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Study Objectives: To examine relationships between different physical activity (PA) domains and sleep, and the influence of consistent PA on
sleep, in midlife women.

Design: Cross-sectional.

Setting: Community-based.

Participants: 339 women in the Study of Women’s Health Across the Nation Sleep Study (52.1 £2.1y).

Interventions: None.

Measurements and Results: Sleep was examined using questionnaires, diaries and in-home polysomnography (PSG). PA was assessed in
three domains (Active Living, Household/Caregiving, Sports/Exercise) using the Kaiser Physical Activity Survey (KPAS) up to 4 times over 6
years preceding the sleep assessments. The association between recent PA and sleep was evaluated using KPAS scores immediately preceding
the sleep assessments. The association between the historical PA pattern and sleep was examined by categorizing PA in each KPAS domain
according to its pattern over the 6 years preceding sleep assessments (consistently low, inconsistent/consistently moderate, or consistently high).
Greater recent Sports/Exercise activity was associated with better sleep quality (diary “restedness” [P < 0.01]), greater sleep continuity (diary sleep
efficiency [SE; P = 0.02]) and depth (higher NREM delta electroencephalographic [EEG] power [P = 0.04], lower NREM beta EEG power [P < 0.05]),
and lower odds of insomnia diagnosis (P < 0.05). Consistently high Sports/Exercise activity was also associated with better Pittsburgh Sleep Quality
Index scores (P = 0.02) and higher PSG-assessed SE (P < 0.01). Few associations between sleep and Active Living or Household/Caregiving
activity (either recent or historical pattern) were noted.

Conclusion: Consistently high levels of recreational physical activity, but not lifestyle- or household-related activity, are associated with better sleep

in midlife women. Increasing recreational physical activity early in midlife may protect against sleep disturbance in this population.
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INTRODUCTION

Sleep disturbance affects 30% to 60% of midlife women'?
and has significant consequences on health and functioning. In
addition to impaired daytime function,? disturbed sleep is asso-
ciated with a host of adverse health outcomes, including cardio-
metabolic morbidity.*> Among midlife women in particular,
sleep disturbance has been linked to increased risk of diabetes,®
the metabolic syndrome,”® and cardiovascular mortality.’

Unfortunately, very little is known about behavioral or life-
style factors which could protect against sleep disturbance
during midlife. Physical activity may be one such protective
factor, but the current evidence is mixed. In the general popu-
lation, physical activity is commonly associated with better
sleep,'® and exercise interventions have significantly reduced
the severity of various sleep disorders (e.g., insomnia, obstruc-
tive sleep apnea, periodic limb movements during sleep).'"
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However, this relationship is much less clear in midlife women.
Although higher levels of physical activity have been associ-
ated with less sleep disturbance in some studies of this popula-
tion,>' others have found no relation.!>!8

Methodological limitations likely contributed to the equivocal
state of knowledge regarding the relevance of physical activity to
sleep in midlife women. Sleep outcomes have often been based
on single-item measures'*!"'® or brief questionnaires focused on
insomnia-related symptoms>'>'6; objective measures of sleep
have not been assessed. This is especially relevant for midlife
women, since subjective reports and objective measures of sleep
are often divergent.'*? In addition, the epidemiologic literature is
based on measurement of physical activity at a single time-point.
However, since the effects of relatively acute physical activity
on sleep may differ from those conferred by long-term patterns
of physical activity participation,”® multiple assessments over
time may yield a more accurate view of the sleep-related benefits
of habitual physical activity. Finally, studies have focused on
recreational physical activity, which fails to capture the overall
physical activity profile of midlife women.”*** Compared to men,
women are less active in recreational physical activity, but simi-
larly active when physical activity related to household and care-
giving duties are considered.*

The purpose of this study was to examine the relationship
between physical activity and subjective and objective indices
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of sleep in midlife women. Our primary interest was to examine
the relationship between sleep and two different timeframes
of physical activity, proximal (i.e., measured closest to sleep
assessments) and historical (i.e., pattern of activity over 5-6
years leading up to sleep assessments). We also sought to eval-
uate the relationship between sleep and different domains of
physical activity (i.e., lifestyle, household, recreational).

METHODS

Data for these analyses were from the Study of Women’s
Health Across the Nation (SWAN) Sleep Study, a cross-sectional
study of sleep in a multi-ethnic sample of midlife women. The
SWAN Sleep Study is an ancillary study of the longitudinal
SWAN cohort (N = 3,302), a study of the menopausal tran-
sition and its consequences on health and functioning, being
conducted at 7 clinical sites across the United States.”® Data
for the SWAN Sleep Study were collected at 4 sites from 2003
through 2005: Chicago, IL; Detroit area, MI; Oakland, CA;
and Pittsburgh, PA. Each site recruited Caucasian participants,
while African American participants were recruited from the
Chicago, Detroit, and Pittsburgh sites, and Chinese participants
were recruited from the Oakland site.

Participants

A cohort of 370 SWAN Sleep Study participants was
recruited from the core SWAN study at the time of their fifth,
sixth, or seventh annual assessment. SWAN Sleep Study exclu-
sion criteria were hysterectomy or bilateral oophorectomy,
current cancer treatment, current oral corticosteroid use, regular
nocturnal shiftwork, regular consumption of >4 alcoholic bever-
ages per day, or noncompliance with core SWAN procedures
(> 50% of annual visits missed, refusal of annual visit blood
draws). Written informed consent was obtained by all partici-
pants in accordance with approved protocols and guidelines of
the institutional review board of each participating institution.

