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EPIDEMIOLOGIC RESEARCH HAS SUGGESTED THAT 
DIVORCED INDIVIDUALS, PARTICULARLY WOMEN, 
HAVE HIGHER RATES OF SLEEP DISTURBANCE THAN 
their married counterparts.1-4 Importantly, these studies typi-
cally measure marital status at a single point in time, which 
precludes determination of whether something specific about 
having a stable partner is beneficial for sleep or whether dis-
solution of a committed relationship is detrimental for sleep. 
For example, is the risk attributable to divorce due to the ab-
sence of a partner or to the psychosocial sequelae of ending the 
relationship? Selection bias may also contribute to the effects: 
healthier people, including those with healthier sleep profiles, 
may be more likely to enter into and stay in committed relation-
ships. Although directionality cannot be inferred from cross-
sectional studies, examination of the association between sleep 
and the course of relationship status over time, including transi-
tions into or out of committed relationships, provides stronger 
evidence to support the direction of association linking stable 
relationships to sleep.

The limited extant literature suggests that it is the aftermath 
of marital dissolution or the affective response of bereavement 

that is most detrimental for sleep, rather than the absence of 
the partner per se.5,6 For instance, Reynolds and colleagues6 
documented an increased risk for sleep disturbances among 
bereaved older adults but only among those who were also de-
pressed. Similarly, in a study of the effects of divorce on sleep, 
Cartwright and Wood demonstrated significant reductions in 
latency to REM sleep and elevations in the percentage of REM 
only among divorced individuals who were also depressed.7 As 
well, participants currently undergoing a divorce had significant 
reductions in delta sleep (stage 3+4 NREM) compared to those 
for whom the divorce was finalized.7 In addition, an emerging 
literature has shown that marital happiness is associated with 
higher sleep quality in women,8,9 whereas anxiety in close rela-
tionships is associated with poorer subjective sleep quality10,11 
and indicators of poorer objective sleep, such as percentage of 
stage 3+4 sleep.12 Taken together, these findings suggest that 
relationship status per se may be less salient for sleep than are 
the affective responses to relationship dissolution and/or the un-
derlying qualitative dimensions of high quality relationships, 
including the degree to which the relationship affords a sense of 
stability and security. The stability of a marital or cohabiting re-
lationship may be another marker of relationship quality (albeit 
an imperfect one) that could relate to sleep more strongly than a 
single, static examination of relationship status.

Examining how both relationship status and history contrib-
utes to sleep in women is important for several reasons. First, 
women are more likely to have insomnia than men.13 In particu-
lar, midlife is a time of increased risk for sleep disturbances14 
and of significant life transitions in women.15 In addition, some 
evidence suggests that women tend to be more negatively af-
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fected, both psychologically and physiologically, by distressed 
relationships than are men.16 Thus, relationship dissolution may 
heighten the risk for sleep problems among women by nega-
tively influencing mood and affect and leading to endocrine and 
autonomic dysregulation, all of which are associated with sleep 
disturbances, including insomnia.17-20 Sociodemographic factors 
that have been linked with sleep, including African American 
race and low socioeconomic status,4,21-23 may also play a role 
in explaining the sleep benefits of marriage/cohabitation, as un-
partnered women are disproportionately represented by African 
Americans and those in lower socioeconomic strata as compared 
to partnered women.24 Women who lose a partner due to sepa-
ration, divorce, or widowhood, often experience a precipitous 
decline in socioeconomic resources stemming from the loss of 
the primary or a contributing wage-earner in the family.25 Thus, 
the stable presence of a partner as well as the gain of a new 
partner may confer benefits for sleep in women, by increasing a 
woman’s socioeconomic position and access to resources.

Given the dynamic nature of marriages and that roughly 40% 
of marriages end in divorce, with even higher rates among Af-
rican Americans,26 a critical question that remains unanswered 
is how relationship history, specifically, the stability of rela-
tionship status over time versus changes in relationship status, 
contributes to sleep quality in women. In addition, the bulk of 
the extant literature has focused exclusively on marital status as 
a correlate of subjective sleep outcomes, often assessed using 
single or few-item measures of sleep with questionable validity 
and lacking information on normative values.27 Such reliance 
on subjective sleep outcomes exclusively is particularly prob-
lematic given that the unmarried are also disproportionately 
more likely to be clinically depressed or have elevated depres-
sive symptoms as compared to their married counterparts.28 
Thus, observed relationships between marital status and sleep 
disturbances may be due to general negative affect or reporting 
bias among the unmarried. Moreover, given the considerable 
overlap between marital status and other sociodemographic risk 
factors known to covary with sleep, including race and indica-
tors of SES,4,25 it remains unclear whether marriage is merely a 
proxy for these known risk factors, or whether having a partner 
is an independent correlate of better sleep.

