factors limit providing definitive answers to the 

posed hypotheses.  First and foremost, without physiological measures of circadian 

rhythms (e.g,. melatonin or core body temperature) or the use of a strict chronobiological 

research design (e.g., forced desynchrony or constant routine), it is impossible to 

determine whether the observed patterning is merely diurnal (i.e., has a systematic daily 

pattern of uncertain etiology) or truly circadian (i.e., the daily patterning rises from an 

endogenous pacemaker).   This limitation precludes the disentangling circadian 

explanations of sleep desynchrony consequences (e.g., being out of sync led to worse 

mood and relationship satisfaction) from interpersonal interaction explanations (e.g., 

conflict or overall relationship dissatisfaction led to more divergent sleep schedules).  

Furthermore, without the use of a forced desynchrony protocol, the relative contributions 

of circadian and homeostatic (e.g., sleep pressure that rises with time spent awake) 

processes to the mood patterning remains uncertain, although by standardizing the data to 

each participant’s mean sleep offset, the homeostatic contribution should be relatively 

constant across participants.   Depending on the specific question, future studies 

investigating circadian and affective interrelationships in couples should include a 

physiological measure of circadian timing.  This approach would permit a more 

naturalistic design, while the more rigorous forced desynchrony protocol would 
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distinguish between circadian and homeostatic contributions to within-couple 

interdependence, but at the expense of generalizing to everyday life. 

Although it meets the temporal precedence criterion, the observational nature of 

the study design prevents drawing firm conclusions about causality.   Experimental 

manipulation of the underlying circadian rhythms (e.g., using light) or the couples’ sleep 

schedules would be a necessary step to move beyond reporting correlations between these 

processes and affect or relationship satisfaction. 

 Future studies would also be well served by investigating these topics in a more 

heterogeneous sample.  The restricted and/or skewed range of sleep timing, depression 

severity, and relationship satisfaction almost certainly limited the opportunity to find 

associations between these processes that might be more obvious in a sample that 

included a broader spectrum of sleep schedules and more distressed individuals and 

couples.   

 Further investigations of affective synchrony in this context should take steps to 

ruling out emotional contagion as an alternative to the circadian synchrony explanation.  

In addition to including appropriate additional measures, sampling at a higher temporal 

resolution would be well-advised.  (Although the value of additional measures or time 

points must always be weighed against the risk of participant reactivity or drop-out due to 

increased study burden.)   Finally, future studies of co-sleeping couples should include 

some assessment of the couples’ sexual activity, given that it is a prominent aspect of the 

co-sleeping arrangement, as well as both a determinant and consequence of mood and 
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relationship satisfaction. Actigraphy (using the event marker) might provide one 

objective measure of frequency, within-day timing, and duration for this purpose.   

Conclusion 

 From an individual perspective, these results add further credence to the existence 

of distinct diurnal patterning in positive and negative affect.  Furthermore, this patterning 

appears to be differentially effected by dispositional factors, which may guide further 

investigations into the processes underlying affective dysregulation.  The data also raise 

questions about the assertion that negative affect does not exhibit a diurnal rhythm in 

healthy individuals, indicating that Watson’s theoretical model may need some degree of 

reformulation.  Moving to a dyadic perspective, these results offer a glimpse into the 

apparent mutual interdependence of sleep (or circadian) and affective processes both 

between and within co-sleeping partners.  Although methodological limitations preclude 

establishing a causal link between the endogenous processes (i.e., sleep and circadian 

rhythms) and affect, follow-up studies appear to be justified.  Further elucidation of this 

mutual interdependence may have both theoretical ramifications and practical 

implications for bed-partners looking to reduce or avoid conflicts with one another, or to 

diminishing their own distress.   
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APPENDIX A 
 

Subjective Light Exposure Scale 
 
Please rate your current light conditions on a scale from 1-9: 
 
1) Darkness or no brighter than moonlight 

2) Dim room lighting, e.g., main light comes from the television 

3) Bright enough in the room to read 

4) A room lit well enough to read easily 

5) Very brightly lit or dazzling room light 

6) Outdoors near sunset or in very deep shade 

7) In daylight on a dark cloudy day 

8) In daylight in the shade or light cloud cover 

9) In daylight with the sun shining 
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APPENDIX B 
 

Figure B1. Mean VAS Positive Affect data (aggregated across participants) plotted 
against clocktime (A) and hours since mean sleep offset (B) over the course of 7 days. 
 

