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Abstract
Background: Sleep disturbance and insomnia are commonly reported by postmenopausal women. However, the
relationship between hormone therapy (HT) and sleep disturbances in postmenopausal community-dwelling adults is
understudied. Using data from the multicenter Study of Osteoporotic Fractures (SOF), we tested the relationship
between HT and sleep-wake estimated from actigraphy.
Methods: Sleep-wake was ascertained by wrist actigraphy in 3,123 women aged 84 ± 4 years (range 77-99) from the
Study of Osteoporotic Fractures (SOF). This sample represents 30% of the original SOF study and 64% of participants
seen at this visit. Data were collected for a mean of 4 consecutive 24-hour periods. Sleep parameters measured
objectively included total sleep time, sleep efficiency (SE), sleep latency, wake after sleep onset (WASO), and nap time.
All analyses were adjusted for potential confounders (age, clinic site, race, BMI, cognitive function, physical activity,
depression, anxiety, education, marital status, age at menopause, alcohol use, prior hysterectomy, and medical
conditions).
Results: Actigraphy measurements were available for 424 current, 1,289 past, and 1,410 never users of HT. Women
currently using HT had a shorter WASO time (76 vs. 82 minutes, P = 0.03) and fewer long-wake (≥ 5 minutes) episodes
(6.5 vs. 7.1, P = 0.004) than never users. Past HT users had longer total sleep time than never users (413 vs. 403 minutes,
P = 0.002). Women who never used HT had elevated odds of SE <70% (OR,1.37;95%CI,0.98-1.92) and significantly
higher odds of WASO ≥ 90 minutes (OR,1.37;95%CI,1.02-1.83) and ≥ 8 long-wake episodes (OR,1.58;95%CI,1.18-2.12)
when compared to current HT users.
Conclusions: Postmenopausal women currently using HT had improved sleep quality for two out of five objective
measures: shorter WASO and fewer long-wake episodes. The mechanism behind these associations is not clear. For
postmenopausal women, starting HT use should be considered carefully in balance with other risks since the vascular
side-effects of hormone replacement may exceed its beneficial effects on sleep.
Background
Sleep in postmenopausal women is altered in ways which
may have an adverse effect on health [1,2]. Explanations
for sleep disturbances that occur during the menopausal
transition and postmenopausal years include nocturnal
hot flashes, mood disorders, and sleep disordered breathing [3-6]. Postmenopausal hormone therapy (HT) has
been the standard treatment for many menopausal complaints, including hot flashes and insomnia [7-11]. How* Correspondence: gtranah@sfcc-cpmc.net
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ever, given the large number of postmenopausal women
experiencing sleep disturbance after the menopausal
transition [12-14] and the consequences of poor sleep on
daytime functioning, the relationship between HT and
objectively measured sleep in older postmenopausal
women needs further study.
Clinical and experimental studies offer compelling evidence that exogenous administration of sex hormones
regulates many brain functions that are involved in the
regulation of sleep [15-17]. Increased estrogen levels have
been hypothesized to improve sleep by shortening sleep
latencies [18]; reducing nocturnal restlessness and night-
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time awakenings [11,19]; decreasing movement arousals
[7]; improving sleep efficiency [20]; and increasing REM
sleep [8,21,22]. Estrogen replacement has also been
shown to reduce sleep disordered breathing in postmenopausal women [23,24] while exogenous administration of
progestin produces sedative effects in both women and
men [25,26]. Estrogen and progestin both improve vasomotor symptoms and may be beneficial for sleep disturbance [27,28]. Estrogen alone [7], but not estrogen plus
progestin [29], alleviated the frequency of nocturnal
movement arousals as measured by polysomnography.
Given that data on the effects of estrogen on sleep quality
(e.g. total sleep time, sleep efficiency, number of awakenings, wake after sleep onset, and sleep latency) in postmenopausal women are sparse, there is a clear need for
contemporary research to clarify the inconsistency.
In this study, we examined data gathered in the Study of
Osteoporotic Fractures (SOF), a longitudinal cohort
study designed to examine the risk factors of osteoporotic
fractures in women, to test the hypothesis that HT in
postmenopausal women is associated with better sleep
measured objectively by wrist actigraphy. This study population provides a unique opportunity to examine this
question in a large community-dwelling cohort of postmenopausal women, with additional data collected to
allow for adjustment of possible confounders.

Methods
Participants

The SOF is a longitudinal epidemiologic study of 10,366
women age 65 years or older, recruited from four study
centers located in Baltimore, MD; Minneapolis, MN;
Portland, OR; and the Monongahela Valley near Pittsburgh, PA. Women were excluded if they had a bilateral
hip replacement or were unable to walk without assistance. The baseline SOF examinations were conducted
from 1986-88, when 9,704 Caucasian women were
recruited [30]. SOF was originally designed to investigate
risk factors for osteoporosis and osteoporotic fractures,
and initially African-American women were excluded
from the study due to their low incidence of hip fractures,
but from February 1997 to February 1998 662 AfricanAmerican women were enrolled. At all subsequent visits,
no exclusion criteria were used. All participants were
community-dwelling at baseline. Since then follow-up
exams have taken place approximately every two years.
The focus of this analysis was data gathered at the SOF
year 16 or visit 8, which took place between January 2002
and February 2004. Of the 4,727 women at this visit, wrist
actigraphy data were collected on 3,676 (78%) participants with clinic or home visits. Of the sample with wrist
actigraphy, a total of 3,123 (85%) women had technically
adequate actigraphy data and HT data available. Among
these there were 424 current HT users, 1,289 past HT
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users, and 1,410 never HT users. The institutional review
boards on human research approved the study at each
institution, and all participating women provided written
informed consent.
Actigraphy

