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Study Objectives: Examine associations of vasomotor and mood symptoms with visually scored and computer-generated measures of EEG sleep.
Design: Cross-sectional analysis.

Setting: Community-based in-home polysomnography (PSG).

Participants: 343 African American, Caucasian, and Chinese women; ages 48-58 years; pre-, peri- or post-menopausal; participating in the Study
of Women'’s Health Across the Nation Sleep Study (SWAN Sleep Study).

Interventions: None.

Measurements and Results: Measures included PSG-assessed sleep duration, continuity, and architecture, delta sleep ratio (DSR) computed
from automated counts of delta wave activity, daily diary-assessed vasomotor symptoms (VMS), questionnaires to collect mood (depression, anxi-
ety) symptoms, medication, and lifestyle information, and menopausal status using bleeding criteria. Sleep outcomes were modeled using linear
regression. Nocturnal VMS were associated with longer sleep time. Higher anxiety symptom scores were associated with longer sleep latency and
lower sleep efficiency, but only in women reporting nocturnal VMS. Contrary to expectations, VMS and mood symptoms were unrelated to either
DSR or REM latency.

Conclusions: Vasomotor symptoms moderated associations of anxiety with EEG sleep measures of sleep latency and sleep efficiency and was
associated with longer sleep duration in this multi-ethnic sample of midlife women.
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INTRODUCTION

An estimated 85% of women undergoing the menopausal
transition report at least one transition-related symptom, typi-
cally vasomotor symptoms (VMS), depressed mood, or sleep
disruption.! Recent longitudinal analyses of data from commu-
nity-based studies have shown that the menopausal transition
is associated with increases in depressive’ and vasomotor”®
symptoms. Data from two longitudinal, community-based stud-
ies suggest that subjective sleep complaints also worsen during
the menopausal transition.*'?

In contrast, objective sleep data, as measured by polysom-
nography (PSG), tend to be cross-sectional and based on a single
night of sleep. Wisconsin Sleep Cohort (WSC) data indicate that,
compared with premenopausal women, postmenopausal women
had more total sleep time and a lower percentage of wake time;
perimenopausal women had a lower percentage of stage 1 sleep;
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and both peri- and post-menopausal women had higher stage
3+4 (delta or slow wave) sleep percentages.'! Yet, the same peri-
and post-menopausal women reported greater sleep dissatisfac-
tion than did premenopausal women.'" Limitations of the WSC
study, noted by its investigators, include collection of PSG sleep
data on a single night, which may not be representative of habit-
ual sleep, and a sample that was 95% Caucasian, which limits its
generalizability in light of racial/ethnic differences in sleep.'*"
The extent to which other symptoms of the menopausal transi-
tion, including mood (depressive and anxiety) and VMS, were
associated with sleep in this sample is unknown.

Emerging evidence suggests that depressive symptoms and
other indicators of negative affect (e.g., anxiety, irritability,
hostility) are strong and consistent independent correlates of
the association between menopausal transition stage and self-
reported sleep complaints.>'*!7 For instance, in the Study of
Women’s Health Across the Nation (S WAN), perimenopausal
women reported more persistent dysphoric moods, including
irritability, nervousness, and mood changes, than did premeno-
pausal women, and these symptoms were associated with more
subjective sleep complaints.'®

VMS, particularly hot flashes, are strong correlates of sub-
jective sleep complaints, but few studies have examined asso-
ciations among VMS, indices of negative affect, and objective
measures of sleep during the menopausal transition. Dennerstein
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and colleagues’ reported that VMS mediated the association be-
tween declining estradiol (E2) levels and subjective symptoms
of trouble sleeping during the menopausal transition. Freeman
et al.® observed that anxiety was strongly associated with meno-
pausal hot flashes in a dose-related fashion, even after control-
ling for depressive symptoms and estradiol levels, and that
higher levels of anxiety temporally preceded the development
of hot flashes.

Sleep EEG measures may be associated with depressive and
anxiety symptoms. Reduced REM latency has been a rather
consistent, though not specific, finding in affective but not anx-
iety disorders.!*?° Delta sleep ratio (DSR) is a computer-gen-
erated quantitative index of the temporal distribution of delta
sleep, computed as the ratio of average delta wave counts/min-
ute in the first NREM period to average delta wave counts/
minute in the second NREM period.?! As such, it is a measure
of the time course of delta activity early in the night, i.e., the
decline in delta activity from the first to the second NREM
period. Higher values indicate relatively greater delta activity
in the first NREM period, which is the expected time course
of delta activity in human sleep. Lower values have been as-
sociated with major depression and increased likelihood of
depression recurrence. These indices have not been examined
previously in a community cohort of women during the meno-
pausal transition.

In this report, we examined whether vasomotor, depressive,
and anxiety symptoms were associated with PSG-assessed
measures of sleep in The Study of Women’s Health Across the
Nation (SWAN)), a racially/ethnically diverse cohort of midlife
women traversing the menopause. The principal measures of
interest were REM latency and DSR. We also examined asso-
ciations with other PSG measures of sleep duration, continuity,
and architecture. Support for examining these associations is
based on studies indicating that VMS and depression®*** and
anxiety’® are strongly associated, that the increase in depres-
sive symptoms during the menopausal transition are augment-
ed by VMS,* that depression is linked to shorter REM latency
and lower DSR,* and that depressed compared with nonde-
pressed women are more likely to report poor sleep.” Depres-
sive and anxiety symptoms were examined separately because
we expected they would have different associations with sleep
measures.*

METHODS

Study Design and Participants

The Study of Women’s Health Across the Nation (SWAN),
which was initiated in 1996, is a multi-ethnic, community-
based, cohort study of the menopausal transition. A total of
3,302 women were enrolled at 7 sites in the Core SWAN:
Boston, MA, Chicago, IL, Detroit area, MI, Los Angeles and
Oakland, CA, Newark, NJ, and Pittsburgh, PA. The study de-
sign and recruitment of the main cohort have been described in
detail.”” Each site recruited Caucasian women and a minority
group sample. SWAN cohort eligibility criteria required women
to be aged 42-52, premenopausal or early perimenopausal, have
an intact uterus and at least 1 ovary, have at least one menstrual
period in the previous 3 months, not using any sex steroid hor-
mone in the previous 3 months, and not pregnant.
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The SWAN Sleep Study was a cross-sectional study of
sleep patterns conducted at 4 of the 7 study sites (Chicago,
the Detroit area, Oakland, Pittsburgh) from 2003-2005 and in-
cluded 370 Caucasian (all sites), African American (Chicago,
Detroit area, Pittsburgh), and Chinese (Oakland) women from
the SWAN core cohort aged 48-59 years. Each site’s insti-
tutional review board approved both the Core SWAN study
and the Sleep Study protocols, and all women gave written
informed consent to participate. Women were paid for partici-
pating in the study.