 

 
 

A 
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Figure B2. Mean VAS Negative Affect data (aggregated across participants) plotted 
against clocktime (A) and hours since mean sleep offset (B) over the course of 7 days. 
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Figure B3. Mean VAS Valence data (aggregated across participants) plotted against 
clocktime (A) and hours since mean sleep offset (B) over the course of 7 days. 
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APPENDIX C 
 

Multilevel modeling (MLM) was employed to test for the presence of 24-hour 

diurnal rhythms in the within-person patterns of affect (Hypothesis #1). Furthermore, 

MLM can model periodic trends directly within-person (as compared to only aggregated 

across individuals), thereby providing a conceptually more adequate and statistically 

more powerful approach than the cosinor analysis techniques traditionally used to study 

circadian rhythms (e.g., (Clark, Watson, & Leeka, 1989)).   

In this special case of MLM, the presence of a 24-hour diurnal pattern is 

determined by a significant fit of the data to a sinusoidal curve, or sine wave, with a 

period of 24 hours.  An equation representing a sinusoidal curve (i.e., the cosinor model) 

is used at Level-1 (Ching, Fok, & Ramsay, 2006).  The simplest form of this equation is 

f(t) = c0 + c1sin(2t/P), with time (t) and period (P).  The periodic function has its 

baseline value c0 at the origin (t = 0), rises to c0 + c1 at t = P/4, drops to c0 - c1 at t = 3P/4, 

and returns to baseline at t = P.  This captures the periodic effect if the phase begins at t = 

0.  To allow a phase shift, a cosine term is included as regressor, resulting in f(t) = c0 + 

c1sin(2t/P) + c2cos(2t/P).  Separate sine term (sin(2t/P))  and cosine term (cos(2t/P)) 

parameters were created, with t = TIMEsincewake and P = 24 hours. 

Preliminarily, two simple models (the unconditional means and unconditional 

growth models) were fit for PA, NA, and the bipolar scale (1) to estimate the overall 

variability in each mood scale; (2) to assess the extent to which this variability resided 

within or between people; and (3) to test for any linear change in the mood scales over 

the course of a day. Analyses confirmed the existence of significant within- and between-
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person variability and indicated that the within-person variability fit a linear trend for all 

three scales.  Furthermore, these two basic models served as points of reference for 

comparing the model fit of the more complicated subsequent models of interest. 

Following recommendations by Singer and Willett (2003), model fits were compared by 

calculating the difference in their respective deviance statistics (i.e., –2 Log Likelihood) 

and comparing it to the appropriate 2 distribution.  The degrees of freedom in these tests 

are based on the number of independent constraints, that is, the number of parameters 

(both fixed and random) that distinguish the two models. 

To test the hypothesis that within-day variability in PA but not NA follows a 

diurnal pattern, a series of models with sinusoidal curves at Level-1 were fit. For both the 

Level 1-only cosinor model and all subsequent cosinor models involving Level 2 

variables, nonsignificant fixed effects were dropped and the models re-run until only 

significant effects remained. In addition, the variance components were examined in each 

model.  Significant variance components indicated that residual between-person variation 

remained to be explained by putative moderating variables at Level 2.  In the case of 

nonsignificance, the variance component was dropped, thereby “fixing” the slope of the 

respective predictor at the same value for all participants.  At this point, the model fit of 

the new model was compared to that of the previous one containing the random effect.  If 

the fit remained the same or improved, the new more parsimonious model was retained.  

