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Abstract

Background—Poor sleep is one of the most common problems reported during menopause, and 

is known to vary throughout the menopause transition. The objective of this study was to describe 

the dynamics of poor sleep among participants of the Midlife Women’s Health Study and to 

identify risk factors associated with poor sleep during the menopausal transition.

Methods—Annual responses to surveys that included questions about the frequency of sleep 

disturbances and insomnia were analyzed to determine the likelihood of persistent poor sleep 

throughout the menopausal transition and the correlation of responses to the different sleep-related 

questions, including frequency of restless sleep during the first year of the study. Responses to 

questions about a large number of potential risk factors were used to identify risk factors for poor 

sleep.

Results—Poor sleep in premenopause was not predictive of poor sleep in perimenopause, and 

poor sleep in perimenopause was not predictive of poor sleep in postmenopause. Frequencies of 

each of the measures of poor sleep were highly correlated. For all sleep outcomes, high frequency 

of depression was related to a high frequency of poor sleep. Vasomotor symptoms were also 

significantly related with a higher frequency of all poor sleep outcomes. A history of smoking was 

also associated with higher frequencies of insomnia and sleep disturbances.

Conclusions—The risk factors identified for poor sleep, depression and vasomotor symptoms, 

were consistently associated with poor sleep throughout the menopausal transition. The likelihood 

of these risk factors changed from premenopause, through perimenopause, and into 

postmenopause, however, which could explain changes in sleep difficulties across the menopausal 

corresponding author: Rebecca L Smith, rlsdvm@illinois.edu. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Sleep Med. Author manuscript; available in PMC 2019 May 01.

Published in final edited form as:
Sleep Med. 2018 May ; 45: 98–105. doi:10.1016/j.sleep.2018.01.012.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



transition. Treatment of these risk factors should be considered when addressing sleep difficulties 

in menopausal women.
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1. Introduction

One of the most common problems reported during menopause is poor sleep, with one-third 

to half of all women aged 40–64 reporting sleep problems [1]. Sleep problems seem to peak 

in late perimenopause and continue into postmenopause [2], with the odds of reporting 

severe sleep difficulty increased 2–3.5 fold during the menopausal transition [3,4]. While it 

is possible that these problems are due to aging [5,6], their clear variation across menopause 

stages [7] even when controlling for age [8] indicates that menopause itself plays a role in 

disrupting women’s sleep [9,10]. This may be due to direct physical impacts (changes in the 

hypothalamic-pituitary-ovarian hormones) or be related to emotional or behavioral responses 

to menopause (ie, stress or behavior changes) [9] or both [11]. However, other studies have 

found that the best predictor of poor sleep during menopause is poor sleep prior to 

menopause [12].

Although many studies have examined the role of different risk factors for poor sleep, 

reports have shown variable results due to heterogeneity in study design [9] and the fact that 

sleep is a complex outcome with many different functions (such as sleep efficiency [8], sleep 

architecture [5], sleep duration [13], night awakenings [14], circadian robustness [15], and 

polysomnography [15,16]), each of which can be affected by different risk factors [17]. 

Adding to the problems in determining the role of risk factors is the fact that many risk 

factor effects are likely bidirectional [9]; for instance, poor sleep is known to increase 

depression, anxiety, and stress, all of which increase rates of poor sleep [2,8,9,17,18].

Poor sleep includes insomnia, restless sleep, and sleep disturbances; the frequency of each of 

these outcomes was self-reported during the Midlife Women’s Health Study. The objective 

of this study was to describe the dynamics of poor sleep among participants of the Midlife 

Women’s Health Study and to identify risk factors associated with poor sleep during the 

menopausal transition.

2. Methods

2.1 Data collection

The Midlife Women’s Health Study was a cohort study of hot flashes among women 45–54 

years of age conducted starting in 2006 among residents of Baltimore and its surrounding 

counties. All participants gave written informed consent according to procedures approved 

by the University of Illinois and Johns Hopkins University Institutional Review Boards. The 

study design for the parent study is described in detail elsewhere [19]. Briefly, women were 

recruited by mail, and were included if they were in the target age range, had intact ovaries 

and uteri, and were pre- or perimenopausal. Exclusion criteria consisted of pregnancy, a 
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history of cancer, exogenous female hormone or herbal/plant substance, and no menstrual 

periods within the past year.