Eligibility for the Sleep Study was determined prior to and
during participants’ annual Core SWAN assessment and was
based primarily on the women’s menopausal status. Efforts
were focused on recruiting women who were pre- and peri-
menopausal as defined by the SWAN Core Study and excluded
those women who had surgical menopause (< 1%) or who re-
ported using hormone therapy (approximately 23% of the co-
hort) at the annual SWAN Core examination preceding Sleep
Study recruitment. During the final year of the Sleep Study,
eligibility criteria were relaxed to allow inclusion of postmeno-
pausal women in the protocol. Exclusion criteria also included
factors known to affect sleep, including active cancer chemo-
therapy or radiation; regular shift work/night shift employment;
oral corticosteroid use; regular consumption of > 4 alcoholic
drinks daily; and poor compliance with Core SWAN proce-
dures (e.g., missed > 50% of annual visits). All Core SWAN
participants meeting the eligibility criteria at the 4 Sleep Study
sites were approached regarding participation. Of these, 30%
declined to participate in the Sleep Study; the most frequent-
ly cited reasons included “protocol burden,” “too busy,” and
“family obligations.” Sleep Study participants did not differ
markedly from Core SWAN participants at annual visit 05 with
regard to age, self-assessed sleep quality, race/ethnicity, self-
reported health status, depressive symptoms (Center for Epi-
demiologic Studies Depression Scale score), or frequency of
reported physician-diagnosed hypertension or diabetes. Mean
body mass index (BMI) of the Sleep Study participants was
slightly higher than that of non-participants. Sleep Study partic-
ipants reported having hot flashes slightly less frequently over
a 2-week time period preceding Sleep Study participation than
did Study non-participants (P < 0.02) but did not differ in the
reported frequency of night sweats or cold sweats.

Twenty-two pre- and peri-menopausal women who reported
hormone therapy (HT) use were excluded from these analyses
because HT affects bleeding patterns, resulting in “undeter-
mined” menopausal status in such women. Three postmeno-
pausal women who reported HT use at their last Core SWAN
assessment preceding Sleep Study enrollment but not during
the Sleep Study were included. Five others were excluded from
analyses: 2 did not have a sleep study, and 3 had only a PSG
screen for sleep disordered breathing. Thus, 343 women were
eligible for inclusion in our analyses.

Procedures and Measures

Data available for SWAN Sleep Study participants included
5 to 7 years of hormonal, behavioral, social, and psychologi-
cal measures collected during annual Core SWAN visits. Core
SWAN data used in this report were collected at the closest visit
preceding the Sleep Study.

Menopausal and Mood Symptoms and EEG Sleep—KTravitz et al



The SWAN Sleep Study protocol was initiated within 7 days
of onset of a menstrual period in women who were still menstru-
ating, and non-cycling women were scheduled at their conve-
nience. Menopausal characteristics were assessed by self-report
and vasomotor event monitoring. Measures of sleep included
subjective sleep symptoms, daily sleep diaries, and PSG. PSG
sleep studies were conducted in participants’ homes during the
first 3 days of the protocol (Vitaport-3 [TEMEC VP3] ambula-
tory PSG monitor; TEMEC Instruments B.V., Kerkrade, Neth-
erlands). Depressive and anxiety symptoms were measured by
self-report on Day 4 after completing the final PSG night.

SWAN Sleep Study staff visited participants in their homes
on each night of sleep studies to apply and calibrate study moni-
tors. Participants slept in their own beds, under their usual cir-
cumstances, at their habitual sleep and wake times. The only
study restrictions placed on participants were not to sleep in
water beds, under electric blankets, or with pets, due to the pos-
sible influence of these factors on the monitoring of physiologi-
cal signals during sleep. In the morning upon awakening from
sleep, participants removed study equipment and turned off
the VP3 unit. Study data were stored passively on an internal
memory card and were uploaded onto laboratory PCs within
24 h of collection. Quality assurance assessments, scoring, and
processing of all sleep study records were performed by Neuro-
science—Clinical and Translational Research Center (N-CTRC)
laboratory staff at the University of Pittsburgh. In the event that
data could not be scored, repeat sleep studies were conducted
on participants who were willing to do so; 34 repeat night 1
studies (which included a screen for sleep disordered breath-
ing [SDB] and periodic leg movements [PLM]) and 12 repeat
nights 2 or 3 were conducted. A PSG scored to screen for sleep
disorders preceded PSGs scored only for sleep staging (see be-
low) in 91% of participants.

Signals collected on each study night included bilateral cen-
tral referential EEG channels (C3 and C4, referenced to Al +
A?2), bilateral electro-oculogram (EOG), submentalis electro-
myogram (EMG), electrocardiogram (ECG; modified V2 lead),
and abdominal and thoracic effort as measured by inductance
plethysmography. On Night 1, additional signals were collected
to assess sleep disordered breathing (nasal pressure cannula;
oral-nasal thermistors; inductance plethysmography to measure
respiratory effort; fingertip oximetry to measure SpO, [Nonin
X-pod model 312]) and periodic leg movements (bilateral EMG
of anterior tibialis). Bilateral EEG leads and multiple study
nights were used to minimize the loss of data due to dislodging
of electrodes during the night and technical failures, which can-
not be remedied during the course of unattended in-home sleep
studies. EEG recordings from the C3 electrode were used for
scoring unless the signal was lost or contaminated by artifacts,
in which case the C4 electrode recordings were used. EEGs and
EMGs were sampled at 256 Hz and were scored at these fre-
quencies. Signals for automated analysis were first decimated
to 128 Hz. Filter settings were low pass 70 Hz and high pass
0.3 Hz. Summary sleep staging variables were calculated over
Nights 2 and 3 for all but sleep disordered breathing and leg
movement measures, which were calculated from Night 1 (see
above). Data collected on Night 1 were not used in the present
analyses (except apnea + hypopnea index [AHI] and periodic
leg movements with arousal index [PLMALI]) due to the poten-
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tially disruptive effects of breathing and leg movement sensors
on sleep, as well as the “first night effect,” which has been ob-
served both in home and laboratory sleep studies.

