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INTRODUCTION
Stress is commonly described as a key risk factor for sleep 

disturbances.1–21 However, the evidence linking stress with 
sleep is equivocal.2,22 Discrepant results in the published lit-
erature may be due, in part, to the varying approaches used 
to operationalize stress and sleep across studies.22 A majority 
of studies have examined a “snapshot” of stress measured at 
a single point in time (e.g., laboratory stressors, retrospective 
reports of traumatic stress) in relation to sleep, whereas current 
models of stress and disease emphasize the cumulative effect 
of stressors on health and disease outcomes over time.23,24 In 
a similar way, it is increasingly understood that sleep is best 
characterized across multiple dimensions including quality, 
duration, continuity, depth, and symptoms of common sleep 
disorders. However, studies of stress and sleep have focused 
primarily on a limited range of sleep outcomes.

Although disturbed sleep under situations of acute threat 
may be adaptive in the short term, chronic stress and stress-
related sleep disturbances may impair recovery processes and 
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alter the function of neural, cardiovascular, metabolic, and im-
mune systems, with downstream consequences to health and 
functioning.25,26 A greater understanding of the influence of 
chronic stress on sleep is, in turn, critical to reducing stress-
related morbidity and mortality. Although some longitudinal 
studies have evaluated links between acute life events and 
subjective sleep disturbances including insomnia,1,2 we are not 
aware of any studies that have prospectively modeled the ef-
fect of chronic stress on subsequent sleep outcomes, including 
comprehensive assessments of both self-report and objective 
indices of sleep.

In the current longitudinal analysis we evaluated associa-
tions among very upsetting life events measured prospectively 
over a 3- to 9-y period and subsequent indices of sleep in a 
community-based sample of midlife women. Trajectory anal-
yses were applied to annual life events data to quantitatively 
identify distinct chronic stress groups based both on the av-
erage number and on the temporal profiles of life events over 
time. Our goal was to characterize participants’ stress profiles 
over a nearly decade-long period of time. We focused on “gold 
standard” measures of sleep quality, reports of insomnia and 
polysomnography (PSG)-assessed sleep disturbances. Also 
assessed were daily diary measures homologous to PSG-
assessed sleep duration and continuity outcomes in order to 
provide comparisons with studies focused on self-reported 
sleep outcomes. We hypothesized that participants whose lives 
were characterized by chronic, high levels of stress—relative 
to chronic, low or moderate stress—would experience poorer 
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subjective sleep quality, increased prevalence of insomnia, and 
more PSG-assessed sleep disturbances, including increased 
sleep onset latency (SOL) and wakefulness after sleep onset 
(WASO), and decreased total sleep time (TST) and slow wave 
sleep (SWS), each of which has been associated with stressful 
life events in some, but not all, existing studies.22 Of these sleep 
outcomes, subjective sleep quality, symptoms of insomnia, and 
WASO have been most reliably associated with other indices of 
stress.22 Analyses adjusted for relevant sociodemographic and 
health characteristics that are also related to sleep.

METHODS

Participants
Participants were recruited from the Study of Women’s 

Health Across the Nation (SWAN), a multisite, community-
based, longitudinal study of women’s health during the 
menopausal transition (n = 3,302). The SWAN study was 
conducted at seven clinical sites across the United States27 
and baseline eligibility criteria were: age 42–52 y, intact 
uterus and at least one ovary, no use of exogenous hormones 
affecting ovarian function in the past 3 mo, and at least one 
menstrual period in the previous 3 mo. A total of 370 women 
elected to participate in the ancillary SWAN Sleep Study 
conducted at the Chicago, IL; Detroit area, MI; Oakland, CA; 
and Pittsburgh, PA study sites. Sleep study exclusion criteria 
were: postmenopausal status, current hormone replacement 
therapy, current chemotherapy or radiation, current oral cor-
ticosteroid use, regular night shift work, regular consumption 
of more than four alcoholic drinks/day, and noncompliance 
with Core SWAN procedures (i.e., missed > 50% of annual 
visits, refused annual visit blood draw). In the final year of 
the study, eligibility criteria were modified to allow inclusion 
of postmenopausal women.

Data relevant to the current analyses include assessments 
conducted in conjunction with participants’ initial core SWAN 
assessment (baseline), annual core SWAN assessments (years 
1–9), and the SWAN Sleep Study, a 35-day assessment of sleep 
during the menopausal transition (described below). A total of 
330 participants were included in the current analyses due to 
missing data on baseline sleep complaints assessed at the initial 
Core SWAN assessment (n = 28) and model covariates (n = 12). 
Sleep outcomes did not differ in the full sample (n = 370) and 
the sample used here (n = 330).

