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DURING THE MENOPAUSAL TRANSITION (MT) AND 
EARLY POSTMENOPAUSE (PM) WOMEN RATE SLEEP 
PROBLEMS AS AMONG THE MOST PREVALENT AND 
bothersome of their symptoms. Indeed, nearly 40% of more 
than 16,000 U.S. participants in the Study of Women and 
Health Across the Nation (SWAN) reported sleep problems at 
the baseline interview,1 and nearly 40% of participants in the 
Melbourne Midlife Women’s Health Project reported being 
bothered by trouble sleeping during the late perimenopause and 
about 50% during the early postmenopause.2

Shaver and colleagues’ early polysomnographic (PSG) stud-
ies of midlife women were among the first to demonstrate that 
sleep symptoms were linked to hot flashes.3 Women who expe-
rienced hot flashes during the MT and PM had lower sleep ef-
ficiencies (ratio of time asleep to time in bed) and longer REM 
latency than those without hot flashes. In subsequent studies 
Shaver and associates found that women who had poor sleep by 
both self-report and by sleep efficiency criteria scored highest 
on symptoms such as hot flashes and somatization and had sig-

nificantly higher morning urinary cortisol levels than the other 
groups. Women who perceived poor sleep but were classified 
as good sleepers by the sleep efficiency index scored highest in 
psychological distress.4,5 These results suggested that in midlife 
women cognitive or emotional arousal and chronic stress neu-
roendocrine activation were important in chronic sleep prob-
lems.6 Moreover, women with poor sleep reported a higher 
incidence of somatic symptoms, including musculoskeletal dis-
comfort and fatigue, than those with good sleep.7

More recent studies of the menopausal transition and early 
postmenopause and sleep have used both subjective and objec-
tive measures of sleep to understand its relationship to the MT. 
The SWAN study participants reported the number of nights over 
the previous 2 weeks they had difficulty falling asleep, staying 
asleep, and experienced early morning awakening at the begin-
ning of the study and for 7 years of follow-up. Difficulty fall-
ing asleep and staying asleep increased through the menopausal 
transition, particularly during the late menopausal transition, but 
early morning awakening decreased from late menopausal tran-
sition to early postmenopause. Vasomotor symptoms were sig-
nificantly associated with each of the sleep symptoms and lower 
estradiol levels and higher FSH levels were each associated with 
trouble falling asleep and awakening during the night. Hormone 
therapy use was associated with less sleep disruption. Ethnicity 
was associated with both waking up several times during the 
night and early morning awakening, with Caucasian women hav-
ing the highest incidence.8 In addition, data were obtained from 
365 women from SWAN over 2 nights by polysomnographic 
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monitoring in their homes and by response to the Pittsburgh 
Sleep Quality Index (PSQI). Women with greater increases in 
FSH had more delta sleep, more total sleep time, and less favor-
able PSQI scores. Higher estradiol levels were modestly asso-
ciated with better sleep quality; lower estradiol to testosterone 
(E-to-T) ratio, indicating a higher influence of androgen, was 
associated with less awakening after sleep onset.9

Penn Ovarian Aging study participants responded to the St. 
Mary’s Hospital Sleep Questionnaire annually over an 8-year 
period of follow-up. Hot flashes, CESD depression scores, and 
inhibin B levels were all associated with reduced sleep quality,10 
consistent with absence of MT effects seen in earlier analyses 
of sleep symptoms in this population.11 Sleep was measured 
with actigraphy and self-report (Insomnia Severity Index) in the 
Chinese Herbs in Menopausal Symptoms Study (CHIMES).12 
Women with moderate to severe hot flashes had ISI scores indi-
cating more problems (> 14). Hot flashes were associated with 
greater nighttime wakefulness, higher number of long wake epi-
sodes, but not sleep efficiency, total sleep time, or sleep latency.

To date the studies of sleep during the MT and early PM 
show mixed effects of progression through the menopausal 
transition which may be attributable to lack of attention to 
staging reproductive aging.13 The Staging Reproductive Aging 
Workshop (STRAW) and subsequent work by the ReSTAGE 
collaboration provided specific criteria for determining stages 
of the menopausal transition (for example, early transition and 
late transition as described in the methods section of this paper). 
Endocrine markers for the MT, such as FSH, estradiol, and in-
hibin B levels have been unmeasured in some studies, but oth-
ers suggest there may be a relationship between estradiol and 
FSH and sleep problems during the MT and early PM.8-10

Stressful social environments are common in the lives of 
midlife women,14 but few investigators have assessed the in-
fluence of stressful events, perceived stress, and stress arousal 
indicators, such as cortisol and catecholamines. Those investi-
gators who have done so, such as Shaver and colleagues, have 
provided evidence of a link between stress arousal and sleep 
symptoms with a potential relationship between stress exposure 
and sleep mediated by cortisol and catecholamines.6

Health status changes are common in midlife and perceived 
health has been associated with sleep problems.15 To date, health 
status has been measured in studies such as SWAN, but its rela-
tionship to sleep has not been analyzed and reported. There is evi-
dence that the MT presents women with opportunities to change 
their health behaviors, e.g., by increasing physical activity,16 and 
these, in turn, may enhance sleep. With the exception of Freed-
man and Roehr’s efforts to identify primary sleep disorders among 
women in the age group experiencing the menopausal transition,17 
there has been little attention to the effects of health status and 
health behaviors on sleep during the MT and early PM.