Due to missing physical activity data (see below; n = 13) or
missing covariate data (n = 18), 339 women were included in
analyses. Compared to women whose data were retained for
analysis, excluded participants had significantly higher Pitts-
burgh Sleep Quality Index scores (mean + standard deviation
[SD]: 7.40 + 3.46 vs. 5.57 = 3.05; P = 0.002) and lower rela-
tive beta electroencephalographic (EEG) power during NREM
sleep (1.41 £ 0.52 vs. 1.83 £ 1.03; P = 0.03). No other differ-
ences in sleep outcomes were observed. Excluded participants
did not differ from women retained for analysis on physical
activity (for participants missing covariate data) or covariates
(for participants missing physical activity data).

Physical Activity Measurement

Physical activity was assessed with a modified version of the
Kaiser Physical Activity Survey (KPAS)*? at SWAN study entry
and at annual visits 3, 5, and 6. Adapted from the Baecke phys-
ical activity questionnaire,”® the KPAS assesses activity levels
during the previous 12 months in 3 distinct domains: Active
Living (e.g., frequency of television viewing [reverse scored],
active transportation such as walking to work), Household/
Caregiving (e.g., housework, childcare), and Sports/Exercise
(e.g., participation in recreational activity or sports). A fourth
domain, occupation, was not evaluated because many SWAN
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participants were not employed for pay outside of the home.
Domain-specific activity indices were calculated from mostly
ordinal Likert scale categorical responses, with higher scores
indicating greater activity in that specific domain (range: 1-5).
The KPAS has been validated against activity logs, accelerom-
eters, and maximal oxygen consumption,” with 1-month test-
retest reliability of 0.81 to 0.84 (varying by domain).?

Participants were excluded from analysis if KPAS data from
SWAN annual visits 5 and 6 were not available (n = 13). The 3
KPAS domains were evaluated for their association with sleep
in 2 ways: according to (1) recent physical activity and (2) the
historical pattern of physical activity. For analyses focusing
on recent physical activity, continuous KPAS scores from the
SWAN annual visit that preceded the SWAN Sleep Study were
used (1.05 = 0.70 years preceding SWAN Sleep). For analyses
examining the historical pattern of physical activity, participant
physical activity in each domain was classified as “consis-
tently high,” “inconsistent/moderate,” or “consistently low”
based upon 2-4 KPAS assessments in the 5-6 years prior to the
SWAN Sleep Study. For classification in “consistently high” or
“consistently low” groups, KPAS domain scores needed to be
in the top or bottom tertile, respectively, at > 50% of the avail-
able time-points. Patterns of KPAS data that failed to meet this
criterion were classified as “inconsistent/moderate” activity for
that specific domain.

Sleep Assessment

The SWAN Sleep Study was conducted across a complete
menstrual cycle or 35 days, whichever was shorter. In partici-
pants with regular menstrual cycles, the protocol was initiated
within 7 days of the start of menstrual bleeding. Women who
had irregular menstrual cycles or were non-cycling were sched-
uled at their convenience.

A multi-modal assessment of sleep was conducted, employing
in-home polysomnography (PSG), daily sleep diaries, and vali-
dated questionnaires. This approach provided a comprehensive
assessment of sleep quality and indices of sleep duration, conti-
nuity and depth, as well as measurement of clinically signifi-
cant sleep disturbance (e.g., sleep disordered breathing). Due
to differing amounts of data loss across sleep measures, the
sample size used for each respective sleep measure varied and
is indicated in parentheses below.

Polysomnography

Polysomnography (Vitaport-3; Temec Instruments, Kerkrade,
Netherlands) was conducted in participants” homes according to
their habitual sleep and wake times over 3 consecutive nights at
the beginning of the Sleep Study protocol. The PSG montage
included EEG recorded at C3 and C4 referenced to linked
mastoids, bilateral electrooculogram, submentalis electromyo-
gram (EMGQG), and electrocardiogram. Additional signals were
collected on the first night of PSG recording to assess sleep
disordered breathing (SDB) and periodic limb movements
during sleep (PLMS). For SDB assessment, additional signals
included nasal pressure cannula, oronasal thermistor, respiratory
inductance plethysmography, and fingertip oximetry, whereas
PLMS was monitored with bilateral anterior tibialis EMG.