Participants made a baseline clinic visit, which included measurement of height and weight 

to calculate body mass index (BMI) and completion of a detailed 26-page baseline survey. 

Among the survey questions were the items “Please indicate how frequently you 

experienced sleep disturbances during the past year”, “Please indicate how frequently you 

experienced insomnia during the past year”, each on a five-point Likert scale (never, less 

than once per month, one-four times per month, two-four times per week, or more than five 

times per week); these questions resemble those of the MIDUS study, which have been 

validated [20]. Participants were also asked in the baseline survey to complete the statement 

“During the past week my sleep was restless” with a four-point Likert scale (rarely, some of 

the time, moderately, or most of the time). Such self-reporting of perceived sleep quality [9], 

although not necessarily correlating with actual sleep efficiency [1], has been found to be 

clinically relevant [21].

Participants were asked to complete a follow-up questionnaire during a clinic visit annually 

after the baseline visit. This questionnaire repeated previous questions about insomnia and 

sleep disturbances in the previous year as well as most other questions from the initial 

survey, excluding questions for which the answers would not change. The clinic visit was 

repeated weekly over four weeks, for a total of four visits in each year. Blood samples were 

collected at each scheduled clinic visit and stored until measurement of hormone levels as 

described below.

Menopausal status was defined as follows: premenopausal women were those who 

experienced their last menstrual period within the past three months and reported 11 or more 

periods within the past year; perimenopausal women were those who experienced: their last 

menstrual period within the past year, but not within the past three months; their last 

menstrual period within the past three months and experienced 10 or fewer periods within 

the past year. Postmenopausal women were those women who had not experienced a 

menstrual period within the past year. Follow-up was discontinued for women if they 

reported hormone therapy, an oophorectomy, or a cancer diagnosis. At the year four visit, 

follow-up was discontinued for women determined to be postmenopausal. Recruitment and 

follow-up were completed in late June 2015, with women followed for one to seven years, 

based on time of enrollment and menopause status at year four.

Serum extracted from the collected blood samples was used to measure estradiol levels in 

each sample using commercially available, previously validated enzyme-linked 

immunosorbent assay (ELISA) kits (DRG, Springfield, New Jersey, USA) [22–25]. The 

minimum detection limits and intra-assay coefficients of variation were seven pg/ml and 3.3 

± 0.17%, respectively. The average inter-assay coefficient of variation for all assays was less 

than five. For estradiol concentrations among all women enrolled in the study, the number of 

values below the limit of detection during year one were: visit 1, n=7; visit 2, n=3; visit 3, 

n=13; visit 4, n=6. In the case of values lower than the detection limits for the assay, we used 

the limit of detection as the hormone value. Each sample was measured in duplicate within 

the same assay. Totals from the four samples in each year were averaged to account for 
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variability in day of menstrual cycle, as participants were not expected to be able to schedule 

initial clinic visits on a particular day of their menstrual cycle due to the unpredictability of 

cycles during the menopausal transition. Estradiol levels were log-transformed to meet 

normality assumptions.

2.2 Dynamics of Sleep Outcomes

To determine the persistence of poor sleep through the menopausal transition, we calculated 

the probability of insomnia or sleep disturbances persisting from premenopause to 

perimenopause (pre-peri analysis) and the probability of insomnia or sleep disturbances 

persisting from perimenopause to postmenopause (peri-post analysis). Participants were 

assigned a menopause status for each year of the study. Women who transitioned from 

premenopause to perimenopause during the study were included in the pre-peri analysis, and 

women who transitioned from perimenopause to postmenopause during the study were 

included in the peri-post analysis. For each woman-stage combination, the worst responses 

for each sleep outcome (the most frequent occurrences of insomnia and sleep disturbances) 

were determined. The probability of insomnia or sleep disturbances persisting between 

stages was calculated using a proportional odds logistic regression model, where the 

outcome variable was the Likert value at the later stage and the predictor variable was the 

Likert value at the earlier stage. The predictor variable was considered as a linear variable, a 

categorical variable, or an ordinal variable. All models were fit with the polr function in the 

MASS package [26] in R 3.4.1 [27].

