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Abstract
Objective—Because hormone therapy use benefits sleep, sleep problems may occur following
suspension. We tested effects of short-term hormone therapy suspension on sleep problems.

Methods—A total of 1704 women aged 45–80 years at Group Health were randomized to stop
hormone therapy for 1 month, 2 months, or continue use. This study included 1405 women willing
to suspend hormone therapy use who returned both baseline and follow-up questionnaires,
administered within approximately 3 months of randomization. We used generalized linear models
to examine the relationships between hormone therapy suspension and nine individual items from
a modified General Sleep Disturbance Scale (number of days experienced in the past week) and an
overall sleep quality index at follow-up. We tested whether age, HT type, or duration of use
modified these relationships.

Results—Suspension of hormone therapy for 1 or 2 months was associated with greater
frequency of sleep problems for the overall sleep quality index and most individual sleep items.
For example, the incident rate ratios for waking too early (95% confidence interval) for were 1.23
(1.10, 1.38) for 1-month suspension and 1.30 (1.17, 1.45) for 2-month suspension, compared with
women who continued use. Age, type of and duration of hormone therapy use did not modify
these relationships.

Conclusion—Short-term hormone therapy suspension was related to moderately greater
frequency of sleep problems. Alternative forms of sleep management may benefit women who
elect to discontinue hormone therapy use.
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Introduction
Current guidelines recommend use of hormone therapy (HT: estrogen with or without
progestogen) for short-term relief of menopause-related symptoms.1 However, it is unclear

ClinicalTrials.gov registration number: NCT00117663.
Conflicts of interest: none

NIH Public Access
Author Manuscript
Menopause. Author manuscript; available in PMC 2012 November 1.

Published in final edited form as:
Menopause. 2011 November ; 18(11): 1184–1190. doi:10.1097/gme.0b013e31821d6d33.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



whether menopausal symptoms return following HT discontinuation.2–4 As HT use may
alleviate sleep problems,5–7 a resurgence of sleep problems may occur following HT
discontinuation. Sleep problems could have negative implications for immediate daytime
functioning8 and long-term health, such as development of the metabolic syndrome.9

Few studies have examined sleep problems following HT discontinuation, and results have
been inconsistent. In a study of 377 women at Kaiser Permanente Northern California who
voluntarily attempted to discontinue HT use, 16% reported difficulty sleeping.2 However, in
the Women’s Health Initiative.3 sleep problems were equally common after discontinuation
of estrogen and progestogen therapy (EPT) and placebo. In both cases women may have
been using HT for menopause-related symptoms as well as for prevention. Symptoms
experienced following HT suspension in women using HT for prevention purposes may
differ from those among women using HT to address menopausal symptoms.10 As both of
these studies used only a single question to assess sleep problems, a fuller understanding of
which aspects of sleep are related to HT discontinuation may assist in specific management.

Previous studies did not provide any detail regarding which charateristics may place women
at greater risk for sleep problems following HT discontinuation. For example, EPT may be
more effective than estrogen alone therapy (ET) in helping women sleep because of the
additional benefits of progestogens.11 Therefore, women discontinuing EPT may have a
greater resurgence of sleep problems than those discontinuing ET. Women who are younger
(and who are likely to have taken HT for fewer years) may benefit more from HT because
their sleep problems may be related to the menopausal transition rather than to other age-
related factors.12 Therefore, age and menopausal stage may affect the return of sleep
problems following HT discontinuation than older women. Understanding these more
detailed relationships are important for targeted therapies of sleep problems in midlife.