Protocol
The SWAN Sleep Study was conducted over a full menstrual 

cycle or 35 days, whichever was shorter. The protocol began 
within 7 days of menstrual bleeding in women who still had 
regular menstrual cycles, and was scheduled by convenience 
for non-cycling women. Sleep was assessed by self-report, 
daily sleep diaries and unattended, in-home PSG at partici-
pants’ habitual sleep-wake times during the first 3 nights of 
the protocol. Study staff met participants in their homes and 
applied and calibrated the equipment for PSG recording each 
evening. Participants turned the recorder off and removed the 
recording equipment upon rising in the morning. Data loss for 
PSG sleep studies was minimized through the use of a multi-
night protocol and repeat studies, when possible. Indices of 

PSG-assessed sleep duration, continuity, and architecture were 
available for all participants (n = 330), whereas sleep disor-
dered breathing data were missing for 15 participants (< 5% of 
the sample).

Upsetting life events for trajectory analyses were measured 
annually by self-report during baseline and at annual follow-
up SWAN assessments. Participants had up to nine annual 
assessments of upsetting life events prior to the Sleep Study. 
Additional data relevant to the current report include sample 
characteristics measured in conjunction with the Core SWAN 
Study or the ancillary Sleep Study, as described in the next 
paragraphs. The institutional review board at each study site 
approved study procedures, and all participants provided 
written informed consent. Participants were compensated for 
participation in the Sleep Study.

Life Events
Upsetting life events were assessed using an 18-item ver-

sion of the Psychiatric Epidemiology Research Interview Life 
Events Scale (PERI).28 The modified PERI assessed life events 
across eight domains: school, work, romantic relationships, 
children, family, criminal and legal matters, finances, and 
health. Participants rated whether an event occurred during 
the past year and how upsetting the event was (1 = not upset-
ting, 5 = very and still upsetting). Endorsed items scored as 

“very” and “still upsetting” were summed to yield an annual 
life events score with a range of 0 to 18. Each participant had 
between 3 and 9 y of annual life events data (mean = 8.67, stan-
dard deviation = 0.87, range = 3–9) measured prior to the Sleep 
Study. Our analytical approach to identifying chronic stress 
groups is described in the following paragraphs.

Sleep Outcomes
The SWAN Sleep Study assessment included two self-

report questionnaires, a sleep diary, and in-home PSG. The 
Pittsburgh Sleep Quality Index (PSQI),29 an 18-item question-
naire, was administered to assess subjective sleep quality over 
the past month. Scores on the PSQI range from 0 to 21, with 
higher scores indicating more subjective sleep quality com-
plaints. PSQI scores above 5 are associated with clinically 
significant sleep disorders.29 The Insomnia Symptom Ques-
tionnaire (ISQ),30 a 13-item measure, was administered to as-
sess the presence/absence of insomnia symptoms. Because it 
was used as a diagnostic measure, insomnia was dichotomized 
as “present” or “absent.” Participants met criteria for insomnia 
if they endorsed difficulty falling asleep, difficulty staying 
asleep, or nonrestorative sleep at least three times per week for 
at least 4 w and reported insomnia-related functional impair-
ment. Insomnia Symptom Questionnaires were available for 
329 of 330 participants.

Polysomnographic sleep data were collected with Vitaport-3 
(TEMEC VP3; Temec Instruments B.V., the Netherlands) am-
bulatory monitors over 3 consecutive nights. The PSG montage 
included bilateral central referential electroencephalogram 
(EEG) channels (C3 and C4, referenced to A1-A2), electro-
oculogram (EOG), submentalis electromyogram (EMG), 
and electrocardiogram (EKG). Measures of sleep disordered 
breathing were collected on the first night of PSG using nasal 
pressure cannula, oronasal thermistor, respiratory inductance 
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plethysmography, and fingertip oximetry. Quality assurance 
assessments, scoring, and processing of all Sleep Study data 
was performed at the University of Pittsburgh Neuroscience-
Clinical and Translational Research Center (N-CTRC). At 
the time that data were collected, visual sleep stage scoring 
in 20-sec epochs was conducted by PSG technologists trained 
to reliability using standard scoring criteria31 and American 
Academy of Sleep Medicine (AASM) recommendations for 
sleep disordered breathing.32 Note that this study was con-
ducted prior to the 2007 AASM scoring manual.

PSG-assessed sleep measures included indices of sleep 
duration, continuity, and sleep architecture. Although not 
theoretically linked to psychological stress, we also evalu-
ated symptoms of sleep apnea, which is prevalent in midlife 
women.33 Sleep duration and continuity were defined as time 
in bed (PSG-TIB; minutes from getting into bed at night to 
getting out of bed in the morning), total sleep time (PSG-TST; 
minutes of sleep between sleep onset and the end of the sleep 
period), sleep onset latency (PSG-SOL; minutes from the lights 
out to the first 10 consecutive min of stage 2, 3, or 4 sleep inter-
rupted by no more than 2 min of stage 1 sleep or wakefulness), 
wake after sleep onset (PSG-WASO; minutes of wakefulness 
between sleep onset and the end of the sleep period), sleep ef-
ficiency (PSG-SE; percent of time in bed spent asleep), and the 
number of awakenings of at least 11 sec in duration between 
sleep onset and the end of the sleep period (PSG-NAWK). 
Measures of sleep architecture included the percent of sleep 
time in non-rapid eye movement (NREM) stages 1, 2, and 3+4 
sleep, as well as rapid eye movement (REM) sleep. Values for 
PSG-TIB, PSG-TST, PSG-SOL, PSG-WASO, PSG-SE, PSG-
NAWK, NREM sleep stages, and REM sleep were averaged 
across the second and third recording night to provide a reli-
able estimate of these outcomes.34 The apnea-hypopnea index 
(AHI) was used to quantify sleep disordered breathing on the 
first night of recording. Apnea data were missing in 15 partici-
pants due to equipment failure (AHI n = 315).