Visual sleep stage scoring was conducted using Stellate Har-
monie software by trained PSG technologists who had estab-
lished reliability and were blind to participant characteristics
(e.g., menopausal status, racial/ethnic group). Raw PSG signals
are visually inspected for artifact prior to sleep stage scoring,
and unscorable epochs excluded. A low pass filter of 8 Hz was
used for EEG signals prior to period-amplitude analysis in the
0.5-2 Hz range to remove high frequency artifacts. The out-
put of EEG period-amplitude analysis was aligned with visual
scoring output in the database, to make sure that only scored
sleep epochs were included in period-amplitude analyses. Fi-
nally, plots displaying period-amplitude analysis aligned with
visually scored sleep hypnograms were visually inspected as
a final quality control step.?® Intraclass correlation coefficients
for wake, NREM, and REM ranged from 0.78 for REM sleep to
0.96 for wakefulness after sleep onset.

Sleep was scored in 20-sec epochs using standard scoring
criteria,” supplemented by apnea-hypopnea criteria derived
from American Academy of Sleep Medicine recommenda-
tions*® and standard rules for scoring periodic leg movements.>*!
In regard to sleep cycles, individual NREM and REM periods
were defined as follows: a REM period was defined as the
amount of time (min) between the first and last epoch of REM
sleep, consisting of > 3 min of REM sleep, and followed by >
30 consecutive min of NREM or wakefulness; a NREM period
was defined as the amount of time (min) occurring after sleep
onset or a REM period (as defined above), and ending with the
beginning of a REM period (as defined above) or the end of
the recording. We had no formal definition of “skipped” REM
periods. REM periods and REM latency were simply defined
based on the above criteria.

Dependent Variables

The 2 primary sleep variables of interest were DSR and REM
latency. Based on previous research,?'*? delta counts were taken
only from NREM sleep (all stages). Delta counts were defined
by frequency of 0.5-2 Hz and amplitude > 75 microvolts. Meth-
ods for period-amplitude analysis have been described in previ-
ous publications.?®**** The analysis has an amplitude threshold
but does not quantify amplitude. Therefore, we cannot com-
ment on the possibility that mood symptoms are associated
with delta amplitude rather than delta abundance. Computer-
detected total and average delta wave counts were correlated
with visually scored delta percent (Spearman r = 0.75 and 0.77,
respectively). A DSR > 1.0 is consistent with homeostatic sleep
drive patterns of greater delta activity in the first compared to
the second NREM period.

REM latency, defined as the time between sleep onset and
the first REM period minus any wakefulness occurring during
this interval, was visually scored. Shortened REM latencies
(approximately < 65 min) are associated with depression.'*
Because our sample was not selected for the presence of de-
pression, we used REM latency as a continuous measure rather
than a threshold value cutpoint.

Other PSG-assessed measures of interest included sleep du-
ration (time spent asleep), continuity (sleep latency, wakeful-
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ness after sleep onset, sleep efficiency), and sleep architecture
(percentages of delta and REM sleep). Time in bed was calcu-
lated as time from reported lights out (and confirmation of PSG
signals consistent with reduced activity) to time of reported
awakening from sleep (and confirmation of PSG signals con-
sistent with increased activity). Sleep latency was calculated as
time from beginning of the recording period to the first of 10
consecutive min of stage 2 or stage 3-4 sleep interrupted by <3
min of combined stage 1 or wakefulness. Time spent asleep was
the total number of minutes spent in any sleep stage after sleep
onset. Wakefulness after sleep onset (WASO) was the total
minutes of wakefulness between sleep onset and wake-up time.
Sleep efficiency is a percentage computed as the time spent
asleep/time in bed % 100. Visually scored NREM and REM
sleep percents were calculated as percentage of sleep time spent
in NREM sleep stages 1, 2, delta (stages 3+4), and REM sleep.

The identification of bedtime, and therefore sleep latency, is
challenging for in-home studies. People fall asleep before they
go to bed, take naps, etc. We identified bedtime using a conver-
gence of information from different sources: first, participants’
self-reported bedtime from the concurrent sleep diary; second,
by the appearance of characteristic “settling” of the PSG sig-
nals near the self-reported bedtime; and third, by identifying
unambiguous stage 2 NREM sleep and going backwards in the
record to a period of persistent and unambiguous wakefulness.

Independent Variables

Vasomotor symptoms

Nocturnal VMS (cold sweats, hot flashes or flushes, night
sweats) were assessed for each of the 2 PSG nights using the
morning diary, and were coded “yes” if > 1 of the 3 symptoms
was recorded or “no” if no symptom was recorded. If data were
missing for only one of the 3 symptoms, the VMS score was
based on the 2 available symptoms, but if data were missing for
2 symptoms we scored that night’s VMS as “missing” unless
the one available symptom recorded was present.

Mood symptoms

Depressive symptoms were assessed with the 16-item self-
report version of the Inventory of Depressive Symptomatology
(IDS),*3¢ Sleep domain items (4 items) were omitted to avoid
overlap with study outcomes, with a resulting IDS range of
scores from 0-24. Anxiety symptoms were assessed with the
10-item version of the self-report State Trait Anxiety Invento-
ry—State scale (STAI-State),’”*® and the score could range from
10-40. Data for IDS and STAI-State were collected on Day 4 of
the protocol, which followed the in-home PSG studies, and were
scored if > 80% of the IDS domains or STAI-State items were
completed; scores were weighted to account for missing items.

Covariates

Variables evaluated as covariates in the present report were
those known to influence sleep and/or relationships among
sleep, mood and VMS.