To examine the relationship between short term HT suspension and sleep problems, we
performed a secondary analysis using data from the Radiological Evaluation and Breast
Density (READ) randomized controlled trial. In this trial women were randomized to
continue using HT or suspend for 1 or 2 months prior to an upcoming mammogram. At the
time of the mammogram, women answered questions about sleep problems, allowing us to
examine the association between HT suspension and subsequent sleep problems. Our
primary hypothesis was that women randomized to HT suspension would have more
frequent sleep problems within the two months following HT suspension than women
randomized to continue HT. We also tested the following secondary hypotheses: 1) HT
suspension would have a stronger effect on the frequency of sleep problems among younger
than older women; 2) EPT suspension would result in more frequent sleep problems than
suspension of ET; and 3) women who had used HT for short duration would experience
more frequent sleep problems following HT suspension than women who had used HT for a
long duration.

Methods
Study setting

The details of the READ trial have been described previously. 13,14 Briefly, we recruited
women aged 45 to 80 years from Group Health, an integrated health plan in Western
Washington state, to participate in a clinical trial to examine whether brief HT suspension
before screening mammography decreased mammographic breast density and the need for
additional mammographic imaging. Eligibility for the READ trial was based on
mammography history and use of HT within the past 2 years and at the time of study
enrollment, in 2004 to 2007. Women were randomly assigned (block random assignment by
breast density and hormone therapy type) to one of the following HT use groups:
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continuation, 1-month suspension, or 2-month suspension. Approximately 3 months prior to
their scheduled mammograms, all study participants received a mailed baseline
questionnaire and instructions to suspend or continue HT personalized to randomization
group. Women also received a follow-up questionnaire to be completed at the time of the
mammogram. The institutional review boards at Group Health and the U.S. Department of
Defense reviewed and approved this study.

Predictor and outcome assessment
Our main outcome variables, sleep problems, were assessed using a modified General Sleep
Disturbance Scale,15 administered in the follow-up questionnaire. This scale assessed the
number of days in the past week (0 to 7) the respondent had experienced the following:
trouble falling asleep, waking while sleeping, waking too early, sleeping poorly, unsatisfied
with sleep, waking not rested, too little sleep, using sleep aids, and falling asleep at
unscheduled times. The sleep quality index was an average of the number of days the
participant experienced each item, excluding using sleep aids.15 We used each of the
individual sleep problems, as well as the sleep quality index, as outcome measures for
analysis. Women were excluded if they responded to fewer than 50% of sleep questions.

Age, body mass index, and race were collected from Group Health automated data records.
Other characteristics were assessed in the baseline questionnaire, including education, type
and duration of HT use, smoking status, alcohol consumption, and whether a doctor had ever
told the respondent she had high blood pressure, bone fracture after age 44 years, or
depression. Menopausal symptoms in the past month were also assessed on the baseline
questionnaire, using a summary index from the modified Wiklund Menopause Symptom
Checklist16, 17, which measures the average severity scores across a wide range of
symptoms including sleep disturbance, mood swings, vaginal bleeding, hot flashes, and
night sweats. A separate summary score for the severity of vasomotor symptoms was also
computed. A baseline assessment of sleep problems was also collected on the baseline
questionnaire.

Statistical analysis
We used generalized linear regression models with robust sandwich variance estimators to
test for differences in the frequency of sleep problems (individual items and the sleep quality
index) between randomization groups. As the distribution of the sleep quality index was
approximately normal, we used linear regression to estimate the difference and 95%
confidence intervals (CIs) in the mean sleep quality index score at follow-up for the 1- and
2-month suspension groups relative to the mean for the continuation group. The distributions
of the individual sleep items were heavily skewed, so we used a negative binomial model
with a log link to calculate incident rate ratios (IRR) and CIs to compare the randomization
groups for trouble falling asleep, waking while sleeping, waking too early, sleeping poorly,
unsatisfied with sleep, waking not rested, and too little sleep. Because of the bimodal
distribution of the number of days women used sleep aids or fell asleep at unexpected times,
we created binary indicators for these two sleep items (any difficulty versus none) and used
regression models with a log link and binomial error distribution to calculate relative risks
(RRs) and CIs. Baseline demographic, general health, HT type and duration, menopausal
symptoms, and reports of sleep problems did not differ by randomization group. Therefore,
we present only unadjusted results.