2.3 Interactions Among Sleep Outcomes

To determine the degree of correspondence among the three sleep outcomes (insomnia, sleep 

disturbances, and restless sleep) at the baseline clinic visit, Kendall’s tau was calculated for 

each two-way comparison using the Kendall package [28] in R 3.4.1 [27].

2.4 Risk Factors for Poor Sleep

To determine the risk factors for poor sleep outcomes, ordinal logistic regression models 

were fit to each of the three outcomes. For sleep disturbance and insomnia, all years of data 

were included by using random effects for repeated measures within women by year of 

study; for restless sleep, only the first year of data was included and the analysis was cross-

sectional in nature. First, univariable models were fit for the variables menopause status, 

age, race, BMI, income level, health status, hot flashes, night sweats, hot flash severity, hot 

flash frequency, depression frequency, serum estradiol, education level, frequency of alcohol 

consumption, smoking status, and leisure activity levels. Race was limited to black and 

white, as the number of individuals of other races in the study was low. Income level was 

defined as low (<$35,000/year), moderate ($35,000–$75,000/year), and high (>$75,000/

year). Health status was defined as response to “in general, how would you describe your 

health at present?”. Hot flashes were defined as response to “have you experienced hot 

flashes in the last year?” (for which the answers were yes, no, or don’t know). Night sweats 

were defined as response to “on average, how many hot flashes do you experience every 

night (between 9:00 p.m. and 6:00 a.m.)?” and were considered as both a binary variable 

(any hot flashes at night vs. no hot flashes at night) and a categorical variable for the number 

of hot flashes at night (none, one, two, three, four or more, or don’t know). Hot flash 
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severity was defined as response to “how would you describe the majority of your hot 

flashes?” and was categorized as none, mild (sensation of heat without sweating), moderate 

(sensation of heat with sweating), and severe (sensation of heat with sweating that disrupts 

your usual activity). Hot flash frequency was defined as response to “generally, how often do 

you experience hot flashes?” and was categorized as none, monthly, weekly, daily, or don’t 

know. Depression frequency was categorized as never, rarely (<one/month), sometimes 

(one-four/month), frequently (two-four/week), and regularly (>five/week); responses to this 

question at baseline were validated against the CES-D scale [29]. Education level was 

categorized as no college attendance, some college or technical school attendance, graduated 

from college or technical school, and/or at least some graduate school attendance. Frequency 

of alcohol consumption was a linear variable, representing the number of days drinking 

alcohol in the last year; those reporting that they did not consume at least 12 drinks in the 

last year and declining to answer the number of days drinking alcohol were assumed to have 

had zero drinks in the last year. Smoking was categorized as current, former, or never. 

Leisure activity levels were categorized as compared to other women in the age group (much 

less, less, as much, more, and much more).

Multivariable models were fit to each of the outcomes using additive stepwise model 

selection based on the Wald test statistic. Variables were added to the model if the p-value of 

the Wald statistic was <0.05, with the order of addition determined by the smallest p-value. 

Multivariable model selection was repeated for each outcome based on subsets of the dataset 

representing premenopause, perimenopause, and postmenopause. Models for sleep 

disturbance and insomnia were fit using the OrdLorGee function in the multgee package 

[30] and models for restless sleep were fit using the polr function in the MASS package [26] 

in R 3.4.1 [27].