Participants wore the Sleep-watch-O (SleepWatch-O®,
Ambulatory Monitoring, Inc) actigraph, a small, validated device worn on the wrist for highly effective sleepwake inference from wrist activity [31,32]. Movement is
measured by a piezoelectric linear accelerometer (sensitive to 0.003 g and above), which generates a voltage each
time the actigraph is moved. These voltages are gathered
continuously and summarized over 1-minute epochs.
The actigraph collects movement data in 3 different
modes; zero crossings mode (ZCM), time above threshold mode (TAT), and proportional integration mode
(PIM). Data from the PIM mode was used in this analysis
because it corresponded best to the gold standard of
polysomnography (PSG) for estimation of sleep and wake
in our population [33]. The actigraph was initialized in
the clinic prior to the visit, and placed on the participant's
nondominant wrist by the examiner during the visit.
Women wore the actigraphs continuously for a minimum
of three 24-hour periods (i.e., 72 hours). The average of
the sleep parameters over all nights was used in this analysis to minimize interdaily variability. In general, scoring
of actigraphy data was very reliable and highly predictive
of total sleep time as measured by PSG [33].
ActionW-2 software (Ambulatory Monitoring, Inc.)
was used to score the sleep and wake periods and compute sleep variables. All participants completed a daily
sleep log which was used to edit the actigraphs data. The
UCSD sleep scoring algorithm available in this software
was used to differentiate sleep from wake for the PIM
mode data. This algorithm calculates a moving average,
which takes into account the activity levels immediately
before and after the current minute to determine if the
timepoint should be coded as sleep or wake. The following sleep parameters were calculated: Total sleep time
(TST) as the mean minutes scored as nighttime sleep
while in-bed; Sleep efficiency as the percentage of time
(0-100%) the participant was sleeping while in-bed; Sleep
latency as the number of minutes from the time the participant reported getting into bed to sleep onset as scored
on the actigraph, defined as the when the participant
achieved sleep for 20 continuous minutes after getting
into bed; Wake after sleep onset (WASO) as the number
of minutes scored as awake from sleep onset to the end of
the last sleep episode while in-bed; Number of long-wake
episodes defined as ≥ 5 minutes duration; Napping
behavior was estimated as the total time while the participant was not in bed at night that was scored as sleeping
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by the sleep-scoring algorithm (this may include periods
of extreme inactivity).
Sleep parameters were analyzed both as continuous
measures and as categorical exposure variables based on
current beliefs about clinically relevant values of sleep
parameters in older adults. Total sleep time was categorized as <6 hours, 6-8 hours and >8 hours. Sleep efficiency was categorized as <70% and ≥ 70%. Sleep latency
was categorized as <60 minutes and ≥ 60 minutes. WASO
was categorized as <90 minutes and ≥ 90 minutes. Number of long-wake episodes was categorized as <8 and ≥ 8.
Napping was categorized as <2 hours and ≥ 2 hours.
Postmenopausal Hormone Use

Participants were asked about HT at every follow-up visit
approximately every two years for 16 years up to this visit.
Women were divided into three HT groups: never users;
past users (stopped use prior to Visit 8); current users
(used at Visit 8). Long versus short term current HT was
examined by analyzing associations for participants using
HT for ≤ 5 (n = 86) and >5 years (n = 338). Among past
HT users, associations among those stopping ≤ 5 (n =
454) and >5 (n = 835) years ago were examined.
Other Measurements

All participants completed questionnaire data, which
included questions about medical history, self-reported
health, smoking status, alcohol use, marital status, and
whether or not the participant walked for exercise. The
Geriatric Depression Scale (GDS) was used to assess
depressive symptoms with the standard cutoff of ≥ 6
symptoms used to define depression. Anxiety was
assessed using the Goldberg Anxiety Scale. During the
home or clinic visits current medication use within the
last 2 weeks was assessed by examination of medications,
and a computerized medication coding dictionary was
used to categorize these medications. The Mini-Mental
State Examination (MMSE) was administered to assess
cognitive function, with higher scores on a scale of 0 to 30
representing better cognition. Physical activity was
assessed by asking participants how many blocks they
normally walked for exercise per day. Body weight and
height were measured, and body mass index (BMI) was
calculated as Kg/m2.
Statistical analysis