Visual sleep stage scoring was conducted in 20-sec epochs
using standard sleep stage scoring criteria.”’ In addition, SDB
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events were evaluated using American Academy of Sleep
Medicine definitions,?® and PLMS was assessed using standard
rules.”” As measured from the first night of PSG recording,
the apnea-hypopnea index ([AHI] n = 321) and periodic limb
movement arousal index ([PLMAI] n = 323) were retained as
measures of SDB and PLMS, respectively. All other summary
sleep variables (n = 335) were averaged across the non-SDB/
PLMS assessment nights due to the potentially disruptive
effects of breathing and limb movement assessment on sleep.
Two summary measures, total sleep time (TST) and sleep effi-
ciency (SE), were used in analyses. As a measure of sleep dura-
tion, TST was calculated as the total minutes of any sleep stage
following sleep onset. As a measure of sleep continuity, SE was
calculated as the ratio of TST to time in bed multiplied by 100.
As a measure of sleep “depth,” spectral analysis of the EEG
signal was performed to quantify power in the delta (0.5-4.0
Hz) and beta (16-32 Hz) frequency bands during NREM sleep
(n = 313). Modified periodograms were computed using the
Fast Fourier transform of non-overlapping 4-sec epochs of
the sleep EEG. Following automated artifact rejection,® EEG
spectra were obtained for each artifact-free 4-sec epoch and
aligned with 20-sec visually scored sleep stage data. Relative
power (i.e., spectral power within a specific frequency band
[microvolts?’/Hz] divided by the total power across 0.5 to 32
Hz [microvolts?’/Hz], resulting in unit-less values) was used in
analyses to account for individual differences in EEG power.

Daily Sleep Diary

Subjective perceptions of sleep were obtained across the
entire Sleep Study protocol through daily completion of a
sleep diary. Each morning, participants were asked to recall the
prior night’s sleep and indicate the time they got into bed and
attempted to sleep, how long it took to fall asleep, the final out-
of-bed time, and length of overnight awakenings. In addition,
participants were asked to indicate how rested they felt upon
awakening, from 0 (not at all) to 4 (extremely). Diary variables
retained for analysis included TST (as a measure of sleep dura-
tion), SE (as a measure of sleep continuity), and restedness (as
a measure of sleep quality), averaged across all valid nights
(mean [SD] nights per participant: 29.94 + 6.57; n = 339).

Questionnaires

The 18-item Pittsburgh Sleep Quality Index (PSQI)*' was
administered on the fourth and last days of the Sleep Study
protocol (n = 336). The PSQI provides a validated measure
of sleep quality; scores range from 0-21, with higher scores
indicating worse sleep quality. PSQI scores were highly corre-
lated (r=10.81, P<0.001) and were averaged for analyses. The
13-item Insomnia Symptom Questionnaire (ISQ)* was admin-
istered on the last day of the Sleep Study protocol to provide
case definitions of insomnia (n = 331). The ISQ assesses the
frequency and severity of insomnia-related symptoms and
provides a dichotomous assessment of insomnia presence/
absence based upon DSM-1V criteria.

Covariates

Covariates were chosen for inclusion in statistical analyses
due to their established relationships with sleep and/or rele-
vance to the possible relationship between physical activity
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and sleep. Age was calculated at the time of the sleep study.
Race/ethnicity (Caucasian, African American, Chinese) was
defined by self-identification. Marital status, employment
status, and body mass index (BMI) were assessed at the closest
core SWAN visit prior to the sleep study. Marital status was
dichotomized as being unmarried (i.e., single, divorced, sepa-
rated, widowed) or married/living as married, employment
status was dichotomized as not employed/employed for pay <
20 h/week or employed for pay > 20 h/week, and BMI was
expressed as weight in kilograms divided by height in meters
squared. Educational attainment was assessed by self-report
during the core SWAN baseline interview and dichotomized
as less than a college degree or at least a college degree. Use
of medication that affects sleep was assessed over the course
of the study protocol, including both prescription and over-
the-counter medicines. Medications were coded according to
the World Health Organization ATC classification system, and
medications with the following ATC codes were considered
to affect sleep: NO2A (opioids), NO3A (antiepileptics), NOSB
(anxiolytics), NOSC (hypnotics and sedatives), NOOA (antide-
pressants), and RO6A (antihistamines).* Medication use was
dichotomized as none/infrequent (< 3 nights/week) or frequent
(> 3 nights/week). Menopausal status was determined by
bleeding patterns reported during the closest core SWAN visit
prior to the SWAN Sleep Study: participants were categorized
as being pre- or early perimenopausal, late perimenopausal, or
postmenopausal, as previously described.’* Vasomotor symp-
toms (VMS) were assessed by daily diary entries. Each morning,
participants were asked to report the number of cold sweats, hot
flashes, and night sweats they experienced during the previous
night’s sleep. Vasomotor symptoms were categorized as being
present if at least one VMS was reported that night, and partici-
pants were categorized based upon the frequency of nighttime
VMS: none to infrequent (< 25% of nights), intermittent (25
to < 75% of nights), and frequent (= 75% of nights). Smoking
status, caffeine consumption, and alcohol use were assessed
by daily diary entries. Smoking status was dichotomized as
none versus any reported smoking, caffeine consumption was
calculated as the mean daily number of caffeinated bever-
ages, and alcohol use was calculated as the mean daily number
of alcoholic drinks.

Statistical Analyses

Prior to analyses, skewed sleep variables were transformed
(see Table legends for specific transformations employed).
Relationships between KPAS domain scores preceding the
Sleep Study were evaluated with Pearson correlations. To
evaluate associations between the patterns of different KPAS
domains in the 5-6 years preceding the Sleep Study, the like-
lihood of having a pattern of “consistently high” activity in
each domain relative to other domains was evaluated with
binary logistic regression.