Finally, symptoms such as hot flashes have been associated with 
sleep symptoms, including awakening during the night. Freed-
man’s laboratory study revealed that hot flashes as measured by 
skin temperature monitoring followed arousals from sleep mea-
sured by polysomnography,17 challenging the prevalent view with 
evidence that sleep changes preceded hot flashes. Freedman’s data 
are consistent with a model of generalized arousal which may play 
an important role in both hot flashes and sleep symptoms during 
the MT and may be explained by Shaver’s early findings of neu-

roendocrine arousal and sleep symptoms.6 Moreover, using time 
series analysis to study a small subgroup of Seattle Midlife Wom-
en’s Health Study participants, we found that sleep symptoms fig-
ured prominently in association with hot flashes, depressed mood, 
difficulty concentrating, and lower sexual desire.18

Although research about women’s problems with sleep dur-
ing the menopausal transition has grown over the past two de-
cades, there are few longitudinal reports of sleep symptoms; 
to date, few of those have addressed sleep in the context of 
other symptoms, stress, health changes, and health practices 
that women experience during that period of their lives. Given 
the complexity and cost of conducting longitudinal studies, 
few investigators managed to study women more frequently 
than annually or semi-annually, and very few have used re-
peated physiologic indicators, such as endocrine assays and 
polysomnographic recordings. An understanding of the bio-
logical changes associated with the menopausal transition, 
the stressful social context for women during midlife, factors 
that make women vulnerable to symptoms, changes in health 
status, and symptoms other than sleep disruption that women 
experience during this portion of the lifespan is essential for 
development of appropriate symptom management strategies 
(see Figure 1 for a preliminary model).

The purposes of the analyses presented here are to: (1) 
describe the severity of nighttime awakening, early morning 
awakening, and difficulty getting to sleep over time with par-
ticular reference to the menopausal transition (MT) and early 
postmenopause (PM); and (2) explore the relationship of sleep 
symptoms to aging, menopausal transition factors (menstrual 
transition stages, urinary estrogen (EIG), testosterone (T) and 
FSH levels; hormone therapy use); stress (perceived stress, 
morning urinary cortisol and catecholamine levels, history of 
sexual abuse); health related factors (perceived health, exer-
cise, alcohol, and smoking); and symptoms (hot flashes, de-
pressed mood, anxiety, joint pain, and backache).

METHODS

Design
The data for these analyses are from a longitudinal study of 

the menopausal transition, the Seattle Midlife Women’s Health 
Study. Women entered the cohort between 1990 and early 1992, 
when most were not yet in the MT or were in the early stages of 
the transition to menopause. After completing an initial in-person 
interview (n = 508) administered by a trained registered nurse 
interviewer, participants (n = 367) began providing data annu-
ally by questionnaire, menstrual calendar, and health diary. The 
health diary included a symptom checklist as well as indicators 
of health behaviors and stress. Diary data were obtained from the 
3 consecutive days closest to days 5, 6, and 7 of the menstrual 
cycle and coincided with first morning voided urine specimens 
(collected on day 6) that women provided 8 to 12 times per year 
for endocrine assays (from late 1996 through 2000), and then 
quarterly for 2001-2005. These data were in addition to an an-
nual health questionnaire and menstrual calendars.

Sample
Eligible participants (N = 286) were those who contribut-

ed ratings of sleep symptoms from the health diaries begin-
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ning in 1990 and were in the late reproductive, early or late 
menopausal transition stages, or early postmenopause during 
the course of the study. Women whose data were available for 
analysis and were eligible for inclusion were midlife women 
with a mean age of 41.4 years (SD = 4.3) at the beginning of 
the study, 15.9 years of education (SD = 2.8), and a median 
family income of $38,800 (SD = $15,000). Most (87%) of the 
eligible participants were currently employed, 71% married 
or partnered, 22% divorced or separated or widowed, and 7% 
never married or partnered. Eligible women described them-
selves as follows: 7% African American, 9% Asian American, 
82% Caucasian. As seen in Table 1, women who were included 
in these analyses compared to those who were ineligible were 
similar with respect to employment status, marital status, age, 
and education. They differed significantly by income and eth-
nicity: those who were included in the analyses had higher in-
comes and were more likely to be Caucasian. Data obtained 
during any occasions of hormone use were not included in the 
analyses presented here except for those analyses focusing 
specifically on the effects of hormone therapy use (coded yes/
no) as a covariate.

Measures
The concepts and measures used in these analyses as shown 

in Figure 1 included sleep symptoms; age; MT-related factors 
(menopausal transition stage, urinary estrone glucuronide, 
FSH, and testosterone; hormone therapy use); stress-related 
factors (perceived stress, history of sexual abuse, cortisol, epi-
nephrine, norepinephrine); symptoms (hot flashes, depressed 
mood, anxiety, joint pain and backache); and health-related 
factors (perceived health, amount of alcohol, caffeine drinks, 
smoking and exercise).

Urinary assays
Urinary assays were performed in our labora-

tories using a first-voided morning urine speci-
men provided on day 6 of the menstrual cycle, if 
menstrual periods were identifiable. For women 
with no bleeding or spotting or extremely errat-
ic flow, a consistent date each month was used. 
Women abstained from smoking, caffeine use, 
and exercise before the urine collection. Urine 
samples were preserved with sodium ethylene-
diaminetetraacetic acid and sodium metabisulfite 
and frozen at –70°C. All specimens, standards 
and controls were tested in duplicate; those with 
a coefficient of variance > 15% were repeated. A 
BioRad Quantitative Urine control and a pooled 
in-house urine control were included in all as-
says, and a member of the standard curve was re-
peated after every 10 unknowns to monitor assay 
performance. In general, all samples from a cal-
endar year were assayed during the next calendar 
year, and multiple samples from each participant 
were assayed in the same batch during each year. 
All endocrine concentrations were corrected for 
variations in urine concentration by expressing 
the hormone level as a ratio to the concentration 
in the same urine specimen.

Sleep symptoms
Sleep symptoms were assessed in the diary and included dif-

ficulty getting to sleep, awakening during the night, and early 
morning awakening, Women rated the severity of their symp-
toms on a scale where 0 indicated not present to 4, which indi-
cated extreme.