Characteristics known to be related to HT were summarized using means and SDs for continuous data and percentages for categorical data. To identify potential
confounders, we considered a list of predictors thought to
be associated with HT and sleep parameters based on
biological plausibility or previous studies including age,
clinic site, race, BMI, anxiety, depression, cognitive function, alcohol use, smoking status, education, marital sta-
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tus, self-reported health status, physical activity,
antidepressant use, prior hysterectomy, and medical conditions (cardiovascular disease, cancer, hypertension and
diabetes). We compared characteristics between current,
past and never HT users using 3-way ANOVA for continuous covariates and chi square tests for categorical data.
All assumptions of the ANOVA model were tested and pvalues were calculated using the Wilcoxon non-parametric test for skewed covariates. To assess potential confounding we performed univariate tests to determine the
association between the each of the sleep variables and
the covariates. Variables that were significantly related (p
< 0.10) to at least one sleep outcome measure and HT
were included in the final multivariate analyses. To determine the relationship between HT and continuous measures of sleep parameters in the multivariate analysis, we
compared the adjusted means across the 3 categories
using ANOVA pairwise tests from generalized linear
models. Analyses were performed in which propensity
scores were calculated indicating the likelihood of HT use
based on a ordinal logistic regression model with HT as
the outcome adjusted for the covariates in the multivariate model [34]. This propensity score was then used in
place of the covariates in the models. Because use of propensity scores did not substantially alter the findings
regarding the association between HT and likelihood of
sleep disturbances, models adjusted for multiple covariates are presented in this article. Multinomial logistic
regression models were also used to examine the relationship between HT and categorized sleep parameters. We
modeled the odds of sleep disturbance for the following
categories: sleep efficiency <70% compared with ≥ 70%;
sleep latency ≥ 60 minutes compared with <60 minutes
and; WASO ≥ 90 minutes compared with <90 minutes;
number of long-wake episodes ≥ 8 compared with <8;
and napping ≥ 2 hours compared with <2 hours. Polytomous logistic regression was used to simultaneously estimate the odds of total sleep time <6 hours and >8 hours
compared with 6-8 hours. Statistical analysis was performed using the statistical software program SAS version 9.1 (SAS Institute, Inc., Cary, NC).

Results
Characteristics of the study population

The analysis cohort for this study was composed of 3,123
women (mean age 84 ± 4 years, range 77-99 years) with
actigraphy measurements. We previously compared the
overall distribution of subject characteristics and health
conditions of the 3,123 women with wrist actigraphy to
the 1,795 who did not have actigraphy measured [35].
The latter group was on average 1.4 years older, had
higher rates of IADL impairment and stroke, had a worse
mean depression score, lower cognitive functioning, and
were more likely to be diagnosed with Alzheimer's dis-
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ease. This group also and experienced an almost 2-fold
increased mortality rate compared to women with actigraphy measurements.
Among the 3,123 women with wrist actigraphy, there
were 424 current HT users, 1,289 past HT users, and
1,410 never HT users (Table 1). Current HT users were
slightly younger and more likely to be married, have a
higher education, exercise more, have better cognitive
function, have had a hysterectomy when compared to
both other groups. Never HT users were more likely to be
African American, have a higher BMI and more medical
conditions when compared to both other groups. Past
HT users were more likely to have higher anxiety scale
sores when compared to both other groups. Both current
and past HT users were more likely to be diagnosed with
depression when compared to never users. The majority
of current HT users were taking conjugated estrogens
(88%) including Premarin (62%) and Prempro (5%).
Approximately 15% of current HT users were taking
estrogen and progestin.
HT and sleep

Women currently taking HT compared to never users
were less likely to have their sleep interrupted by waking
after falling asleep (Table 2), as indicated by fewer longwake (≥ 5 minutes) episodes (6.5 vs. 7.1, P = 0.004) and
less WASO time (76 vs. 82 minutes, P = 0.03) after adjustment for multiple potential confounders (age, clinic site,
race, BMI, anxiety, depression, cognitive function, alcohol use, education, marital status, self-reported health
status, number of blocks walked for exercise per day,
prior hysterectomy and medical conditions). Sleep
latency did not differ across the groups, nor did sleep efficiency or napping. Past HT users had significantly more
total sleep time than never users (413 vs. 403 minutes, P =
0.002). Among current HT users, length of usage (≤ 5 and
>5 years) and among past HT users, time since stopping
did not influence group differences in sleep indicators
(data not shown).
Compared to current HT users, women who never
used HT had significantly higher odds of ≥ 8 long-wake
episodes (odds ratio (OR), 1.58; 95% confidence interval
(CI), 1.18-2.12; p = 0.002) and wake after sleep onset ≥ 90
minutes (OR, 1.37; 95% CI, 1.02-1.83; p = 0.03) (Table 3).
Not statistically significant were higher odds of low sleep
efficiency <70% (OR, 1.37; 95% CI, 0.98-1.92) and napping ≥ 2 hours (OR, 1.35; 95% CI, 0.94-1.92) (Table 3).
Odds of having lower total sleep time or higher sleep
latency were not different across the groups. There was
no effect of progestin use or duration of HT use on the
results and results did not differ when estrogen+progestin users were excluded from the analysis.
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Discussion
To our knowledge, this is the first study in older, community-dwelling postmenopausal women that has evaluated
the relationship between long-term HT and objectively
measured sleep. These results are consistent with findings from a large number of epidemiological studies that
support a relationship between HT and improved sleep
characteristics [1,2]. A limited number of studies including menopausal women not reporting vasomotor symptoms have demonstrated that HT use relieved insomnia
[11] and reduced sleep disturbance [27], suggesting a
mechanism independent of hot flashes. A placebo-controlled study of HT in postmenopausal women reported
decreased wakefulness after sleep onset, and increased
total sleep time after the initiation of HT and enhanced
REM sleep [21]. Another comparison of placebo with HT
showed a reduction in the number of sleep-disordered
breathing episodes and a decreased duration of hypopneas with HT [24].
Sleep difficulties in older postmenopausal women may
be influenced by the emergence of coexisting medical
conditions and the presence of other hormonal, physiologic, and even psychosocial factors [36-38]. Estrogen
regulates the synthesis and release of neurotransmitters
and neuromodulators that affect many brain functions
including mood, behavior, cognition and sleep [1517,21,39,40]. For example, the serotonergic system is regulated by ovarian steroids and by estrogen and progesterone treatment [39]. In addition, sex hormone receptors
are present in the suprachiasmatic nucleus (SCN) [41],
the key biologic clock in the brain that orchestrates circadian biological rhythms, such as the rhythms of hormones, body temperature, sleep and mood. These
experimental findings may provide a potential neuroendocrine mechanism by which HT can act to improve
SCN-related rhythm disturbances, such as body temperature, mood and sleep [41].
A small number of observational studies [5,42,43] have
examined the role of HT in preventing or alleviating
sleep-disordered breathing (SDB), which is more common among postmenopausal women and may be a confounder in the present analysis. This is also an important
consideration since wrist actigraphy may underestimate
arousal/fragmentation index and WASO as measured by
PSG in severe obstructive sleep apnea patients [44]. One
small study [42] found that postmenopausal women taking HT had a lower prevalence of SDB compared with
postmenopausal women not taking HT (based on fewer
than 30 women with SDB). The presence of SDB in this
study appeared to be associated exclusively with obesity
and controlling for age and BMI attenuated the association between HT and SDB [42]. A second study [43]
found that HT users had lower odds of SDB but that controlling for BMI removed the association between meno-
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Table 1: Visit 8 characteristics among postmenopausal hormone therapy (HT) categories from the SOF Cohort.
Characteristics

