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Study Objectives: To compare causes of sleep disturbance and to compare self-reported sleep duration among groups of late premenopausal women and 
early perimenopausal women.
Methods: In a longitudinal study of a community-based sample of healthy women 40 to 50 years of age, menstrual cycle and symptom data were collected 
every 2 months; anthropometric measures, a urine sample for follicle stimulating hormone (FSH), and the Pittsburgh Sleep Quality Index (PSQI) measures 
were collected every 6 months.
Results: At 12 to 18 months, 206 women remained premenopausal and 69 women became perimenopausal. Poor sleep quality (PSQI score > 5) was 
experienced by 42% of the total cohort. Awakening to use the bathroom was the most frequent reason (81%) for sleep disturbance in the entire cohort, 
followed by feeling too hot (26%). However, premenopausal women were significantly more likely to awaken to use the bathroom than perimenopausal women 
(P = .047), and perimenopausal women were more likely than premenopausal women to awaken because of feeling too hot (P = .002). Women in early 
perimenopause reported shorter sleep duration (P = .007) and worse sleep quality (P = .05) than premenopausal women of similar age.
Conclusions: Sleep disturbance is a significant issue for midlife women regardless of age or reproductive stage. Identification of salient factors that 
disrupt sleep, such as nocturia prior to menopausal transition or feeling too hot early in menopausal transition, will provide direction for developing tailored 
intervention strategies to improve sleep and quality of life.
Commentary: A commentary on this article appears in this issue on page 1095.
Keywords: hot flashes, midlife women, menopause, nocturia, sleep disturbance, sleep quality
Citation: Jones HJ, Zak R, Lee KA. Sleep disturbances in midlife women at the cusp of the menopausal transition. J Clin Sleep Med. 2018;14(7):1127–1133.

INTRODUCTION

Research suggests that sleep problems are more prominent 
in women than men, and become more prevalent with age, 
yet influence from sex-related physiological changes and hor-
mone fluctuations remain largely unknown.1,2 The National 
Institutes of Health estimates that sleep disturbance is expe-
rienced by 16% to 42% of women in premenopause, 39% to 
47% in perimenopause, and 35% to 60% in postmenopause.3 
Vasomotor symptoms (hot flashes and night sweats) are com-
mon during menopause and often reported as the cause of 
awakenings.1,4 Lower urinary tract symptoms (LUTS) such 
as nocturia and incontinence are also common and associ-
ated with sleep disturbance in midlife women5,6 as well as 
short sleep duration in men and women.7 Age and body mass 
index (BMI) further complicate sleep disturbance due to 
strong associations with LUTS, sleep-disordered breathing, 
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and vasomotor symptoms in both perimenopausal and post-
menopausal women.5

Research on sleep in midlife women has primarily focused 
on comparing premenopause to postmenopause. Few have 
explored sleep disturbance as women transition from late 
premenopause to early perimenopause. The purpose of this 
study was to identify specific symptoms associated with sleep 
disturbance at these reproductive stages, what symptoms 
contribute to poor sleep quality, and whether sleep duration 
is affected. Sleep complaints specific to late premenopause 
were compared with complaints in early perimenopause to 
characterize sleep during this transition. We previously re-
ported that LUTS was more prevalent in late premenopausal 
women than perimenopausal women of similar age and de-
mographics,8 and vasomotor symptoms accompanying the 
menopausal transition are known to influence sleep quality. 
Therefore, we hypothesized that late premenopausal women 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Research about sleep disturbance in midlife women has primarily focused on differences associated with 
the transition from perimenopause to postmenopause. Factors associated with sleep disturbance during the premenopause stage just prior to the 
menopausal transition have not been as extensively explored. Using descriptive and multivariate statistical analyses, causes of sleep disturbance and 
differences in sleep duration among late premenopausal women were compared to those of women in early perimenopause.
Study Impact: This study identifies some of the salient factors that contribute to poor sleep quality in the premenopausal and perimenopausal 
reproductive stages, such as nocturia and feeling too hot. Awareness of these potential risks factors for sleep disturbance can improve clinical 
assessment, preventive interventions, and treatments.
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would be more likely to experience poor sleep due to bladder 
symptoms and perimenopausal women would be more likely 
to experience poor sleep due to vasomotor symptoms (hot 
flashes and night sweats).