Menopausal transition-related factors
Menopausal transition-related factors included MT stage, 

urinary estrone glucuronide, testosterone, FSH, and menopause-
related hormone therapy use. Menopause-related hormone ther-
apy use did not include oral contraceptives or use of progestin 
alone. Using menstrual calendar data, women not taking any 
type of estrogen or progestin were classified according to stag-
es of reproductive aging: late reproductive, early menopausal 

Figure 1—Factors affecting sleep symptoms during the menopausal 
transition and early postmenopause

Table 1—Sample characteristics of the eligible and ineligible women in the mixed effects 
modeling analyses of sleep symptoms at start of study (1990-1991)

Eligible Women 
(n = 286)

Ineligible Women 
(n = 222)

Characteristic Mean (SD) Mean (SD) P value*
Age (years) 41.4 (4.3) 42.1 (5.0) 0.09
Years of education 15.9 (2.8) 15.4 (3.1) 0.07
Family income ($) 38,800 (15,000) 35,600 (17,400) 0.02

Characteristic N (Percent) N (Percent) P value**
Currently employed 0.53

Yes 249 (87.1) 189 (85.1)
No 37 (12.9) 33 (14.9)

Race/ethnicity < 0.0001
African American 20 (7.0) 38 (17.1)
Asian /Pacific Islander 26 (9.1) 17 (7.7)
Caucasian 235 (82.2) 156 (70.3)
Other (Hispanic, Mixed) 5 (1.7) 11 (4.9)

Marital Status 0.31
Married/partnered 203 (71.0) 145 (65.3)
Divorced/widowed/not partnered 63 (22.0) 62 (27.9)
Never married/partnered 20 (7.0) 15 (6.8)

*Independent t-test; **χ2 test
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Stress-related factors
Stress-related factors included perceived stress and history 

of sexual abuse as well as urinary cortisol, epinephrine, and 
norepinephrine. Perceived stress was assessed in the diary with 
a question “how stressful was your day?” which women rat-
ed from 0 (not at all) to 6 (extremely, a lot). Brantley et al.34 
found that a global stress rating and the sum of stress ratings 
across multiple dimensions correlated significantly (r = 0.35, 
P < 0.01). Sexual abuse history was assessed by asking “Have 
you ever been sexually assaulted, abused, or molested?” These 
data were obtained in 1999-2002 in the annual health update 
questionnaire. Also, beginning in 1996 and through the end of 
the study, we asked “during the past year did you experience 
any sexual abuse or sexual assault?” A cumulative variable was 
created to represent any history of sexual abuse or assault and 
coded as 1 for yes and 0 for no.

Urinary cortisol
Urinary cortisol levels were determined by radioimmunoas-

say using Coat-A-Count Cortisol Kit (Siemens Medical Solu-
tions, Los Angeles, CA) and is described in detail elsewhere.33 
Coat-A-Count Cortisol is designed for the quantitative mea-
surement of unbound cortisol (hydrocortisone, Compound F) 
in serum, urine, and heparinized plasma. The assay is highly 
specific for cortisol and has extremely low cross-reactivity with 
other steroids, except for prednisolone. In our laboratory the 
reporting range for this urinary cortisol assay is 1 to 50 μg/dL; 
the minimum detectable concentration is 0.2 ug/dL. Inter-assay 
precision was calculated for each of 3 samples from the results 
of 20 extractions each. The coefficients of variation (inter-
assay) ranged from 8.2% to 12.5% for samples ranging from 
0.9 to 8.3 μg/dL. The intra-assay coefficient of variation was 
4.6% (N = 376) using a pooled in-house control (3.6 μg/dL). 
There were no significant differences in cortisol values when 
we compared the DCM extraction to values obtained with an 
additional chromatographic purification step using a disposable 
SepPak C-18 cartridge, after initial DCM extraction. Recovery 
rates ranged from 88.4% to 96.5% when samples were spiked 
with 3 cortisol solutions of 5, 10, and 20 μg/dL.

Urinary epinephrine and norepinephrine
These were assayed by HPLC after extraction on Bio-Rex 

cation exchange resin (Bio-Rad) followed by aluminum ox-
ide (Bio-Rad) precipitation using a modification of the LCEC 
Application Note No. 15 (Bioanal. Syst., 1982) and described 
in detail elsewhere.33 An internal standard, 3,4-dihydroxyben-
zylamine (DHBA), was mixed with all standards and unknowns 
prior to extraction. All data were quantitated on peak area ra-
tios, using a standard curve generated in each batch run. The 
intra-assay variation was 4.7%, and the inter-assay variation 
was 7.85%.

Health-related factors
Health-related factors included perceived health, amount of 

smoking, alcohol use, and exercise. Perceived health was mea-
sured in the diary from the beginning of the study using the 
question “how healthy did you feel today?” Women rated their 
perceived health from 1 (not at all) to 6 (extremely, a lot). Wom-
en were asked to indicate in the daily health diary whether or 

transition, late menopausal transition, or early postmenopause, 
based on staging criteria developed by Mitchell, Woods, and 
Mariella19 and validated by the ReSTAGE collaboration.20-22 
The names of stages match those recommended at the Stages 
of Reproductive Aging Workshop (STRAW).13 The time before 
the onset of persistent menstrual irregularity during midlife was 
labeled the late reproductive stage when cycles were regular. 
Early stage was defined as persistent irregularity of more than 
6 days absolute difference between any 2 consecutive men-
strual cycles during the calendar year, with no skipped periods. 
Late transition stage was defined as persistent skipping of one 
or more menstrual periods. A skipped period was defined as 
double the modal cycle length or more for the calendar year. In 
the absence of a modal cycle length, a population-based cycle 
length of 29 days was used.23 Persistence meant the event, ir-
regular cycle or skipped period, occurred one or more times in 
the subsequent 12 months. Final menstrual period (FMP) was 
identified retrospectively after one year of amenorrhea without 
any known explanation. The date of the FMP is synonymous 
with the term menopause. Early postmenopause was within 5 
years of the FMP.