Age (y), mean +/- SD
Body mass index

(kg/m2),

mean +/- SD

Current

Past

Never

(N = 424)

(N = 1,289)

(N = 1,410)

P-value*

82.9 +/- 3.4

83.8 +/- 3.4

83.6 +/- 4.2

0.0002

26.2 +/- 4.6

26.6 +/- 4.7

27.7 +/- 5.3

<.0001

Married, n (%)

149 (35.2)

378 (29.4)

299 (21.2)

<.0001

African-American, n (%)

34 (8.0)

29 (2.3)

265 (18.8)

<.0001

Clinic site, n +/- SD

<.0001
BALTIMORE
MINNEAPOLIS
PITTSBURGH
PORTLAND

70 (16.5)

238 (18.5)

240 (17.0)

131 (30.9)

464 (36.0)

422 (29.9)

<.0001

49 (11.6)

280 (21.7)

537 (38.1)

<.0001

174 (41.0)

307 (23.8)

211 (15.0)

<.0001

Education (y), mean +/- SD

13.3 +/- 2.6

13.1 +/- 2.6

12.4 +/- 2.8

<.0001

Age at menopause, mean +/- SD

47.7 +/- 6.4

48.5 +/- 5.6

47.9 +/- 5.9

0.0181

Years of menopause, mean +/- SD

34.6 +/- 6.9

35.2 +/- 6.5

34.6 +/- 7.6

0.3451

Any alcohol intake in the past 30 days, n (%)

188 (44.4)

583 (45.3)

514 (36.5)

<.0001

Current smoker, n (%)

10 (2.4)

32 (2.5)

43 (3.1)

Self-reported health status, n (%)
Poor/very poor

0.593
0.4438

7 (1.7)

28 (2.2)

36 (2.6)

88 (20.8)

275 (21.4)

330 (23.4)

0.4438

Good/excellent

328 (77.5)

984 (76.5)

1044 (74.0)

0.4438

Medical condition (0-4)

1.2 +/- 0.9

1.3 +/- 1.0

1.3 +/- 0.9

0.1621

Fair

Goldberg Anxiety Scale score, mean +/- SD

1.3 +/- 2.2

1.5 +/- 2.3

1.2 +/- 2.1

0.0007

Geriatric Depression Scale score, mean +/- SD

2.2 +/- 2.3

2.5 +/- 2.6

2.4 +/- 2.7

0.0157

Diagnosed with depression

124 (8.81)

185 (14.35)

64 (15.13)

<.0001

MMSE score, mean +/- SD

28.1 +/- 1.7

28.0 +/- 2.0

27.7 +/- 2.1

<.0001

Walks for exercise (yes), n (%)

182 (43.2)

487 (38.3)

479 (34.4)

0.0028

Blocks walked for exercise (daily), mean +/- SD

9.8 +/- 12.2

8.14 +/- 9.9

7.5 +/- 9.7

0.0072

Currently taking antidepressants, n (%)

43 (10.1)

119 (9.2)

104 (7.4)

0.0984

Current sleep medication user, n (%)

1 (0.2)

26 (2.0)

8 (0.6)

0.0003

Prior hysterectomy, n (%)

285 (67.4)

551 (42.9)

409 (29.0)

<.0001

* Values of p for continuous data are from a t test for normally distributed data and a Wilcoxon rank sum test for skewed data. Values of p for
categorical data are from a chi-squared test test for homogeneity.
SOF = Study of Osteoporotic Fractures; MMSE = Mini-Mental State Examination; SD = standard deviation.

pause and SDB. A third study [5] identified a reduced risk
of SDB among HT users and that the association
remained significant after adjustment for determinants of
SDB. These data combined suggest that menopause is a
significant risk factor for SDB in women and that HT
appears to be associated with reduced risk. However, it
should be noted that age and BMI are significant risk factors for SDB and that the inverse relationship between
HT and SDB was weakest among the oldest age group ≥
70 years [5,42], which is similar to the age group in the
current study.