The current study of sleep, nested in a larger longitudinal study 
of women’s health, examined how marital/cohabitation status 
(hereafter referred to as marital status) measured concurrently with 
sleep measures, as well as marital/cohabitation history (hereafter 
referred to as marital history) assessed over approximately 8 years 
of study follow-up, were related to sleep in women at midlife. By 
analyzing marital history over time, we were able to address the 
question of whether sleep differed according to marital role conti-
nuity (consistently married or consistently unmarried over 8 years 
of study follow-up) as well as marital role transitions, including 
the gain as well as the loss of a partner. Marital history data was 
drawn from the longitudinal Study of Women’s Health Across the 
Nation (SWAN), the parent study for the SWAN Sleep Study; a 
cross-sectional evaluation that involved a multi-modal assessment 
of sleep, including subjective sleep quality, as measured by the 
well-validated Pittsburgh Sleep Quality Index (PSQI)29; indices of 
sleep duration, continuity, and architecture, as measured by multi-
night in-home polysomnography (PSG); and behavioral measures 
of participant’s usual sleep duration and continuity, as measured 

by up to 35 days of actigraphy in participants’ usual sleeping en-
vironments. Such a multimodal assessment of sleep provided an 
ideal opportunity to understand whether women’s marital status 
and/or marital history related to well-validated measures of sub-
jective sleep (PSQI) and objective sleep (PSG), as well as their 
sleep-wake patterns in their habitual sleep environments over an 
extended period of time (actigraphy).

We hypothesized that consistently married/cohabiting wom-
en (hereafter referred to as married) would have better sleep, in 
terms of subjective sleep quality, continuity, and duration as com-
pared to consistently unpartnered women or those who had lost a 
partner, and that these effects would persist after statistical adjust-
ment for other known risk factors for sleep disturbance. More-
over, consistent with limited evidence linking marital transitions, 
specifically the loss of a partner due to divorce or widowhood 
with anomalies in sleep architecture,7,30 we further predicted that 
women who had lost a partner would have decreased stage 3+4 
sleep as compared to consistently married women. We expected 
that the sleep of women who gained a partner over the course of 
follow-up would not differ from the consistently married women, 
as the gain of a partner is generally perceived as a positive life 
transition31 and also generally positively affects a woman’s socio-
economic status.25 Finally, we expected that marital status mea-
sured concurrently with sleep assessments would also correlate 
with sleep outcomes, with the unmarried women having greater 
sleep disturbances than the married women. However, we ex-
pected that sleep differences observed among the married versus 
unmarried at the univariate level would largely be accounted for 
by other factors known to covary with both sleep and marital sta-
tus; specifically, racial and socioeconomic differences between 
the married and unmarried4 as well as higher rates of depressive 
symptomatology among the unmarried.28

METHODS

Study Participants
As reported previously in detail22 the SWAN Sleep Study 

is a cross-sectional substudy of sleep from a multiracial sam-
ple of midlife women participating in the Study of Women’s 
Health across the Nation (SWAN). The Core SWAN Study 
is a longitudinal community-based study of the menopausal 
transition conducted at 7 clinical sites in the United States.32 
Participants in the SWAN Sleep Study were 370 Caucasian, 
African American and Chinese women from 4 study sites in 
Chicago, IL; Detroit area, MI; Oakland, CA; and Pittsburgh, 
PA. SWAN Sleep Study exclusion criteria were: current hor-
mone therapy (HT) use; current chemotherapy or radiation; 
current oral corticosteroid use; regular nocturnal shiftwork; 
regular consumption of > 4 alcoholic drinks/day; and noncom-
pliance with Core SWAN procedures (missed > 50% of an-
nual visits, refused annual visit blood draw). Written informed 
consent was obtained in accordance with approved protocols 
and guidelines of the Institutional Review Board at each par-
ticipating institution, which also approved the study protocol. 
Participants were remunerated for their participation.

Study Protocol
The SWAN Sleep Study protocol was conducted across one 

menstrual cycle or 35 days, whichever was shorter. For regu-
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larly cycling women, the protocol was initiated within 7 days of 
the start of menstrual bleeding. For irregularly cycling and non-
cycling women, the protocol was scheduled at the participants’ 
convenience. Unattended, in-home polysomnography (PSG) 
sleep studies were conducted on the first 3 nights of the pro-
tocol. Actigraphs were worn and sleep diaries were completed 
for the entire menstrual cycle or 35-day period, whichever was 
shorter (range = 1-35 days; mean [SD] number of days of actig-
raphy = 28.8 [7.7]).