Urinary estrone glucuronide (E1G)
E1G was selected to assess estrogens because it is stable, 

can be reliably measured without special preparation, and is 
highly correlated with serum estradiol levels.24-29 Urinary E1G 
was measured by a competitive enzyme immunoassay (EIA) 
that cross-reacts 83% with estradiol glucuronide and < 10% 
with free estrone, estrone sulfate, estriol glucuronide, estradiol, 
and estriol.26 The assay is described in detail elsewhere.26 The 
lower limit of detection for the assay was 3.1 nmol/L. Average 
recovery from a urine matrix of low, medium, and high E1G 
standard doses was 101%.26 Intra- and inter-assay coefficients 
of variation (CV) were 2.1% and 9.6%, respectively, for an ex-
ternal (BioRad) urine control (mean concentration 2.1ng/mL); 
and 2.8% and 14.5%, respectively, for an internal urine control 
(mean concentration 1.59 ng/mL) (determined using the meth-
od of Robard from 20 randomly selected plates).

Urinary FSH
Urinary FSH was assayed using Diagnostic Products Corpo-

ration (DPC) Double Antibody FSH Kit, using a radioimmuno-
assay (RIA) designed for the quantitative measurement of FSH 
in serum and urine. The procedure is described in detail else-
where.30 The reporting range for urine FSH was 2.0 to100 mIU/
mL; the minimum detectable concentration was 1.6 mIU. The 
inter-assay variation was 7.1%, and the intra-assay variation was 
3.7% (N = 205). FSH, as well as other assays were adjusted for 
urinary creatinine, which was assayed in urine specimens using 
the method of Jaffe.31 The inter-assay variation (run to run) was 
6.7%, and the intra-assay variation was 3.1% (N = 405).

Urinary testosterone (T)
Urinary testosterone levels were assayed using the Siemens 

Total Testosterone Kit, a solid-phase RIA using a testosterone-
specific antibody immobilized to the wall of a polypropylene 
tube. The assay is described in detail elsewhere.32,33 Inter-as-
say variation was 12.38% (N = 791), and intra-assay variation 
was 8.75%.
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final model. Because we were using these analyses as a basis 
for explanation and to stimulate further mechanistic studies, a 
P value of 0.05 was used as the criterion for significance. Dif-
ferent numbers of women and observations occurred with each 
variable tested because the analysis required pairing of observa-
tions of the outcome and predictor variables at each time point. 
For example, in cases of medication use that could confound 
the results, data were omitted from analyses for that occasion. 
In addition, we excluded data points when a covariate and the 
outcome variable did not match in time.

RESULTS
Table 2 includes a description of the severity of the sleep 

symptoms across the late reproductive stage, early and late 
menopausal transition stages, and early postmenopause. The 
number and proportion of women reporting severity levels of 
the symptom, e.g., problem getting to sleep, ranging from 0 (no 
experience) to 3-4 (moderately severe to extreme) are given. 
The proportion of women reporting more severe sleep symp-
toms tends to increase as women experience the late menopaus-
al transition stage and early postmenopause and the average 
severity level for awakening during the night tends to be higher 
than that of the other symptoms. The sleep symptoms were 
correlated with one another: across all stages studied problem 
getting to sleep was significantly correlated with both awaken-
ing during the night (r = 9.507, P < 0.0001) and early morning 
awakening (r = 0.449, P < 0.0001) and awakening during the 

not they smoked (coded as 0 for no 
and 1 for yes; and if yes, the number 
of cigarettes smoked that day), the 
amount of alcohol drunk, number 
of caffeine-containing drinks, and 
the amount they exercised. Exercise 
was determined using the question: 
how many total minutes of non-
work related exercise did you do 
today? (walking, running, biking, 
swimming, aerobics, sports, work-
out, gardening, yard work).

Medication use was coded from 
the health diaries and included med-
ications that fell into categories such 
as androgens, antidepressants, hor-
monal preparations, selective estro-
gen receptor modulators (SERMS), 
sedatives, and antipsychotics. These 
variables were used to exclude 
datapoints from the analyses where 
medication use would likely con-
found the relationship being tested. 
Use was coded 1 for “yes” or 0 for 
“no” for each time point.

Symptoms
Hot flash severity was assessed 

several times each year in the symp-
tom diary, in which women rated 
their symptoms from 0 (not present) 
to 4 (extreme). Depressed mood 
(feeling sad or blue), anxiety, joint pain, and backache symp-
toms were assessed in a similar fashion.

Analyses
Mixed effects modeling using the R library35-39 was used to in-

vestigate whether age, MT stage, factors related to the menopaus-
al transition, stress-related factors, symptoms, and health-related 
factors were significant predictors of each of the sleep symptoms 
over time. Age was centered at the group mean to enable the in-
terpretation of the effect of age on each sleep symptoms.33

The initial series of models tested age alone as a predictor of 
each of the sleep symptoms. Using awakening during the night 
as an example, the first model postulated that overall levels of 
awakening during the night could differ from woman to woman 
(random intercept), but the scores would change with age in a 
common manner (fixed slope). The second model extended the 
first to postulate that each woman had a different mean level of 
awakening during the night and rate of change (random inter-
cept, random slope). The best fitting model (fixed or random 
slope) was assessed by using maximum likelihood estimation 
with Akaike Information Criterion (AIC).39 When the best fit-
ting model was found, that model was extended by adding co-
variates iteratively to test the effect on awakening during the 
night over time. Next, all covariates that significantly improved 
the model fit to the data when entered individually were added 
simultaneously into a final model. Finally, a reduced final mod-
el was considered using only the significant variables from the 

Table 2—Sleep symptom severity the menopausal transition stages and early postmenopause: number of 
observations (number of women)

Problem getting to sleep: 
severity level

Late reproductive 
stage

2557 (195)
N (%)

