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Abstract

Sleep and social relationships are two key determinants of psychosocial health that undergo 

considerable change across the transition to motherhood. The current study investigated the 

bidirectional relationship between daytime Positive and Negative Social Interactions (PSIs & 

NSIs) and nighttime sleep quality on maternal mood across 1 week in the 3–6 month postpartum 

period. Sixty healthy, non-depressed first-time mothers completed 7-consecutive days of daily 

social interaction and sleep diaries. Results indicated that higher than average sleep quality 

buffered the effect of higher than average NSIs on maternal mood (i.e., buffered mood reactivity) 

and appeared to promote mood recovery following a particularly “bad day” (i.e., higher than 

average NSIs). In addition, although PSIs were more common than NSIs overall, the most frequent 

and positively rated PSIs were with baby as were the most frequent and negatively rated NSIs. To 

our knowledge, our results are the first to characterize the impact of PSIs on postpartum maternal 

mood, assess maternal-infant social interactions in daily diary study of postpartum social 

relationships, and demonstrate the role that maternal sleep quality plays in social discord-related 

mood reactivity and mood recovery processes in the 3–6 month postpartum period.

Teresa A. Lillis teresa_a_lillis@rush.edu. 

Compliance with ethical standards
Human and animal rights and Informed consent This article does not contain any studies with animals performed by any of the 
authors. All procedures performed in studies involving human participants were in accordance with ethical standards of the 
institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable 
ethical standards.Informed consent was obtained from all individual participants included in the study.

Conflict of interest Teresa A. Lillis, Nancy A. Hamilton, Sarah D. Pressman, Maisa S. Ziadni, Christina S. Khou, Lauren E. Boddy 
and Linzy M. Wagner declare that they have any conflicts to disclose.

HHS Public Access
Author manuscript
J Behav Med. Author manuscript; available in PMC 2019 March 07.

Published in final edited form as:
J Behav Med. 2018 October ; 41(5): 733–746. doi:10.1007/s10865-018-9967-y.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

Postpartum; Mood; Sleep quality; Social interactions; Daily diary

Introduction

The transition to motherhood can be an exciting and rewarding experience, however, it is 

also highly stressful and demanding. The birth of an infant brings about more widespread 

change than any other developmental phase of the family life cycle (Nystrom & Ohrling, 

2004) and early researchers even characterized this transition as a crisis (Le Masters, 1959). 

Although many women make this transition without trouble, a small, but significant, number 

of women may be debilitated by their new role. Thus, it is important to identify modifiable 

factors that can minimize risk and promote psychosocial health during the postpartum period 

(Fowden et al., 2006; Gicquel et al., 2008; Kuh & Ben-Shlomo, 2004).

Two key determinants of psychosocial health in the general population, as well as in 

postpartum populations, are sleep and social relationships (Maxson et al., 2016; Uchino, 

2006). Sleep is a fundamental biological need for humans and is significantly disrupted after 

the birth of a child. Postpartum sleep disruption has been linked to a number of deleterious 

maternal health outcomes, including postpartum depression (Boyce & Hickey, 2005; Dennis 

& Ross, 2005; D0rheim et al., 2009; Ross et al., 2004), poor adjustment to the maternal role 

(Bayer et al., 2007; Hiscock & Wake, 2001), and impaired mother-infant bonding (Morrell 

& Steele, 2003). Stable, supportive social relationships are also a critical resource for human 

health and well-being as well as one of the most robust predictors of maternal adjustment 

and well-being in the postpartum (Maxson et al., 2016). Importantly, the existing research on 

the impact of social relationships in the postpartum period has been limited, as many studies 

rely on cross-sectional study designs. Although previous studies of postpartum women have 

examined the independent roles of sleep and social relationships on various domains of 

psychosocial health (Lawson et al., 2015; Reid & Taylor, 2015; Schwab- Reese et al., 2017), 

no previous study has examined the bidirectional relationship between sleep and social 

relationships on postpartum maternal mood. This is a notable gap in the literature given that 

sleep disruption has been reliably linked with mood degradation in postpartum women (Bei 

et al., 2015) and may also have more insidious effects on mood stability by disrupting efforts 

to regulate emotion and manage the multiple demands of new motherhood. Accordingly, the 

purpose of the current study was to longitudinally examine the relationship between daytime 

social interactions and nighttime sleep quality on maternal mood in a sample of 60 healthy, 

non-depressed first-time mothers across 1 week in the 3–6 month postpartum period.