METHODS

Sample
The sample for this analysis included late premenopausal and 
early perimenopausal women living in the San Francisco Bay 
area participating in the University of California San Francisco 
(UCSF) Midlife Women’s Health Study. Women were included 
if they were white, African American, or Latina; between 40 
to 50 years of age; still experiencing regular menstrual pe-
riods, and not planning a pregnancy. Women were excluded 
if they were undergoing hormone therapy or had any major 
health problem such as cancer, stroke, diabetes, or recent hos-
pitalization or surgery.9 The details of recruitment and protocol 
were previously reported.9,10 The UCSF Committee on Human 
Research approved the study and all participants provided in-
formed consent prior to data collection.

There were 347 women enrolled, and attrition during the 
first 2 years was less than 10%.10 Assessments occurred at en-
rollment and every 6 months through 1 year after hysterec-
tomy, 1 year after initiating hormone therapy, or 1 year after 
the last menstrual period. Participants were followed for up to 
5 years. During the second year, 30 women were excluded due 
to missing data at any two of the first four timepoints, and 7 
were excluded because of hysterectomy, pregnancy, hormone 
initiation, or absence of menses for 12 months.

This analysis focuses on 275 participants with complete data 
for the first 12 months who had regular menses with low uri-
nary follicle stimulating hormone (FSH) (< 2.5 IU/dL) (n = 206) 
or who had entered early perimenopausal transition in the next 
12 months (n = 69) with elevations in FSH (> 2.5 IU/dL) and 
onset of irregular menstrual cycles.

Measures
Self-report demographic data and questionnaires were com-
pleted every 6 months and included the Pittsburgh Sleep Qual-
ity Index (PSQI) to assess sleep quality. Menstrual cycle data 
and symptom severity (urinary frequency, hot flashes, night 
sweats, etc.) were collected every 2 months by telephone using 
the Seattle Women’s Health Survey.11 Weight and height were 
measured every 6 months to obtain body mass index (BMI) 
(kg/m2), and FSH level was obtained from first-morning urine 
samples frozen and analyzed in batch assays (Esoterix Endo-
crinology Services Laboratory, Calabasas Hills, California, 
United States). Reproductive stage was estimated with FSH 
levels and menstrual cycle regularity based on Stages of Re-
productive Aging Workshop (STRAW) criteria.12

Menstrual Cycle Patterns and Symptoms
During telephone interviews every 2 months between visits, 
participants were asked about their previous menstrual cycle 
dates and characteristics as well as symptoms during the prior 
week. Urinary frequency, hot flashes, and night sweats were 

among the 52 symptoms read to them on the phone, and re-
sponses were recorded by the research team member, who was 
blinded to FSH laboratory values. Responses ranged from 0 
(none), 1 (minimal or mild), 2 (moderate), to 3 (extreme) and 
were averaged to obtain a score from 0–3 for that 6-month pe-
riod. For this analysis, responses were then dichotomized as 
either absent (0) or present at any level (> 0).

Pittsburgh Sleep Quality Index
The PSQI is a 19-item self-report assessment of sleep qual-
ity over the past month.13 The PSQI evaluates 7 components 
of sleep (quality, duration, onset latency, daytime dysfunction, 
sleep disturbance, use of sleep medications, and sleep effi-
ciency). Scores range from 0 to 21, and a score above 5 indi-
cates poor sleep quality. Cronbach alpha coefficients for the 
7 components were 0.72 at enrollment and 0.78 at 12 months.