MEASURES

Marital Status and Marital History
Participants reported their marital/cohabitation status at the 

baseline Core SWAN interview and annually at each visit up 
to the sleep study (years 6-8). For cross-sectional analyses, 
women who reported being “married or living as married” 
at the visit closest to the Sleep Study were coded as 0 (58% 
of sample; referred to as married) and women who reported 
being single (13%), divorced (15%), separated (3%), or wid-
owed (3%) were coded as 1 (referred to as unmarried). For the 
women’s 6-8 year marital/cohabitation histories, those who re-
ported being married or living as married at each annual visit 
are identified as the consistently married group (the referent 
group; coded as 0); women who reported being divorced, wid-
owed, separated or single at all annual visits are identified as 
the consistently unmarried group; and women who reported 
one or more changes in marital/cohabitation status over the 
course of follow-up, are identified as having lost a partner 
(transition from married to unmarried category) or gained a 
partner (transition from unmarried to married category) based 
on the transition occurring closest to the sleep study. Two-
thirds of marital transitions (gain or loss) occurred at least 2 
years prior to the sleep study.

Sleep Outcomes
Sleep data include subjective sleep quality; PSG-assessed 

indices of sleep duration (total sleep time, TST) and continuity 
(sleep latency, SL; and wakefulness after sleep onset; WASO, 
arousal index), sleep architecture (% stage, 1, 2, 3+4, and 
REM), sleep disordered breathing; and actigraphic measures of 
sleep duration and continuity (TST, SL, WASO, and fragmenta-
tion index).

Global subjective sleep quality was assessed using the 19-
item Pittsburgh Sleep Quality Index (PSQI)29 and referenced 
the month prior to the SWAN Sleep Study. Higher scores on the 
PSQI represent more sleep complaints within the past month, 
with a possible range of 0-21.

Polysomnographic (PSG) sleep data were collected in 
participants’ homes with Vitaport-3 (TEMEC VP3) ambula-
tory monitors. Study staff visited participants in their homes 
on each night of sleep studies to apply electrodes and calibrate 
monitors. Participants slept in their own beds, under their usual 
circumstances, and at their usual sleep and wake times. Par-
ticipants removed study equipment and turned off the recorder 
upon awakening in the morning. PSG signals collected on each 
study night included bilateral central referential EEG channels 
(C3 and C4, referenced to A1 linked to A2), electro-oculogram 
(EOG), submentalis electromyogram (EMG), and electrocar-

diogram (EKG). In addition, on the first sleep study night, in-
formation was collected for the assessment of sleep disordered 
breathing (SDB) with nasal pressure cannula, oral-nasal therm-
istors, fingertip oximetry, and abdominal and thoracic respira-
tory effort, as measured by inductance plethysmography.	

Visual sleep stage scoring in 20-sec epochs was conducted 
by trained PSG technologists with established reliability, us-
ing standard scoring criteria33 and American Academy of Sleep 
Medicine recommendations34 for scoring the apnea-hypopnea 
index (AHI). With the exception of AHI, which was measured 
on night 1 only, all other summary sleep variables were aver-
aged over nights 2 and 3 to reduce adaptation effects related to 
SDB measures and first-night effects35.

PSG sleep continuity measures included SL (time from be-
ginning of the recording period to the first of 10 consecutive 
minutes of stage 2 or stage 3 + 4 sleep interrupted by ≤ 2 min of 
stage 1 or wakefulness), WASO; (total minutes of wakefulness 
between sleep onset and good morning time), arousal index; 
(defined as an abrupt increase in EEG frequency lasting 3-15 
sec per hour of sleep); and TST. Measures of sleep architecture 
included percent of time spent asleep in NREM stages 1, 2, and 
3+4, as well as REM sleep. Sleep disordered breathing was as-
sessed using the AHI.

Wrist actigraphy was measured with the Minimitter Acti-
watch-64 device (Respironics, Inc., Murrysville, PA), which 
was worn concurrently with the collection of sleep diaries for 
one menstrual cycle or 35 days (whichever was shorter) to pro-
vide a behavioral assessment of participants’ sleep duration and 
continuity in their usual sleeping environments. Actigraphy 
data were collected in 1-min epochs and analyzed with the Ac-
tiware Version 5.04 software program. Sleep diary data for bed 
time and rise time were entered for calculation of sleep-wake 
variables. Actigraphy outcome variables included SL, WASO, 
TST, and fragmentation index (higher values indicate greater 
mobility during the sleep period).

Covariates
Variables known to be related to sleep (age, body mass index, 

use of medications that could affect sleep, menopausal status) 
and/or to both sleep and marital status, including race, financial 
strain (SES indicator), and depressive symptoms were included 
as covariates in models to determine the independent associa-
tions between marital status and marital history and sleep.