Participants completed the Pittsburgh Sleep Diary (PghSD)35 
on each day of the protocol (mean = 29.95 ± 6.44 days). In-
cluded on the diary were questions about indices of sleep du-
ration and continuity that are homologous to PSG-assessed 
time in bed (D-TIB), total sleep time (D-TST), sleep latency 
(D-SOL), wakefulness after sleep onset (D-WASO), sleep 
efficiency (D-SE), and number of awakenings (D-NAWK). 
Within-subject averages were computed for each diary-as-
sessed sleep outcome. Sleep diary data were available for 322 
of 330 participants.

Sample Characteristics
Sociodemographics, health characteristics, and health be-

haviors were assessed in conjunction with the Sleep Study 
or during the annual Core SWAN assessment preceding the 
Sleep Study.33 Race/ethnicity (Black, Chinese, White) and 
marital status (married/partnered, unmarried) assessed during 
the annual Core SWAN assessment preceding the Sleep Study 
were measured by self-report. Other sample characteristics 
assessed during the annual Core SWAN assessment included 
menopausal status, as determined by menstrual bleeding pat-
terns36; self-perceived health status, dichotomized as “good” to 

“excellent” versus “fair” to “poor” based on the distribution of 

responses to the single-item general health rating of the Short-
Form Health Survey (SF-36)37; and body mass index (BMI), 
based on measured height and weight. Medication use was 
assessed during the Sleep Study and coded according to the 
World Health Organization Anatomical Therapeutic Chemical 
(ATC) classification (http://www.whocc.no/atcddd). Medica-
tions that affect sleep (dichotomized as present or absent) were 
associated with the following ATC classification codes: N02A 
(opioids), N03A (antiepileptics), N05B (anxiolytics), N05C 
(hypnotics and sedatives), N06A (antidepressants), and R06A 
(antihistamines). Current smoking (any nicotine use) and reg-
ular exercise (exercising three or more times per week) were 
assessed by daily diary during the Sleep Study and coded as 

“present” or “absent.” Participants completed the 16-item In-
ventory of Depressive Symptomatology (IDS) on day 04, 14, 
and the last day of the Sleep Study.38 The IDS, minus sleep 
items, was averaged across administrations to yield a reliable 
estimate of self-reported symptoms of depression concurrent 
with the Sleep Study.

We also identified the number of acute life events identified 
by participants as “very upsetting” at the time of the Sleep 
Study. This variable was dichotomized as “none” or “1 or more” 
as 73% of participants indicated that no events were still “very 
upsetting” at the time of the Sleep Study. Finally, we identi-
fied the number of participants who endorsed subjective sleep 
complaints at baseline using a single item from the Women’s 
Health Initiative.39 Participants were asked about their typical 
quality of sleep over the past 2 w; baseline sleep complaints 
was dichotomized for analyses (very sound/sound/average or 
restless/very restless).

Analytic Approach
Trajectory analysis was applied to annual PERI life events 

measures to categorize study participants into chronic stress 
groups based on the number of “very and still upsetting” life 
events endorsed at baseline and during annual Core SWAN 
assessments up to and including the assessment preceding the 
Sleep Study. We fit a hierarchical latent growth curve model to 
identify discrete clusters of individuals who share common path-
ways over time.40 Importantly, clusters were identified based on 
the entire dynamic pattern of the data, making the classifica-
tion more robust to outlier values compared to simply averaging 
values over time, and clusters are formed quantitatively through 
maximum likelihood estimation rather than using arbitrary cut-
offs. The resulting chronic stress trajectory groups, or clusters, 
reflect both longitudinally averaged values (i.e., mean number of 
events) and their temporal dynamics (i.e., profiles over time in-
cluding increasing and decreasing slopes). The number of PERI 
assessments varied by participant depending on when they com-
pleted the Sleep Study in relation to ongoing annual Core SWAN 
assessments (range = 3–9). For analyses, we used the Statistical 
Analysis System Trajectory (SAS TRAJ; SAS Institute, Cary, 
NC) procedure41 to identify three trajectories that best charac-
terized the samples’ heterogeneity; descriptively, the three iden-
tified trajectory groups were “low chronic stress,” “moderate 
chronic stress,” and “high chronic stress” (Figure 1). The SAS 
TRAJ procedure calculated the probability of each participant 
belonging to each of the three trajectories and identified their 
group based on the largest probability value. Participants with 
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missing PERI data were included, provided that a minimum of 
three observations were available.	