We tested whether age (split at the sample median age of 58 years), HT type (ET vs. EPT),
and HT duration prior to baseline (split at the median duration of use of 13 years) modified
the relationships between HT suspension and sleep problems at follow-up. We included an
interaction term between each of these stratification variables and an indicator for
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randomization group. Since results were similar for the 1-month and 2-month suspension
groups, we combined these groups into a single suspension group in the models assessing
effect modification. We conducted all analyses in Stata/SE version 10.1 (Stata Corp. LP,
College Station, Texas).

Results
From the 1704 randomized participants in the READ trial14, 230 withdrew before the
conclusion of the trial (Figure 1). We excluded 32 participants who did not complete a
baseline questionnaire and 28 participants who did not return the follow-up questionnaire
and 13 participants who returned the follow-up questionnaire but responded to fewer than
50% of the sleep questions. The analytic sample (n = 1405) comprised 518 women
randomized to continue HT use, 452 women randomized to 1-month suspension, and 435
women randomized to 2-month suspension. Because nearly 60% of women who did not
enroll in the study or withdrew cited an unwillingness to stop HT,14 our analysis sample
largely represents women who were willing to stop HT.

Baseline sociodemographic, health, and menopausal symptom characteristics were similar
by randomization group (Table 1). The average age across all randomization groups was 60
years, and most women in the trial were white, had an educational attainment beyond high
school, and did not report a history of high blood pressure, bone fracture, or depression.
Approximately half of women in the sample had never smoked, and about 80% of women
consumed alcohol a maximum of 1–2 times per week. Across randomization groups, around
40% of women used EPT, and the median duration of HT use was 13 years (Table 2).

At baseline women reported relatively low severity of menopausal symptoms, with a mean
of 1.7 for overall menopausal symptoms and 1.0 for vasomotor symptoms on a scale of 0–
10, and there were no differences by randomization group (Table 2). Sleep difficulties
reported at baseline also were similar across randomization groups. The sleep item with
greatest frequency at baseline was “waking while sleeping”, which happened, on average 4.5
days per week. The majority of women did not use sleep aids, and about half reported falling
asleep at unscheduled times.

At follow-up women randomized to the HT suspension groups reported significantly more
frequent sleep problems than women who continued HT use, across nearly all measures of
sleep difficulty (Table 3). The mean sleep quality index score was 0.49 (95% CI 0.29, 0.69)
and 0.70 (95% CI 0.50, 0.91) higher for the 1-month and 2-month suspension groups,
respectively, compared to the continuation group. Among the individual sleep items, the
greatest differences between the women randomized to suspend HT compared to the women
randomized to continue HT were for the outcomes of trouble falling asleep, sleeping poorly,
and waking too early. Compared to the continuation group, the 2-month suspension group
reported 46% more days with trouble falling asleep (IRR 1.46, 95% CI 1.24, 1.73), 46%
days sleeping poorly (IRR 1.46, 95% CI 1.31, 1.62) more, and 31% more days waking too
early (IRR 1.31, 95% CI 1.16, 1.48). The effects of 1-month suspension were less
pronounced, but were statistically significant. Similarly, the differences in the sleep index
and the estimated relative incidence rates for waking while sleeping, being unsatisfied with
sleep, not rested when woke up, and too little sleep were stronger for 2-month than 1-month
suspension. The frequency of use of sleep aids and falling asleep at unscheduled times did
not vary according to randomization group. Approximately one-third of all women used
sleep aids and approximately half of all participants fell asleep at unscheduled times in the
past week.
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In secondary analyses to assess effect modification, the relationships between HT
suspension and sleep problems did not differ significantly by age, HT type, or HT duration.
The estimated effects of HT suspension on the overall sleep quality index score at follow-up
within strata of these potential effect modifiers are summarized in Table 4 (data for other
sleep items not shown). Although the point estimates suggest that the effect of HT
suspension on the frequency of sleep problems may be greater in older women and women
who used EPT, these differences were not statistically significant.