Sociodemographics
Participants’ race was categorized as Caucasian, African 

American, or Chinese based on self-identification. In the analy-
sis, Caucasians served as the referent group. Age at the time of 
the sleep study was self-reported. Financial strain36 was mea-
sured using a single-item, 3-level variable from the Core SWAN 
screening questionnaire, in which participants were asked par-
ticipants to rate how difficult it was to pay for “basics,” like 
food, housing, medical care, and heating. This 3-level response 
was dichotomized as “somewhat hard” to “very hard” versus 
“not hard at all.”

Mental and physical health characteristics
Body mass index (BMI; kg/m2) was measured in the Core 

SWAN protocol. Self-reported depressive symptoms were mea-
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which regressed each of the sleep outcomes on marital status 
or marital history (in separate models), with adjustment for co-
variates. For the marital history models, 3 dummy codes were 
entered to examine the following contrasts: (1) consistently mar-
ried to consistently unmarried; (2) consistently married to lost a 
partner; and (3) consistently married to gained a partner. In mod-
els for current marital status, the married group was the referent 
in comparison to the unmarried group. Covariates in the regres-
sion models were age, race, financial strain, BMI, menopausal 
status, sleep medications, and depressive symptoms.

RESULTS

Sample Characteristics (Table 1)
By study design, of the 367 women, 46% of the sample was 

Caucasian, 38% African American, and 16% Chinese and the 
majority of women were pre- or early perimenopausal. The 
mean age of the sample was 51 years. On average, depressive 
symptoms were infrequent in this sample. Average BMI was in 
the overweight range, according to standard criteria38. Roughly 
one-quarter (27%) of the sample was taking medications that 
could affect sleep. At the time of the sleep study, 64% of wom-
en were married and 36% were unmarried. According to marital 
histories aggregated over the 8 years of study follow-up, 55% 
were consistently married, 24% were consistently unmarried, 
13% lost a partner, and 9% gained a partner over the course of 
study follow-up.

Cross-Sectional Marital Status and Sleep
Table 2 shows the results comparing cross-sectionally 

defined married women to unmarried women for each of 
the sleep domains. Unmarried women reported worse sleep 
quality than married women (PSQI; t364 = 3.4 , P < 0.001). 
MANOVAs revealed significant group differences for PSG 
and actigraphy continuity measures (P’s < 0.01). Univariate 
analyses for these outcomes revealed that married women had 
shorter PSG and actigraphy-assessed SL and WASO, as well 
as less actigraphy-assessed sleep fragmentation (P’s < 0.05), 
but no significant differences were observed in arousal index 
or PSG or actigraphy- assessed TST. MANOVAs revealed no 
group differences in PSG-assessed sleep architecture or AHI 
according to marital status.

After adjustment for covariates, unmarried women showed 
significantly higher actigraphy-assessed WASO (β = 0.13; 
ΔR2 = 0.02; P = 0.02) than married women (Table 3). How-
ever, for all of the remaining outcomes (PSQI, PSG SL and 
WASO, and actigraphy SL and fragmentation index), the as-
sociation between marital status and sleep was reduced to 
nonsignificance, indicating that variation in sleep attributed 
to current marital status in unadjusted models was accounted 
for by other known risk factors. Specifically, older age (PSQI, 
PSG SL, and PSG WASO), African American race (PSQI, PSG 
SL, PSG WASO, and actigraphy SL, WASO, and fragmenta-
tion index), postmenopausal status (PSQI, actigraphy SL), use 
of medications that could affect sleep (PSQI), financial strain 
(PSG SL, actigraphy WASO and fragmentation index), and 
greater depressive symptoms (PSQI, PSG WASO, and actig-
raphy fragmentation index) were significant covariates (all 
Ps < 0.05) in the models.

sured concurrently with in-home sleep studies using the 16-
item Inventory of Depressive Symptomatology (IDS)37 with 
sleep items removed. Participants’ menopausal status was 
analyzed categorically as pre- or early perimenopausal (refer-
ent) versus late perimenopausal, postmenopausal, prior use of 
hormone therapy, or hysterectomy. Use of prescription or over-
the-counter medications that could influence sleep (including 
opioids, antiepileptics, anxiolytics, hypnotics and sedatives, 
antidepressants, and antihistamines), was recorded at the start 
of the sleep study protocol and coded as “present” or “absent.”

Statistical Analysis
Sleep variables with skewed distributions were transformed 

prior to analysis. Descriptive statistics were used to characterize 
the study sample according to primary study variables (marital 
status and marital history) and covariates. To reduce the num-
ber of comparisons, preliminary analyses examining group dif-
ferences in PSG and actigraphy outcomes according to marital 
status (married versus unmarried) and marital histories (consis-
tently married, consistently unmarried, lost a partner, or gained a 
partner) used multivariate analysis of variance (MANOVA) with 
outcomes grouped according to modality and dimension of sleep. 
Specifically, the following groups of outcomes were included in 
3 separate MANOVAs: (1) PSG sleep continuity variables in-
cluding SL, WASO, arousal index, and TST; (2) PSG sleep ar-
chitecture including % stage 1, 2, 3+4, and REM sleep; and (3) 
actigraphy SL, WASO, TST, and fragmentation index. Signifi-
cant MANOVA results were followed by individual ANOVAs. 
Marital group differences in PSQI and AHI were assessed in 
separate t-tests (marital status) or F-tests (marital history).