One item in the PSQI asks about number of hours per night 
typically spent sleeping during the past month, and this item 
was used to estimate habitual sleep duration (component 3). 
Sleep disturbance (component 5) is a computation of how 
often a person wakes up during the night (not in the past 
month = 0; < 1×/wk = 1; 1–2×/wk = 2; ≥ 3×/wk = 3) due to 
any of the following reasons: getting up to use the bathroom, 
not breathing comfortably, coughing or snoring loudly, feel-
ing too cold, feeling too hot, bad dreams, pain, and “other” 
as described by the participant. A total score for sleep dis-
turbance can range from 0 to 27, and this total is then re-
coded into a range of 0 to 3 range (component 5) as are the 
other 6 components.

Statistical Analysis
Means and standard deviations (SD) were used to describe the 
two reproductive groups and differences were tested using in-
dependent t tests or F tests for continuous variables. Associa-
tions between sleep quality and subjective sleep duration were 
tested with Pearson r or Spearman rho for continuous vari-
ables, and chi-square for categorical variables. For multiple re-
gression analyses, race was dummy-coded and other variables 
were examined for normal distributions; no variables required 
transformation. All analyses were performed using SPSS ver-
sion 22.0 software (IBM Corp, Armonk, New York, United 
States). Statistical significance was set at P < .05.

RESULTS

Ages ranged from 40 to 50 years at enrollment. Demographic 
and clinical characteristics at 12 months are shown in Table 1 
by reproductive stage. The two groups were similar for most 
characteristics. Their mean age was significantly different by 
an average of only 1 year, and as expected, they differed in FSH 
values. The perimenopausal group was significantly (P = .039) 
more likely to have children living at home (74%) compared to 
the premenopausal group (68%).

Menstrual Cycle Symptom Experience
The reproductive stage groups were significantly different 
for two symptoms from the telephone interviews: urinary 
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frequency and hot flashes. As seen in Table 2, premeno-
pausal women were more likely to endorse urinary frequency 
(n = 40, 19%) compared to only 4 (6%) perimenopausal women 
(P = .018), yet use of diuretics was rare and only slightly 
higher in the perimenopausal group (Table 1). Conversely, hot 
flashes were more likely to be experienced by perimenopausal 
women (25%) compared to 13% of premenopausal women 
(P = .013). Approximately 20% of the total sample reported 
night sweats but there was no significant difference between 
the two groups (Table 2). No other menstrual cycle symptoms 
were significantly different by group.

PSQI Sleep Quality
A higher PSQI score (worse sleep quality) was related to BMI 
(r = .156, P = .009), urinary frequency (rho = .117, P = .047), hot 
flashes, and night sweats (rho = .127, P = .032) but unrelated to 
FSH level or race. As seen in Table 3, the overall sample had 
a mean PSQI score of 5.4, and 42% had a PSQI score > 5. The 
score for perimenopausal women was significantly higher than 

the premenopausal group’s score, and over half of the peri-
menopausal group (52%) had a PSQI score > 5 compared to 
39% of the premenopausal group.

The PSQI component 5 total score for the nine items com-
prising sleep disturbance was slightly higher in the peri-
menopausal group but did not significantly differ between 
groups.

In a multivariate linear regression model, controlling for 
age, reproductive stage, and all other variables, having night 
sweats and having hot flashes were significant, but urinary fre-
quency and BMI were no longer significant. The overall model 
(see Table 4) accounted for 10.2% of the variance in sleep 
quality (R2 = .102, F11, 263 = 2.6, P = .004).

PSQI Component 5: Reasons for Sleep Disturbance
Most reasons for awakening were similar for each group. How-
ever, as seen in Table 3, more premenopausal women (83%) 
awakened to use the bathroom (P = .047) and more perimeno-
pausal women (38%) awakened from feeling too hot (P = .002). 

Table 1—Demographic and clinical characteristics by menopausal stage (n = 275).