3. Results

3.1 Data collection

A total of 776 women provided data for this analysis. Of these, 191 provided one year of 

data, 104 provided two years of data, 91 provided three years of data, 231 provided four 

years of data, and the remaining 159 provided between five and seven years of data, for a 

total of 2,479 observations. During the study, 436 women transitioned from premenopausal 

to perimenopausal, and 219 women transitioned from perimenopausal to postmenopausal. In 

total, 51 women did not respond to the question about the frequency of sleep disturbances; 

the distribution among those answering the question across all years of the study was: never 

(395), rarely or <one per month (520), sometimes or one-four per month (726), frequently or 

two-four per week (517), and regularly or >five per week (270). A total of 56 women did not 

respond to the question about the frequency of insomnia; the distribution among those 

answering the question across all years of the study was: never (717), rarely or <one per 

month (619), sometimes or one-four per month (573), frequently or two-four per week 

(347), and regularly or >five per week (167). During the baseline survey, seven women did 

not respond to the question about the frequency of restless sleep; the distribution among 

those answering was: rarely (307), some of the time (254), moderately (117), and most of 

the time (91).
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3.2 Dynamics of Sleep Outcomes

Sleep disturbance level in premenopause was not predictive of sleep disturbance level in 

perimenopause, nor was sleep disturbance level in perimenopause predictive of sleep 

disturbance level in postmenopause (Figure 1). Insomnia level in premenopause was not 

predictive of insomnia level in perimenopause (Figure 2). Women reporting insomnia 

regularly (more than five times a week) during perimenopause were significantly more likely 

to report higher levels of insomnia during postmenopause when perimenopausal insomnia 

levels were reported as factors (OR=3.6, 95% CI=1.29–10.36, p=0.01) or as ordinal 

variables (OR=2.9, 95% CI=1.30–6.57, p=0.01), but the effect was not noted with linear 

variables or the logistic regression analysis.

3.3 Interactions Among Sleep Outcomes

We found a high degree of correlation between the three sleep variables (insomnia, sleep 

disturbances, and restless sleep). The correlation values were as follows: between insomnia 

and sleep disturbances (τ = 0.636), insomnia and restless sleep (τ = 0.591), and sleep 

disturbances and restless sleep (τ = 0.614). The cross-tabulation of responses by individual 

at baseline for sleep disturbances and insomnia are shown in Figure 3 as an example. All 

two-way interactions were significant (p < 10−16 for all comparisons), showing that 

responses to all questions about sleep were significantly correlated with each other.

3.4 Risk Factors for Poor Sleep

The description of risk factors at baseline are shown in Table 1.

Due to the high level of correlation between results, only results for insomnia are presented 

here. Results for sleep disturbances and restless sleep are available in the supplementary 

material. The univariable analysis results of the potential risk factors for insomnia are shown 

in Table 2. The frequency of sleep disturbances and insomnia were significantly increased in 

peri- and post-menopausal women by hot flashes, including increasing severity, frequency, 

and number of night sweats; by increasing frequency of depression; by smoking; and by 

increasing age. The frequency of sleep disturbances was also significantly increased by 

decreasing leisure activity levels, and the frequency of insomnia was increased by 

decreasing estradiol levels. The frequency of restless sleep at baseline was significantly 

increased in peri-menopausal women, by hot flashes, including increasing severity, 

frequency, and number of night sweats; by increasing frequency of depression; by smoking; 

and by increasing age.

The final multivariable model for insomnia (Table 3) included health status, depression 

frequency, menopause status, experience of night sweats, and smoking status. There was 

again a clear trend for increasing risk of insomnia as depression frequency increased; 

women with regular depression were 4.8 times as likely to have more frequent insomnia as 

women without depression. Both perimenopausal and postmenopausal women were 

approximately 1.4 times as likely to have more frequent insomnia as premenopausal women. 

Women who had night sweats were 1.3 times as likely to have more frequent insomnia as 

women who did not have insomnia, and smokers were 1.2–1.4 times as likely to have more 

frequent insomnia as women who never smoked. When only postmenopausal women were 
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included, only depression frequency remained in the final model for insomnia, with a 

slightly larger coefficient value than in the full model, indicating that in these women the 

risk of insomnia is more strongly correlated with depression than in perimenopausal women. 