Discussion
In a large randomized controlled trial of short-term HT suspension, women randomized to 1-
or 2-month suspension reported more frequent sleep problems than women randomized to
continue HT use. Although differences between groups were moderate, HT suspension was
associated with higher frequency in trouble falling asleep, waking while sleeping, waking
too early, sleeping poorly, being unsatisfied with sleep, not rested when waking, and too
little sleep. The aggregate effect of pervasive moderate sleep problems over time may be
substantial.

Our results are consistent with those of a previous small study of voluntary HT suspension at
Kaiser Permanente Northern California, which found a moderate increase in sleep problems
following HT suspension after a median follow-up of 5.7 months.2 However, the Women’s
Health Initiative (WHI) did not detect more sleep problems following HT discontinuation
among women randomized to HT than those randomized to placebo.3 Differences in follow-
up time and study population characteristics may explain inconsistencies between our results
and those of the WHI. First, the follow-up period in the READ trial was only a few months,
compared to 8 to 12 months in the other trial. It is possible that sleep problems dissipate
with time after HT discontinuation, as both the READ trial and the previous observational
study with abbreviated follow-up found moderate increases in sleep problems following HT
suspension. Second, over 80% of women in the READ trial were taking HT for symptom
management.14 Women in the WHI were randomized to HT for chronic disease prevention,
and only 18% reported sleeping difficulty at baseline.3 Because a greater proportion of
women in the WHI may not have had sleep problems prior to taking HT, one would not
anticipate a worsening of symptoms after HT suspension.10

The high level of follow-up sleep problems in the READ trial may have been related to a
return of vasomotor symptoms. Previous studies of menopausal symptoms following HT
discontinuation have found vasomotor symptom resurgence to be a frequent problem within
one year, although the association with sleep was not studied.2, 3, 18 Increased vasomotor
symptoms following HT suspension may mediate the relationships between HT suspension
and subsequent sleep problems,12 or a common underlying factor such as sympathetic
activation may influence both vasomotor symptoms and sleep problems.19 Adjusting for a
resurgence of menopausal symptoms in our regression models would lead to a model that
would be difficult to interpret. We explored the possible relationship between vasomotor
symptoms and sleep problems by comparing changes in vasomotor symptom scores and
sleep quality index scores from baseline to follow-up. Overall, women who experienced a
significant resurgence of vasomotor symptoms at follow-up, defined as having a change
from baseline to in the highest quarter, were more likely to also experience increased sleep
quality index scores.

Another explanation for the higher frequency of sleep problems after HT suspension that we
observed may relate the effect of progesterone and estrogen on sleep in humans.
Progesterone has an overall sedative effect,11 and exogenous estrogen has been shown to
decrease latency to sleep onset,20, 21, decrease awakening after sleep onset,12,20 and increase
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total sleep time.21 Exogenous estrogen may also benefit sleep by reducing stress
reactivity.22 While estrogen and progesterone may directly influence specific sleep
processes,23 sex steroids may also influence sleep through effects on general central nervous
system arousal24 and/or thermoregulation.12

Although our sample represents women willing to suspend HT, the use of a randomized
controlled trial was a strength of the analysis. The population-based approach of random
sampling from among midlife women Group Health who using HT and were due for a
mammogram lessened sampling biases. For example, recruiting only women at the time of a
treatment visit for menopausal symptoms might result in sampling women with more severe
symptoms