To evaluate the relationship between sleep and recent phys-
ical activity (i.c., assessed at the SWAN visit immediately
preceding the Sleep Study), linear and logistic regression anal-
yses were conducted for each KPAS domain (Active Living,
Household/Caregiving, Sports/Exercise). Multiple linear
regression analyses were conducted to examine each KPAS
domain score as a predictor of continuous sleep outcomes after
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Table 1—SWAN Sleep Study participant characteristics (N = 339)
Age, years 52.2 (2.2)
Body mass index, kg/m? 30.0 (7.8)
Race/ethnicity, n (%)

Caucasian 161 (47.5)
African American 120 (35.4)
Chinese 58 (17.1)
Marital status, n (%)
Currently unmarried 122 (36.0)
Married/living as married 217 (64.0)
Education, n (%)
Less than a college degree 167 (49.3)
College degree or more 172 (50.7)
Employment status, n (%)
Not employed/employed < 20 h/week 77 (22.7)
Employed = 20 h/iweek 262 (77.3)
Use of medication that affects sleep, n (%)
No/intermittent use 254 (75.5)
At least 3 nights/week 85 (24.5)
Menopausal status, n (%)
Pre-/Early perimenopause 208 (61.4)
Late perimenopause 69 (20.4)
Postmenopause/surgical 62 (18.3)
Vasomotor symptoms, n (%)
None/Infrequent (< 25% of nights) 185 (54.6)
Intermittent (25 to < 75% of nights) 92 (27.1)
Frequent (= 75% of nights) 62 (18.3)
KPAS domain scores preceding Sleep Study
Active Living Index 2.32 (0.74)
Household/Caregiving Index 2.56 (0.80)
Sports/Exercise Index 2.89 (0.99)
KPAS domain patterns over 5-6 years prior to Sleep Study
Active Living activity pattern, n (%)
Consistently Low 71 (20.9)
Inconsistent/Consistently Moderate 166 (49.0)
Consistently High 102 (30.1)
Household/Caregiving activity pattern, n (%)
Consistently Low 117 (34.5)
Inconsistent/Consistently Moderate 133 (39.2)
Consistently High 89 (26.3)
Sports/Exercise activity pattern, n (%)
Consistently Low 85 (25.1)
Inconsistent/Consistently Moderate 161 (47.5)
Consistently High 93 (27.4)
Data are presented as n (%) or mean (standard deviation), as appropriate.
KPAS, Kaiser Physical Activity Survey.

adjusting for previously described covariates. Binary logistic
regression analyses were performed to evaluate the odds of
meeting diagnostic criteria for insomnia (based upon the ISQ),
moderate-severity SDB (AHI > 15), and moderate-severity
PLMS (PLMAI > 10), as used in previous SWAN Sleep Study
publications.**%

To evaluate the relationship between sleep and the histor-
ical pattern of physical activity (i.e., assessed at up to 4 time-
points in the 5-6 years preceding the Sleep Study), analysis
of covariance (ANCOVA) and logistic regression analyses
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were conducted for each KPAS domain. With adjustment for
previously noted covariates, ANCOVA evaluated differences
in continuous sleep outcomes between historical patterns of
each KPAS domain, with Tukey group comparisons performed
when appropriate. Binary logistic regression evaluated the odds
of having clinically significant sleep disturbance (as described
above) according to physical activity history pattern. “Consis-
tently low” physical activity was used as the referent group.

Analyses were conducted using SAS v. 9.2 (SAS Institute;
Cary, NC). All statistical tests were 2-tailed, with statistical
significance set at P < 0.05.

RESULTS

Participant Characteristics

Characteristics of the study sample are summarized in
Table 1. Of the 339 women included in analyses, the mean [SD]
age was 52.2 + 2.2 years; 48% of the women were Caucasian,
35% were African American, and 17% were Chinese. Approxi-
mately 25% of the sample used medications that affect sleep >
3 nights per week, and the majority (55%) reported no or infre-
quent VMS during the Sleep Study protocol.

KPAS domain scores for Active Living, Household/Care-
giving, and Sports/Exercise preceding the Sleep Study were
similar in level and mildly correlated with each other (Active
Living and Household/Caregiving: r = 0.13, P = 0.02; Active
Living and Sports/Exercise: r = 0.32, P < 0.001; Household/
Caregiving and Sports/Exercise: r=0.22, P<0.001). Compared
to women with a pattern of consistently low or moderate
Sports/Exercise activity, women with a pattern of consistently
high Sports/Exercise activity had significantly increased odds
of having patterns of consistently high Active Living activity
(odds ratio [OR] = 3.32 [95% confidence interval =2.01, 5.50])
and Household/Caregiving activity (OR = 1.87 [1.11, 3.14]).

Table 2 provides a summary of the sleep characteristics of
the sample. Of note, average PSQI score of the sample was 5.6
+ 3.1 and PSG-assessed TST was 381.0 + 60.0 min. Approxi-
mately 14% of women met diagnostic criteria for insomnia
(n = 47 of 331), 20.2% had at least moderate-severity SDB
(n = 65 of 321), and 8.4% of women had at least moderate-
severity PLMS (n =27 of 323).

Recent Physical Activity and Sleep

Table 3 summarizes the association between sleep and phys-
ical activity levels assessed immediately preceding the SWAN
Sleep Study. No significant associations were observed between
sleep and Active Living or Household/Caregiving Index scores.
In contrast, higher Sports/Exercise Index scores were associ-
ated with greater sleep quality and continuity, as assessed by
diary-based measures of restedness ( = 0.16, P<0.01) and SE
(B=0.14, P=0.02), respectively, and with greater sleep depth,
as indicated by higher NREM delta power (B = 0.12, P = 0.04)
and lower NREM beta power (f =-0.12, P <0.05).