When only perimenopausal women were included, the effects of depression were similar to 

the model based on all women. In addition, the odds of higher levels of insomnia increased 

with frequency of night sweats, with women having four or more night sweats per week 4.3 

times as likely to have more frequent insomnia as women with no night sweats. When only 

premenopausal women were included, the effects of depression were slightly increased; in 

addition, the overall frequency of hot flashes was added to the model, with an increased risk 

of more frequent insomnia as the frequency of hot flashes increased.

4. Discussion

This study shows that the risk factors for poor sleep are consistent and stable throughout the 

menopausal transition. However, as the most consistent of these risk factors are often time-

varying, the experience of poor sleep does not appear to be consistent as women transition 

from premenopause, through perimenopause, and into postmenopause. The one exception is 

women with frequent insomnia (more than five times a week) during perimenopause, who 

were more likely to experience higher levels of insomnia in postmenopause; which 

corresponds with previous findings that poor sleep during the menopausal transition is 

associated with poor sleep prior to menopause [12]. The lack of association for all but the 

most frequent insomnia suggests that it is the change in risk factors, rather than the direct 

biological effects of menopause, that are responsible for most sleep difficulties during the 

menopausal transition.

It is important to note that the correlations between outcome variables (sleep disturbances, 

insomnia, and restless sleep) were large and significant. Women who did not report sleep 

disturbances were unlikely to report insomnia or restless sleep. In contrast, regular sleep 

disturbances were often reported in conjunction with regular insomnia or restless sleep. It is 

understandable that self-reported sleep quality measures are highly correlated, either due to 

shared underlying causes or to failure of women to distinguish between types of poor sleep.

One risk factor was found to be consistently and significantly associated with all sleep 

outcomes in all multivariable models: frequency of depression. Many other studies have also 

found that poor sleep is associated with depression [3,8,9,17], including during the 

menopausal transition [7,11]. The strength and consistency of this relationship suggest that 

poor sleep in menopausal women is highly correlated with self-reported feelings of 

depression. This supports current clinical recommendations, which suggest that 

psychological treatment should play a more long-term role in treatment of sleep disorders 

than medication, which can be habit forming [21].

Hot flashes and, especially, night sweats were also found to be highly associated with poor 

sleep. While other studies have also found relationships between vasomotor symptoms and 

sleep difficulties [3,4,7,9,11–14,17,31], we have found that night sweats were more 

consistently associated with these outcomes, despite the high level of correlation between 

the frequencies of hot flashes and night sweats. This is potentially a direct effect of 
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discomfort during night sweats preventing or disturbing sleep, but may be related to a 

common mechanism underlying hot flashes and arousal. Further research should determine 

if treatment of the underlying problem (vasomotor symptoms) might be effective for 

preventing or treating sleep difficulties.

Smoking has been indicated previously as a risk factor for poor sleep during menopause 

[8,10]. We also found that smoking was associated with sleep disturbances and insomnia. 

Although we previously found an association between smoking and vasomotor symptoms in 

the same study population[32], the impact of smoking in this study remains even when 

accounting for the impact of hot flashes. Therefore, there is likely another pathway by which 

smoking leads to poor sleep. It has been suggested that smoking is related to anxiety [8], 

which could be related to sleep difficulties [9]. However, that relationship has not been 

tested, and the current study did not measure anxiety. Further research should examine this 

relationship, especially as the menopausal transition has potential to trigger anxiety.[33]

Other studies have suggested that exercise and alcohol intake may be confounders in studies 

of poor sleep. The potential for these variables to be confounders in this analysis was 

formally assessed by comparing the fitted coefficient of each final multivariable model with 

the fitted coefficients of the same model with either leisure activity level or frequency of 

alcohol consumption added. The addition of the potential confounders did not change the 

coefficients of any of the models by more than 14%, and in most cases the proportional 

change in the fitted coefficients was less than five%.

This study is limited by the use of self-reported sleep outcomes, rather than objective 

measures. However, self-reported measures are considered appropriate for determining 

clinically relevant outcomes [21], as they represent the experience of the individual. 