Sleep disruption and its downstream effects progress dynamically across the postpartum 

period. Due to infants’ polyphasic sleep cycle and nighttime care needs, maternal wake 

times may increase by as much as 20% across the first 6 weeks. As women progress through 

the first postpartum year, the decline in sleep duration may be less prevalent or problematic 

than the persistent degradation in sleep quality. By the third month postpartum, many infants 

begin to have a more consistent and predictable nocturnal sleep period (Figueiredo et al., 

2016; Montgomery-Downs et al., 2010; Dørheim et al., 2009) and objective measurements 
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of maternal sleep during this time indicate that durations of sleep return to the “normal 

range” for healthy adults (i.e., 7.2 h; Lillis et al., 2016; Montgomery-Downs et al., 2010; 

D0rheim et al., 2009). Importantly, these longer maternal sleep bouts have also been shown 

to be highly fragmented, with an average of 2 h of wakefulness per night (Montgomery-

Downs et al., 2010). This fragmentation may partly explain the persistent link observed 

between low maternal mood and poor subjective sleep quality, even after controlling for a 

number of confounding factors, including objectively measured sleep duration (Park et al., 

2013) and infant temperament (Goyal et al., 2009). As such, after the first 3 months 

postpartum, subjective sleep quality may reveal more about daytime functioning and 

adjustment to the maternal role than objective sleep duration estimates.

Just as sleep is a major factor in the adjustment to new parenthood, so too are social 

relationships a key determinant of postpartum psychosocial health. Social support and 

positive social interactions are related to positive mental health in the general population 

(Brown et al., 2003; Bur-man & Margolin, 1992; Coyne & DeLongis, 1986; Fin-cham, 

2003; Revenson, 1994; Robles & Kiecolt-Glaser, 2003; Seeman et al., 1987; Tower et al., 

2002) and have also been hypothesized to buffer the negative systemic effects of stress 

during the postpartum period (Gerin et al., 1995; Hammer, 1983). Indeed, perceived 

availability and actual provisions of emotional and physical support from partners have been 

found to be related to relationship satisfaction and maternal adjustment in the postpartum 

period (Burke, 2003; Majewski, 1987; Power & Parke, 1984; Shapiro et al., 2000). 

Conversely, many studies have documented that new mothers’ perceptions of inadequate 

support from their partners resulted in feelings of resentment and increased conflict (Belsky 

et al., 1986; Barclay et al., 1997; Hall, 1992; McBridge & Shore, 2001). Collectively these 

data illustrate that social relationships can have both a positive effect on functioning or act as 

another demand on interpersonal resources.

Extant measures of social support and partner support capture important but static 

impressions of the social environment. Repeated measurement strategies, such as Ecological 

Momentary Assessment (EMA) and daily diaries, are well-suited to capture the ebb and flow 

of social activity and psychosocial functioning, as well as the role of sleep-related changes 

in these processes. These more intensive daily assessment approaches have yielded 

interesting connections between sleep and social relationships. For instance, parenting self-

efficacy and baby crying behavior contributed to decreased marital satisfaction and insomnia 

during the first year postpartum (Meijer & van den Wittenboer, 2007), and there is strong 

evidence for a bi-directional relationship between the quality of partner social interaction 

and sleep (Meijer & van den Wittenboer, 2007; Troxel, 2010; Troxel et al., 2007). Negative 

social interactions have also been linked with depressive symptoms in the postpartum. In a 

small study of postpartum women, measures of partner quality were inversely related to 

symptoms of depression while reports of arguments during the past week were related to 

higher levels of symptoms of depression (Page & Wilhelm, 2007). Although previous 

studies have used daily diary data to capture negative social interactions among adults in the 

postpartum, to our knowledge, no study has attempted to also measure positive social 

interactions in the postpartum period. This is a noteworthy oversight given the 

aforementioned demands of new motherhood and the well-documented buffering effect of 

positive social interactions on the stress process (Cohen & Hoberman, 1983). Furthermore, 
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no previous study has investigated the impact of interaction between arguably the most 

intensely interactive social dyad in the postpartum: mother and baby. Omissions of entire 

classes of social interactions and relationships limit the scope of our understanding of the 

postpartum social milieu.

Along these lines, rather than viewing sleep quality as either a predictor or outcome of 

maternal adjustment-related difficulties, it may be more useful to consider the role of sleep 

quality as an intrapersonal-energetic resource that may enhance the ability to respond to the 

day-to-day social demands of new parenthood. Specifically, high quality sleep may serve as 

a resource that buffers the effect of stress or negative social interactions on maternal mood 

(i.e., mood reactivity). The effect of adequate sleep quality on mood reactivity has been 

observed in parents of children with autism (Estrela et al., 2017), Israeli college students 

(Lev Ari & Schulman, 2012), women with fibromyalgia (Hamilton et al., 2008), and women 

with migraines (Spierings et al., 1996). In addition, adequate sleep quality may also enhance 

recovery from a particularly stressful day on next-day mood, a process that has been 

demonstrated in women with chronic pain (Hamilton et al., 2007). These data collected from 

a wide range of populations paint a compelling picture about the intersection of social 

interactions, mood, and sleep. Examining the impact of the postpartum social milieu on a 

micro/day-to-day level may uncover how a broad spectrum of social interactions relates to 

other micro/day-to-day level processes, including maternal sleep.