The major limitation of our trial was that women were not blinded to HT suspension.
Approximately 51 % of recruited women did not enroll, with around half of these women
citing an unwillingness to stop HT as the reason for not participating. However, non-
participants had similar key baseline characteristics asparticipants.14 Non-participants may
have been more concerned about menopausal symptom resurgence than participants.14, 25, 26

a factor we did not measure. In addition, around 18% of women randomized to HT
suspension dropped out prior to the completion of the trial. These women probably re-
started HT use because of the return of symptoms. Therefore, our results are likely
conservative estimates. Given that women will have different propensities for discontinuing
HT use, our findings only described sleep problems following suspension among those
willing to stop HT. Asmall proportion of women (9%) could not adhere to HT suspension
following randomization. However, excluding non-adherent women (n = 82) and women
who did not respond to the adherence question (n = 13) did not change our results. We were
unable to record whether women used medications for other reasons that might have
improved sleep, including selective serotonin reuptake inhibitors (SSRIs) or serotonin
norepinephrine reuptake inhibitor (SNRIs).27 However, insomnia symptoms are also
common side effects of SSRIs and SNRIs. Our study did not capture any laboratory
measures of sleep, which may have different associations with HT suspension than self-
reported sleep measures, 28,29 or severity of sleep problems.

Several characteristics of our sample may have masked differences in the relationships
between HT suspension and sleep problems by age, HT type, or HT duration. Because
eligible women must have been using HT for the two years prior to recruitment, our sample
could not have detected differences related to recent initiation of HT. Similarly, 75% of the
women in our sample were aged 53 years and over, which may have obscured any
differences related to younger age, in particular the menopausal transition.

Conclusion
In conclusion, in a group of women willing to suspend HT use in the short term, women
randomized to suspend HT had more frequent problems across sleep domains measured
within a few months after suspension, compared to women randomized to continue HT.
Women who elect to discontinue HT use may need specific assistance to manage sleep
problems following HT discontinuation.
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Fig. 1.
Recruitment and participation for the READ trial. READ, Radiological Evaluation and
Breast Density; HT, hormone therapy. aBefore the end of the trial.
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Table 1

Distribution of Demographic and General Health Characteristics by HT Suspension Group Prior to Suspension
(at Randomization)

Characteristic Continuation Group (n = 518)
1-Month Suspension Group

(n = 452)
2-Month Suspension Group

(n = 435) p valuea

n (%) n (%) n (%)

Age (mean (SD)) 60.4 (7.3) 60.4 (7.2) 60.5 (7.2) 1.0

Body Mass Index (kg/m2) 0.2

 < 25 194 (38.0) 174 (39.3) 147 (34.1)

 25–29.9 179 (35.1) 138 (31.2) 144 (33.4)

 ≥ 30 137 (26.9) 131 (29.6) 140 (32.5)

Race and Ethnicity 0.2

 White non-Hispanic 466 (92.5) 397 (90.2) 379 (90.0)

 Hispanic 5 (1.0) 13 (3.0) 10 (2.4)

 Other non-Hispanic 33 (6.5) 30 (6.8) 32 (7.6)

Education 0.6

 High school or less 72 (14.0) 62 (14.0) 69 (16.1)

 Some college 221 (43.1) 173 (39.0) 170 (39.5)

 College graduate 90 (17.5) 93 (21.0) 85 (19.8)

 Graduate school 130 (25.3) 115 (26.0) 106 (24.7)

High blood pressure 0.7

 yes 197 (38.8) 178 (40.2) 158 (37.4)

 no 311 (61.2) 265 (59.8) 265 (62.7)

Bone fractureb 0.8

 yes 71 (14.0) 55 (12.6) 59 (14.0)

 no 435 (86.0) 381 (87.4) 362 (86.0)

Depressionb 0.9

 yes 183 (36.9) 157 (35.8) 147 (35.1)

 no 313 (63.1) 281 (64.2) 273 (64.9)

Smoking Status 0.4

 Never 277 (53.9) 246 (54.7) 254 (58.8)

 Former 206 (40.1) 169 (37.6) 154 (35.7)

 Current 31 (6.0) 35 (7.8) 24 (5.6)

Alcohol consumption 1.0

 never 147 (28.6) 134 (29.8) 125 (29.0)

 1–3 times/month 182 (35.4) 150 (33.3) 152 (35.3)

 1–2 times/week 66 (12.8) 64 (14.2) 52 (12.1)