Participant Characteristics (at Time 3)
Total Sample 

(n = 275)
Late Premenopausal 

(n = 206)
Early Perimenopausal 

(n = 69)
Group Differences

Statistic (P )
Age (years), mean ± SD 44.5 ± 2.3 44.1 ± 2.2 (range 41–50) 45.4 ± 2.4 (range 41–51) t = 4.1 (P < .001)
FSH (IU/dl), mean ± SD 1.1 ± 1.9 0.56 ± 0.53 2.81 ± 3.32 t = 5.8 (P < .001)
BMI (kg/m2), mean ± SD 27.6 ± 6.7 27.6 ± 6.7 28.2 ± 6.7 t = 0.7 (NS) 
Number of live births, mean ± SD 1.7 ± 1.3 1.7 ± 1.3 1.7 ± 1.1 t = 0.1 (NS)
Race, n (%)

White 133 (48) 104 (51) 29 (42) X2
2 = 4.6 (P = .046)

African American 71 (26) 46 (22) 25 (36)
Hispanic/Latino 71 (26) 56 (27) 15 (22)

Employed, n (%) 238 (87) 181 (88) 57 (83) X2
1 = 0.7 (NS)

Completed college, n (%) 169 (61) 126 (61) 43 (62) X2
1 = 0.6 (NS)

Partnered or married, n (%) 154 (56) 116 (56) 38 (55) X2
1 = 0.7 (NS)

Has child(ren) at home, n (%) 191 (69) 140 (68) 51 (74) X2
1 = 4.3 (P = .039)

Currently smokes tobacco, n (%) 29 (11) 18 (9) 11 (16) X2
1 = 1.1 (NS)

Takes a diuretic regularly, n (%) 13 (5) 7 (3) 6 (9) Fisher exact = 3.3 (P = .097)

NS = not statistically significant (P > .10), SD = standard deviation.

Table 2—Women’s symptom experience (n = 275).

Symptom Experience During 8, 10, and 12 Months*
Total Sample 

(n = 275)
Late Premenopausal 

(n = 206)
Early Perimenopausal 

(n = 69)
Group Differences

Statistic (P)
Urinary frequency, n (%) X2

1 = 5.6 (P = .018)
None 231 (84) 166 (81) 65 (94)
Present 44 (16)  40 (19) 4 (6)

Hot flashes, n (%) X2
1 = 6.2 (P = .013)

None 231 (84) 179 (87) 52 (75)
Present 44 (16)  27 (13) 17 (25)

Night sweats, n (%) X2
1 = 1.6 (P = .201) NS 

None 221 (80) 168 (82) 53 (77)
Present 54 (20) 38 (18) 16 (23)

* = symptom experience was categorized as none if women reported no symptoms at all 3 phone calls or as present if women reported mild, moderate, or 
extreme symptoms at any 1 of 3 phone calls. NS = not statistically significant (P > .10).
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Very few (< 10%) awakened from inability to breathe comfort-
ably, coughing, or snoring, and rates did not differ by repro-
ductive stage. However, BMI was associated with awakenings 
due to coughing or snoring (rho = .300, P < .001) as well as 
difficulty initiating sleep, taking > 30 minutes to fall asleep 
(rho = .155, P = .009), pain (rho = .129, P = .030) and feeling too 
hot (rho = .121, P = .043).

PSQI Sleep Duration
Sleep duration was inversely related to FSH values (r = −.141, 
P = .017). There was a significant difference in duration by 
race (F2,273 = 13.2, P < .001), with African American women 
reporting 6.3 ± 1.13 hours sleep whereas Latinas reported 
6.6 ± 1.22 hours and white women reported 7.1 ± 1.03 hours 
(data not shown). Duration was unrelated to other demographic 

Table 3—Sleep quality parameters by reproductive stage (n = 275).