Goals of the present study

The current study sought to improve upon the existing postpartum sleep and social 

environment literature by using a daily diary format to answer a number of questions about 

maternal social activity, sleep quality, and mood between 3 and 6 months postpartum. Using 

a repeated measurement design, we sought to examine the dynamic relationship of daily 

Positive Social Interactions and Negative Social Interactions (PSIs & NSIs; with Baby, 

Partner, Family Members, Friends, and Co-Workers) to maternal mood across 1 week in the 

3–6-month postpartum period from a sample of 60 first-time mothers. We also examined 

whether nighttime sleep quality moderated the relationship between daily PSIs, NSIs, and 

mood. It was hypothesized that higher numbers of PSIs and lower numbers of NSIs would 

be related to higher daily Positive Affect and lower Negative Affect, respectively. In 

addition, we hypothesized there would be a “mood reactivity” effect, such that high sleep 

quality would buffer the effect NSIs on mood. Further, we expected that there would be a 

“mood recovery” effect, such that higher sleep quality would promote more positive mood 

states the following day.

Method

Participants and procedure

Our institution’s Review Board approved this study. Inclusion criteria were as follows: first-

time mother, one 3–6 month-old infant, and a cohabitating/parenting partner. Exclusion 

criteria were as follows: (a) history of sleep disorders (self-reported); (b) endocrine or 

immune disorders; (c) current sleep medication use (d) history of psychosis or manic 

episodes; (e) current night shift occupation; (f) currently experiencing symptoms of a Major 
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Depressive Episode (i.e., endorsed depressed mood and/or loss of interest/pleasure in 

normally enjoyable activities most days over the previous 2 weeks (American Psychiatric 

Association, 2013); or (g) baby was in the NICU. Participants were recruited from online 

advertisements, in-person announcements at maternal support groups and breastfeeding 

support groups, and via the distribution of flyers in a small college town and its nearby 

metropolitan community.

Participants were asked to choose a study week that was “fairly normal” (partner in town, 

self/baby not currently ill, no recent travel across multiple time zones, etc.). Following 

completion of baseline measures of relationship satisfaction, maternal functioning, social 

support, and loneliness, the main study procedures across the participation week for enrolled 

participants included completing a daily online morning survey about their previous nights’ 

sleep characteristics and completing a nightly online evening survey about their social 

interactions and mood experienced during the day. Participants were emailed Morning Sleep 
Diary and Evening Diary links via a secure online survey site (Qualtrics, 2018) that could be 

completed on any email-receiving device. Participants earned up to $50 for participation 

(inclusive of a $15 bonus for full study protocol adherence, of which 95% qualified). 

Demographic characteristics of the final sample (n = 60) have been previously reported 

(Lillis et al., 2016).

Measures

Daily diary measures

Positive and Negative Daily Interactions—The Evening Diary (completed prior to 

evening sleep) collected information related to Positive Social Interactions (PSIs) and 

Negative Social Interactions (NSIs) experienced throughout the day. The PSI and NSI items 

were modeled after the Interpersonal Stress and Life Event Inventory (ISLE), a social 

interaction instrument that measures interaction frequency/quality with partner, child, family, 

friends/acquaintances and co-workers (Zautra et al., 1986). The instrument was modified for 

a postpartum population to include baby-related questions using items drawn from the 

Childcare Activities Questionnaire (CCAQ) (Montague & Walker-Andrews, 2002).

PSI and NSI scores were then calculated by an index of frequency and quality of 

interactions. Daily PSIs were rated by participants on a 7-point Likert scale of enjoyment 

from 1 (not enjoyable at all) to 7 (extremely enjoyable). Daily NSIs were rated by 

participants on 7-point Likert scale of distress from 1 (not distressing at all) to 7 (extremely 
distressing). The sum of all PSIs and the sum of all NSIs were respectively calculated for 

each social relationship (i.e., Baby, Partner, Family Members, Friends, and Coworkers), 

across each day, and for each participant. The daily sum total of all PSIs and NSIs provided 

a total PSI score and a total NSI score. Please see Table 1 for presentation of discrete PSI 

and NSI items by social relationship category.