Significant group differences in sleep outcomes from the un-
adjusted models were followed by linear regression analyses 

Table 1—Background characteristics for full sample (N = 367)

Age (years), Mean (SD) 51.3 (2.1)
Race, No. (%)

Caucasian 170 (46)
African American 138 (38)
Chinese 59 (16)

Marital status at time of sleep study
Married 233 (63.6)
Unmarried 134 (36.4)

Marital history, No. (%) during 8-year observation period
Consistently unmarried 87 (23.7)
Consistently married 200 (54.5)
Lost partner during 8-year observation period 47 (12.8)
Gained partner during 8-year observation period 33 (9.0)

Difficulty paying for basics, No. (%)
Not difficult at all 263 (73.5)
Somewhat to very difficult 95 (26.5)

Menopausal status, No. (%)
Pre- or early perimenopausal 228 (61.6)
Late peri- or postmenopausal or using HT 142 (38.4)
Taking medications that affect sleep 99 (27.3)
BMI (kg/m2), mean (SD) 29.9 (7.5)
Depressive symptoms (IDS), mean (SD) 4.8 (3.0)
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married to the consistently unmarried group was statistically 
significant (β = 0.12; P < 0.05), indicating longer SL for the 
consistently unmarried. For actigraphy outcomes, the marital 
history contrasts contributed a significant additional percent-
age of explained variability for WASO and fragmentation index 
(ΔR2 = 0.04, P < 0.01 and ΔR2 = 0.03, P = 0.01, respectively), 
over and above the variance accounted for by covariates. Spe-
cifically, both the consistently unmarried and the gained a part-
ner group had greater actigraphy-assessed WASO (β = 0.20, 
P < 0.001 and β = 0.11, P < 0.05, respectively; Figure 1) and 
greater sleep fragmentation (β = 0.13, P < 0.05 and β = 0.15, 
P < 0.01, respectively; Figure 2) than the consistently married 
group. There were no significant differences in actigraphy-as-
sessed TST or SL according to marital history.

DISCUSSION
The present study examined the association between marital/

cohabitation status and history in relation to sleep in a multi-
ethnic sample of midlife women. We found that currently being 
married was associated with better sleep outcomes but only in 
unadjusted models. Consistent with prior epidemiologic stud-
ies,2,4 currently married women had better sleep quality, and 
PSG- and actigraphy-assessed sleep continuity than unmarried 
women. However, with the exception of actigraphy-assessed 
WASO, these results were not statistically significant in mod-
els that adjusted for relevant demographic characteristics and 
depressive symptoms, which are known to covary with both 
sleep and marital status. These findings suggest that being 
married, per se, may not be beneficial for sleep, but rather that 
marital status may serve as a proxy for these other co-occur-
ring risk factors for sleep disturbance. On the other hand, by 
examining women’s 6-8 year marital histories, we found that 
consistently married women showed relative advantages in 
sleep quality and continuity as compared to the other groups, 
and these results generally persisted in the adjusted models. In 

Marital History and Sleep
Table 4 shows the results for ANOVAs and MANOVAs for 

each of the sleep domains according to marital history cate-
gory. There were significant group differences in PSQI scores 
according to marital history (F3, 364 = 6.6, P < 0.001). MANO-
VAs revealed significant group differences in PSG and actig-
raphy-assessed sleep continuity (P’s < 0.01). Analysis of the 
individual outcomes within these domains revealed significant 
differences in PSG- assessed SL and TST, and actigraphy-as-
sessed SL, WASO, TST, and fragmentation index (P’s < 0.01). 
No group differences were observed in sleep architecture or 
AHI (P’s > 0.10).