Several methodologic and etiologic factors may be contributing to the inconsistent associations previously
reported for HT and sleep, including differences in study
population, hormone formulation and dose, and duration
of study [7,8,21,29]. In this study, current HT users had a
higher education, exercised more, had fewer medical
conditions and better cognitive function but were also
more likely to be diagnosed with depression compared to
past and never postmenopausal hormone users. Multivariate adjustment suggests that the association of HT
with improved sleep is independent of these factors.
However, it is possible that HT may have no direct causal
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Table 2: Associations between postmenopausal hormone therapy (HT) and sleep parameters.
HT use
Parameter

Total sleep time, minutes (SD)

Current

Past

Never

(N = 424)

(N = 1,289)

(N = 1,410)

407 (5)

413 (4)

403 (4)a

Sleep efficiency, % (SD)

77.3 (0.8)

76.9 (0.7)

76.1 (0.6)

Sleep latency, minutes (SD)

41.4 (2.7)

43.5 (2.2)

44.7 (2.2)

Wake after sleep onset, minutes (SD)

76.0 (3.3)

79.1 (2.7)

82.1 (2.7)b

Long wake episodes, # (SD)

6.5 (0.2)

6.9 (0.2)b

7.1 (0.2)c

Napping, minutes (SD)

77.1 (4.5)

80.0 (3.7)

80.5 (3.6)

a P < 0.01 vs. Past HT use
b P < 0.05 vs. Current HT use
c P < 0.01 vs. Current HT use
Adjusted for age, clinic site, race, BMI, cognitive function, number of blocks walked for exercise per day, depression, anxiety, education,
marital status, age at menopause, alcohol use, prior hysterectomy and medical conditions.

association with sleep improvement and may be influencing other age-related factors that are benefiting sleep but
are not accounted for in our analysis. We found no sleep
quality differences between those participants currently
using HT for ≤ 5 and >5 years or between past HT users
who stopped ≤ 5 and >5 years prior to this study. HT formulations are not uniform and consist of various estrogen and progestin combinations and doses that may lead
to differential effects on sleep. In this study, results did
not differ when estrogen and progestin users were
excluded from the analysis. However, as there were fewer

than 80 progestin users among the SOF participants with
wrist actigraphy, progestin use could still be a potential
confounder of this relationship.
Our study had a number of strengths, including a large
cohort of community-dwelling postmenopausal women
with no inclusion requirements regarding sleep disorders.
Several different sleep parameters were examined, all of
which were gathered objectively, and there were extensive
data for adjustment of possible confounders. To avoid any
misclassifications of HT usage prior to actigraphy, measurements of HT usage were collected approximately

Table 3: Associations between postmenopausal hormone therapy (HT) and categorized sleep parameters.
HT use
Parameter

Current

Past

Never

(N = 424)

(N = 1,289)

(N = 1,410)

<6 hoursa

1.00 (Ref.)

0.99 (0.85 - 1.15)

1.14 (0.85 - 1.53)

>8 hoursa

1.00 (Ref.)

1.17 (0.97 - 1.40)

1.02 (0.69 - 1.51)

<70%b

1.00 (Ref.)

1.03 (0.87 - 1.21)

1.37 (0.98 - 1.92)

Sleep latency

>= 60

minutesc

1.00 (Ref.)

1.06 (0.90 - 1.25)

1.15 (0.82 - 1.60)

Wake after sleep onset

>= 90 minutesd

1.00 (Ref.)

1.03 (0.90 - 1.19)

1.37 (1.02 - 1.83)

1.00 (Ref.)

1.10 (0.95 - 1.27)

1.58 (1.18 - 2.12)

1.00 (Ref.)

1.13 (0.95 - 1.34)

1.35 (0.94 - 1.92)

Total sleep time

Sleep efficiency

8e

Long wake episodes

>=

Napping

>= 2 hoursf

a Compared with 6-8 hours
b Compared with ≥ 70%
c Compared with <60 minutes
d Compared with <90 minutes
e Compared with <8 episodes
f Compared with <2 hours
Adjusted for age, clinic site, race, BMI, cognitive function, number of blocks walked for exercise per day, depression, anxiety, education,
marital status, age at menopause, alcohol use, prior hysterectomy and medical conditions.
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every two years for 16 years. For this analysis, it is likely
that hot flashes were uncommon in the study participants
who were 77-99 years at the sleep exam. This analysis also
had several limitations. We are unable determine causality since actigraphy was collected at a single time and we
cannot rule out that previous sleep problems influenced
HT usage. Findings are for older women, with a mean age
of 84 ± 4 years (range 77-99 years) and may not be generalizable to younger women undergoing menopause. We
adjusted for education as a surrogate for SES but this may
be an inadequate measure of SES in this cohort of elderly
women. The individuals who had actigraphy were somewhat healthier than those who did not have these measures, and thus, it is possible that different associations
may have been observed with inclusion of these women.
The lack of PSG limits our ability to account for sleep
apnea in these analyses. Lastly, confounding by unknown
or other unmeasured confounding factors could have
resulted in biased estimates of effect.