Table 4 displays the odds of clinically significant sleep
disturbance according to recent activity levels for each KPAS
domain. The odds of insomnia diagnosis, moderate-severity
SDB, or moderate-severity PLMS did not differ by Active
Living or Household/Caregiving Index value. However,
there were lower odds of meeting diagnostic criteria for
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insomnia with higher Sports/Exercise Index scores (OR =
0.68 [0.47, 0.99]).

Historical Physical Activity Pattern and Sleep

When evaluating the relationship between sleep and different
historical patterns of domain-specific physical activity, no
differences in sleep outcomes were observed across patterns
of Active Living Index activity (data not shown). Polysomno-
graphic TST values significantly differed across Household/
Caregiving Index patterns (/,;; = 3.13, P = 0.04); women
with consistently high Household/Caregiving values had
greater PSG TST than women with a consistent pattern of low
Household/Caregiving values (P = 0.05). Differences between
Sports/Exercise Index patterns, summarized in Table 5, were
observed for sleep quality (PSQI [F,5,, =4.17, P =0.02], diary
restedness [F, 5,, = 6.81, P < 0.01]), sleep continuity (diary SE
[F)300 =4.39, P=0.01], PSG SE [F),3,,=5.25, P <0.01]), and
sleep depth (NREM f power [F, 5, = 3.22, P = 0.04]). For the
majority of these measures, women with a consistently high
level of Sports/Exercise activity had significantly better sleep
compared to women with consistently low Sports/Exercise
activity.

Table 6 displays the odds of clinically significant sleep distur-
bance according to different patterns of domain-specific activity.
The odds of insomnia diagnosis, moderate-severity SDB,
or moderate-severity PLMS did not differ across patterns of
Active Living or Household/Caregiving Index values. Relative
to consistently low Sports/Exercise Index activity, consistently
high Sports/Exercise Index activity was associated with lower
odds of meeting diagnostic criteria for insomnia (OR = 0.26
[0.08, 0.81]), with a significant linear trend observed (P = 0.02).

DISCUSSION

A growing literature has documented the prevalence
and adverse consequences of sleep disturbance in midlife
women."*%? However, we know little about factors which may
protect against sleep disturbance during this period of life.
Physical activity may be one such protective factor, although
the extant literature is equivocal. The present study used a
multi-method approach to investigate the relationship between
physical activity and sleep in midlife women, and several signif-
icant associations were noted. Higher levels of Sports/Exercise
activity were consistently associated with important objective
and subjective indices of sleep, whereas Active Living and
Household/Caregiving activity were associated with few sleep
outcomes. Moreover, the relationship between Sports/Exercise
activity and sleep was most robust when considering the pattern
of activity over multiple years relative to activity levels most
proximal to the sleep assessment.

Although household- and lifestyle-related activity make a
prominent contribution to the overall physical activity levels
of midlife women,** prior studies focused upon the association
between recreational physical activity and sleep.>'*'® In our
analyses, few relationships emerged between sleep and either
Active Living or Household/Caregiving domains of physical
activity. Because the Active Living and Household/Caregiving
indices of the KPAS predominantly reflect lower-intensity and/
or more intermittent activities,”>*¢ one possible explanation
is that these domains of physical activity are of insufficient
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Table 2—SWAN Sleep Study participant sleep characteristics and
prevalence of clinically significant sleep disturbances
Sleep Quality
PSQl, 0-21 5.6 (3.1)
Diary restedness, 0-4 2.0 (0.6)
Insomnia diagnosis, n (%) 47 (14.2)
Sleep Duration
Diary total sleep time, min 399.1 (51.1)
PSG total sleep time, min 381.0 (60.0)
Sleep Continuity
Diary sleep efficiency, % 92.5 (5.3)
PSG sleep efficiency, % 84.3 (8.3)
Sleep Depth
NREM & power* 76.2 (6.4)
NREM B power* 1.8 (1.0)
Sleep Disordered Breathing
AHI 10.4 (15.3)
Moderate-severity SDB, n (%) 65 (20.2)
Periodic Limb Movements During Sleep
PLMAI 3.8 (5.3)
Moderate-severity PLMS, n (%) 27 (8.4)
Data are presented as mean (standard deviation) or n (%), as
appropriate. *Values are expressed as relative units, calculated as the
power within the specific frequency band (in uV?Hz) divided by the total
power across 0.5-32 Hz (in uV?/Hz) and multiplied by 100. AHI, apnea-
hypopnea index; NREM, non-rapid eye movement; PLMAI, periodic limb
movement arousal index; PLMS, periodic limb movements during sleep;
PSG, polysomnography; PSQI, Pittsburgh Sleep Quality Index; SDB,
sleep disordered breathing.

intensity to affect sleep. Although studies directly comparing
the effects of low-, moderate-, and vigorous-intensity physical
activity on sleep have not been conducted, physical activity
interventions for sleep improvement have prescribed moderate-
and vigorous-intensity physical activity.’”*' Based upon our
results, focusing on recreational physical activity for sleep
improvement seems warranted.