 3–4 times/week 47 (9.1) 35 (7.8) 51 (11.8)

 almost daily 72 (14.0) 67 (14.9) 51 (11.8)

a
We use a chi-squared test was used for binary exposure variables, a Kruskal-Wallis test for ordered categorical exposure variables, and ANOVA

for continuous exposure variables.

b
self-reported
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Table 2

Distribution of HT, Menopausal, and Sleep Disturbance Characteristics by HT Suspension Group Prior to
Suspension (at Randomization)

Characteristic
Continuation Group (n

= 517) a
1-Month Suspension
Group (n = 450 ) a

2-Month Suspension
Group (n = 434) a p valueb

n (%) n (%) n (%)

Type of HT 0.59

 ET 283 (58.5) 235 (57.0) 241 (60.6)

 EPT 201 (41.5) 177 (43.0) 157 (39.5)

Duration of HT use (years) 0.79

 <5 67 (13.4) 57 (13.1) 46 (11.1)

 5 – 9 108 (21.5) 100 (23.0) 97 (23.4)

 10–14 107 (21.3) 103 (23.7) 99 (23.9)

 15+ 220 (43.8) 174 (40.1) 172 (41.6)

Median (IQR) Median (IQR) Median (IQR)

Intensity of menopausal symptoms (range
0 – 10)

1.7 (0.9, 2.6) 1.7 (0.8, 3.9) 1.7 (0.8, 2.9) 0.83

Intensity vasomotor symptoms (range 0 –
10)

1.0 (0, 2.5) 1.0 (0, 5.5) 1.0 (0, 3) 0.62

Sleep characteristics (number of days; range 0 – 7)

 Sleep quality index 2.5 (1.6, 3.6) 2.5 (1.4, 3.8) 2.6 (1.5, 3.9) 0.96

 Trouble falling asleep 1 (0, 2) 1 (0, 2) 1 (0. 2) 0.47

 Waking while sleeping 5 (2, 7) 5 (2, 7) 5 (2, 7) 0.49

 Waking too early 2 (1, 5) 2 (0, 5) 2 (0, 4) 0.73

 Sleeping Poorly 2 (1, 4) 2 (0, 4) 2 (1, 4) 0.89

 Unsatisfied with sleep 3 (1, 6) 3 (1, 6) 4 (2, 6) 0.57

 Not rested when woke up 3 (1, 5) 3 (1, 5) 4 (2, 6) 0.22

 Too little sleep 2 (1, 4) 2 (1, 4) 2 (0, 4) 0.99

n (%) n (%) n (%)

Sleep characteristics (any days)

Using sleep aids 0.11

 yes 176 (34.8) 132 (29.9) 124 (28.8)

 no 330 (65.2) 309 (70.1) 306 (71.2)

Falling asleep at unscheduled times 0.93

 yes 248 (49.4) 223 (50.7) 215 (49.9)

 no 254 (50.6) 217 (49.3) 216 (50.1)

a
Number of women who responded to ≥ 50% of sleep questions

b
We used a chi-squared test was used for binary exposure variables, a Kruskal-Wallis test for ordered categorical exposure variables, and ANOVA

for continuous exposure variables.
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Table 4

The Effect of HT Suspension versus HT Continuation1 on Sleep Quality Index, by Age, Type of HT, and
Duration of HT Use

Factor Difference (95% CI) p value3

Age

 < 57 years (n =683) 2 0.46 (0.22, 0.71) 0.13

 ≥ 57 years (n = 722) 2 0.73 (0.48, 0.97)

HT type

 ET (n = 762) 2 0.48 (0.24, 0.73) 0.24

 EPT (n = 535) 2 0.70 (0.44, 0.96)

Duration of HT use

 < 13 years (n = 710) 2 0.61 (0.38, 0.85) 0.73

 ≥ 13 years (n = 695) 2 0.55 (0.31, 0.80)

1
We combined 1-month and 2-month suspension groups into one group

2
Number of women who responded to ≥ 50% of sleep questions

3
From an interaction term
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