Sociodemographics
Race/ethnicity was determined by self-identification as Afri-
can American, Caucasian, or Chinese. Other sociodemographic
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variables from the Core SWAN study included age, marital sta-
tus (single, married/living as if married, separated/widowed/
divorced), educational level (high school or less, some college,
college degree or beyond), annual household income (< $20,000,
$20,000-$50,000, > $50,000), financial strain (not very, some-
what, very difficult paying for basics), and study site. Marital
status and income were obtained from the closest available Core
SWAN assessment preceding the Sleep Study, and education
and financial strain were obtained at the Core SWAN baseline.

Sleep variables
AHI and PLMALI from the screening PSG assessment both
were used as continuous variables.

Menopausal transition status

Transition status was determined using bleeding criteria®
assessed at the closest Core SWAN visit preceding the PSG:
premenopausal (no change in menstrual bleeding regularity) or
early perimenopausal (menses in the preceding 3 months with
an increase in bleeding irregularity); late perimenopausal (men-
ses in the previous 12 months, but not the previous 3 months);
or postmenopausal (> 12 months of amenorrhea).

Overall health- and medication-related variables

Self-assessed overall health (excellent, very good/good, fair/
poor)*’ and body mass index (BMI; weight in kilograms/height
in meters squared) data were obtained from the annual Core
SWAN visit preceding the woman’s participation in the Sleep
Study. Daily medication use (prescription and over-the-coun-
ter), recorded at Sleep Study protocol inception and on daily
diaries, was coded according to the World Health Organization
Anatomical Therapeutic Chemical (ATC) classification.' For
study purposes, medications that could potentially affect sleep
parameters were those associated with the following ATC clas-
sification codes: opioids (NO2A), antiepileptics (NO3A), anxio-
lytics (NO5B), hypnotics and sedatives (NO5C), antidepressants
(NO6A), and antihistamines for systemic use (RO6A). Use of
medication from NO5B, NO5C, and/or NO6A was designated as
“psychotropic medication use.”

Health behavior variables

Physical activity was measured at Core SWAN baseline and
annual examinations. A composite score, based on the Kaiser
Permanente Activity Score*? and a modification of the Baecke
scale,” reflected 3 domains (sports, leisure, and household ac-
tivities); we used the score from the closest available annual
visit preceding the Sleep Study. Daily Sleep Study diaries were
the data sources for concurrent smoking and alcohol and caf-
feine use on PSG sleep study days.

Data Analysis

Analyses were conducted with data from the 343 women
having > 1 post-screening PSG sleep study. When both of these
nights were available (n = 293), they were consecutive in all
but 6 instances. Mean sleep outcomes were computed when
both nights were available; otherwise, the result from the single
available night was used. For those whose data from Nights 2
and 3 were averaged, there were no overall differences between
the 2 nights on any of the sleep variables included in these anal-
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yses. If a participant experienced VMS on either PSG night she
was coded as having experienced VMS (yes/no). Of the 265
who had VMS data available for both nights, 174 (65.7%) were
concordant for not having VMS on both nights, 47 (17.8%)
were concordant for having VMS on both nights, 17 (6.4%)
had VMS on the first night and not on the second night, and 27
(10.2%) had VMS on the second night and not on the first night.
Thus, almost half (n = 44; 48.4%) of the 91 who experienced
VMS on either night experienced VMS symptoms on only 1 of
the 2 nights.

Univariate descriptors of all sample characteristics and sleep
measures were calculated using means (standard deviations
[SD]) for normally distributed variables, medians (interquartile
range [IQR]) for continuous non-normally distributed variables,
and frequencies (%) for categorical variables. Unadjusted dif-
ferences in sample characteristics and sleep measures between
racial/ethnic groups were tested using analysis of variance
(ANOVA) for normally distributed variables, Kruskal-Wallis
test for continuous non-normally distributed variables, and y* test
for categorical variables. Unadjusted differences in sleep mea-
sures between women with and without VMS were tested using
a t-test for normally distributed variables or a Wilcoxon test for
continuous non-normally distributed variables. Unadjusted re-
lationships between sleep measures and the IDS or STAI-State
scores were tested using Spearman correlations. Two-sided P-
values < 0.05 were considered statistically significant.

In preparation for model building, natural log transforma-
tions of sleep measures were employed to reduce skewness
and satisfy the normality assumption. In the first modeling
stage, linear regression models were used to investigate our
hypotheses that the DSR would be lower and REM latency
would be shorter in women with nocturnal VMS or higher de-
pressive and anxiety symptom scores after adjusting for age,
race/ethnicity (referent group was “Caucasian”), and meno-
pausal status (late peri- or post-menopausal vs. pre-/early peri-
menopausal). Similarly, linear regression analyses were used
to investigate our hypotheses that sleep duration, sleep latency
and sleep efficiency, and selected sleep architecture variables
(delta and REM percent) would decrease (and WASO would
increase) with nocturnal VMS or higher depressive and anxi-
ety symptom scores. These analyses produced 3 models for
each sleep outcome.

In the second stage of modeling, VMS was added to the IDS
and STAI models as a covariate to test for any changes in the re-
lationship between the sleep outcomes and mood symptoms. In
the third stage of modeling, an interaction term between VMS
and the mood variable was added to each model.

In the fourth stage, potential confounders were explored in
all models that had significant findings in the first, second, or
third stage models. Psychotropic medication use was added as a
covariate to all of these models. Other confounders were identi-
fied by backwards variable selection, and those associated with
the sleep measure at P < 0.20 were kept in the these models.
A sensitivity analysis, in which women who reported taking
psychotopic medication were removed from the analyses, was
performed for all significant models.

SAS 9.1 (SAS Institute, Cary, NC) was used to perform the
statistical analyses and assumption checks, and Microsoft Excel
2007 (Microsoft Corp., Seattle, WA) was used to graph results.
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RESULTS

Sample Characteristics

Almost two-thirds of the women were premenopausal or
early perimenopausal, by study design (Table 1). Nocturnal
VMS were least prevalent in Caucasians and most prevalent
in African Americans. Mean IDS and STAI-State scores were
low and did not differ significantly among racial/ethnic groups.
Antidepressant use differed significantly among the racial/eth-
nic groups; it was highest among Caucasian women and lowest
among Chinese women.