A second key observation was that significantly better sleep,
particularly measures pertaining to sleep quality and continuity,
was observed among women with a consistent pattern of high
Sports/Exercise activity in the 5-6 years leading up to the sleep
assessment. As indicated by the fewer number of significant
relationships observed, these findings were less consistent when
only considering Sports/Exercise activity most recent to the sleep
assessment. It is possible that, given the inherent measurement
error in self-reported physical activity at a single time-point,*>*
repeated assessments of physical activity over time may simply
provide a more accurate view of habitual physical activity.
However, it is also possible that accrual of sleep-related benefits
continue past initial adoption and maintenance of a physically
active lifestyle, as has been documented for most other health
outcomes.* Unfortunately, the long-term time course of sleep
improvement from exercise is unknown, since randomized trials
longer than 6 months have rarely been conducted,* and studies
have neglected to assess sleep at intermediate time-points.
Nevertheless, our results suggest that consistent participation in
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Table 3—Relationship between sleep and recent physical activity (closest preceding Sleep Study) according to physical activity domain

KPAS Domain
Active Living Household/Caregiving Sports/Exercise
Sleep Domain B (SE) B B (SE) B B (SE) B

Sleep Quality

PSQl? -0.06 (0.05)  -0.07 -0.01 (0.04)  -0.01 -0.06 (0.03)  -0.09

Diary restedness, 0-4 0.04 (0.05) 0.04 0.07 (0.04) 0.09 0.10 (0.04) 0.16*
Sleep Duration

Diary total sleep time, min 1.42 (4.02) 0.02 -4.96 (3.63)  -0.08 0.01 (3.00) 0.00

PSG total sleep time, min -6.95 (4.65)  -0.09 1.95 (4.22) 0.03 -461(3.49)  -0.08
Sleep Continuity

Diary sleep efficiency, % 0.24 (0.43) 0.03 0.20 (0.38) 0.03 0.74 (0.32) 0.14*

PSG sleep efficiency, %' 0.03 (0.04) 0.04 0.00 (0.03) 0.00 -0.04 (0.03)  -0.08
Sleep Depth

NREM  power#$ 0.01 (0.01) 0.04 0.01 (0.01) 0.09 0.01 (0.01) 0.12*

NREM B power#$ 0.00 (0.04)  -0.01 0.00 (0.03)  -0.01 -0.06 (0.03)  -0.12*
Sleep Disordered Breathing

AHIT -0.07 (0.07)  -0.05 0.03 (0.07) 0.03 -0.06 (0.05)  -0.06
Periodic Limb Movements During Sleep

PLMAIT -0.01 (0.07)  -0.01 0.02 (0.07) 0.01 0.06 (0.05) 0.07

Data are presented as unstandardized B (standard error [SE]) and standardized {3 coefficients. Analyses adjusted for age, race/ethnicity, marital status,
education, employment status, smoking status, mean daily caffeinated beverages, mean daily alcoholic drinks, use of medication that affects sleep,
menopausal status, vasomotor symptom frequency, and body mass index. 2Square root transformed prior to analyses. TReverse scored (i.e., 100 - sleep
efficiency) and natural log (In) transformed prior to analyses. #In transformed prior to analyses. $Values are expressed as relative units, calculated as the
power within the specific frequency band (in uV?Hz) divided by the total power across 0.5-32 Hz (in pV2/Hz) and multiplied by 100. Tin (plus a constant of 1)
transformed prior to analyses. AHI, apnea-hypopnea index; KPAS, Kaiser Physical Activity Survey; NREM, non-rapid eye movement; PLMAI, periodic limb
movement arousal index; PSG, polysomnography; PSQI, Pittsburgh Sleep Quality Index. For tests of statistical significance: *P < 0.05, **P < 0.01.

Table 4—0dds of clinically significant sleep disturbance according to recent domain-specific physical activity (closest preceding Sleep Study)

KPAS Domain
Household/Caregiving
OR (95% Cl)
0.75(0.48, 1.16)
0.97 (0.63, 1.51)
0.87 (0.48, 1.56)

Active Living
OR (95% ClI)

0.81(0.48, 1.34)
1.05 (0.64, 1.71)
1.13(0.60, 2.12)

Sports/Exercise
OR (95% ClI)

0.68 (0.47, 0.99)*
0.97 (0.69, 1.38)
1.14(0.72, 1.81)

Sleep Disturbance
ISQ: Insomnia diagnosis
PSG: Moderate-severity SDB
PSG: Moderate-severity PLMS

Data presented are odds ratios (95% confidence interval) of meeting each sleep disturbance criterion per 1-unit increase in each respective KPAS domain
score. Analyses adjusted for age, race/ethnicity, marital status, education, employment status, smoking status, mean daily caffeinated beverages, mean
daily alcoholic drinks, use of medication that affects sleep, menopausal status, vasomotor symptom frequency and body mass index. OR, odds ratio; Cl,
confidence interval; ISQ, Insomnia Symptom Questionnaire; KPAS, Kaiser Physical Activity Survey; PLMS, periodic limb movements during sleep; PSG,
polysomnography; SDB, sleep disordered breathing. For tests of statistical significance: *P < 0.05.

recreational physical activity may confer additional benefits to
those achieved by more recent activity.