Sample characteristics and sleep outcomes were evaluated 
using descriptive statistics and skewed data were transformed 
prior to analysis. Univariate analyses examined group differ-
ences on study outcomes and covariates using analysis of vari-
ance (ANOVA), Pearson chi-square, and logistic regression. 
Tukey post hoc tests were applied to identify between-group 
differences in sleep outcomes.

Stepwise multivariate analyses were used to evaluate group 
differences on sleep outcomes. Step 1 covariates adjusted for 
self-reported sleep complaints at baseline and sample charac-
teristics that differed among chronic stress groups including 
race, marital status, symptoms of depression, and BMI. Step 
2 added “very upsetting acute life events” concurrent with the 
Sleep Study to model covariates. Low and moderate chronic 
stress groups referenced to the high chronic stress group 
were added to the model in Step 3. Menopausal status, per-
ceived health, use of medications that affect sleep, exercise, 
and smoking were not included as covariates in multivariate 
analyses because they did not differ across chronic stress 
groups. Alpha level was set at P < 0.01 for all analyses. Mul-
tivariate sensitivity analyses were repeated in the 230 partici-
pants without sleep complaints at baseline (sleep rated as “very 
sound” to “average”).

RESULTS
At the time of the Sleep Study, the average age of the sample 

was 51 y, half of the sample was comprised of minority racial/
ethnic groups, and 61.5% of participants were pre-menopausal 
or early perimenopausal. As shown in Table 1, most partici-
pants were married or living as married, perceived their health 
as “good” to “excellent,” were current nonsmokers, and did 
not use medications that affect sleep. However, average BMI 
was almost 30 and the majority of participants were sedentary. 
Univariate tests indicated that several sample characteristics 
differed by chronic stress group including race, marital status, 

“very upsetting acute life events,” BMI, and symptoms of de-
pression (Table 1). For example, participants in the high and 
moderate chronic stress groups had higher BMIs and reported 

more symptoms of depression compared to participants in 
the low chronic stress group (P < 0.001). Participants in the 
high chronic stress group were also more likely to endorse 

“very upsetting acute life events” at the time of the sleep study 
(P < 0.001).

On average, the sample obtained less than 6.5 h of sleep, took 
20 min to fall asleep, and had 52 min of WASO, as measured by 
PSG (Table 2). The average PSQI score for the sample was 6.52, 
falling within the “poor sleep quality” range,42 though most 
participants (85.4%) did not experience clinically significant 
insomnia, as assessed by the ISQ. Average diary-assessed sleep 
duration was 7.5 h and WASO was nearly 19 min. Univariate 
analyses showed significant chronic stress group differences 
for subjective sleep quality (P < 0.001), PSG-assessed WASO 
(P < 0.01) and sleep efficiency (P < 0.01), diary-assessed TIB 
(P < 0.01), and prevalence of insomnia (P < 0.001) (Table 2).

Multivariate models evaluated the extent to which chronic 
stress group was prospectively associated with sleep outcomes 
after adjusting for race, baseline sleep complaints, marital 
status, symptoms of depression, BMI, and acute life events 
at the time of the Sleep Study. As shown in Tables 3 and 4, 
chronic stress group remained a significant predictor of sub-
jective sleep quality, PSG-assessed WASO and reports of in-
somnia (Ps < 0.01) after adjusting for acute stress and other 
covariates. Participants in the high chronic stress group re-
ported more subjective sleep complaints than did participants 
in the low and moderate chronic stress groups (standard-
ized beta’s = 0.19 and 0.18, respectively; Ps < 0.01). Partici-
pants in the high chronic stress group also exhibited greater 
PSG-assessed WASO than did participants in the moderate 
chronic stress group (standardized beta = 0.18, P < 0.01). The 
high chronic stress group also tended to have poorer PSG-
assessed sleep efficiency and report more diary-assessed TIB 
compared to the moderate chronic stress group (standardized 
betas = −0.16 and 0.15, respectively; Ps < 0.05). In addition, 
insomnia was more prevalent in the high compared to the low 
and moderate chronic stress groups (Table 4). Sensitivity anal-
yses in the 230 participants without baseline sleep complaints 
revealed a similar pattern of results for subjective sleep quality, 
PSG-assessed WASO and SE, diary-assessed TIB, and reports 
of insomnia (Tables 3 and 4). Finally, although acute stress 
was not a significant correlate of sleep in any of these models, 
participants who reported one or more “very upsetting” life 
events at the time of their sleep study tended to report greater 
subjective sleep complaints and more diary-assessed TIB and 
TST (see Step 2 multivariate model results for the full sample 
in Table 3).