Previously, we have reported statistically significant racial/
ethnic differences for visually scored and quantitative sleep
measures.”* In the present report, we also observed significant
racial/ethnic differences for DSR, which was not examined
previously (Table 2). Delta (stage 3+4) sleep distribution was
skewed by race/ethnicity. Nineteen of the 27 women who had
0% delta sleep were African American, and this group also had
the lowest mean DSR.

IDS and STAI-State scores were correlated moderately
(Spearman r = 0.49), but both correlated only weakly with
VMS (Spearman r = 0.12 and 0.16, respectively). Univariate
analyses revealed significant associations among nocturnal
VMS and symptoms of depression and anxiety in relation to
sleep measures. Women reporting nocturnal VMS had longer
sleep duration but had less delta sleep percentage compared to
women who did not report VMS (Table 3A). Higher IDS scores
correlated significantly with more WASO, and higher STAI-
State scores correlated significantly with lower sleep efficiency
(Table 3B).

Symptoms and EEG Sleep Measures

After adjusting for age, race/ethnicity and menopausal
status, women with nocturnal VMS slept 22 minutes longer
than women who did not report VMS. This effect remained
significant after including, in separate models, either IDS or
STAI, and their interactions with VMS (models 2 and 3; not
shown in Table 4). This effect persisted after controlling for
psychotropic medication use (Table 4, model 4). Race/ethnic-
ity was the only other significant covariate in model 4; African
American women slept approximately 36 minutes less than
Caucasian women.

VMS moderated the effect of STAI-State and IDS on sleep
latency and on sleep efficiency and VMS also was a signifi-
cant main effect in the interaction models (model 3). Figure 1
shows that minutes to sleep latency increased 5.5% for each
unit increase in STAI-State score in women with VMS com-
pared to those without VMS (B = 0.05, P = 0.004) and sleep
efficiency decreased by 0.46 percentage points for each unit in-
crease in STAI-State score in women with VMS compared to
those without VMS (B = —0.43, P = 0.017). Table 4 (model 4)
shows that the VMS-by-STAI-State interaction effects persisted
after covariate adjustment (sleep latency: B = 0.04, P = 0.041;
sleep efficiency: p = —0.38, P = 0.046). VMS-by-IDS interac-
tions similarly were significant for sleep latency and efficiency
in model 3, but the effects did not persist after full covariate
adjustment (model 4), as shown in Table 4.

In addition to the significant covariates shown in Table 4
(model 4), African American women had significantly longer
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Table 1—Sample characteristics (N = 343)2
Total Caucasian African American  Chinese
Characteristic (N =343) (N=161) (N=129) (N =53) P-value®
Age in years, mean (SD) 51.6 (2.1) 51.7(2.1) 51.4(2.1) 52.1(2.1) 0.14
Marital status, N (%) <0.0001
Married/living as married 209 (62.6) 120 (76.0) 51 (41.1) 38(73.1)
Single 53 (15.9) 20 (12.7) 24 (19.4) 9(17.3
Widowed/separated/divorced 72 (21.6) 18(11.4) 49 (39.5) 5(9.6)
Education, N (%) <0.0001
< High school 57 (17.1) 20 (12.7) 26 (21.1) 1(21.2)
Some college 110 (33.0) 43 (27.2) 56 (45.5) 1(21.2)
= College degree 166 (49.8) 95 (60.1) 41(33.3) 30 (57.7)
Annual household income, N (%) <0.0001
< $20,000 26 (8.3) 7(4.7) 16 (14.3) 3(6.0)
$20,000 - 50,000 152 (48.7) 62 (41.3) 67 (59.8) 23 (46.0)
> $50,000 134 (43.0) 81(54.0) 29 (25.9) 24 (48.0)
Difficulty paying for basics, N (%) <0.0001
Not very 235 (73.7) 123 (79.4) 66 (58.9) 46 (88.5)
Somewhat 70 (21.9) 29 (18.7) 35(31.3) 6 (11.5)
Very 14 (4.4) 3(1.9) 11(9.8) 0.0)
Site, N (%) <0.0001
Chicago 86 (25.1) 39 (24.2) 47 (36.4) 0(0.0)
Davis/Kaiser 102 (29.7) 49 (30.4) 0(0.0) 53(100.0)
Michigan 65 (19.0) 23 (14.3) 42 (32.6) 0(0.0)
Pittsburgh 90 (26.2) 50 (31.1) 40 (31.0) 0(0.0)
Menopausal status, N (%) 0.37
Premenopausal/early perimenopausal 222 (64.7) 109 (67.7) 77 (59.7) 36 (67.9)
Late perimenopausal 73 (21.3) 30(18.6) 30 (23.3) 13 (24.5)
Postmenopausal 48 (14.0) 22 (13.7) 22 (17.1) 4 (7.6)
On hormones 3(6.3) 3(13.6) 0(0.0) 0(0.0)
Nocturnal vasomotor symptoms (VMS), N (%) 0.02
None 217 (65.2) 113 (71.5) 68 (55.7) 36 (67.9)
VMS 116 (34.8) 45 (28.5) 54 (44.3) 17 (32.1)
Mood questionnaires, mean (SD)
IDS (minus 4 sleep items) 2.8(2.6) 26(2.3) 3.0(2.9) 2.8(3.1) 0.50
STAI-State version 14.9 (5.1) 14.9 (5.1) 14.8 (4.8) 15.5(5.8) 0.71
Self-assessed overall health status, N (%)
Excellent 50 (14.9) 33(20.9) 9(7.1) 8(15.4) 0.0045
Very good/good 244 (72.6) 113 (71.5) 96 (76.2) 35 (67.3)
Fair/poor 42 (12.5) 12 (7.6) 21(16.7) 9(17.3)
Body mass index, kg/m2, mean (SD) 30.0 (7.5) 29.6 (7.0) 33.4(7.6) 23.3(2.9) <0.0001
Medications (ATC codes), N (%)
Opioids (N02A) 8(2.4) 6(3.8) 1(0.8) 1(1.9) 0.25
Antiepileptics (NO3A) 13 (3.8) 7(4.4) 3(24) 3(5.7) 0.51
Anxiolytics (NO5B) 8(2.4) 3(1.9) 5(3.9) 0(0.0) 0.24
Hypnotics & sedatives (N05C) 9(2.7) 6(3.8) 1(0.8) 2(3.8) 0.27
Antidepressants (NOGA) 46 (13.5) 30(18.8) 13(10.2) 3(5.7) 0.02
Antihistamines for systemic use (R0O6A) 81(23.8) 37 (23.1) 32(25.2) 12 (22.6) 0.90
Total physical activity score (excluding work), mean (SD) 7.7(1.7) 8.2(1.7) 75(1.7) 7.1(1.5) 0.0003
Smoking, = 1 mean cigarette per day (sleep diary), N (%) 35(10.4) 10 (6.3) 25(20.0) 0(0.0) <0.0001
Alcohol consumption, > 1 mean drink per day (sleep diary), N (%) 14 (4.3) 10 (6.5) 2(1.7) 2(3.8) 0.14
Caffeine consumption, > 2 mean drinks per day (sleep diary), N (%) 75(22.2) 55 (34.6) 13 (10.3) 7(13.2)  <0.0001
Apnea + hypopnea index, per h of sleep, PSG night 1, mean (SD) 8.4 (9.7) 9.1(11.0) 7.9 (8.6) 7.6 (8.0) 0.49
Periodic leg movement index (movements with arousal), per h of 3.9(5.3) 4.3(6.3) 3.9(4.7) 2.7 (3.0) 0.15
sleep, PSG night 1, mean (SD)
N, number; SD, standard deviation; ATC, Anatomical Therapeutic Chemical classification; HT, hormone therapy; IDS, Inventory of Depressive Symptomatology;
PSG, polysomnography; STAI, State-Trait Anxiety Inventory—State version; VMS, vasomotor symptoms. 2All characteristics do not sum to participant totals
for column due to missing data. Percentages are calculated after excluding participants with missing data. Columns may not sum to 100% due to rounding.
*To test for difference between ethnicities the following tests were used: for categorical variables a y? test, for continuous normally distributed variables an
ANOVA, for continuous non-normally distributed variables a Kruskal-Wallis Test.
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Table 2—Sleep measures by race/ethnicity?