Early stage
1947 (167)

N (%)

Late stage
1060 (102)

N (%)

Early 
postmenopause

976 (65)
N (%)

0 64 (32.8) 61 (36.5) 34 (33.3) 15 (23.1)
0.01–0.99 115 (59.0) 89 (53.3) 51 (50.0) 44 (67.8) 
1.0–1.99  14 (7.2) 14 (8.4) 16 (15.7) 5 (7.7)
2.0–2.99 2 (1.0) 3 (1.8) 1 (< 0.01)  1 (1.5)
3.0–4.0 0 0 0 0
Range 0-2.92 0-2.87 0-2.33 0-2.50

Awakening during the 
night: severity level

0 44 (22.6) 35 (20.9) 17 (16.7)  8 (12.3)
0.01–0.99 116 (59.5) 96 (57.5) 54 (52.9) 33 (50.8) 
1.0–1.99  30 (15.4) 26 (15.6) 21 (20.6) 16 (24.6)
2.0–2.99 5 (2.6) 9 (5.4) 8 (7.8)  7 (10.8)
3.0–4.0 0 1 (0.6) 2 (2.0) 1 (1.5)
Range 0-2.90 0-3.0 0-3.89 0-3.97

Early morning 
awakening: severity level

0 61 (31.3) 52 (30.5) 19 (18.6)  10 (15.4)
0.01–0.99 112 (57.4) 91 (54.5) 57 (55.9) 34 (52.3) 
1.0–1.99  20 (10.3) 19 (11.4) 18 (17.6) 16 (24.6)
2.0–2.99 2 (1.0) 5 (3.0) 7 (6.9)  5 (7.7)
3.0–4.0 0 1 (< 0.01) 1 (0.01) 0
Range 0-2.56 0-3.25 0-3.33 0-2.67
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mean increase or decrease from the intercept in problem getting 
to sleep with each unit of change in the covariate. For example, 
the hot flash response range is from 0-4. With hot flash severity 
as a covariate with age in the equation the mean problem get-
ting to sleep at age 47.4 for this population at the start of the 
study (β1) was 0.319. The problem of getting to sleep increased 
by < 0.001 units (β2) per year during the study, and for every 1 
unit increase in hot flash severity, awakening during the night 
increased significantly by 0.495 units (β3).

When problem getting to sleep was analyzed over time by age 
and with each covariate added individually, it was not associat-
ed with age, but did decrease during the early PM (β = −0.030, 
P < 0.0001) (See Figure 2 and Table 3). There was no asso-
ciation between E1G, FSH, testosterone, or hormone therapy 
use and problem getting to sleep. In contrast, higher severity 
of all symptoms (hot flashes, depressed mood, anxiety joint 
pain, and backache) was significantly associated with greater 
difficulty getting to sleep (βs = 0.495, 0.180, 0.156, 0.039, 

night with early morning awakening (r = 0.645, P < 0.0001; 
n = 6542 observations of each variable).

Results in Table 3 describe all 6 model parameters for prob-
lem getting to sleep. The intercept (β1) is the initial or baseline 
mean value for awakening during the night at age 47.4 for this 
population and has significant variability (P = < 0.0001). Age 
was centered at 47.4 years, the mean for the women whose data 
were used in the following analyses, to enhance interpretation 
of the effect of age on problem getting to sleep. When age ef-
fects on problem getting to sleep were analyzed using a ran-
dom intercept, fixed slope model vs a random intercept, random 
slope model, the latter provided a significantly better fit to the 
data (AIC 13668.13 vs 1336.90, P < 0.0001). When age was 
considered alone using a random effects model, at age 47.4 the 
mean level of problem getting to sleep was 0.336 with a nonsig-
nificant increase of 0.002 per year.

The slope (β2) is the mean increase or decrease in problem 
getting to sleep per year, while the covariate value (β3) is the 

Table 3—Random effects models for problem getting to sleep with age as predictor (β2) and with individual covariates (β3)*

Mean Values (P values) Standard Deviations Number
Predictor β1** β2** β3** σ1*** σ2*** σε*** Women Observations

Age (47.4) 0.336 ( 0.002 (0.558) - 0.44 0.04 0.49 286 6542

Menopausal Transition Factors
MT-stage 0.348 (< 0.0001) 0.004 (0.353) 44 0.04 0.49 286 6542

Early -0.007 (0.795)
Late -0.036 (0.300)
Early PM -0.030 (< 0.0001)

Estrone glucuronide (log10) (1.2) 0.370 (< 0.0001) -0.010 (0.097) -0.035 (0.193) 0.45 0.05 0.48 130 4558
FSH (log10) (1.1) 0.369 (< 0.001) -0.010 (0.100) 0.003 (0.873) 0.45 0.05 0.48 130 4557
Testosterone (log10) (1.2) 0.369 (< 0.0001) -0.010 (0.100) -0.017 (0.421) 0.45 0.05 0.48 130 4559
HRT use 0.356 (< 0.0001) 0.002 (0.491) -0.019 (0.516) 0.45 0.04 0.51 379 8685

Symptoms
Hot flashes 0.319 (< 0.0001) < -0.001 (0.964) 0.495 (< 0.0001) 0.44 0.04 0.49 286 6311
Depressed mood 0.229 (< 0.0001) 0.001 (0.878) 0.180 (< 0.0001) 0.32 0.03 0.47 282 5784
Anxiety 0.221 (< 0.0001) 0.002 (0.578) 0.156 (< 0.0001) 0.43 0.04 0.49 286 6542
Joint aches 0.311 (< 0.0001) 0.001 (0.795) 0.039 (< 0.0001) 0.43 0.04 0.49 286 6400
Backache 0.322 (< 0.0001) 0.003 (0.497) 0.027 (0.007) 0.44 0.04 0.49 286 6400