Maternal Mood—Maternal mood was measured with composite daily Positive Affect (PA) 

and Negative Affect (NA) scores assessed in the Evening Diary with a modified form of the 

Profile of Mood States (POMS) (McNair, Lorr, & Droppleman, 1971). The original POMS 
is a 65-item wordlist that asks respondents to rate the degree to which an adjective describes 

Lillis et al. Page 5

J Behav Med. Author manuscript; available in PMC 2019 March 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



their current mood state on a 5-point scale (1, not at all-5, extremely). The version of the 

POMS used for this study was shortened to 24 items from the original 65 based on previous 

daily diary research (Pressman et al., 2005; Usala & Hertzog, 1989). Participants were asked 

to rate how well each adjective described how they felt that day on a scale from 0 (not at all 
accurate) to 4 (extremely accurate). The PA composite score was derived from the mean of 

the following 13 adjectives: quiet, passive, happy, cheerful, relaxed, calm, active, lively, 

enthusiastic, trusting, helpful, attached, and loving. The NA composite score was derived 

from the mean of the following 11 items: jittery, nervous, unhappy, sad, drowsy, tired, 

intense, overwhelmed, stressed, bored, and lonely.

Sleep Quality—The Morning Sleep Diary (completed upon arising) collected information 

related to subjective sleep quality by asking participants to answer the following question, 

“On a scale from 1 to 7, where 1 is extremely poor and 7 is extremely good, how would you 

rate the quality of your sleep last night?” This question is similar to questions used to assess 

subjective sleep experience in longitudinal sleep research (King et al., 1997). We have 

previously reported on the objective sleep patterns and sleep duration estimates of this 

sample (Lillis et al., 2016).

Analytic strategy

Aggregated descriptive statistics were first conducted in order to examine frequencies of 

social interactions experienced during the day as well as generate overall averages for mood 

and sleep quality indices. In addition, Root Mean Squares of Successive Difference 

(RMSSD) values were calculated for all social interaction, mood, and sleep quality variables 

in order to generate an overall estimate of variability for each social interaction, mood, and 

sleep variable. Finally, bivariate correlations were conducted between baseline measures and 

aggregated means and RMSSD values of the daily diary social interaction, mood and sleep 

quality variables (see Table 1).

Given the nested nature of the data (i.e., repeated measures design) and the potential for 

variability to be present both at Level 1 (day-to-day, within person) and Level 2 (between 

persons), multilevel models were then used to investigate the longitudinal relationships 

between daytime social interactions, mood, and subjective sleep quality. Because Level 1 

variables contain two sources of variance (differences between people and differences within 

person, across days), a “paired approach” was used for all Level 1 predictors in order to 

separate unique sources of variance (Affleck et al., 1999). Individual meancentered variables 

were created to represent a participant’s aggregated average score on a daily measure (which 

can be thought to reflect her “Average Day” on that particular measure). Within-person-

deviation variables were then created to represent whether a participant’s score on a given 

day was higher or lower than her personal average for that measure (which can be thought to 

capture individual, day-to-day fluctuation in the measure). As such, pairs of individual 

meancentered and daily person-deviation variables were created for each Level 1 predictor 

variable used in analyses described below (i.e., Total Daily PSIs, Total Daily NSIs, Baby 

PSIs, Baby NSIs, Partner PSIs, Partner NSIs, Family PSIs, Family NSIs, Friend PSIs, Friend 

NSIs, Coworker PSIs, Coworker NSIs, and Sleep Quality).
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Model Series #1—The first series of MLM analyses were performed on 60 Level 2 units 

(individual participants), each with 7 Level 1 units (7 days of observations per person). 

Model series #1 examined two separate equations, in which, fixed effects for individual-

average and within-person deviation in Baby PSIs, Baby NSIs, Partner PSIs, Partner NSIs, 

Family PSIs, Family NSIs, Friend PSIs, Friend NSIs, Coworker PSIs, Coworker NSIs were 

regressed on Daily PA and then regressed on Daily NA.

Model Series #2 “Mood Reactivity”—Because sleep characteristics were always 

measured the morning after the collection of daily social interaction and mood variables, the 

resulting dataset for Model Series #2 included 60 Level 2 units, each with six Level 1 units 

(6 days of observations per person). Model series #2 examined our “Mood Reactivity” 

hypotheses with two separate equations, in which, fixed effects for individual-average and 

within-person deviation in “Todays” daily PSIs and NSIs, individual average and “Last 
Night’s”, within-person deviation in sleep quality, and an interaction between within-person 

deviation in total NSIs and Last Night’s, within-person deviation in sleep quality were 

regressed on “Today’s” PA and then regressed on “Today’s” NA.

Model Series #3 “Mood Recovery”—As noted above, because sleep characteristics 

were always measured the morning after the collection of daily social interaction and mood 

variables, the resulting dataset for Model Series #3 included 60 Level 2 units, each with six 

Level 1 units (6 days of observations per person). Model series #3 examined our “Mood 

Recovery” hypotheses with two separate equations, in which, fixed effects for 

individualaverage and within-person deviation in “Today’s” NSIs and “Tonight’s” sleep 

quality and an interaction between within-person deviation in “Today’s” NSIs and within- 

person deviation in “Tonight’s” sleep quality were regressed on “Tomorrow’s” PA and then 

regressed on “Tomorrow’s” NA. All the aforementioned models were estimated with SPSS 

software (IBM Corp, 2013) using an autoregressive (AR1) covariance structure and included 

a fixed and random intercept.