However, if a decrement in fit occurred by “fixing” the predictor, the random effect was 

retained. 
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Table C1. Multilevel analysis of diurnal patterning in positive affect 
          
          
   Linear 

Model 
Cosinor 
Model 

Cosinor + 
BDI 

Cosinor + 
WHO-5 

Cosinor + 
M-E 

Cosinor 
+ BDI 
 + M-E 

Cosinor 
+ WHO-5 

+ M-E 
Fixed Effects Parameter        
Level-1 Intercept  44.66*** 37.43*** 37.40*** 37.49*** 37.45*** 37.38*** 37.49*** 

 BDI    .93   2.40  
 WHO-5     2.04**   1.84* 
 M-E      .42† .51* .15 

          
Linear 
change 

Intercept  -.40***       

          
Sine term Intercept   11.72*** 11.76*** 11.71*** 11.68*** 11.71*** 11.68*** 

 BDI    -1.89†   -1.23  
 WHO-5     1.11**   .92* 
 M-E      .27* .24† .15 

          
Cosine term Intercept   -6.08*** -6.09*** -6.09*** -6.08*** -6.10*** -7.66** 

 BDI       .87  
 WHO-5        .04 
 M-E       .01 -.03 

          
          
Variance components         
Level-1 Within-

person 
 365.07*** 297.34*** 297.12*** 297.24*** 297.24*** 297.04*** 297.22*** 

Level-2 Intercept  326.10*** 233.16*** 232.11*** 197.50*** 219.94*** 214.98*** 196.05*** 
 Linear 

change 
 .32**       

 Sine term   51.90*** 49.74*** 42.94*** 46.86*** 46.52*** 41.61*** 
 Cosine term   5.85† 5.51† 5.97† 5.95† 5.58† 5.97† 
          
Goodness-of-fit         
 Deviance 

 (-2LL) 
 20572.7 20157.6 20153.4 20139.5 20149.8 20146.2 20137.5 

 AIC  20584.7 20177.6 20179.4 20163.5 20173.8 20178.2 20169.5 
 BIC  20597.4 20198.7 20206.8 20188.8 20199.1 20211.9 20203.3 
          
 
 



81 

Table C2. Multilevel analysis of diurnal patterning in negative affect 
        
        
   Linear 

Model 
Cosinor 
Model 

Cosinor 
+BDI 

Cosinor 
+ M-E 

Cosinor 
+ BDI 
+ M-E 

Fixed Effects Parameter      
Level-1 Intercept  8.80*** 7.74*** 7.69*** 7.74*** 7.70*** 

 BDI    1.93**  1.58* 
 M-E     -.18* -.13 

        
Linear change Intercept  -.08*     
        
Sine term Intercept   1.16** 1.14** 1.14** 1.13** 
        
Cosine term Intercept   -.45† -.46† -.46† -.47† 
        
Variance components       
Level-1 Within-person  85.64*** 84.06*** 84.07*** 84.07*** 84.08*** 
Level-2 Intercept  53.19*** 35.10*** 32.78*** 33.17*** 31.89*** 
 Linear change  .01     
 Sine term   3.67* 3.39* 3.37* 3.38* 
 Cosine term   a a a a 
        
Goodness-of-fit       
 Deviance 

 (-2LL) 
 17125.9 17111.7 17105.4 17107.3 17103.2 

 AIC  17137.9 17125.7 17121.4 17123.3 17121.2 
 BIC  17150.6 17140.5 17138.3 17140.2 17140.2 
        
a This covariance parameter was nonsignificant and was “fixed” at zero 
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Table C3. Multilevel analysis of diurnal patterning in valence 
        
        
   Linear 

Model 
“Cosine” 

model 
“Cosine” 
+ WHO-5 

“Cosine” 
+ M-E 

“Cosine” 
+WHO-5 

+ M-E 
Fixed Effects Parameter      
Level-1 Intercept  65.18*** 66.50*** 66.55*** 66.52*** 66.54*** 

 WHO-5    2.03***  1.68** 
 M-E     .52** .27 

        
Linear 
change 

Intercept  .18*     

        
Cosine 
term 

Intercept   -2.71*** -2.70*** -2.71*** -2.70*** 

        
Variance components       
Level-1 Within-

person 
 322.37*** 320.97*** 320.98*** 320.96*** 320.98*** 

Level-2 Intercept  181.63*** 176.70*** 142.32*** 157.22*** 137.80*** 
 Linear 

change 
 .04     

 Cosine term   a a a a 
        
Goodness-of-fit       
 Deviance 

 (-2LL) 
 20197.8 20178.3 20165.9 20171.5 20164.0 

 AIC  20209.8 20186.3 20175.9 20181.5 20176.0 
 BIC  20222.4 20194.7 20186.4 20192.0 20188.7 
        
a This covariance parameter was nonsignificant and was “fixed” at zero 
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APPENDIX D 
 

In order to test hypotheses (Hypothesis #2) regarding between-partner sleep 

and/or circadian synchrony predicting between partner mood (i.e., PA) synchrony, I again 

used MLM via SAS Proc Mixed version 9.  In this case, mood synchrony was 

operationalized as the covariation of mood between the partners of each couple.  