DISCUSSION
This is the first study to evaluate the link between chronic 

psychological stress and sleep using prospective assessments 
of a range of life stressors over a nearly 10-y period and multi-
dimensional assessment of subsequent sleep disturbance. Tra-
jectory analyses were used to objectively identify orthogonal 
groups of participants with low, moderate, and high chronic 
stress profiles. Results indicate that there is a robust associa-
tion between chronic stress burden, as defined by frequent and 
highly distressing events over a number of years, and disturbed 
sleep in midlife women. Women characterized by high chronic 

Figure 1—Chronic stress trajectory groups over the period of study (3 to 
9 years of data, n = 330).
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stress profiles had lower subjective sleep quality, were more 
likely to report insomnia, and exhibited greater PSG-assessed 
wakefulness after sleep onset relative to women with low to 
moderate chronic stress. Importantly, associations among 
chronic stress profiles and sleep were independent of acute life 
events at the time of the Sleep Study as well as other possible 
confounders.

The observed association between chronic stress profiles 
and self-reported poor sleep (sleep quality, reports of insomnia) 
is consistent with previous longitudinal studies of work stress 
and subjective sleep outcomes10–13,18 as well as a recent report 
linking stressful events and stress-related intrusive thoughts 
with insomnia over a 12-mo period.1 Studies linking psycho-
logical stress with objective indices of sleep have been more 
mixed,22 perhaps due to the narrow range of life events exam-
ined in previous prospective studies (e.g., bereavement, occu-
pational stressors, traumatic events), differences in laboratory 
stressor characteristics (e.g., sleeping in a novel environment, 

expectation of a speech, overnight blood draws) and highly 
distressing life events,22 or due to the influence of negative af-
fective bias on subjective reports of disturbed sleep.2,43,44 Our 
results indicate that the chronic experience of frequent and 
highly distressing events is prospectively associated with an 
important objective marker of sleep disruption, that is, wake-
fulness after sleep onset.

The current data provide a multidimensional picture of sleep 
continuity disturbances in relation to stressful life events in 
midlife women. First, significant effects were observed for 
chronic, not acute, stress. These data suggest that chronic 
stress histories may contribute to discrepancies across studies 
of acute stress and sleep. Second, high levels of chronic stress 
may precipitate sleep continuity disturbances. Sensitivity anal-
yses in the subsample of participants without sleep complaints 
at baseline revealed robust associations among chronic stress 
group and PSG-assessed wakefulness after sleep onset. Third, 
on a day-to-day basis, midlife women may be unaware of the 

Table 1—Sample characteristics according to chronic stress trajectory group.

Sample Characteristics

Full Sample
n = 330

Chronic Stress Trajectory Group

χ2

Low Stress
n = 72

Moderate Stress
n = 194

High Stress
n = 64

Number (%) Number (%) Number (%) Number (%)
Race

Black
Chinese
White

119 (36.1)
58 (17.6)

153 (46.3)

18 (25.0)
22 (30.6)
32 (44.4)

69 (35.6)
29 (14.9)
96 (49.5)

32 (50.0)
7 (10.9)

25 (39.1)

16.37 b

Marital status
Married
Single, widowed, or divorced

212 (64.2)
118 (35.8)

59 (81.9)
13 (18.1)

117 (60.3)
77 (39.7)

36 (56.2)
28 (43.8)

12.91 b

Menopausal status
Pre or early peri
Late peri or post

203 (61.5)
127 (38.5)

38 (52.8)
34 (47.2)

127 (65.5)
67 (34.5)

38 (59.4)
26 (40.6)

3.72

Health status
Good to excellent
Poor to fair

284 (87.4)
41 (12.6)

59 (83.1)
12 (16.9)

172 (90.5)
18 (9.5)

53 (82.8)
11 (17.2)

4.10

Use of medications that affect sleep
No
Yes

235 (72.3)
90 (27.7)

57 (80.3)
14 (19.7)

134 (70.2)
57 (29.8)

44 (69.8)
19 (30.2)

2.89

Smoker
No
Yes

291 (89.3)
35 (10.7)

66 (93.0)
5 (7.0)

171 (88.6)
22 (11.4)

54 (87.1)
8 (12.9)

1.40

Physical activity (≥ 3 days/w)
No
Yes

270 (82.3)
56 (17.7)

54 (76.1)
17 (23.9)

165 (85.5)
28 (14.5)

51 (82.3)
11 (17.7)

3.27

Very upsetting acute life events
No
Yes

245 (74.2)
82 (25.8)

65 (90.3)
7 (9.7)

149 (76.8)
45 (23.2)

31 (48.4)
23 (51.6)

32.63 c

Baseline sleep complaints
Sleep is very sound to average
Sleep is restless to very restless

230 (69.7%)
100 (30.3%)

55 (76.4%)
17 (23.6%)

133 (68.6%)
61 (31.4%)

42 (65.6%)
22 (34.4%)