Missing Data—Participants completed nearly all Evening Diary items across all days of 

participation resulting in very low missing daily data. Randomly skipped items that factored 

into a total daily score were mean replaced (< .01% of all cases). No sleep quality ratings 

were missing from the Morning Sleep Diary.

Results

Descriptive results

Table 1 presents aggregated descriptive statistics and RMSSD values for PSIs and NSIs (as 

well as information on the frequencies and valences of specific types of PSI and NSI events 

for each social relationship category). With respect to daily PA and NA, participants had 

higher average daily PA (M = 2.05, SD = .52) than NA (M = .84, SD = .42). In addition, 

RMSSD values for daily PA and NA indicated that mood was generally stable in the sample 

during the study week. In regards to sleep quality, participants’ sleep quality was moderately 

variable (RMSSD = 1.49, SD = .64) and, on average, rated as a 4.55 (SD = .83) on a 1–7 

scale (where 1 was extremely poor and 7 was extremely good).
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In terms of daytime social interactions, participants reported about seven times as many PSIs 

than NSIs (M PSI = 36.99, SD = 19.27; M NSI = 5.90, SD = 2.13). Baby-related PSIs 

accounted for, on average, > 50% of all PSIs experienced during an average day and 

although NSIs were generally infrequent across partner, family, friend and coworker 

interactions, on average, the majority of total daily NSIs (> 78%) also arose from 

interactions with baby. In terms of overall variability of PSIs and NSIs, total daily PSIs were 

more variable (RMSSD = 10.28, SD = 5.82) than total daily NSIs (RMSSD = 3.38, SD = 

1.83), which may similarly be explained by the high variability in PSIs with baby (RMSSD 
= 7.55, SD = 5.71) when compared to RMSSD estimates from other social relationship 

categories.

Multilevel model results

Model Series #1—Table 2 presents findings from concurrent multilevel models’ 

associations of total Daily PSIs and NSIs (individual averages and within-person deviations) 

by social relationship category regressed on Daily PA and NA. Significant individual-

average effects were found for Daily PA, such that, higher individual-average numbers of 

Friend PSIs (B = .248, SE = .079) and lower individual-average numbers of Baby NSIs (B = 

−.071, SE = .033) were associated with higher Daily PA. In addition, significant within-

person effects in social interactions were found for Daily PA, such that on days when 
participants had higher numbers of Partner PSIs (B = .014, SE = .005) and lower numbers of 

Partner NSIs (B = −.032, SE = .016), Family NSIs (B = - .403, SE = .121), and Coworker 

NSIs (B = − .174, SE = .055), their daily PA scores were higher (allp’s < .05).

In regards to Daily NA, the only significant individual-average effect found was for Partner 

NSIs, such that participants with higher average levels of Partner NSIs (B = .246, SE = 101) 

had significantly higher average levels of Daily NA. In regards to within-person deviation 

effects, a number of significant associations with Daily NA were observed. Specifically, on 
days when participants had lower numbers of Baby PSIs (B = −.007, SE = .002) and Partner 

PSIs (B = − .012, SE = .005) and higher numbers of Coworker PSIs (B = .073, SE = .026), 

Baby NSIs (B = .017, SE = .008), Family NSIs (B = .374, SE = .116), and Coworker NSIs 

(B = .119, SE = .053), their Daily NA scores were higher (all p’s < .05).

Model Series #2”Mood Reactivity” Main Effects for Daily PA—Table 3 presents 

findings from concurrent multilevel models’ associations of individual-average and within-

person deviation in total Daily PSIs and NSIs, individual-average sleep quality as well as 

“last-night’s sleep quality” (meaning last night’s Sleep Quality deviation score), and an 

interaction between within-person deviation in NSIs with “Last Night’s sleep quality” 
regressed on Daily PA and NA. Higher individual-average levels of total Daily PSIs (B = .

008, SE = .003) and sleep quality (B = .251, SE = .072) and lower individual-average levels 

of total Daily NSIs (B = - .083, SE = .027) were significantly associated with higher Daily 

PA. In addition, on days when participants had more PSIs than normal (B = .008, SE = .

003), their Daily PA scores were higher. Similarly, on nights when participants had higher 

sleep quality than normal (B = .044, SE = .016), their PA scores were higher (allp’s < .05). 

Within-person deviation in NSIs and the interaction between within-person deviation in 
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NSIs and “Last Night’s” within-person deviation in sleep quality on Daily PA were not 

significant (p > .05).