Specifically, each partner’s within-day (i.e., at the 3-hour time pointsviii) mood was 

examined as a function of their partner’s mood at the same 3-hour time point by 

estimating the covariance of mood between partners.  In other words, the covariance of 

the partners’ within-day mood was examined as a coefficient rather than as an error-term 

or residual.  In addition, the within-person variance associated with within-day partner 

interaction was partialed out by including each partner’s ratings of positive or negative 

partner interactions as within-person covariates.  Furthermore, a major problem with time 

series data is that the observations are often not independent of one another, in some 

cases leading to serial dependence within the time series (Warner, 1998), I also tested 

models with autoregressive error structures, thus partitioning the potential serial 

dependence into the within-person error term.  Because these analyses consistently 

yielded very similar coefficients and significance levels for the fixed effects, I present the 

simpler models for the sake of parsimony. 

In order to address the interdependence of the partners within each couple, I 

followed the approach used by (Butner, Diamond, & Hicks, 2007), who were working, in 

turn, from an adaptation of the parallel process model by (Raudenbush, Brennan, & 

Barnett, 1995).  This model treats the couple as the unit of analysis and estimates a 
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separate regression equation at Level 1 (within-couple, within-person, within-day) for 

each individual by including predictors indicating if the outcome is a report from the 

male or female partner.ix  These predictors are a pair of redundant dummy codes.  The 

Level-1 equation for PA (without any additional within-person predictors) is: 

 

 Positive Affecthour i, couple j, gender g = 1ijm(Male) + 2ijm(Female) + eijg 

 

This equation does not contain an intercept, and thus the coefficients for the male and 

female dummy codes, 1ijmand2ijf, actually represent the population true scores for 

positive affect of the partners in couple j at hour i. 

  In contrast to the MLM approach used in the Individual-level analyses, the Level-

2 submodel here estimates a within-person and within-day outcome for each partner.  

Thus, at Level-2 (within-person and within-day) in this model are simultaneous but 

separate equations for male and female partners (predicting either 1ijm or 2ijf), capturing 

the outcome variable (e.g., the respective partner’s PA at hour i) as a function of other 

time-varying factors.  The coefficients for each of these Level-2 equations become the 

dependent variables for the between-person Level-3 analysis (analogous to Level-2 in the 

Individual-level analyses), where they are modeled as a function of between-person 

variables.  The complete Level-2 equations for PA were: 

1 hour i, couple j, male = 10jm + 11jmX11ij + 12jmX12ij + eijm 

 

1 hour i, couple j, female = 20jf + 21jfX21ij + 22jfX22ij + eijf, 
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where 10jm and 20jf refer to the intercept (i.e., the participant j’s PA at an average 

occasion for male and female partners, respectively.  Coefficients 11 and 12 (or, 21 and 

22) represent the maximum likelihood estimates of the population slopes estimating the 

male (or, female) participant from couple j’s PA at each occasion from: 

 

X11ij: their partner’s PA at the same occasion, group centered (i.e., centered around 

the partner’s own 7-day mean).  This captured the affect covariation between 

partners. 

 

X12ij: the positivity of participant j’s interactions with their partner at hour i, group 

centered (i.e., centered around the partner’s own 7-day mean).  This attempted 

to separate out the variance in PA associated with partner interaction from the 

endogenous sources of PA (although obviously other contextual influences 

remain unaccounted for in the model). 

 

The model for NA was similar to the above model for PA, except that X11ij and X21ij 

were their partner’s NA, and X12ij and X22ij were the negativity of partner interactions. 