2.15

Mean (SD) Mean (SD) Mean (SD) Mean (SD) F a

Age, y 51.24 (2.14) 51.32 (2.22) 51.26 (2.12) 51.09 (2.13) 0.21
Body mass index 30.05 (8.00) 26.73 (6.33) 30.55 (8.04) 32.26 (8.53) 9.50 c (L < M,H)
Symptoms of depression (IDS minus sleep)  8.02 (3.01)  7.06 (2.00)  7.79 (2.86)  9.81 (3.63) 17.15 c (L,M < H)

aLabels in parentheses indicate significant group differences in post hoc analyses (Tukey honestly significant difference P < 0.01): L, low chronic stress 
trajectory group; M, moderate chronic stress trajectory group; H, high chronic stress trajectory group. bP < 0.010. cP < 0.001. IDS, Inventory of Depressive 
Symptomatology; SD, standard deviation; 
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extent to which chronic stress interferes with their sleep. Un-
like PSG and reports of sleep quality and insomnia, diary-as-
sessed wakefulness after sleep onset was unrelated to chronic 
stress group. Finally, stress-related sleep continuity distur-
bances were uniquely associated with difficulties maintaining 
sleep, as measured by PSG-assessed wakefulness after sleep 
onset. Participants in the high chronic stress group did not 
spend more time in bed, take longer to fall asleep, or wake up 
more often during the night than did their counterparts in the 
low and moderate chronic stress groups. Although brief awak-
enings from sleep are routinely observed in healthy adults, dif-
ficulty falling back asleep during the night is characteristic of 
older adults and patients with insomnia.45 In effect, the sleep 
continuity profile observed in our sample of midlife women 
with a high chronic stress burden mirrors that of older adults 
and patients with insomnia.

The lack of hypothesized differences in TST and SWS may 
be related to the sleep profile observed in this sample. Given 
that participants obtained less than 6.5 h of sleep on average and 
SWS percent averaged less than 4% in the sample as a whole, 
the absence of group differences in TST and sleep depth may 

reflect a floor effect. Certainly, chronic stress has been linked to 
decreased SWS in younger samples.15 That chronic stress group 
was more strongly associated with subjective sleep quality and 
insomnia compared to sleep duration and SWS might suggest 
that these associations merely reflect a negative affective bias, 
yet our analyses adjusted for symptoms of depression and acute 
life events at the time of the Sleep Study. Moreover, diary-
assessed indices of sleep duration were only modestly associ-
ated with chronic stress profiles, whereas no such associations 
were observed for diary-assessed indices of sleep continuity. It 
may also be that other indices of physiological arousal during 
sleep, including increased high-frequency EEG activity and de-
creased heart rate variability, may be more sensitive to stress 
than are traditional measures of visually scored sleep. In 1987, 
Davidson and colleagues reported a positive, linear association 
between stress-related intrusive thoughts and overnight cor-
tisol levels in the wake of the Three Mile Island nuclear power 
plant leak.46 We have observed significant associations among 
symptoms of stress and increased high-frequency EEG activity 
during NREM sleep in several samples that did not exhibit dif-
ferences in visually scored sleep.44,47,48 We also demonstrated 

Table 2—Univariate sleep outcomes according to chronic stress trajectory group.

Sleep Outcome

Full Sample
n = 330

Chronic Stress Trajectory Group

F a

Low Stress
n = 72

Moderate Stress
n = 194

High Stress
n = 64

Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Sleep quality (PSQI)  6.52 (2.43)  5.61 (1.91)  6.34 (2.18)  8.05 (2.94) 20.39 f (L,M < H)
Polysomnography

Time in bed (min) 453.00 (65.32) 454.03 (67.90) 450.22 (63.62) 460.28 (67.89) 0.58
Total sleep time (min) 380.70 (60.23) 381.40 (64.04) 382.79 (56.83) 373.58 (66.06) 0.57
Sleep onset latency (min) c  20.09 (19.62)  17.48 (17.20)  20.34 (20.23)  22.29 (20.26) 0.70
Wakefulness after sleep onset (min) c  52.17 (35.16)  55.16 (37.56)  47.02 (29.26)  64.41 (44.68) 6.35 e (M < H)
Sleep efficiency (%) c  84.19 (8.41)  83.94 (10.37)  85.20 (7.07)  81.39 (9.15) 5.73 e (M > H)
Awakenings (no.)  20.53 (7.28)  21.40 (8.32)  20.47 (6.76)  19.73 (7.58) 0.91
NREM stage 1 (%)  7.39 (6.08)  6.90 (4.77)  7.57 (6.80)  7.42 (5.02) 0.32
NREM stage 2 (%)  64.36 (8.06)  65.63 (7.88)  63.88 (8.18)  64.40 (7.86) 1.24
NREM stages 3+4 (%) d  3.58 (4.57)  3.49 (4.56)  3.49 (4.30)  3.96 (5.35) 0.28
REM (%)  24.67 (5.11)  23.98 (6.04)  25.07 (4.71)  24.22 (5.12) 1.48
Apnea-hypopnea index (count/h of sleep) b,c  10.64 (15.55)  10.11 (11.58)  10.69 (16.80)  11.04 (15.54) 0.17