Follow-up linear regression models tested the hypothesis 
that consistently married women would show relative advan-
tages in sleep as compared to the other marital history catego-
ries even after covariate adjustment (Table 5). The step entering 
marital history contrasts was significant for PSQI (ΔR2 = 0.01, 
P < 0.05). Analysis of the individual contrasts revealed a sig-
nificant difference between the consistently married and the lost 
a partner group (β = 0.12; P < 0.05), indicating worse sleep 
quality among the women who had lost a partner. The marital 
history contrasts were not significant for PSG-assessed TST; 
African American race was the only significant covariate as-
sociated with shorter TST (P < 0.05) in the model (as has been 
previously reported22). For PSG-assessed SL, the step entering 
the marital group contrasts was nonsignificant (ΔR2 = 0.01, 
P > 0.10); however, the contrast comparing the consistently 

Table 2—Analyses of variance and multivariate analyses of variance 
(MANOVAS) of the association between concurrent marital status and 
sleep domains

Married Unmarried
t or F- statisticMean (SD) Mean (SD)

PSQI 5.4 (3.0) 6.6 (3.6) t 364 = 3.4, P < 0.001
AHI† 10.5 (16.2)  10.5 (13.0) t 346 = 0.675, P = 0.50

PSG continuity 
MANOVA F 3, 359 = 3.8, P = 0.005
SL† 17.7 (17.4)  23.1 (21.3) F 1, 361 = 8.6, P = 0.004
WASO† 48.0 (26.4)  59.6 (44.7) F 1, 361 = 3.9, P = 0 .05
Arousal index† 8.6 (5.0)  9.5 (6.8) F 1, 361 = 2.5, P = 0.12
TST 386.1 (54.9)  374.3 (65.3) F 1, 361 = 3.3, P = 0.07

Sleep Architecture
MANOVA F 4, 358 = 1.8, P = 0.14

Actigraphy
MANOVA F 4, 327 = 4.1, P = 0.003
SL† 22.3 (23.2)  35.6 (45.6) F 1, 330 = 9.6, P = 0.002
WASO† 48.8 (23.6)  59.0 (27.4) F 1, 330 = 11.6, P = 0.001
TST 362.0 (56.2)  351.1 (57.5) F 1, 330 = 2.8, P = 0.09
Fragmentation
Index┼ 28.3 (11.5)  32.9 (11.8) F 1, 330 = 12.2, P = 0.001

†Transformations used in analyses. To facilitate interpretation, means 
(SDs) are raw values, represented in minutes. Sleep architecture 
outcomes include: %stage 1, 2, 3+4, and REM sleep. ANOVA results not 
reported for sleep architecture due to nonsignificant MANOVA. ┼Higher 
scores reflect greater movement during the sleep period (range 0-150).

Table 3—Adjusted linear regression models examining the cross-
sectional relationships between marital status (at time of sleep study) and 
sleep outcomes

SELF-REPORT Married Unmarried‡ P-value
Sleep Quality 
Complaints (PSQI) REF 0.06 (0.39) 0.22

POLYSOMNOGRAPHY
SL (minutes) †

WASO (minutes) †
REF
REF

0.10 (0.16)
0.02 (0.02)

0.09
0.75

ACTIGRAPHY
SL (minutes) †

WASO (minutes) †

Fragmentation Index┼

REF
REF
REF

0.04 (0.08)
0.13 (0.15)
0.08 (1.94)

0.45
0.02
0.15

‡Values are: Standardized β coefficients (Unstandardized β coefficients). 
Model adjusted for age, race, financial strain, menopausal status, use 
of medications that affect sleep, body mass index, and depressive 
symptoms. † Natural log transformed prior to analyses. For dummy-coded 
variables (i.e., marital status), the unstandardized β coefficient indicates 
the value of the increase or decrease in the predicted outcome relative 
to the referent group (married), after adjustment for covariates. ┼ Higher 
scores reflect greater movement during the sleep period (range 0-150).
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contrast to the limited extant litera-
ture, which has shown reductions in 
percent stage 3+4 related to divorce 
or widowhood,7,30 we found no differ-
ences in sleep architecture according 
to marital status or history. However, 
the broader literature on psychoso-
cial stressors and sleep architecture is 
equivocal.39,40 Taken together, these 
findings are consistent with research 
and theory suggesting that the stabil-
ity of attachment relationships, rather 
than the status of being married itself, 
is most salient for health and well-be-
ing, including sleep.41,42

While the extant literature on mar-
ital transitions has focused primarily 
on the effect of losing a partner due 
to divorce or widowhood, our find-
ings shed novel insights into how a 
positive relationship transition—the 
gain of a new partner—is associ-
ated with sleep in women. Overall, 
we found that the women who had 
gained a partner were similar to the 
consistently married women in terms 
of subjective sleep quality and PSG 
measures of sleep continuity and ar-
chitecture. However, we found im-