Stress-Related Factors
Perceived Stress 0.208 (< 0.0001) 0.005 (0.253) 0.052 (< 0.0001) 0.44 0.04 0.49 286 6542
History of sexual abuse 0.280 (< 0.0001) 0.001 (0.830) 0.181 (0.007) 0.45 0.04 0.49 231 6345
Cortisol -2.040 (0.026) -0.010 (0.116) -0.053 (0.009) 0.46 0.05 0.47 130 4362
Epinephrine -0.367 (< 0.0001) -0.011 (0.099) 0.009 (0.291) 0.43 0.05 0.48 130 3007
Norepi-nephrine 0.366 (< 0.0001) 0.013 (0.057) 0.040 (0.219) 0.43 0.05 0.48 130 3007

Health-Related Factors
Perceived health 0.724 (< 0.0001) 0.003 (0.464) -0.099 (< 0.0001) 0.42 0.003 -0.10 286 6542
Number cigarettes smoked 0.339 (< 0.0001) 0.002 (0.579) -0.001 (0.604) 0.44 0.04 0.49 286 6542
Amount of exercise 0.343 (< 0.0001) 0.003 (0.539) -0.001 (0.210) 0.44 0.04 0.49 286 6542
Amount of alcohol 0.350 (< 0.0001) 0.003 (0.520) -0.023 (0.046) 0.45 0.04 0.49 286 6542
Caffeine-containing drinks - number 0.297 (< 0.0001) 0.001 (0.731) 0.020 (0.006) 0.45 0.04 0.49 286 6380

*Occasions on which selected medications were used were omitted from the analyses. Androgen use occasions were excluded from all analyses. Occasions 
when medications could affect symptoms such as sleep, hot flashes, and mood were excluded from these analyses.
**β1,  β2,  β3 are the fixed effects (group averages) for the intercept, slope and covariate.
***σ1,  σ2,  σε are the random effects (variability) for the intercept, slope and residual error.
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greatest effect on severity of awakening during the night. The 
results of the final multivariate model for awakening during the 
night included positive effects of age (P = 0.0027), hot flashes 
(P < 0.0001), and depressed mood (P < 0.0001), and negative 
effects of perceived health (P < 0.0001).

When early morning awakening was analyzed over time by 
age and with each covariate added individually it increased 
with (β = 0.029, P < 0.0001), but not with MT stages (Figure 4 
and Table 5). Higher estrone levels were related to less severe 
early morning awakening (β = −0.079, P = 0.018), but FSH, tes-
tosterone, and hormone therapy use were not. Greater severity 
of each of the symptoms (hot flashes, depressed mood, anxiety, 
joint pain, and backache) was associated with more severe early 
morning awakening (βs = 0.105. 0.148, 0.126, 0.543, 0.043, 
respectively; all P < 0.0001). Greater perceived stress, a history 
of sexual abuse, and higher epinephrine levels were associated 
with more severe early morning awakening (βs = 0.062, 0.242, 
0.23, respectively, P < 0.0001, 0.001, and 0.038, respectively), 
but cortisol and norepinephrine were not. Better perceived 
health was associated with less severe early morning awaken-
ing (β = −0.093, P < 0.0001) but smoking, exercise, number of 
caffeine-containing drinks, and use of alcohol were not. The 
results of the final multivariate model of early morning awaken-
ing included greater age (P < 0.0001), better perceived health 
(P < 0.0001), and more severe hot flashes, depressed mood, and 
anxiety (all P < 0.0001).

DISCUSSION
The three sleep problems studied as part of the Seattle 

Midlife Women’s Health Study did not change uniformly over 
the menopausal transition and early postmenopause, nor did 
they change uniformly with estrone or FSH as might have been 
anticipated were they each a function of the menopausal tran-
sition. Indeed, only night-time awakening seemed to worsen 
with progression through the late menopausal transition and 
early postmenopause and with HPO axis changes as indicated 
by lower estrone and higher FSH levels. Difficulty getting to 
sleep was less severe during the early PM and early morning 
awakening was associated only with lower estrone levels, con-
sistent with earlier studies of the menopausal transition and 

0.027 respectively; P < 0.0001 for all but backache, which was 
0.007). Greater perceived stress and having a history of sexual 
abuse were significantly associated with difficulty getting to 
sleep (βs = 0.052, 0.181, respectively, P < 0.0001, 0.007), but 
women with higher morning cortisol levels had less difficulty 
getting to sleep (β = −0.053,P = 0.009). Both better perceived 
health and more alcohol use were associated with less diffi-
culty getting to sleep (βs = −0.099, −0.023, P < 0.0001, 0.046 
respectively) and the number of caffeine-containing drinks 
consumed was associated with more difficulty getting to sleep 
(βs = 0.020, P = 0.006). The results of the final multivariate 
analysis for difficulty getting to sleep included better perceived 
health (P < 0.0001), more severe hot flashes (P = 0.015), de-
pressed mood (P < 0.0001), anxiety (P < 0.0001), lower cortisol 
levels (P = 0.026), and number of caffeine-containing drinks 
(β = 0.023, P = 0.023).