Sleep diary b

Time in bed (min) 495.17 (78.48) 496.50 (78.02) 485.44 (65.73) 523.77 (105.26) 5.68 e (M < H)
Total sleep time (min) 447.77 (70.28) 456.84 (75.14) 439.43 (58.70) 462.87 (91.65) 3.39
Sleep onset latency (min) c  16.55 (17.24)  13.47 (8.82)  16.51 (19.95)  20.30 (15.02) 3.70
Wakefulness after sleep onset (min)  18.82 (15.84)  19.61 (16.51)  18.28 (15.68)  19.53 (15.74) 0.26
Sleep efficiency (%) c  92.90 (5.09)  93.42 (4.05)  92.87 (5.66)  92.38 (4.27) 0.96
Awakenings (no.)  1.65 (0.83)  1.69 (0.90)  1.58 (0.81)  1.86 (0.77) 2.73

Number (%) Number (%) Number (%) Number (%) χ2

Insomnia (ISQ) b

No
Yes

281 (85.4%)
48 (14.6%)

69 (95.8%)
3 (4.2%)

172 (89.1%)
21 (10.9%)

40 (62.5%)
24 (37.5%)

35.37 f

aValues in parentheses indicate significant group differences in post hoc analyses (Tukey honestly significant difference P < 0.01): L, low chronic stress 
trajectory group; M, moderate chronic stress trajectory group; H, high chronic stress trajectory group. bApnea-hypopnea index, insomnia, and sleep diary 
data were available for 315, 329, and 322 participants, respectively. cVariable was natural-log transformed prior to analyses. dVariable was square root 
transformed prior to analysis. eP < 0.01. fP < 0.001. ISQ, Insomnia Symptom Questionnaire; NREM,  nonrapid eye movement sleep; PSQI, Pittsburgh Sleep 
Quality Index; REM, rapid eye movement sleep; SD, standard deviation.
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that an experimental pre-sleep stressor blunted heart rate vari-
ability in a sample of healthy, young adults without altering 
visually scored parameters of sleep.49 The stress and sleep pro-
file observed in the current sample of midlife women is quite 
similar to insomnia, which may be characterized by subjective 
sleep complaints and increased indices of physiological arousal 
during sleep, irrespective of decrements in PSG-assessed sleep 
duration, continuity, and depth.50

Several study characteristics limit the generalizability of the 
current findings. First, though our analyses adjusted for many 

sociodemographic and health characteristics that affect sleep, 
there may be other relevant predictors of sleep outcomes that 
we did not anticipate or statistically control for (e.g., genetics, 
coping style). Furthermore, given our desire to maximize 
study utility while minimizing participant burden, our assess-
ment of upsetting life events covered a broad range of potential 
stressors (i.e., school, work, romantic relationships, children, 
family, criminal and legal matters, finances, and health) on a 
relatively brief 18-item questionnaire. This precluded evalu-
ation of the differential effect of various types of stressors or 

Table 3—Results for stepwise multivariate linear regression analyses predicting sleep outcomes in the full sample (n = 330) and in the subsample of 
participants without baseline sleep complaints (n = 230).

 Full Sample a,b Participants without Baseline Sleep Complaints c,d

Step 1 Step 2 Step 3 Step 1 Step 2 Step 3
Sleep Outcome ∆R2 ∆R2 ∆R2 ∆R2 ∆R2 ∆R2

Sleep quality (PSQI) 0.282 i 0.014 g 0.021 h 0.148 i 0.018 g 0.022
Polysomnography

Time in bed (min) 0.032 0.000 0.003 0.022 0.001 0.021
Total sleep time (min) 0.081 i 0.000 0.002 0.069 h 0.002 0.014
Sleep onset latency (min) e 0.061 h 0.003 0.000 0.061 g 0.004 0.001
Wakefulness after sleep onset (min) e 0.069 i 0.003 0.031 h 0.062 h 0.000 0.037 h

Sleep efficiency (%) 0.143 i 0.004 0.021 g 0.137 i 0.000 0.021
Awakenings (no.) 0.018 0.003 0.002 0.032 0.005 0.001
NREM stage 1 (%) 0.032 0.014 0.001 0.041 0.002 0.002
NREM stage 2 (percent) 0.016 0.004 0.011 0.040 0.001 0.019
NREM stages 3+4 (percent) f 0.060 h 0.001 0.005 0.091 i 0.004 0.013
REM (percent) 0.040 g 0.004 0.017 g 0.056 g 0.001 0.017
Apnea-hypopnea index (count/h of sleep) e 0.238 i 0.002 0.011 0.129 i 0.013 0.027 g