Sports/Exercise Index values were significantly associated
with sleep quality, continuity, and depth, but not duration.
Sports/Exercise activity had perhaps the most consistent rela-
tionship with sleep quality, as lower PSQI scores (consistently
high activity only), higher diary-based reports of restedness,
and reduced odds of meeting diagnostic criteria for insomnia
were associated with higher levels of Sports/Exercise activity.
These results concur with prior epidemiologic research,>'
which concluded that physical activity is associated with less
insomnia-related complaints and/or better subjective sleep in
midlife women. However, they also contrast with findings from
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studies that reported nonsignificant associations between phys-
ical activity and sleep quality.'>'®

These results are the first to document a relationship between
physical activity and aspects of sleep other than sleep quality
in midlife women, most notably objective indicators of sleep
continuity and depth. Importantly, we observed Sports/Exer-
cise activity to be associated with both subjective (i.e., diary)
and objective (i.e., PSG) assessments of sleep efficiency.
This methodological distinction is noteworthy, as subjec-
tive reports of sleep often differ from objective measures
in midlife women.!'>* Moreover, we found that recent and
consistently high levels of Sports/Exercise activity were asso-
ciated with objective indices of sleep depth, as assessed by
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Table 5—Sleep according to the historical pattern of KPAS Sports/Exercise activity (i.e., 5-6 years preceding the Sleep Study)

KPAS Sports/Exercise Index Pattern Group Comparisons
Sleep Domain Consistently Low (1) Inconsistent/Moderate (2) Consistently High (3) Fvalues Groups?
Sleep Quality
psQlt 6.6 (3.7) 5.7 (2.9) 45 (2.3) 417" 1,2>3
Diary restedness, 0-4 1.8 (0.7) 2.1 (0.6) 2.2 (0.5) 6.81* 1<23
Sleep Duration
Diary total sleep time, min 394.5 (58.2) 397.5 (52.3) 406.3 (40.8) 0.13 -
PSG total sleep time, min 380.3 (58.9) 375.8 (62.9) 390.6 (55.1) 0.67 -
Sleep Continuity
Diary sleep efficiency, % 90.9 (6.4) 92.5 (5.3) 94.0 (3.9) 4.39* 1<3
PSG sleep efficiency, %* 82.9 (7.6) 83.3 (9.6) 87.2 (5.5) 5.25" 1,2<3
Sleep Depth
NREM & powersT 75.2 (6.9) 76.0 (6.5) 77.5 (5.4) 1.15 -
NREM B powersT 22 (14) 1.7 (0.8) 1.7 (0.9) 3.22¢ 1>3
Sleep Disordered Breathing
AHIT 14.5 (20.4) 10.0 (12.0) 7.3 (14.7) 244 -
Periodic Limb Movements During Sleep
PLMAIT 2.8 (3.5) 44 (5.8) 3.8 (5.6) 2.79 -

Data presented are unadjusted values [mean (standard deviation)] prior to analyses. Analyses of covariance adjusted for age, race/ethnicity, marital
status, education, employment status, smoking status, mean daily caffeinated beverages, mean daily alcoholic drinks, use of medication that affects sleep,
menopausal status, vasomotor symptom frequency and body mass index. ®Tukey adjustment for group comparisons. *Square root transformed prior to
analyses. *Reverse scored (i.e., 100 - sleep efficiency) and natural log (In) transformed prior to analyses. §in transformed prior to analyses. Walues expressed
as relative units, calculated as the power within the specific frequency band (in pV2/Hz) divided by the total power across 0.5-32 Hz (in uV?/Hz) and multiplied
by 100. *In (plus a constant of 1) transformed prior to analyses. AHI, apnea-hypopnea index; KPAS, Kaiser Physical Activity Survey; NREM, non-rapid eye
movement; PLMAI, periodic limb movement arousal index; PSG, polysomnography; PSQI, Pittsburgh Sleep Quality Index. For tests of statistical significance:
*P <0.05, *P <0.01.

Table 6—0dds of clinically significant sleep disturbance according to historical domain-specific physical activity pattern (i.e., 5-6 years preceding the Sleep
Study)

KPAS Domain
Active Living Household/Caregiving Sports/Exercise
Sleep Disturbance OR (95% CI) OR (95% CI) OR (95% CI)
ISQ: Insomnia Diagnosis
Consistently Low 1.00 (referent) 1.00 (referent) 1.00 (referent)
Inconsistent/Moderate 1.18 (0.47, 2.92) 0.87 (0.39, 1.91) 0.68 (0.30, 1.52)
Consistently High 1.76 (0.62, 5.01) 0.76 (0.29, 1.95) 0.26 (0.08, 0.81)
Linear trend P 0.28 0.56 0.02
PSG: Moderate-severity SDB
Consistently Low 1.00 (referent) 1.00 (referent) 1.00 (referent)
Inconsistent/Moderate 1.52 (0.65, 3.56) 1.32(0.62, 2.81) 0.80(0.38, 1.71)
Consistently High 0.63 (0.22, 1.84) 0.76 (0.30, 1.95) 0.72(0.27,1.92)
Linear trend P 0.44 0.68 0.49
PSG: Moderate-severity PLMS
Consistently Low 1.00 (referent) 1.00 (referent) 1.00 (referent)
Inconsistent/Moderate 0.75(0.24, 2.31) 0.75(0.30, 1.89) 1.52 (0.51, 4.50)
Consistently High 1.00 (0.29, 3.46) 0.43(0.12,1.51) 1.44 (0.38, 5.40)
Linear trend P 0.96 0.19 0.58