Conclusions
Our findings suggest that postmenopausal women currently using HT had improved sleep quality for two out of
five objective measurements. Both measures, shorter
WASO and fewer long-wake episodes, are specifically
related to sleep fragmentation. The mechanism behind
this association is not clear but multivariate adjustment
suggests that the beneficial effects of HT are not
explained by other behavioral, aging- and health-related
variables. While the majority of women start HT to
relieve menopausal symptoms, some continue to use HT
beyond the menopausal transition. In this study 14% of
participants were using HT at the 16th year of the SOF
(mean age of 83 ± 4 years). For an individual postmenopausal woman, however, starting HT use should be considered carefully in balance with other risks since the
vascular side-effects of hormone replacement may exceed
its beneficial effects on sleep [45-47].
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
GT conceived of the project, participated in the design of the study and
drafted the manuscript. NP, TB performed statistical analyses and helped to
draft the manuscript. MP participated in the design of the study and helped to
draft the manuscript. SA-I, KE, JC, SR, NL, TH, KY, SC, KS conceived of the study,
participated in study design and coordination and helped to draft the manuscript
All authors read and approved the final manuscript.
Acknowledgements
This work was supported by grants from the NIH: AG05407, AR35582, AG05394,
AR35584, AR35583, AR46238, AG005407, AG08415, AG027576-22, AG00539422A1, AG027574-22A1.
Investigators in the Study of Osteoporotic Fractures Research Group: San Francisco Coordinating Center (California Pacific Medical Center Research Institute
and University of California San Francisco): SR Cummings (principal investigator), MC Nevitt (co-investigator), DC Bauer (co-investigator), DM Black (co-

Page 7 of 8

investigator), KL Stone (co-investigator), W Browner (co-investigator), N Lane
(co-investigator) R Benard, T Blackwell, PM Cawthon, L Concepcion, M Dockrell,
S Ewing, M Farrell, C Fox, R Fullman, SL Harrison, M Jaime-Chavez, W Liu, L Lui, L
Palermo, N Parimi, M Rahorst, D Kriesel, C Schambach, R Scott, J Ziarno.
University of Maryland: MC Hochberg (principal investigator), R Nichols (clinic
coordinator), S Link.
University of Minnesota: KE Ensrud (principal investigator), S Diem (co-investigator), M Homan (co-investigator), P Van Coevering (program coordinator), S
Fillhouer (clinic director), N Nelson (clinic coordinator), K Moen (assistant program coordinator), F Imker-Witte, K Jacobson, M Slindee, R Gran, M Forseth, R
Andrews, C Bowie, N Muehlbauer, S Luthi, K Atchison.
University of Pittsburgh: JA Cauley (principal investigator), LH Kuller (co-principal investigator), JM Zmuda (co-investigator), L Harper (project director), L Buck
(clinic coordinator), M Danielson (project administrator), C Bashada, D Cusick, A
Flaugh, M Gorecki, M Nasim, C Newman, N Watson.
The Kaiser Permanente Center for Health Research, Portland, Oregon: T Hillier
(principal investigator), K Vesco (co-investigator), K Pedula (co-investigator), J
Van Marter (project director), M Summer (clinic coordinator), A MacFarlane, J
Rizzo, K Snider, J Wallace.
Author Details
Research Institute, San Francisco, CA, USA, 2Department of Psychiatry,
University of California San Diego, San Diego, CA, USA, 3Division of
Epidemiology and Community Health, University of Minnesota, Minneapolis,
MN, USA, 4Center for Chronic Disease Outcomes Research, Minneapolis VA
Medical Center, Minneapolis, MN, USA, 5Department of Medicine, University of
Minnesota, Minneapolis, MN, USA, 6Department of Epidemiology, University of
Pittsburgh, Pittsburgh, PA, USA, 7Department of Medicine and Center for
Clinical Investigation, Case Western Reserve University, Cleveland, OH, USA,
8Department of Medicine, University of California Davis Medical School,
Sacramento, CA, USA, 9Kaiser Permanente Center for Health Research
Northwest/Hawaii, Portland, OR, USA and 10Departments of Psychiatry,
Neurology, and Epidemiology, University of California, San Francisco and the
San Francisco VA Medical Center, San Francisco, CA, USA
1CPMC

Received: 28 July 2009 Accepted: 4 May 2010
Published: 4 May 2010
©
This
BMC
2010
is
article
Women's
an
Tranah
Open
is available
Health
et
Access
al; licensee
2010,
from:
article
10:15
http://www.biomedcentral.com/1472-6874/10/15
BioMed
distributed
Central
under
Ltd.the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