When awakening during the night was analyzed over time 
by age and with each covariate added individually, there was 
a significant increase with age as mentioned above and also 
during the late menopausal transition (MT) stage (β = 0.154, 
P < 0.0001) and early postmenopause (PM) (β = 0.272, P < 
0.0001; Figure 3) Higher levels of FSH were also associated 
with increasing severity (β = 0.073, P < 0.0001) and greater 
E1G levels with decreasing severity of awakening during the 
night (β = 0.076, P = 0.026), but testosterone did not have a 
significant effect (Table 4). Hormone therapy use did not affect 
awakening during the night. More severe hot flashes, depressed 
mood, anxiety, joint pain, and backache were each associated 
with increasing severity of awakening during the night (βs = 
0.198, 0.144, 0.105, 0.070, 0.049, with all P < 0.0001). Also 
greater levels of perceived stress (β = 0.051, P < 0.0001) and 
history of sexual abuse (β = 0.229, P < 0.008) were significantly 
associated with awakening during the night, but cortisol, epi-
nephrine, and norepinephrine were not. Better perceived health 
(β = −0.110, P < 0.0001) and more alcohol use (β = −0.032, 
P < 0.031) were associated with decreased severity of awak-
ening during the night, but exercise, smoking, and number of 
caffeine-containing drinks did not have significant effects. All 
individual covariates with significant P values were added to a 
multivariate model to determine which subset would have the 

Figure 2—Problem getting to sleep by menopausal transition stages Figure 3—Awakening during the night by menopausal transition stages
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either evidence of PSG-assessed insomnia or self-reported in-
somnia, perceived stress was correlated negatively with amount 
of time awake after sleep onset and PSG-assessed sleep onset 
latency, indicating that women with higher perceived stress lev-
els took more time to get to sleep, but were less wakeful after 
sleep onset.6 Women with self-reported insomnia also showed 
positive trends between stress exposure and sleep efficiency, 
suggesting that stress may have a differential response on sleep 
onset and sleep maintenance.6

Reported sexual abuse history was associated with each of 
the sleep symptoms reported by the Seattle Midlife Women’s 
Health Study cohort. Prior studies of women with a history of 
childhood sexual abuse have established a higher level of sleep 
difficulties40 as well as elevated levels of cortisol, epinephrine, 
and norepinephrine among those with PTSD41-42; but in some 
studies, early morning cortisol levels are similar for women 
abuse survivors with PTSD and non-abused women or abused 
women without PTSD.41 Results of most studies suggest that 

sleep symptoms.8-10 Both awakening during the night and early 
morning awakening increased in severity as women aged, but 
difficulty getting to sleep was unrelated to age.

Of interest was that each of the symptoms (hot flashes, de-
pressed mood, anxiety, joint pain, and backache) and perceived 
stress, history of sexual abuse, and perceived health were as-
sociated with each of the sleep symptoms (difficulty getting to 
sleep, nighttime awakening, and early morning awakening). The 
association of symptoms and perceived stress with each of the 
sleep symptoms was consistent with the findings of Shaver and 
associates who noted that sleep difficulty during midlife was a 
function of hot flashes, somatic symptoms, stress, and distress. 
Indeed, women who had complained of insomnia, compared 
to those who did not as assessed by either self-report or PSG, 
scored higher on the symptom distress scale of the SCL-90, the 
global severity scale, and on the somatization scale, and report-
ed more hot flashes, somatic symptoms, stress, and higher neu-
roendocrine stress arousal.3-7 Moreover, among women without 

Table 4—Random effects models for awakening during the night with age as predictor (β2) and with individual covariates (β3)*

Mean Values (P values) Standard Deviations Number
Predictor β1** β2** β3** σ1*** σ2*** σε*** Women Observations

Age (47.4) 0.028 ( 0.03 (< 0.0001) - 0.62 0.07 0.63 286 6542
Menopausal Transition Factors

MT-stage 0.585 (< 0.0001) 0.015 (0.030) 0.63 0.07 0.62 286 6542
Early 0.027 (0.420)
Late 0.154 (< 0.0005)
Early PM  0.272 (< 0.0001)

Estrone glucuronide (log10) (1.2) 0.691 (< 0.0001) 0.029 (0.007) -0.076 (0.026) 0.67 0.09 0.59 130 4558
FSH (log10) (1.1) 0.689 (< 0.0001) 0.026 (0.017) 0.073 (< 0.0001) 0.68 0.09 0.59 130 4557
Testosterone (log10) (1.2) 0.694 (< 0.0001) 0.030 (0.006) -0.021 (0.415) 0.67 0.09 0.59 130 4559
HRT use 0.714 (< 0.0001) 0.030 (< 0.0001) -0.038 (0.317) 0.64 0.07 0.64 379 8685

Symptoms
Hot flashes 0.581 (< 0.0001) 0.018 (0.003) 0.198 (< 0.0001) 0.58 0.07 0.61 286 6311
Depressed mood 0.553 (< 0.0001) 0.027 (< 0.000) 0.144 (< 0.0001) 0.53 0.06 0.61 282 5784
Anxiety 0.570 (< 0.0001) 0.028 (< 0.000) 0.105 (< 0.0001) 0.61 0.07 0.62 286 6542
Joint aches 0.599 (< 0.0001) 0.025 (< 0.000) 0.070 (< 0.0001) 0.60 0.07 0.62 286 6400
Backache 0.618 (< 0.0001) 0.028 (< 0.0001) 0.049 (< 0.0001) 0.61 0.07 0.62 286 6400

Stress-Related Factors
Perceived Stress 0.522 (< 0.0001) 0.030 (< 0.0001) 0.051 (< 0.0001) 0.62 0.07 0.62 286 6542
History of sexual abuse 0.571 (< 0.0001) 0.028 (< 0.0001) 0.229 (0.008) 0.63 0.07 0.63 231 6345
Cortisol 0.880 (0.446) 0.025 (0.023) 0.004 (0.864) 0.66 0.10 0.59 130 4362
Epinephrine 0.692 (< 0.0001) 0.031 (0.006) 0.013 (0.231) 0.66 0.10 0.59 130 3007
Norepi-nephrine 0.690 (< 0.0001) 0.030 (0.009) 0.004 (0.915) 0.67 0.10 0.59 130 3007