Model Series #2”Mood Reactivity” Main Effects for Daily NA—In regards to Daily 

NA, no significant individual-average effects were observed for total Daily PSIs, however, 

higher individual-average levels of NSIs (B = .060, SE = .020) were related to higher Daily 

NA. On days when participants had lower than average numbers of PSIs (B = − .009, SE = .

002) and higher than average numbers of NSIs (B = .014, SE = .007), their NA was higher. 

In regards to effects of sleep quality, higher individual-average levels of sleep quality (B = 

− .248, SE = .052) were significantly associated with lower levels of Daily NA. In addition, 

on nights when participants had lower than average levels of sleep quality (B = − .045, SE 

= .016), their NA scores were higher.

Model Series #2”Mood Reactivity” Interaction Effects for Daily NA—A 

significant interaction was observed between within-person deviation in total Daily NSIs and 

“Last Night’s” within-person deviation in sleep quality on Daily NA (B = − .013, SE = .

006). This finding suggests that within-person deviations in sleep quality moderated the 

relationship between within-person deviations in total Daily NSIs on Daily NA (for a visual 

representation of this interaction, please refer to Fig. 1). When plotting and probing 

interaction effects, one should consider both the significance and magnitude of the 

relationship between y (Daily NA) and x (within-person deviation in NSIs) at different 

conditional values of z (“Last Night’s,” within-person deviation in sleep quality) (Preacher 

et al., 2006).

The simple slopes for high and low conditional values of “Last Night’s” within-person 

deviation in sleep quality were significant. Specifically, on nights when participants had 

higher than their average level of sleep quality (B = − .079 SE = .013), the effect of higher 
within-person deviation in total Daily NSIs on NA was attenuated (i.e., daily NA was lower). 

Similarly, on nights when participants had lower than their average level of sleep quality (B 

= 0.106, SE = .013), the effect of higher within-person deviation in total Daily NSIs on NA 

was exacerbated (i.e., daily NA was higher). The region of significance calculated for this 

interaction indicated that values of “Last Night’s” within-person deviation in sleep quality, 

falling between .651 and 1.57, render the interaction nonsignificant and values outside this 

region render the interaction significant. Therefore, in this sample, a significant interaction 

existed if daily within-person deviation in sleep quality ratings exceeded 1.57 or were less 

than .651, (all p’s < .05).

Model Series #3 “Mood Recovery” Main Effects for Daily PA—Table 3 also 

presents findings from concurrent multilevel models’ associations of individual-average and 

within-person deviation in total Daily PSIs, NSIs, sleep quality, and an interaction between 

within-person deviation in NSIs with within-person deviation in sleep quality regressed on 

“Tomorrow’s” Daily PA and NA. After controlling for individual differences in the average 

relationship between NSIs, PSIs, Sleep Quality on PA, there were no significant effects for 

within-person deviations in PSIs or NSIs today on PA tomorrow. However, on nights when 

participants had higher sleep quality than normal (B = .049, SE = .016, “Tomorrow’s” PA 

scores were higher (all p’s < .05).
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Model Series #3 “Mood Recovery” Interaction Effects for Daily PA.—A 

significant interaction was observed between within-person deviation in NSIs and within-

person deviation in sleep quality on “Tomorrow’s” PA (B = .019, SE = .006; see Fig. 2). The 

simple slopes for high and low conditional values of within-person deviation in sleep quality 

on “Tomorrow’s” PA were significant. Specifically, higher than average levels of sleep 

quality (B = .149, SE = .014) buffered the effect of higher than average levels of NSIs on 

“Tomorrow’s” PA (i.e., PA was higher). Similarly, lower than average levels of sleep quality 

(B = − .124, SE = .014) exacerbated the effect of higher than average levels of NSIs on 

“Tomorrow’s” PA (i.e., PA was lower). The region of significance calculated for this 

interaction indicated that values of within-person deviation in sleep quality falling between 

− .954 and − .429 render the interaction nonsignificant and values outside this region render 

the interaction significant.

Model Series #3 “Mood Recovery” Main Effects for Daily NA.—In regards to Daily 

NA, after controlling for individual differences in the relationship of NSIs, PSIs, and Sleep 

Quality on NA, there were no significant within-person deviation effects for PSIs or NSIs on 

Daily NA. However, on nights when sleep quality was lower than normal (B = − .054, SE = .

016), “Tomorrow’s” NA scores were higher.

Model Series #3 “Mood Recovery” Interaction Effects for Daily NA.—Finally, a 

significant interaction was observed between within-person deviation in total Daily NSIs and 

within-person deviation in sleep quality on Daily NA (B = − .015, SE = .006; see Fig. 3). 