Variable
Visually scored sleep measures
Time in bed, minutes, mean (SD)
Sleep latency, minutes, median (IQR)
Time spent asleep, minutes, mean (SD)
Wake after sleep onset, minutes, median (IQR)
Sleep efficiency, %, mean (SD)
Stage, %, median (IQR)
1
2
3 +4 (delta sleep)
REM
REM latency, minutes, median (IQR)
Automated sleep measures
Total delta wave counts (0.5-2.0 Hz)-whole night, mean (SD)
Average delta wave counts per minute — whole night, mean (SD)
Delta Sleep Ratio,® median (IQR)

African
Total sample Caucasian American Chinese
(N =343) (N=161) (N=129) (N=53) P-value®
453.9 (63.8) 458.5 (54.5) 448.6 (76.8) 452.6 (54.4) 042
14.3 (14.2) 12.8 (12.3) 16.5 (19.8) 11.3(11.3) 0.0012
382.9 (58.9) 395.1(49.7) 362.9 (67.0) 394.9 (50.4)  <0.0001
435 (32.2) 425 (28.3) 46.8 (39.7) 38.8(28.2) 0.0028
84.5(8.0) 86.2 (5.9) 81.1(9.7) 87.3(6.3) <0.0001
5.6 (4.0) 5.2 (3.5) 6.1(4.9) 6.0 (4.8) 0.02
65.0 (8.9) 64.9 (8.5) 65.8(8.9) 63.9(7.0) 0.23
1.8 (4.4) 2.9(4.9) 1.0(3.2) 1.4 (3.8) <0.0001
248 (6.1) 248 (5.1) 23.9(5.9) 25.8 (4.3) 0.09
61.7 (26.7) 64.3 (31.3) 58.9 (25.5) 62.7 (18.0) 0.02

4830.1 (2319.3) 4043.7 (2347.7) 5431.7 (2068.9) 4883.7 (2451.7) <0.0001
16.8 (7.7) 14.8 (8.0) 18.5(7.1) 16.8(7.9)  0.0002
14(0.7) 14 (0.6) 13(0.7) 15(07) 003

period.

SD, standard deviation; IQR, interquartile range. 2Sleep measures averaged from nights 2 and 3 if two nights available; otherwise, data from one night only.
Ns for the table range from 337 to 343, depending on the symptom measure and sleep variable. *To test for difference between race/ethnicity the following
tests were used: ANOVA for continuous normally distributed variables and Kruskal-Wallis Test for continuous non-normally distributed variables. °Ratio of
average delta EEG wave counts per minute in the first NREM sleep period to the average delta EEG wave counts per minute in the second NREM sleep

sleep latency and lower sleep efficiency than did Caucasian
women, and the postmenopausal group had significantly short-
er sleep latency than did the pre-/early perimenopausal group.

Contrary to our hypotheses, neither the delta (DSR, delta
sleep percent) nor REM (latency, REM percent) sleep variables
were significantly associated with VMS or mood symptoms in
models 1, 2, or 3. WASO also was not significantly associated
with any of the 3 symptoms.

Sensitivity Analysis

Significant findings were reanalyzed after removing women
taking psychotropic medication. The VMS - sleep duration as-
sociation remained significant (B = 22.84, P = 0.002). For sleep
latency the results were similar, but despite a similar unstan-
dardized P coefficient estimate, the VMS-by-STAI-State inter-
action for Model 4 showed only a trend effect in this smaller
sample (B = 0.04, P = 0.088). For sleep efficiency, the sample
size reduction had a similar effect on the significance level for
the interaction [ estimate in the fully adjusted model (f =—0.33,
P=0.107).

DISCUSSION

Our analyses revealed no evidence to support the primary hy-
pothesis that nocturnal VMS, depressive, or anxiety symptoms
are associated with REM latency and DSR. Failure to find as-
sociations may be due to our definition of REM latency, which
subtracts out wakefulness from the interval between sleep onset
and REM (RLmA), and is intended to reduce the “noise” of
the definition that does not subtract wakefulness. However, the
two do not differ significantly among depressed patients**> and
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in our sample were highly correlated (r = 0.96). More likely,
the lack of a relationship between mood symptoms and sleep
variables could be related to the low levels of depressive mood/
anxiety symptoms in our community sample of middle-aged
women, which was not selected for the presence of depression.
Perhaps the findings may have differed if the range of symp-
toms of depression was broader.