Validated questions were used when available, but the single questions to assess insomnia 

and depression would not have been as specific as the use of a validated scale; future 

research may be able to improve the rigor of the analysis by using the CES-D to assess 

depression and assessment tools such as the Pittsburgh Sleep Quality Index [34]. We were 

also limited in the number of post-menopausal women for analysis, as the study design 

called for enrollment only of premenopausal and perimenopausal women and for cessation 

of data collection from women who had become post-menopausal by year four. Further 

study of these effects in postmenopausal women should rely on adapted study designs to 

capture more observations of this group. Definition of menopause stage was also based on 

menstrual symptoms alone, rather than in combination with hormone levels, which may have 

decreased the specificity of our categorizations. In addition, many of the potential variables 

for the risk factor analysis were highly correlated; we used a forward stepwise model 

selection procedure in order to identify the variable that best explains the outcome within the 

final multivariable models.

Results were found to vary for time-based associations by assumptions on the structure of 

the sleep variables, whether ordinal or linear. Likert scales are often translated into linear 

variables, but this simplification is not recommended for two reasons: first, this assumes that 

the categories are equally spaced, which may not be true; and second, linear models assume 

a normal distribution in the residuals, which is most certainly not true for Likert scales. Our 
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findings, in which an association between insomnia in perimenopause and postmenopause 

was only evident with categorical analyses, reinforces this technical recommendation.

Based on the results of this study, we recommend that women suffering from poor sleep 

during the menopausal transition be examined and treated for depression and vasomotor 

symptoms. Women should also be counseled that changes in sleep quality occur during the 

menopausal transition, but that poor sleep early in menopause is not correlated with poor 

sleep later in menopause.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Poor sleep in one menopause stage does not predict poor sleep later in 

menopause.

• Depression and hot flashes are consistent risk factors for poor sleep in 

menopause.

• Insomnia, sleep disturbances, and restless sleep commonly co-occur.
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Figure 1. 
Transition plot for frequency of sleep disturbance from (a) premenopause to perimenopause 

and (b) perimenopause to postmenopause
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Figure 2. 
Transition plot for frequency of insomnia from (a) premenopause to perimenopause and (b) 

perimenopause to postmenopause
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Figure 3. 
Cross-tabulation of answers to questions about frequency of sleep problems at baseline in 

the Midlife Women’s Health Study, between sleep disturbances and insomnia
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Table 1

Description of the study population at baseline.

Categorical Variable Level Number of Women

Insomnia never 228

rarely (<one/month) 193

sometimes (one-four/month) 163

frequently (two-four/week) 113

regularly (≥five/week) 70

Sleep Disturbance never 111

rarely (<one/month) 177

sometimes (one-four/month) 216

frequently (two-four/week) 162

regularly (≥five/week) 100

Restless Sleep rarely 307

some of the time 254

moderately 117

most of the time 91

Menopause Status

pre 358

peri 238

post 1

Hot flashes in last year

no 330

don’t know 9

yes 258

Number of hot flashes at night

none 403

don’t know 38

one 82

two 37

three 25

four or more 12

Any hot flashes at night
no 561

yes 205

Severity of hot flashes

none 339

mild 90

moderate 141

severe 27

Frequency of hot flashes

none 339

dont know 20

monthly 107

weekly 70

daily 61
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Categorical Variable Level Number of Women

Frequency of depression

never 206

< one/mon 214

one-four/mon 122

two-four/week 30

> five/week 25

Education

< college 52

some college 145

graduated college 181

graduate level 219

Smoking status

Never 308

Former 225

Current 64

Leisure activity level

much less 44

less 148

as much 189

more 146

much more 70

Race
black 137

white 427

Income

low 63

moderate 149

high 352

Health

poor 5

fair 44

good 179

very good 209

excellent 127

Continuous Variable Median Range

Age 50 45, 61

Estradiol 49.8 5.6, 766.4

Number of days consuming alcohol in last year 3 0, 31

BMI 27.2 15.1, 66.3
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