Health-Related Factors
Perceived health 1.08 (< 0.0001) 0.029 (< 0.0001) -0.110 (< 0.0001) 0.61 0.07 0.62 286 6542
N Cigarettes smoked 0.660 (< 0.0001) 0.028 (< 0.0001) -0.006 (0.062) 0.62 0.07 0.63 286 6542
Amount of exercise 0.651 (< 0.0001) 0.029 (< 0.0001) -0.001 (0.596) 0.62 0.07 0.63 286 6542
Amount of alcohol 0.666 (< 0.0001) 0.029 (< 0.0001) -0.032 (0.031) 0.67 0.03 0.63 286 6542
Caffeine-containing drinks - number 0.650 (< 0.0001) 0.028 (< 0.0001) < 0.0001 (0.960) 0.62 0.07 0.62 286 6380

*Occasions on which selected medications were used were omitted from the analyses. Androgen use occasions were excluded from all analyses. Occasions 
when medications could affect symptoms such as sleep, hot flashes, and mood were excluded from these analyses.
**β1,  β2,  β3 are the fixed effects (group averages) for the intercept, slope and covariate.
***σ1,  σ2,  σε are the random effects (variability) for the intercept, slope and residual error.
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the HPA and autonomic nervous system may mediate the rela-
tionships between sexual abuse history and sleep symptoms.

Shaver and colleagues found that neither epinephrine nor 
norepinephrine was associated with sleep in their studies of 
midlife women.6 We found that epinephrine was associated 
with early morning awakening, but this symptom was not re-
ported in Shaver’s study. Shaver also found that women with 
PSG-identified insomnia had higher differences in am to pm 
cortisol, but there were no significant differences for early 
morning cortisol levels.6 We found that women with higher 
cortisol levels experienced less difficulty getting to sleep than 
those with lower cortisol levels. This relationship may be a 
reflection of women with higher morning cortisol levels hav-
ing greater amplitude in the cortisol diurnal pattern and could 
suggest that greater cortisol amplitude is associated with less 
difficulty getting to sleep. Also these findings may be consis-
tent with the relationship of lower morning cortisol levels and 
sleep problems in women with a history of sexual abuse.41,42 

Table 5—Random effects models for early morning awakening with age as predictor (β2) and with individual covariates (β3)*

Mean Values (P values) Standard Deviations Number
Predictor β1** β2** β3** σ1*** σ2*** σε*** Women Observations

Age (47.4) 0.540 ( 0.029 (< 0.0001) - 0.56 0.07 0.59 286 6542
Menopausal Transition Factors

MT-stage 0.547 (< 0.0001) 0.029 (< 0.0001) 56 0.07 0.59 286 6542
Early -0.022 (0.475) 
Late 0.026 (0.537)
Early PM  -0.022 (0.689)

Estrone glucuronide (log10) (1.2) 0.660 (< 0.0001) 0.005 (0.641) -0.079 (0.018) 0.64 0.09 0.58 130 4558
FSH (log10) (1.1) 0.660 (< 0.0001) 0.004 (0.692) 0.018 (0.398) 0.64 0.09 0.58 130 4557
Testosterone (log10) (1.2) 0.657 (< 0.0001) 0.005 (0.611) 0.010 (0.700) 0.64 0.09 0.58 130 4459
HRT use 0.563 (< 0.0001) 0.033 (< 0.0001) -0.054 (0.138) 0.54 0.06 0.61 379 8685

Symptoms
Hot flashes 0.502 (< 0.0001) 0.023 (< 0.0001) 0.105 (< 0.0001) 0.53 0.06 0.59 286 6311
Depressed mood 0.444 (< 0.0001) 0.030 (< 0.0001) 0.148 (< 0.0001) 0.48 0.06 0.56 282 5784
Anxiety 0.447 (< 0.0001) 0.029 (< 0.0001) 0.126 (< 0.0001) 0.53 0.06 0.59 286 6542
Joint aches 0.537 (< 0.0001) 0.064 (0.795) .593 (< 0.0001) 0.54 0.06 0.59 286 6400
Backache 0.510 (< 0.0001) 0.028 (< 0.0001) 0.043 (< 0.0001) 0.54 0.06 0.59 286 6400

Stress-Related Factors
Perceived Stress 0.387 (< 0.0001) 0.032 (< 0.0001) 0.062 (< 0.0001) 0.55 0.07 0.59 286 6542
History of sexual abuse 0.466 (< 0.0001) 0.029 (< 0.0001) 0.242 (0.001) 0.55 0.07 0.60 231 6345
Cortisol 0.660 (< 0.0001) 0.001 (0.959) 0.0003 (0.154) 0.64 0.08 0.58 130 4362
Epinephrine 0.663 (< 0.0001) 0.007 (0.468) 0.023 (0.038) 9.64 0.08 0.58 130 3007
Norepi-nephrine 0.666 (< 0.0001) 0.004 (0.690) 0.046 (0.366) 0.64 0.08 0.58 130 3007

Health-Related Factors
Perceived health 0.905 (< 0.0001) 0.029 (< 0.0001) -0.093 (< 0.0001) 0.54 0.07 0.59 286 6542
Number cigarettes smoked 0.551 (< 0.0001) 0.028 (< 0.0001) -0.006 (0.062) 0.55 0.07 0.59 286 6542
Amount of exercise 0.545 (< 0.0001) 0.029 (< 0.0001) -0.001 (0.536) 0.56 0.07 0.59 286 6542
Amount of alcohol 0.540 (< 0.0001) 0.029 (< 0.0001) 0.002 (0.909) 0.56 0.07 0.59 286 6542
Caffeine-containing drinks - number 0.529 (< 0.0001) 0.029 (< 0.0001) 0.007 (0.418) 0.56 0.07 0.59 286 6380

*Occasions on which selected medications were used were omitted from the analyses. Androgen use occasions were excluded from all analyses. Occasions 
when medications could affect symptoms such as sleep, hot flashes, and mood were excluded from these analyses.
**β1,  β2, β3 are the fixed effects (group averages) for the intercept, slope and covariate.
***σ1, σ2, σε are the random effects (variability) for the intercept, slope and residual error.

Figure 4—Early morning awakening by menopausal transition stages
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