PSQI Parameters at 12 months (Time 3)
Total Sample 

(n = 275)
Late Premenopausal 

(n = 206)
Early Perimenopausal

(n = 69)
Group Differences 

Statistic (P )
PSQI global score (0–21), mean ± SD 5.4 ± 3.37 5.2 ± 3.23 6.1 ± 3.69 t = 2.0 (P = .05)
Sleep disturbance subscale items total (0–27), 

mean ± SD
7.6 ± 4.6 7.4 ± 4.37 8.0 ± 5.39 NS

Sleep duration (hours), mean ± SD 6.8 ± 1.17 6.9 ± 1.14 6.5 ± 1.21 t = 2.7 (P = .007)
Habitual time in bed (hours), mean ± SD 7.5 ± 1.1 7.7 ± 1.07 7.0 ± 1.12 t = 4.3 (P < .001)
Sleep onset latency (minutes), mean ± SD 

(median)
18.6 ± 16.7 (15) 18.5 ± 16.4 (15) 18.6 ± 17.3 (13) NS

Sleep efficiency (%), mean ± SD 91 ± 10.9 90 ± 11.0 91 ± 11.0 NS
PSQI global score > 5, n (%) 116 (42) 80 (39) 36 (52) X2

1 = 4.6 (P = .032)
Falling asleep > 30 minutes ≥ 3×/wk (3), n (%) 35 (13) 21 (10) 14 (20) X2

3 = 6.8 (P = .078)
Use the bathroom, n (%) X2

3 = 6.1 (P = .047)
< 1×/wk (0,1) 51 (19) 30 (17) 21 (30)
1–2×/wk (2) 124 (45) 100 (47) 24 (35)
≥ 3×/wk (3) 100 (36) 76 (36) 24 (35)

Feel too hot, n (%) X2
3 = 14.4 (P = .002)

< 1×/wk (0,1) 204 (74) 161 (78) 43 (62)
1–2×/wk (2) 47 (17) 34 (17) 13 (19)
≥ 3×/wk (3) 24 (9) 11 (5) 13 (19)

Feel too cold ≥ 3×/wk (3), n (%) 15 (5) 11 (5) 4 (6) NS
Cannot breathe comfortably ≥ 3×/wk (3), n (%) 12 (4) 8 (4) 4 (6) NS
Cough or snore ≥ 3×/wk (3), n (%) 28 (10) 22 (11) 6 (9) NS
Bad dreams ≥ 3×/wk (3), n (%) 9 (3) 6 (3) 3 (4) NS
Pain ≥ 3×/wk (3), n (%) 28 (10) 19 (9) 9 (13) NS

NS = not statistically significant (P > .10), PSQI = Pittsburgh Sleep Quality Index, SD = standard deviation.

Table 4—Multivariate linear regression model for sleep quality.
Unstandardized Coef. Standardized Coef.

Beta t Sig. (P )B SE
(Constant) 19.612 8.165 2.402 .017
Age (years) −0.064 0.092 −0.044 −0.698 .486
Race B (African American = 1; other = 0) 0.390 0.604 0.048 0.645 .519
Race C (white = 1; other = 0) −0.005 0.510 −0.001 −0.010 .992
Have children (yes = 1; no = 0) −0.744 0.469 −0.103 −1.588 .113
Live with spouse/partner (yes = 1) −0.387 0.456 −0.057 −0.849 .397
Income adequacy (0–7) −0.031 0.046 −0.044 −0.676 .500
Body mass index (kg/m2) 0.060 0.035 0.107 1.736 .084
Reproductive stage (pre = 0; peri = 1) 0.601 0.507 0.075 1.186 .237
Urinary frequency (8–12 months) 0.759 0.611 0.076 1.241 .216
Hot flashes (8–12 months) 6.348 3.082 0.671 2.060 .040
Night sweats (8–12 months) 6.201 2.922 0.717 2.122 .035

Dependent variable: PSQI total score at 12 months; R2 = .102; F11,263 = 2.6, P = .004. Coef. = coefficient, PSQI = Pittsburgh Sleep Quality Index, SE = standard 
error, Sig. = significance.
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and reproductive characteristics, and unrelated to urinary fre-
quency or vasomotor symptoms.