There may be limitations regarding the DSR as an indica-
tor of mood changes. Although research has not consistently
confirmed DSR to be a correlate of depression or depression
outcomes,***” it is also worth noting that subsequent studies
have sometimes used different methods of measuring delta ac-
tivity or different definitions of DSR, which could affect find-
ings. We defined DSR using the same analyses as the Kupfer
studies, i.e., period-amplitude analysis with a 0.5 to 2.0 Hz
frequency band range and an amplitude threshold of 75 pV.
As noted by Buysse et al.,*> human studies have shown that
delta waveform amplitude as well as incidence decrease with
age, and that the mean delta frequency increases.”® Studies
which have not found a reduction in overall delta activity as-
sociated with depression have sampled a broad range of delta
EEG amplitude,*-*° whereas we have limited our explorations
to the frequency range of 0.5-2 Hz. High-amplitude delta in
particular may be decreased in depressed patients as well as
in the elderly®?; the latter may or may not be relevant to our
middle-aged sample,which was not selected for the presence
of depression, in that the effects of mood and aging may be
confounded. These differences in samples and methods could
explain some of the discrepant findings between the literature
and our results.
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Test for continuous non-normally distributed variables.

Table 3A—Sleep measures in women with and without nocturnal vasomotor symptoms (N = 333)

No VMS® VMS®
Sleep Variable (N=217) (N=116)
Sleep latency, min, median (IQR) 14.5 (14.0) 13.3 (14.7)
Time spent asleep, min, mean (SD) 377.7(59.4)  393.0(58.5)
Wake after sleep onset, min, median (IQR) 42.2(29.7) 456 (31.8)
Sleep efficiency, %, mean (SD) 84.5(8.6) 84.7 (6.9)
% Delta sleep, median (IQR) 1.9 (4.5) 16(4.2)
Delta sleep ratio, median (IQR) 1.3(0.7) 1.4 (0.6)
% REM sleep, mean (SD) 24.7 (5.5) 245(5.2)
REM latency, min, median (IQR) 65.6 (29.3) 63.5 (32.3)

Abbreviations: see Tables 1 and 2. 2Sleep measures averaged from nights 2 and 3 if two
nights available; otherwise from one night only. Ns range from 327 to 333. "VMS, vasomotor
symptoms recorded in morning sleep diary. °To test for difference between VMS occurrence
the following tests were used: t-test for continuous normally distributed variables and Wilcoxon

Table 3B—Caorrelations between mood symptoms and sleep measures (N = 343)?

particularly REM latency and DSR. More-
over, VMS and anxiety symptoms even within
non-pathological ranges are associated with

P-value® depressive symptoms, and more severe VMS
0.47 during peri- and post-menopause have been
0.02 associated with higher depression and anxiety
020 scores.®” Because VMS and mood symptoms
0.84 can improve with antidepressant use,**> we
0.04 first adjusted for psychotropic medication use
0.15 and then reanalyzed our significant findings af-
0.69 ter excluding women who reported using them.
0.16 In the sensitivity analyses, the results for both

sleep latency and efficiency became statistically
nonsignificant despite little change in the pa-
rameter estimates, likely due to reduced power
after excluding 57 women in each of these two
analyses.

As we observed previously in our cohort,
there were significant differences between Af-
rican American and Caucasian women on these
PSG indices of sleep continuity."* Durrence and

measure and sleep variable. "Spearman correlation coefficient.

Abbreviations: see Tables 1 and 2. Sleep measures averaged from nights 2 and 3 if two nights
available; otherwise from one night only. Ns range from 335 to 343, depending on the symptom

IDS (4:::?3 d(ll:;;St'ons STAI Lichstein'* found relatively consistent results

in a review of the four available PSG studies.

Sleep Variable e’ P-value e’ P-value Compared with Caucasians’ sleep, the sleep of
Sleep latency, min 0.0579 029 0.0486 0.37 African Americans is lighter (increased stages 1
Time spent asleep, min 0.0851 0.12 -0.0432 043 and 2, decreased stages 3 and 4) and more frag-
Wake after sleep onset, min 0.1188 0.03 0.0658 0.22 mented (longer sleep latencies, greater wakeful-
Sleep efficiency, % -0.0752 0.17 -0.1069 0.05 ness after sleep onset). Consistent with these
% Delta sleep -0.0638 0.24 0.0200 0.71 findings, Mezick et al.’® found that a group of
Delta sleep ratio 0.0578 0.29 0.0565 0.30 African American men and women had longer
% REM sleep -0.0031 0.95 -0.0506 0.35 sleep latency, shorter sleep duration, less con-
REM latency, min 0.0910 0.09 0.0531 0.33 tinuous sleep, and a smaller percentage of delta

sleep, compared with a combined Caucasian
and Asian group, which persisted after con-
trolling for socioeconomic status. Their results
were consistent for both PSG and actigraphic

In contrast to the results for REM latency and DSR, signifi-
cant differences were found for other sleep measures, specifi-
cally sleep latency, sleep efficiency, and sleep duration. VMS
moderated the association between mood symptoms, particu-
larly anxiety, and sleep latency and efficiency. VMS also were
directly associated with longer sleep duration. Although seem-
ingly counterintuitive, in fact, women with VMS also spent
more time in bed (longer total recording period), consistent
with its moderating effect on sleep efficiency.

Our findings suggest that worse mood is associated with
poorer sleep, but only in those with concurrent VMS, and do
not support our prediction that mood symptoms would be as-
sociated with shorter REM latency and lower DSR.***? Other
studies have indicated that in perimenopausal women, sleep
disturbances may be related to psychological distress rather
than an inevitable consequence of the menopausal transition
per se.’2 Our data suggest that there may be important inter-
play between psychological and physiological symptoms.

Because SWAN is an observational study, we were unable to
discontinue medications prior to PSG studies. Antidepressants
are known from previous studies to affect sleep parameters,
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sleep measures.