Sleep diary
Time in bed (min) 0.094 i 0.018 g 0.019 g 0.035 0.003 0.017
Total sleep time (min) 0.056 h 0.016 g 0.018 g 0.044 0.003 0.020
Sleep onset latency (min) e 0.109 i 0.005 0.002 0.106 i 0.005 0.005
Wakefulness after sleep onset (min) 0.052 h 0.002 0.002 0.012 0.007 0.002
Sleep efficiency (%) e 0.040 g 0.000 0.001 0.044 0.000 0.003
Awakenings (no.) 0.061 h 0.000 0.001 0.052 g 0.000 0.018

aStep 1 includes race, marital status, body mass index (BMI), symptoms of depression and baseline sleep complaints; Step 2 includes step 1 variables 
and very upsetting life events at the time of the sleep study; Step 3 includes variables from steps 1–2 and chronic stress group. bApnea-hypopnea index 
(AHI) and diary data were available for 315 and 322 participants, respectively. cStep 1 includes race, marital status, BMI, and symptoms of depression; 
Step 2 includes step 1 variables and very upsetting life events at the time of the sleep study; Step 3 includes variables from steps 1–2 and chronic stress 
group. dAHI and diary data were available for 218 and 225 participants, respectively. eVariable was natural-log transformed prior to analyses. fVariable was 
square root transformed prior to analysis. gP < 0.05. hP < 0.01. iP < 0.001. NREM, nonrapid eye movement sleep; PSQI, Pittsburgh Sleep Quality Index; 
REM, rapid eye movement sleep.

Table 4—Results for multivariate logistic regression predicting odds of insomnia in the full sample (n = 329) and in the subsample of participants without 
baseline sleep complaints (n = 230).

Full Sample a Participants without Baseline Sleep Complaints b

Insomnia Odds Ratio (95% CI) Insomnia Odds Ratio (95% CI)
Acute life events 1.530 (0.724–3.239) 1.107 (0.369–3.320)
Low chronic stress group c  0.166 (0.042–0.652) e  0.085 (0.008–0.921) d

Moderate chronic stress group c  0.276 (0.126–0.605) f  0.287 (0.098–0.843) d

aCovariates: race, marital status, BMI, symptoms of depression and baseline sleep complaints. bCovariates: race, marital status, BMI, and symptoms of 
depression. cReferent group = high chronic stress group. dP < 0.05. eP < 0.01. fP < 0.001.
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stress characteristics. Our assessment of upsetting life events 
was also limited to a 9-y time span in midlife women. Early 
life events and/or longer stress chronicity may be stronger de-
terminants of sleep outcomes than the stress trajectories that 
we assessed in the current study. Our results should not be gen-
eralized to other populations in whom stressors and sleep may 
be differentially related (e.g., men, older or younger age groups, 
other unrepresented racial/ethnic groups, shift workers). Al-
though not measured in the current study, perceived control, 
cognitive arousal, avoidance behaviors, and coping style have 
been linked to disrupted sleep by our laboratory and others.1,43,44 
Individual differences in vulnerability to stress-related sleep 
disturbances and stressor characteristics may be important to 
consider in future research on the mechanisms and prevention 
of stress-related sleep disturbances. This latter issue may be 
especially relevant to insomnia, which is exquisitely sensitive 
to individual differences in stress and sleep reactivity.1

In conclusion, the current study shows that high chronic 
stress burden is associated with increased subjective sleep 
quality complaints, reports of insomnia, and objectively as-
sessed sleep continuity disturbances in midlife women. These 
associations were independent of preexisting sleep complaints, 
very upsetting acute life events, and symptoms of depression 
assessed at the time of the Sleep Study, as well as race, marital 
status, and BMI. The pattern of results observed in the cur-
rent sample of midlife women raises the possibility that high 
levels of chronic stress may accelerate “sleep aging,” or a sleep 
profile that would be expected in older women. More research 
is needed to determine whether coping strategies that reduce 
both the number and the subjective effect of stressful life 
events lessens the effect of life’s “slings and arrows” on sleep 
and their more downstream effects on health and functioning.

ABBREVIATIONS
AASM, American Academy of Sleep Medicine
AHI, apnea-hypopnea index
ANOVA, analysis of variance
ATC Code, Anatomical Therapeutic Chemical Code
BMI, body mass index
D-NAWK, diary-assessed number of awakenings
D-SE, diary-assessed sleep efficiency
D-SOL, diary-assessed sleep onset latency
D-TIB, diary-assessed time in bed
D-TST, diary-assessed total sleep time
D-WASO, diary-assessed wake after sleep onset
EEG, electroencephalogram
EKG, electrocardiogram
EMG, electromyogram
EOG, electro-oculogram
ISQ, Insomnia Symptom Questionnaire
N-CTRC, University of Pittsburgh Neuroscience - Clinical 

and Translational Research Center
NREM, non-rapid eye movement
PERI, Psychiatric Epidemiology Research Interview Life 

Events Scale
PSG, polysomnography
PSG-NAWK, PSG-assessed number of awakenings
PSG-SE, PSG-assessed sleep efficiency
PSG-SOL, PSG-assessed sleep onset latency

PSG-TIB, PSG-assessed time in bed
PSG-TST, PSG-assessed total sleep time
PSG-WASO, PSG-assessed wake after sleep onset
PSQI, Pittsburgh Sleep Quality Index
PSS, Perceived Stress Scale
REM, rapid eye movement
SAS TRAJ, Statistical Analysis System Trajectory
SF-36, Short-form Health Survey
SWAN, Study of Women’s Health Across the Nation
SWS, slow wave sleep.
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