 At Level-3, we modeled two coefficients (for PA and NA, respectively) as a 

function of various between-person or between couple variables: 10j and 20j, 

representing participant j’s average mood across the 7 days (42 time points) of the study, 
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and 11j and 21j, representing the degree of covariation between the partners’ occasion-

to-occasion levels of mood.  The equation for 10j was: 

 

 10j = 100 + 101W11j + 102W12j + 103W13j + 104W14j + 105W15j 

  

where 100 represents the average affect for males across the sample, and 101, 102, and 

103 represent the maximum likelihood estimates of the population slopes estimating 10j 

(the male partner of couple j’s average affect) from couple j’s difference in morningness-

eveningness scores (W11), difference in actigraphy-based sleep onset times (W12), 

difference in actigraphy-based sleep offset times (W13).  Similarly, 104, and 105 

represent the maximum likelihood estimates of the population slopes estimating 10j (the 

male partner of couple j’s average affect) from the male partner’s relationship satisfaction 

ratings:  mean DAS-4 (W14) and mean RAS (W15).  The equation for 20j was 

essentially the same, including the same couple-based variables for W11-W15, except 

applying to the female partners’ average affect.   

  The equation for predicting the between-partner affect covariation coefficient 

(11j) for male partners was: 

 11j = 110 + 111W11j + 112W12j + 113W13j + 114W14j + 115W15j, 

where 100 represents the average covariation between partners’ daily affect (as pacross 

the sample, and 111 - 115 are analogous to 101 - 105 in the equation for 10j.   Finally, the 
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equation for 21j was essentially the same, including the same couple-based variables for 

W11-W15, except applying to the female partners’ between-partner affect covariation.  
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Table E1. Males overall 

  2 3 4 5 6 7 8 9 10 11 12 
1 RAS, mean pre-post 0.83*** 0.57*** -0.46** 0.31† 0.36† 0.03 0.35† -0.40* -0.08 0.04 0.01 
2 DAS-4, mean pre-post  0.49** -0.28 0.25 0.33† 0.03 0.32† -0.49** 0.07 0.08 -0.06 
3 WHO-5, mean pre-post   -0.46** 0.47** 0.43 -0.19 0.10 -0.19 -0.09 -0.16 -0.32† 
4 BDI-II, mean pre-posta    -0.03 0.05 0.18 0.08 0.39* -0.31† 0.16 0.22 

5 Bipolar scale,  
mean 7-day     0.55** -0.25 0.57*** -0.27 -0.32† -0.20 -0.12 

6 Positive Affect,  
mean 7-day      0.04 0.37* 0.04 -0.06 0.15 0.04 

7 Negative Affect,  
mean 7-day       -0.27 0.57*** 0.13 0.52** 0.45** 

8 Positive Contact with 
Partner, mean 7-day        -0.37 -0.03 0.02 0.02 

9 Negative Contact with 
Partner, mean 7-day         -0.04 0.28 0.36† 

10 Difference in morningness- 
eveningness scoresb          0.13 0.10 

11 Difference in actigraphy-
based sleep onsetsc           0.65*** 

12 Difference in actigraphy-
based sleep offsetsc            

             
aSquare-root transformed 
bAbsolute value of difference 
cAbsolute value of difference, constrained to be within 3 SD 
† p < .10. * p < .05. ** p < .01. *** p < .001. 

A
ppendix E 
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Table E2. Females overall 

  2 3 4 5 6 7 8 9 10 11 12 
1 RAS, mean pre-post 0.88*** 0.49** -0.40* 0.45** 0.20 -0.22 0.53** -0.66*** -0.11 -0.33† -0.21 
2 DAS-4, mean pre-post  0.43** -0.42* 0.42* 0.00 -0.09 0.46** -0.57*** -0.05 -0.29 -0.11 
3 WHO-5, mean pre-post   -0.58*** 0.45** 0.45** -0.11 0.33† -0.19 -0.32† -0.11 -0.20 
4 BDI-II, mean pre-posta    -0.21 -0.04 0.27 -0.20 0.25 0.38* -0.13 -0.03 