The simple slopes for high and low conditional values of within-person deviation in sleep 

quality were significant. Specifically, on nights when participants had higher than their 

average level of sleep quality (B = − .125, SE = .013), the effect of higher within-person 

deviation in NSIs on “Tomorrow’s” NA was ameliorated (i.e., “Tomorrow’s” NA was 

lower). Similarly, on nights when participants had lower than their average level of sleep 

quality (B = .086, SE = .013), the effect of higher within-person deviation in NSIs on 

“Tomorrow’s” NA was exacerbated (i.e., “Tomorrow’s” NA was higher). The region of 

significance calculated for this interaction indicated that values of within-person deviation in 

sleep quality, falling between − 1.77 and − .954, render the interaction nonsignificant and 

values outside this region render the interaction significant.

Discussion

Findings from the current study highlight the dynamic interplay between sleep and social 

interactions on maternal mood in the postpartum period. To our knowledge, this is the first 

study to include PSIs and social interactions with baby in a daily diary of social 

relationships. In addition, our results are the first to demonstrate the role that maternal sleep 

quality plays in social discord-related mood reactivity and mood recovery processes in the 

3–6 month postpartum period. Specifically, we found that high quality sleep buffered the 

effects of having a “bad day” (i.e., higher than average NSIs) on mood and also prevented 

the effects of having a bad day from carrying over from one day’s mood to the next. These 

results are consistent with previous studies examining the role of adequate sleep in mood 

regulation (Hamilton et al., 2007, 2008) as well as the literature on the bidirectional 
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relationship between sleep and social interactions (Meijer & van den Wittenboer, 2007; 

Troxel, 2010; Troxel, et al., 2007).

It is important that the results of this study be included in the broader context of the 

postpartum period. The objective and subjective sleep patterns of this sample have been 

previously reported on (Lillis, 2014; Lillis et al., 2016). Although objective sleep patterns 

were not significantly related to maternal mood (Lillis, 2014), they did appear to differ as 

function of maternal work status, daytime health behaviors, and infant care choices (Lillis et 

al., 2016). For the sample overall, objective estimates of sleep duration were in the “normal 

range” for healthy adults (i.e., M = 7.2 h), which is consistent with other reports of objective 

sleep duration in the 3–6 month postpartum period (Montgomery-Downs et al., 2010; 

Dørheim et al., 2009). However, mothers in our sample who did not work outside the home 

were found to have longer objective sleep durations as well as longer sleep onset latencies 

(SOL). In addition, sleep continuity, as measured by self-reported arousals and objectively 

measured wake time after sleep onset (WASO), was worse for breastfeeding mothers and 

those who room-shared or co-slept with their babies at night. Mothers appeared to cope with 

the sleep disturbance in expected ways, including with napping and exercise. However, 

mothers who tended to nap more frequently or for longer durations had longer SOL. In 

contrast, mothers who exercised more frequently or for longer durations had longer 

nighttime sleep durations. It is noteworthy that these differences in maternal work status, 

daytime health behaviors, and infant care choices had minimal impact on sleep quality. In 

fact, the only negative predictor of sleep quality was sleeping in the same room as baby (i.e., 

sharing the room or bed with the infant).

Although our previous work showed that the impact of biopsychosocial predictors on sleep 

quality was minimal, the current study showed that the effect of sleep quality on 

psychosocial health was substantial. Consistent with studies of women with chronic pain 

(Hamilton et al., 2007, 2008), maternal sleep quality in the current study was a consistent 

predictor of emotional health and also affected the emotional impact of, and the ability to 

recover from, particularly bad days. As women transition from the intensive baby-care 

demands of the first 3 months post-partum to the more diffuse demands in the 3–6 month 

period and beyond, (which, for some women, includes returning to work and, for all women, 

a greater degree of engagement with the outside world), adequate sleep may serve as an 

important resource for when those social interactions do not go smoothly.

The importance of social interactions in the 3–6 month postpartum period was illustrated by 

the life-event measure used in this study. Consistent with previous daily life events research 

(Seidlitz & Diener, 1993; Zautra & Reich, 1983), we found that PSIs were more frequently 

reported than NSIs and consistently associated with more stable and positive mood states. 

This is one of the few studies to use a daily diary approach to characterize daily social 

interactions during the postpartum period and the only one to measure baby-related 

interactions. After examining the data, it is hard to overstate the importance of including 

baby-related social interactions in the measurement of the postpartum social milieu. Baby 

PSIs were the most frequent social interaction reported by our sample and cuddling and 

playing with baby were the most frequent and the most positively rated interactions of all 

PSIs. In addition, although participants frequently reported intimate contact with and 

Lillis et al. Page 11

J Behav Med. Author manuscript; available in PMC 2019 March 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



expressions of love from their partners, these PSIs were rated, on average, less positively 

than the aforementioned PSIs with baby. Interestingly, the most frequent and the most 

strongly negatively rated NSIs were also with baby. This result may suggest an area of 

duality in the 3–6 month postpartum period; namely, that interactions with baby are both the 

most positive and the most negative of all social network members.