References
1. Dzaja A, Arber S, Hislop J, Kerkhofs M, Kopp C, Pollmacher T, Polo-Kantola
P, Skene DJ, Stenuit P, Tobler I, et al.: Women's sleep in health and
disease. J Psychiatr Res 2005, 39(1):55-76.
2. Soares CN, Murray BJ: Sleep disorders in women: clinical evidence and
treatment strategies. Psychiatr Clin North Am 2006, 29(4):1095-1113.
abstract xi
3. Dennerstein L, Dudley EC, Hopper JL, Guthrie JR, Burger HG: A
prospective population-based study of menopausal symptoms. Obstet
Gynecol 2000, 96(3):351-358.
4. Ohayon MM: Severe hot flashes are associated with chronic insomnia.
Arch Intern Med 2006, 166(12):1262-1268.
5. Shahar E, Redline S, Young T, Boland LL, Baldwin CM, Nieto FJ, O'Connor
GT, Rapoport DM, Robbins JA: Hormone replacement therapy and
sleep-disordered breathing. Am J Respir Crit Care Med 2003,
167(9):1186-1192.
6. Krystal AD, Edinger J, Wohlgemuth W, Marsh GR: Sleep in perimenopausal and post-menopausal women. Sleep Med Rev 1998,
2(4):243-253.
7. Polo-Kantola P, Erkkola R, Irjala K, Pullinen S, Virtanen I, Polo O: Effect of
short-term transdermal estrogen replacement therapy on sleep: a
randomized, double-blind crossover trial in postmenopausal women.
Fertil Steril 1999, 71(5):873-880.
8. Schiff I, Regestein Q, Tulchinsky D, Ryan KJ: Effects of estrogens on sleep
and psychological state of hypogonadal women. Jama 1979,
242(22):2405-2404.
9. Watts NB, Notelovitz M, Timmons MC, Addison WA, Wiita B, Downey LJ:
Comparison of oral estrogens and estrogens plus androgen on bone
mineral density, menopausal symptoms, and lipid-lipoprotein profiles
in surgical menopause. Obstet Gynecol 1995, 85(4):529-537.
10. Boyle GJ, Murrihy R: A preliminary study of hormone replacement
therapy and psychological mood states in perimenopausal women.
Psychol Rep 2001, 88(1):160-170.

Tranah et al. BMC Women's Health 2010, 10:15
http://www.biomedcentral.com/1472-6874/10/15

11. Polo-Kantola P, Erkkola R, Helenius H, Irjala K, Polo O: When does estrogen
replacement therapy improve sleep quality? Am J Obstet Gynecol 1998,
178(5):1002-1009.
12. Owens JF, Matthews KA: Sleep disturbance in healthy middle-aged
women. Maturitas 1998, 30(1):41-50.
13. Shin C, Lee S, Lee T, Shin K, Yi H, Kimm K, Cho N: Prevalence of insomnia
and its relationship to menopausal status in middle-aged Korean
women. Psychiatry Clin Neurosci 2005, 59(4):395-402.
14. Moline ML, Broch L, Zak R: Sleep in women across the life cycle from
adulthood through menopause. Med Clin North Am 2004, 88(3):705-736.
15. Toran-Allerand CD: Novel sites and mechanisms of oestrogen action in
the brain. Novartis Found Symp 2000, 230:56-69. discussion 69-73
16. Natale V, Albertazzi P, Zini M, Di Micco R: Exploration of cyclical changes
in memory and mood in postmenopausal women taking sequential
combined oestrogen and progestogen preparations. Bjog 2001,
108(3):286-290.
17. Manber R, Armitage R: Sex, steroids, and sleep: a review. Sleep 1999,
22(5):540-555.
18. Wiklund I, Karlberg J, Mattsson LA: Quality of life of postmenopausal
women on a regimen of transdermal estradiol therapy: a double-blind
placebo-controlled study. Am J Obstet Gynecol 1993, 168(3 Pt
1):824-830.
19. Erlik Y, Tataryn IV, Meldrum DR, Lomax P, Bajorek JG, Judd HL: Association
of waking episodes with menopausal hot flushes. Jama 1981,
245(17):1741-1744.
20. Scharf MB, McDannold MD, Stover R, Zaretsky N, Berkowitz DV: Effects of
estrogen replacement therapy on rates of cyclic alternating patterns
and hot-flush events during sleep in postmenopausal women: a pilot
study. Clin Ther 1997, 19(2):304-311.
21. Thomson J, Oswald I: Effect of oestrogen on the sleep, mood, and
anxiety of menopausal women. Br Med J 1977, 2(6098):1317-1319.
22. Antonijevic IA, Stalla GK, Steiger A: Modulation of the sleep
electroencephalogram by estrogen replacement in postmenopausal
women. Am J Obstet Gynecol 2000, 182(2):277-282.
23. Manber R, Kuo TF, Cataldo N, Colrain IM: The effects of hormone
replacement therapy on sleep-disordered breathing in
postmenopausal women: a pilot study. Sleep 2003, 26(2):163-168.
24. Pickett CK, Regensteiner JG, Woodard WD, Hagerman DD, Weil JV, Moore
LG: Progestin and estrogen reduce sleep-disordered breathing in
postmenopausal women. J Appl Physiol 1989, 66(4):1656-1661.
25. Itil TM, Cora R, Akpinar S, Herrmann WM, Patterson CJ: "Psychotropic"
action of sex hormones: computerized EEG in establishing the
immediate CNS effects of steroid hormones. Curr Ther Res Clin Exp 1974,
16(11):1147-1170.
26. Friess E, Tagaya H, Trachsel L, Holsboer F, Rupprecht R: Progesteroneinduced changes in sleep in male subjects. Am J Physiol 1997, 272(5 Pt
1):E885-891.
27. Hays J, Ockene JK, Brunner RL, Kotchen JM, Manson JE, Patterson RE,
Aragaki AK, Shumaker SA, Brzyski RG, LaCroix AZ, et al.: Effects of estrogen
plus progestin on health-related quality of life. N Engl J Med 2003,
348(19):1839-1854.
28. Welton AJ, Vickers MR, Kim J, Ford D, Lawton BA, MacLennan AH, Meredith
SK, Martin J, Meade TW: Health related quality of life after combined
hormone replacement therapy: randomised controlled trial. BMJ 2008,
337:a1190.
29. Purdie DW, Empson JA, Crichton C, Macdonald L: Hormone replacement
therapy, sleep quality and psychological wellbeing. Br J Obstet Gynaecol
1995, 102(9):735-739.
30. Cummings SR, Nevitt MC, Browner WS, Stone K, Fox KM, Ensrud KE, Cauley
J, Black D, Vogt TM: Risk factors for hip fracture in white women. Study
of Osteoporotic Fractures Research Group. N Engl J Med 1995,
332(12):767-773.
31. Ancoli-Israel S, Clopton P, Klauber MR, Fell R, Mason W: Use of wrist
activity for monitoring sleep/wake in demented nursing-home
patients. Sleep 1997, 20(1):24-27.
32. Cole RJ, Kripke DF, Gruen W, Mullaney DJ, Gillin JC: Automatic sleep/
wake identification from wrist activity. Sleep 1992, 15(5):461-469.
33. Blackwell T, Ancoli-Israel S, Gehrman PR, Schneider JL, Pedula KL, Stone KL:
Actigraphy scoring reliability in the study of osteoporotic fractures.
Sleep 2005, 28(12):1599-1605.
34. Rubin DB: Estimating causal effects from large data sets using
propensity scores. Ann Intern Med 1997, 127(8 Pt 2):757-763.