5 Bipolar scale,  
mean 7-day     0.38* 0.02 0.44** -0.25 -0.33† -0.21 -0.14 

6 Positive Affect,  
mean 7-day      0.07 0.28 0.05 -0.12 0.08 -0.14 

7 Negative Affect,  
mean 7-day       -0.18 0.39* -0.04 0.10 -0.11 

8 Positive Contact with 
Partner, mean 7-day        -0.57*** -0.27 -0.41* -0.20 

9 Negative Contact with 
Partner, mean 7-day         -0.16 0.44** 0.15 

10 Difference in morningness- 
eveningness scoresb          0.14 0.09 

11 Difference in actigraphy-
based sleep onsetsc           0.64*** 

12 Difference in actigraphy-
based sleep offsetsc            

aSquare-root transformed 
bAbsolute value of difference 
cAbsolute value of difference, constrained to be within 3 SD 
† p < .10. * p < .05. ** p < .01. *** p < .001. 
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Table E3.  Day-to-day effect of between-partner sleep timing differences on mean 
Positive Contact with Partner ratings 

 
Table E4. Day-to-day effect of between-partner sleep timing differences on mean 
Negative Contact with Partner ratings 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lag only Sleep onset Sleep offset Sleep onset 
& offset Lag only Sleep onset Sleep offset

Fixed Effects Parameter
Level-1 Intercept 79.86*** 81.04*** 80.85*** 81.82*** 77.01*** 76.90*** 77.80***

Positive Contact with 
Partner (previous day) Intercept -.49*** -.46*** -.46*** -.48*** -.46*** -.46*** -.46***

Difference in sleep onsets 
(night before) Intercept -2.05* -2.16* .22

Difference in sleep offsets 
(night before) Intercept -.64 -.55 -.55

Positive Affect                 
(same day) Intercept .10 .13 

Variance components

Level-1 Within-
person 55.08*** 51.10*** 50.74*** 51.15*** 80.63*** 74.39*** 73.68***

Level-2 Intercept 167.49*** 155.02*** 167.46*** 154.25*** 173.28*** 172.12*** 171.17***

Goodness-of-fit
Deviance (-
2LL) 1556.0 1303.6 1304.9 1303.6 1392.4 1196.6 1195.2

AIC 1564.0 1315.6 1316.9 1315.6 1400.4 1206.6 1205.2
BIC 1569.9 1324.4 1325.7 1324.4 1405.9 1213.4 1212.0

Differences in sleep timing

Females Males
Differences in          
sleep timing

Lag only Sleep 
onsets Sleep offsets Sleep onsets 

& offsets Lag only Sleep 
onsets Sleep offsets

Fixed Effects Parameter
Level-1 Intercept 10.60*** 9.66*** 9.27*** 8.64*** 10.09*** 9.69*** 9.45***

Negative Contact with 
Partner (previous day) Intercept -.48*** -.48*** -.48* -.48* -.48*** -.58*** -.58***

Difference in sleep onsets 
(night before) Intercept 1.58* 1.28* 1.12

Difference in sleep offsets 
(night before) Intercept .89*** .83*** .68 

Negative Affect                     
(same day) Intercept .30* .26 .26 

Variance components

Level-1 Within-
person 30.77*** 22.56*** 21.22*** 20.94*** 50.30*** 45.55*** 44.93***

Level-2 Intercept 105.20*** 92.91*** 98.24*** 91.31*** 65.86*** 67.91*** 66.92***
NA .18* .17* .18*

Goodness-of-fit
Deviance (-
2LL) 1435.6 1179.9 1173.2 1169.2 1293.5 1108.1 1105.9

AIC 1443.6 1195.9 1189.2 1187.2 1301.5 1118.1 1115.9
BIC 1449.4 1207.7 1200.9 1200.4 1307.0 1124.9 1122.7

Females Males

Differences in sleep timing Differences in              
sleep timing
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Table E5. Day-to-day effect of between-partner sleep timing differences on mean Positive 
Affect ratings 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table E6. Day-to-day effect of between-partner sleep timing differences on mean Positive 
Affect ratings 
 

Lag only Sleep 
onsets

Sleep 
offsets Lag only Sleep 

onsets
Sleep 
offsets

Fixed Effects Parameter
Level-1 Intercept 38.04*** 39.02*** 37.65*** 44.22*** 43.85*** 44.34***