portant differences in measures of actigraphy-assessed sleep 
continuity (WASO and fragmentation), with the women who 
had gained a partner showing significantly greater WASO and 
fragmentation during sleep than the consistently married wom-
en. These findings are consistent with previous research, which 
shows discrepancies in the effects of sleeping with a partner 
on subjective versus objective sleep parameters.43,44 Specifi-
cally, the handful of studies which have examined cosleeping 
in romantic relationships, have shown that the presence of a 
bedpartner negatively affects objective measures of sleep; how-
ever, subjectively, participants prefer to sleep with the partner.45 
These findings suggest that although sleeping with a bedpart-
ner may involve objective costs, the subjective experience of 
sleep is enhanced by cosleeping, perhaps due to the psychologi-
cal sense of safety and security derived from sleeping with a 
close other.42 The objective costs of sleeping with a bedpartner 
may be particularly evident at the early stages of a relation-
ship, when an acclimation period may occur, involving adjust-
ing to the presence of the bedpartner. However, given previous 
evidence of greater frequency of sexual intercourse in the early 
stages of marriage,46 an alternative explanation for these find-
ings is that the gained a partner group were simply engaged in 
other activities during the defined sleep period.	

These speculations must be tempered by several limitations 
including that our study did not specifically assess whether the 
participant was sleeping with or without a bedpartner during the 
sleep evaluation. Thus, findings suggest that stable partnership 
is correlated with better sleep outcomes in women, regardless 
of the sleeping conditions themselves. Based on the relatively 
small sizes of the respective marital transition groups, we could 

Table 4—Analyses of variance (ANOVA) and multivariate analyses of variance (MANOVA) of the associations 
between marital history and sleep domains

ANOVAS

Consistently 
Married

Consistently 
Unmarried

Lost a 
Partner

Gained a 
Partner

F- statisticMean (SD) Mean (SD) Mean (SD) Mean (SD)
PSQI 5.4 (3.1) 6.2 (3.2) 7.6 (3.9) 5.5 (2.9) F 3, 364 = 6.6, P < 0.001
AHI† 9.6 (13.9) 10.6 (13.6) 10.1 (11.9) 15.8 (26.1) F 3, 346 = 0.85, P = 0.47

PSG Continuity
MANOVA F 9, 358 = 2.3, P = 0.007
SL† 17.6 (17.7) 23.7 (19.5) 22.3 (24.5) 18.8 (15.9) F 3, 362 = 3.3, P = 0.02
WASO† 47.0 (25.9) 57.1 (42.3) 63.2 (48.9) 52.3 (29.9) F 3, 362 = 1.9, P = 0.13
Arousal Index† 8.3 (4.7) 9.6 (6.8) 9.5 (6.7) 9.9 (6.0) F 3, 362 = 1.7, P = 0.17
TST 389.6 (54.1) 380.1 (60.5) 364.8 (73.2) 365.1 (59.1) F 3, 362 = 3.3, P = 0.02

Sleep Architecture
MANOVA F 12, 237 = 1.4, P = 0.18

Actigraphy
MANOVA F 12, 325 = 3.2, P < 0.001
SL† 21.2 (21.9) 34.4 (40.7) 38.1 (54.5) 30.3 (30.5) F 3, 330 = 4.5, P = 0.004
WASO† 47.3 (23.1) 61.3 (26.8) 54.0 (28.5) 59.1 (25.5) F 3, 330 = 6.9, P < 0.001
TST 365.7 (53.0) 355.6 (53.0) 341.2 (65.0) 338.7 (71.7) F 3, 330 = 3.5, P = 0.02
Fragmentation
Index ┼ 27.1 (10.7) 33.0 (10.2) 32.5 (14.6) 35.7 (14.0) F 3, 330 = 8.9, P < 0.001

†Natural log transformation used in analyses. To facilitate interpretation, means (SDs) are based on raw 
values (represented in minutes). SL, Sleep Latency; WASO, wakefulness after sleep onset; TST, total sleep 
time. ┼ Higher scores reflect greater movement during the sleep period (range 0-150).

Figure 1—Actigraphy-assessed WASO according to marital history 
category, with covariate adjustment. Values represent means (SEs). 
*P < 0.05; **P < 0.01
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Figure 2—Actigraphy-assessed fragmentation index according to marital 
history category, with covariate adjustment. Values represent means 
(SEs). *P < 0.05; **P < 0.01
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included up to 35 days of actigraphy, to provide a behavioral 
measure of usual sleep habits in the participants’ home environ-
ments. This multimodal approach is particularly salient for the 
present research questions, which aim to understand how the 
social context correlates with sleep.	