These results are consistent, to some extent,
with observations that post-menopausal women as compared
with pre-/early perimenopausal women tend to self-report
worse sleep but demonstrate better sleep quality as measured
by PSG indices." In our sample, the post-menopausal group
had the largest proportion of women reporting nocturnal VMS,
but compared with the pre-/early perimenopausal and late peri-
menopausal groups, the shortest mean sleep latency.

Limitations of our study include the cross-sectional nature
of the data as well as use of self-report menopausal status and
nocturnal VMS. We defined menopausal transition status ac-
cording to bleeding criteria rather than hormone levels. Using
SWAN’s definition, Gracia et al.’” found significantly differ-
ent hormone levels among the menopausal stages. Studies, in-
cluding SWAN (e.g., Sowers et al.*®) and the Seattle Midlife
Women’s Health Study (Woods et al.*®), have shown that hor-
mone levels and changes in these levels can differ in their as-
sociations with objective and subjective sleep outcomes. Thus,
varied findings among studies may be related to populations
studied, whether objective or subjective sleep measures were
used, and whether the tested associations were between bleed-
ing indicators of status or ovarian or gonadatropin hormones
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Table 4—Summary of main multivariate analysis findings: vasomotor symptoms (VMS), Inventory of Depressive Symptomatology (IDS) and State Trait
Anxiety Inventory-State Scale (STAI)
Model 2° Model 3¢
Model 12 VMS added to IDS VMS interaction Model 4¢
Basic Model or STAI with IDS or STAI Fully Adjusted
Sleep Outcome Measures  Analysis Variables B P-value B P-value B P-value B P-value
Time spent asleep (min) VMS VMS 2229  0.001 2158  0.002
Psychotropics 15.89  0.058
Ln (Sleep latency) VMS VMS -0.11 0.208
IDS IDS 0.02  0.230 0.02 0132 -0.01  0.735 -0.01  0.723
VMS -0.14 0111 -0.40  0.002 -0.30  0.035
VMS x IDS 0.09  0.008 0.05 0.166
PLMAI 0.02  0.004
Pay for basics 0.31  0.004
AHI -0.01 0125
Psychotropics 019  0.118
STAI STAI 0.01  0.259 0.01  0.142 -0.004 0.694 -0.002  0.880
VMS -0.13  0.155 -0.90  0.002 -0.72  0.016
VMS x STAI 0.05 0.004 0.04  0.041
PLMAI 0.02  0.003
Pay for basics 0.30  0.005
AHI -0.01  0.165
Psychotropics 016 0171
Sleep efficiency VMS VMS 1.02  0.263
IDS IDS -0.08  0.596 -0.09 0574 0.15  0.446 026 0225
VMS 124 0175 328 0.015 282  0.047
VMS x IDS -0.70  0.038 051  0.164
Heath
Fair/poor 261  0.163
Good -1.84  0.154
Pay for basics -2.60  0.019
Marital status
Single 232 0.064
Sep/Wid/Div 425  0.005
Psychotropics -045  0.713
STAI STAI 0.13 0122 -0.13 0.1 0.003 0.978 0.02 0812
VMS 119 0.193 7.70  0.007 7.02  0.020
VMS x STAI -043  0.017 -0.38  0.046
Pay for basics 256 0.017
Marital status
Single 282  0.022
Sep/Wid/Div 450  0.002
Psychotropics -045  0.700
Ln, natural logarithm; B, unstandardized B coefficient. @2Model 1: B estimates for VMS, IDS, or STAI based on linear model adjusted for age, menopausal
status, and race/ethnicity. ®°Model 2: 8 estimates for explanatory variables (VMS added to either IDS or STAI) based on linear model adjusted for age,
menopausal status, and race/ethnicity. “Model 3:  estimates adds interaction term (either VMS x IDS or VMS x STAI) to Model 2. ‘Model 4: Fully adjusted
models include the Model 3 variables plus covariates that met criterion for entry into model, as described in text (No interaction term in VMS model 4 for time
spent asleep because it was not significant).

and sleep. As well, the method of analysis and design, cross-
sectional or longitudinal, should be considered. Longitudinal
analyses of individual symptom clusters and their interrelation
over time are needed.

Regarding VMS, we could not examine more specifically the
independent effects of frequency and severity of these events
because too few women (4%) reported nocturnal VMS that
were not bothersome. Thurston et al.® observed that VMS fre-
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quency predicted bothersomeness, but that the two terms were
not interchangeable as other factors also contributed to VMS
severity. Moreover, because retrospective self-reports of pre-
vious night’s VMS occurrence can be inaccurate, concurrent
measures of temperature or skin conductance could strengthen
the evidence for associations between VMS and specific sleep
parameters.®’ We should also note that, by design, 65% of our
sample were either pre- or early perimenopausal, and 65% of
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Figure 1—Vasomotor symptoms (VMS)-by-State Trait Anxiety Inventory—
State scale (STAI) interactions for sleep latency (A) and sleep efficiency
(B), adjusted for age, race/ethnicity, and menopausal status. Estimated
mean sleep latency (in min) and sleep efficiency (percent) are plotted on
the Y-axes and STAI score on both X-axes. After covariate adjustment,
the B coefficients remained significant for the VMS-by-STAI interaction
terms (B = 0.04, P = 0.04 for the natural log transformed sleep latency
and p =-0.38, P <0.05 for sleep efficiency) and for the VMS main effects
(B =-0.72, P = 0.02 for sleep latency and B = 7.02, P = 0.02 for sleep
efficiency). See text for details.

the sample, including 73% of the pre- and early perimenopausal
women, reported no VMS.

This study also has a number of strengths. Most importantly,
sleep measures were obtained from repeated in-home polysom-
nographic studies conducted in a large sample of women from
three racial/ethnic groups.

In conclusion, we found evidence for EEG sleep correlates of
VMS and mood symptoms, particularly anxiety, in this multi-
ethnic sample of midlife women. VMS moderated associations
of anxiety with EEG sleep measures of sleep latency and sleep
efficiency and was associated with longer sleep duration. These
findings provide further support for examining the role of VMS
in the sleep of midlife women, and its moderating effects on
mood, which is commonly associated with sleep symptoms, in
observational, mechanistic, and treatment studies of sleep.
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