Page 8 of 8

35. Blackwell T, Yaffe K, Ancoli-Israel S, Schneider JL, Cauley JA, Hillier TA, Fink
HA, Stone KL: Poor sleep is associated with impaired cognitive function
in older women: the study of osteoporotic fractures. J Gerontol A Biol Sci
Med Sci 2006, 61(4):405-410.
36. Martin J, Shochat T, Ancoli-Israel S: Assessment and treatment of sleep
disturbances in older adults. Clin Psychol Rev 2000, 20(6):783-805.
37. Ancoli-Israel S, Cooke JR: Prevalence and comorbidity of insomnia and
effect on functioning in elderly populations. J Am Geriatr Soc 2005, 53(7
Suppl):S264-271.
38. McCrae CS, Rowe MA, Tierney CG, Dautovich ND, Definis AL, McNamara
JP: Sleep complaints, subjective and objective sleep patterns, health,
psychological adjustment, and daytime functioning in communitydwelling older adults. J Gerontol B Psychol Sci Soc Sci 2005,
60(4):P182-189.
39. McEwen BS, Alves SE: Estrogen actions in the central nervous system.
Endocr Rev 1999, 20(3):279-307.
40. Empson JA, Purdie DW: Effects of sex steroids on sleep. Ann Med 1999,
31(2):141-145.
41. Kruijver FP, Swaab DF: Sex hormone receptors are present in the human
suprachiasmatic nucleus. Neuroendocrinology 2002, 75(5):296-305.
42. Bixler EO, Vgontzas AN, Lin HM, Ten Have T, Rein J, Vela-Bueno A, Kales A:
Prevalence of sleep-disordered breathing in women: effects of gender.
Am J Respir Crit Care Med 2001, 163(3 Pt 1):608-613.
43. Young T, Finn L, Austin D, Peterson A: Menopausal status and sleepdisordered breathing in the Wisconsin Sleep Cohort Study. Am J Respir
Crit Care Med 2003, 167(9):1181-1185.
44. Wang D, Wong KK, Dungan GC, Buchanan PR, Yee BJ, Grunstein RR: The
validity of wrist actimetry assessment of sleep with and without sleep
apnea. J Clin Sleep Med 2008, 4(5):450-455.
45. Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ, Kooperberg C,
Stefanick ML, Jackson RD, Beresford SA, Howard BV, Johnson KC, et al.:
Risks and benefits of estrogen plus progestin in healthy
postmenopausal women: principal results From the Women's Health
Initiative randomized controlled trial. JAMA 2002, 288(3):321-333.
46. Cushman M, Kuller LH, Prentice R, Rodabough RJ, Psaty BM, Stafford RS,
Sidney S, Rosendaal FR: Estrogen plus progestin and risk of venous
thrombosis. JAMA 2004, 292(13):1573-1580.
47. Canonico M, Plu-Bureau G, Lowe GD, Scarabin PY: Hormone replacement
therapy and risk of venous thromboembolism in postmenopausal
women: systematic review and meta-analysis. BMJ 2008,
336(7655):1227-1231.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1472-6874/10/15/prepub
doi: 10.1186/1472-6874-10-15
Cite this article as: Tranah et al., Postmenopausal hormones and sleep quality in the elderly: a population based study BMC Women's Health 2010, 10:15