Positive Affect                       
(previous day) Intercept .16* .13* .13 .02 .00 .01

Difference in sleep onsets 
(night before) Intercept -2.92* 1.02

Difference in sleep offsets 
(night before) Intercept -.17 .11

Variance components

Level-1 Within-
person 86.08*** 76.70*** 80.39*** 86.77*** 74.99*** 75.22***

Level-2 Intercept 186.01*** 178.91*** 173.09*** 331.7*** 314.71 316.92***

Goodness-of-fit
Deviance 
(-2LL) 1640.8 1368.5 1374.6 1436.5 1214.0 1214.6

AIC 1648.8 1378.5 1384.6 1444.5 1224.0 1224.6
BIC 1654.6 1385.8 1391.9 1450.0 1230.8 1231.4

Males
Differences in              
sleep timing

Females
Differences in              
sleep timing

Lag only Sleep 
onsets

Sleep 
offsets Lag only Sleep 

onsets
Sleep 
offsets

Sleep onsets 
& offsets

Fixed Effects Parameter
Level-1 Intercept 7.79*** 8.07*** 8.03*** 8.58*** 7.32*** 7.90*** 6.64***

Negative Affect                       
(previous day) Intercept .30*** .40*** .40*** .31*** .33** .31** .30**

Difference in sleep onsets      
(night before) Intercept -.12 2.86** 2.50**

Difference in sleep offsets 
(night before) Intercept -.02 .88* .68 

Variance components

Level-1 Within-
person 20.68*** 18.18*** 18.19*** 55.00*** 51.93*** 52.34*** 52.25***

Level-2 Intercept 28.19*** 32.06*** 32.02*** 40.00*** 40.00** 45.07** 33.77**

Goodness-of-fit
Deviance (-
2LL) 1323.5 1108.3 1108.3 1309.2 1112.6 1116.4 1109.6

AIC 1331.5 1118.3 1118.3 1317.2 1122.6 1126.4 1121.6
BIC 1337.3 1125.6 1125.7 1322.6 1129.4 1133.3 1129.8

Differences in              
sleep timing

Males

Differences in sleep timing

Females
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ENDNOTES 
 
i Watson (2000) prefers the Depue and Iacono (1989) terminology (i.e., BFS) but 
considers all three terms as referring to the same system. 
ii It should be noted that without employing an appropriate chronobiological methodology 
(e.g., constant routine), body temperature rhythms are masked by daily activity. That is, 
activity changes during the day lead to temperature changes that may obscure the 
underlying rhythm.  As such, the null findings of Hoskins (1979) should be interpreted 
with caution. 
iii Interestingly, the mismatched couples that did report high marital adjustment also 
reported more flexible and adaptable marital problem-solving. 
iv One couple slept apart for 3 of the 7 nights while two other couples slept apart for 1 
night each. 
v Note the substantially increased degrees of freedom for the cosine term’s hypothesis 
test; the variance component for this parameter was “fixed” at zero when an error 
message during analyses within SAS Proc Mixed suggested that the estimate for this 
variance was zero or negative. 
vi Although these analyses indicated the sex-differences were non-significant, I still 
presented the sex-specific findings under the assumption that in most cases the strength 
of the female effect was driving the overall effect.  The one exception was the moderation 
of NA covariation by the difference in morningness-eveningness, which was significant 
at least at a trend-level for both sexes. 
vii These analyses were first attempted using a dyadic MLM approach, but the models 
were not converging using SAS Proc Mixed version 9.  However, given that the models 
included only couple-level predictors and no partner effects, standard MLM approaches 
are appropriate. The only drawback is that the lost opportunity for direct comparison of 
predictor effects by sex within the same model.   
viii Because of participants’ idiosyncratic sampling schedules, it was necessary to 
aggregate the occasions into 3-hour blocks.  Next, all 3-hour blocks that were not shared 
by both partners in a particular couple (i.e., one of the partners did not have an occasion 
that fell in a particular 3-hour interval) were deleted from the dataset.  Using a time 
variable based on these intervals, dyads in the final data set had a median of 31 shared 
occasions (range = 5 to 40 occasions) per couple. 
ix The two same-sex couples in the study were removed from this set of analyses. 
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