Data presented are odds ratios (95% confidence interval) of meeting each sleep disturbance criterion for different patterns of each KPAS physical
activity domain, with “Consistently Low” activity the referent group for each domain. Analyses adjusted for age, race/ethnicity, marital status, education,
employment status, smoking status, mean daily caffeinated beverages, mean daily alcoholic drinks, use of medication that affects sleep, menopausal
status, vasomotor symptom frequency and body mass index. OR, odds ratio; Cl, confidence interval; ISQ, Insomnia Symptom Questionnaire; KPAS,
Kaiser Physical Activity Survey; PSG, polysomnography; PLMS, periodic limb movements during sleep; SDB, sleep disordered breathing. For tests of
statistical significance: *P < 0.05.
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spectral analysis of the sleep EEG. Specifically, our findings
of higher NREM delta EEG power (recent Sports/Exercise
activity only) and lower NREM beta EEG power with greater
levels of Sports/Exercise activity conflict with the notion that
exercise primarily impacts subjective, but not objective, sleep
parameters.*” In fact, we are unaware of any other studies that
have linked habitual levels of recreational physical activity
with altered EEG microarchitecture.

No physical activity domains were significantly associated
with PLMS or SDB. The possible relationship between physical
activity and PLMS has been sparsely explored, though experi-
mental research suggests exercise may reduce PLMS severity. "
As our statistical models adjusted for BMI, with which SDB is
strongly associated*® and a pathway by which physical activity
may reduce SDB, it is unsurprising we failed to observe any
significant associations between physical activity and SDB.
Whereas our data are in agreement with others who found a
minimal influence of physical activity on SDB once BMI was
considered,” other epidemiologic research has reported an
association between exercise and SDB independent of body
composition.*®

Strengths of this study include a well-characterized sample
of women from an established cohort study, a comprehensive
multi-modal assessment of sleep, consideration of multiple vali-
dated domains of physical activity at several time-points up to
6 years prior to sleep assessment, and statistical adjustment for
several potential confounders. However, these strengths must be
evaluated in light of study limitations. One such limitation is
the lack of multi-modal sleep data from earlier in the SWAN
study. As such, it is possible that persistent poor sleep quality
led to low physical activity during the menopausal transition.
Future research studies would ideally involve randomization
of women with disturbed sleep to an exercise trial prior to the
menopausal transition with longitudinal follow-up through post-
menopause. Another limitation is that additional factors that
were not considered in these analyses (e.g., mental health, envi-
ronmental influences) could account for the findings. However,
it is noteworthy that significant relationships between physical
activity and sleep were observed despite statistical adjustment
for key factors which could mediate this relationship (e.g.,
BMI, other health behaviors). An additional limitation is that
our findings may not generalize to all women. For example, in
a smaller SWAN ancillary study of predominantly postmeno-
pausal women with frequent VMS, greater household-related
activity was associated with better subjective sleep.” Although
race and menopausal status, among others, could potentially
be important moderators of the relationship between physical
activity and sleep, we did not have an adequate sample size to
investigate these potential interactions. In the future, it will be
important to evaluate whether these factors moderate the rela-
tionship between physical activity and sleep. A further limitation
is the reliance upon self-report physical activity data. Subjec-
tive and objective assessments of physical activity are only
modestly correlated,” with objective assessment indicating
much less physical activity than self-reported.® Specifically, the
KPAS does not permit detailed inquiry of the specific activities
reported (e.g., timing, intensity, volume) and absolute amounts
of physical activity performed. Consequently, its best use may
be for ranking levels of activity, as were performed in this study.
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Similarly, “inconsistent” patterns of physical activity over 5-6
years were grouped with “consistently moderate” patterns
of physical activity in analyses. Although we did not have an
adequate sample size to examine more specific subgroups, future
research should endeavor to classify “inconsistent” activity
patterns in a more precise manner when possible.

Despite these limitations, the study results supplement
the existing literature on the benefits of physical activity on
numerous other symptoms and health conditions that arise
during the menopausal transition (e.g., depression, weight
gain, reduced bone density).*' In particular, the potential use of
physical activity as a nonpharmacologic treatment or preven-
tive measure for sleep disturbance among midlife women is
appealing, given that physical activity is a modifiable behavior
with minimal side effects and the robust associations between
consistent recreational physical activity and indices of sleep
quality, continuity and depth that were noted herein. Random-
ized trials are needed to address the limitations of previous
interventions that have evaluated the efficacy of exercise on
sleep quality in midlife women, such as inclusion of women
without sleep complaints,’”*-#! reliance upon subjective sleep
measures,’’#! and failure to account for VMS.¥+#!

In summary, these results suggest that higher levels of recre-
ational physical activity, but not lifestyle- or household-related
activity, are associated with better sleep in midlife women, and
that consistently high levels of activity are more robustly asso-
ciated with better sleep than recent activity. Although experi-
mental trials are needed to confirm these observations, adoption
and/or maintenance of adequate recreational physical activity
may help to improve sleep and protect against sleep distur-
bances that arise during midlife in women.
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