In summary, marital history is associated with sleep quality 
and sleep continuity, independent of other known risk factors 
for sleep disturbance. Consistently married women may show 
relative advantages in sleep because of the enduring nature of 
the marriage and because of sufficient duration of the marriage 
to acclimate to the sleeping conditions. Research is needed that 
seeks to understand the underlying relationship processes and 
physiological and psychological mechanisms that can account 
for the links between stable marriage and sleep. Indeed, there 
may be direct physiological effects of sleeping with a partner on 
sleep, stemming from close physical contact and intimacy within 
couples. A particularly compelling area of future research is to 
examine the degree to which oxytocin, a neurohormone that is 
critically involved in intimacy and pair-bonding,49 and has been 
shown to have sedating properties,50 serves as a neurobiological 
substrate linking close relationships with sleep.42 Reconceptu-
alizing sleep as a social behavior that is intimately tied with 
the social environment represents a shift in traditional sleep re-
search, and one that may ultimately elucidate a critical pathway 
linking social relationships with health and well-being.
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not examine the degree to which the tim-
ing of the marital transition affects sleep, 
as the majority of marital transitions 
(62%) occurred more than 2 years prior 
to the sleep study; nor could we examine 
the influence of multiple transitions. The 
present findings are therefore likely to re-
flect more enduring differences in sleep 
according to the gain or loss of a partner, 
rather than the more acute and transient 
effects of very recent transitions.47 The 
relationship groups were heterogeneous 
with regard to the reason for unmarried 
status or loss of a partner, as well as with-
in the married or gained a partner groups, 
which included women who were mar-
ried or living as married. Theoretically, 
stable unions, regardless of their legal 
status, should be associated with better 
sleep outcomes because they are indica-
tive of an enduring social attachment to a 
significant other. Importantly, our charac-
terization of marital history was based on 
the temporal stability of marriage or the 
exposure to a marital transition, but the study did not include 
a direct measure of relationship quality. Thus, findings reflect 
the influence of marital role continuity on sleep, which may be 
related to, but is distinct from qualitative measures of relation-
ship functioning. Future research is needed that simultaneously 
examines the longitudinal course of relationship status as well 
as relationship quality to determine the degree to which associ-
ations between sleep and marital role stability versus transitions 
depends on the quality of the particular relationship. Indeed, 
evidence from the broader marriage and mental health litera-
ture demonstrates that marital discord preceding divorce, rather 
than the divorce itself, is a stronger predictor of mental health 
problems.48 Given previous evidence of gender differences in 
sleep13 and in the effects of relationships on health outcomes,16 
our findings may not generalize to men, other racial/ethnic 
groups, or other age groups. Finally, the observational nature 
of the data cannot rule out the possibility of selection bias into 
marriage (healthier people, including those who sleep better, 
may be more likely to enter into marriage and stay married, 
or reverse causality (poor sleep leading to marital dissolution). 
However, our findings showing differences in actigraphy sleep 
parameters among women who were continuously married ver-
sus those who were newly married (gained a partner), suggests 
that the stability of marriage rather than entrance into marriage 
is most salient for sleep.

Notwithstanding these limitations, the study also has a num-
ber of strengths, including the study cohort which consisted of 
midlife women from three different racial groups, with well-
characterized reproductive histories, longitudinal assessment of 
marital histories, and a multimodal assessment of sleep. Indeed, 
in contrast to the extant literature on marital status and sleep, 
which has relied primarily on subjective measures of sleep, our 
study not only included the “gold standard” physiologic mea-
sure of sleep (PSG), but also included the most widely used 
and well-validated measure of sleep quality (the PSQI), and 

Table 5—Adjusted linear regression models comparing consistently married women to consistently 
unmarried women and those who have lost or gained a partner during the 8-year follow-up period

SELF-REPORT

Consistently 
Married

Consistently 
Unmarried‡

Lost a 
Partner‡

Gained a 
Partner‡

Sleep Quality Complaints (PSQI) REF 0.01 (0.10)  0.11* (1.02)  −0.02 (−0.26)
POLYSOMNOGRAPHY

SL (minutes)† REF  0.12* (0.22) 0.03 (0.06)  −0.02 (−0.06)
TST (minutes) REF −0.04 (−5.54) −0.08 (−14.96)  −0.09 (−18.40)

Actigraphy
SL (minutes)† REF  0.09 (0.20)  −0.02 (−0.06)  0.06 (0.23)
WASO (minutes)† REF 0.20*** (0.24)  0.02 (0.02)  0.11* (0.21)
TST (minutes) REF  0.00 (0.30)  −0.02 (−2.71)  −0.08 (−15.73)
Fragmentation Index┼ REF 0.13* (3.63) 0.04 (1.32) 0.15** (6.59)

‡Values are: Standardized β coefficients (Unstandardized β coefficients). Model adjusted for age, race, 
financial strain, menopausal status, use of medications that could affect sleep, body mass index, and 
depressive symptoms. †Natural log transformed prior to analyses. For dummy-coded variables (i.e., 
marital history), the unstandardized β coefficient indicates the value of the increase or decrease in the 
predicted outcome relative to the referent group (consistently married), after adjustment for covariates. 
┼ Higher scores reflect greater movement during the sleep period (range 0-150); *P ≤ 0.05; **P ≤ 0.01; 
***P ≤ 0.001
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