The good news for these new mothers was that the relationship of NSIs to mood was 

tempered by sleep quality. In other words, mothers appeared better able to cope with a bad 

day that could have included a fussy baby if they had good quality sleep the night before. 

Moreover, following a good night’s sleep, the effects of a bad day did not appear to carry 

over from one day to the next. Viewed another way, these data may help to explain the 

relationship of maternal sleep to postpartum depression. Poor quality sleep may heighten 

reactivity to NSIs (i.e., mood reactivity) and prevent recovery from a bad day (i.e., mood 

recovery). In the context of the mother-infant dyad, a difficult infant temperament combined 

with poor maternal sleep could easily form an entrenched positive feedback loop, with infant 

crying during the night disrupting mother’s sleep, leading to higher maternal negative affect 

during the day and greater difficulty coping with negative infant social interactions.

Our study also adds to the literature on impact of non-kin relationships in the postpartum. 

Although previous studies have found that interaction with kin members tends to increase 

after the birth of a child (Belsky & Rovine, 1984; Bost et al., 2002; Flaherty & Richman, 

1989; Gameiro et al., 2010; Hammer et al., 1982; McCannell, 1987) and interactions with 

friends or other non-kin related adults tends to decrease (Bost et al., 2002; Hammer et al., 

1982; McCannell, 1987; Stueve & Gerson, 1977), for mothers in our study, friend-related 

interactions were more common than family-related interactions and had a stronger up-side. 

Mothers in our sample rated the majority of PSIs with friends more favorably than PSIs with 

family and friend-related interactions were also found to be significant predictors of mood 

even after controlling for other relationship category interactions.

These novel findings related to non-kin social activity may be explained, in part, by the fact 

that most existing postpartum social relationship research is conducted within the first 3 

months, when the impact of partner and family support might be more readily needed and 

provided. Although there is a fair amount of literature documenting the importance of 

general and partner-specific social support, there is almost no literature on the impact of 

adult-friendships during the postpartum period. In the absence of a literature base, anecdotal 

reports and the proliferation of support groups for new mothers (e.g., mommy and me 

classes, La Leche group meeting, mother-focused social media groups), suggest that new 

mothers benefit from friendships with other women during the postpartum period (Scott et 

al., 2001). Moreover, friendship support may have some distinct advantages over family 

support or partner support, in that, friendships may be less fraught with emotional baggage 

than family relationships (Coyne et al.1988), and friends often have the advantage of 

proximity whereas family members may live in distant states or other countries.

The current study should be evaluated in terms of its strengths and limitations. Although our 

use of daily diaries allowed us to examine within-person changes in sleep and social 

interactions, a week-long study still only provides a snapshot of the 3–6 month postpartum 
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period. In addition, all of our data were collected through self-report, a methodology that has 

known biases and limitations. Future iterations of our study could be strengthened by adding 

other kinds of measurement modalities, including the collection of collateral information on 

sleep and social relationships in the 3–6 month postpartum period from coparenting partners. 

Further, although our sample was compliant with our study protocol resulting in very low 

missing data, they were also homogenous in terms of their ethnoracial makeup and 

socioeconomic status. As such, our results may not represent the postpartum experiences of 

more ethnoracially and economically diverse samples of women.

In summary, the results of the current study paint a picture of the 3–6 month postpartum 

period in which sleep and social relationships exert a substantial effect on maternal 

emotional health. For the women in our study, postpartum social relationships had both 

positive and negative effects on mood. These results suggest that interventions to improve 

psychosocial functioning during the 3–6 month postpartum period would do well to focus on 

improving sleep quality. Although the women in this study did not show evidence of 

symptoms of insomnia, behavioral interventions to increase sleep consolidation and reduce 

sleep onset latency might improve perceptions of sleep quality and, ultimately, mood. 

Although we cannot make definitive causal statements from passive correlational data, the 

findings of this study may nevertheless highlight high quality sleep as an intrapersonal 

resource that can enhance mood recovery or buffer mood reactivity amidst the daily social 

demands of new motherhood.
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Fig. 1. 
Interaction between “Last Night’s” within-person deviation in sleep quality and within-

person deviation in total negative social interactions on daytime negative affect
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Fig. 2. 
Interaction between within-person deviation in sleep quality and within-person deviation in 

total negative social interactions on “Tomorrow’s” positive affect
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Fig. 3. 
Interaction between within-person deviation in sleep quality and within-person deviation in 

total negative social Interactions on “Tomorrow’s” negative affect
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