In multivariate linear regression analysis (Table 5), only 
race and reproductive stage were significant in accounting 
for variance in sleep duration. Controlling for age, BMI, uri-
nary frequency, hot flashes, and night sweats and other clini-
cal characteristics, longer sleep duration was associated with 
being white and being premenopausal. Urinary frequency, 
hot flashes, and night sweats did not contribute to the model. 
The overall model with 11 predictors was significant and ac-
counted for 12.5% of the variance in sleep duration (R2 = .126, 
F11, 262 = 3.3, P < .001). Despite premenopausal women reporting 
longer time in bed, the two groups did not differ on PSQI com-
ponent 2 (sleep onset latency) or component 4 (sleep efficiency).

DISCUSSION

In this study, sleep quality, as indicated by the global PSQI 
score, was significantly worse for perimenopausal women. 
Others have reported an association between menopause status 
and sleep quality,14,15 and our findings support these associa-
tions, even in very early distinctions between late premeno-
pause and early perimenopause. Although both groups had 
similar total sleep disturbance scores (PSQI component 5), 
premenopausal women were more likely to attribute awaken-
ings to using the bathroom, and perimenopausal women were 
more likely to attribute awakenings to feeling too hot.

The most frequent reason for awakenings for the entire co-
hort was to use the bathroom. Nonetheless, it was reported 
more frequently among the premenopausal group than among 
the perimenopausal cohort As previously reported,8 LUTS 
such as frequency and nocturia were common in a subsam-
ple of this group when studied with a more detailed urologic 
questionnaire, with 73% reporting nocturia, defined as getting 
up to use the bathroom at least once per night.16 Potential fac-
tors contributing to the prevalence of LUTS in midlife women 

include medications, fluid intake, caffeine intake, infection, 
and pregnancy-related changes of the urinary tract.17 Decreas-
ing estrogen levels associated with the menopausal transition 
can also increase nocturia and other LUTS in perimenopausal 
and postmenopausal women, as the decline in estrogen is asso-
ciated with atrophy of urethral epithelium and decreased sen-
sitivity of urethral smooth muscle.18 Mood disorders, such as 
anxiety, could also contribute to awakenings, which then result 
in emptying the bladder.19,20 The PSQI asks how often during a 
typical month the participant awakens to “use the bathroom”. 
Thus, this question captures awakening because of the need to 
urinate but also captures awakening for any reason and then 
feeling the need to urinate. The lack of specificity in this item 
makes our finding that this complaint is more frequent among 
women before they enter the menopausal transition even more 
clinically meaningful, as one would expect perimenopausal 
women to report nocturia even if awakened by other causes, 
yet they reported significantly less frequent nocturia than the 
premenopausal group. To better understand how nocturia in-
terferes with sleep in premenopausal women, more research is 
needed on LUTS in general.

The only reason for sleep disturbance that was more preva-
lent on the PSQI for the perimenopausal group than for the 
late premenopausal group was feeling too hot. Similarly, the 
perimenopausal women were more likely to report hot flashes 
during the telephone surveys, without specifying time of oc-
currence yet they were not more likely to complain of night 
sweats. This distinction may indicate that “feeling too hot” 
at night is a sentinel symptom of early menopausal transition 
even before awareness of night sweats. The role of vasomotor 
symptoms in insomnia for midlife women has been historically 
difficult to characterize. For example, some researchers find a 
disparity between objective verification of hot flashes and sub-
jective sleep quality, with complaints of vasomotor symptoms 
influencing sleep quality more than the actual number of hot 
flashes.21,22 Although it is common to awaken and perceive the 
need to urinate when an awakening occurs from any cause, the 

Table 5—Multivariate linear regression model for sleep duration (hours).
Unstandardized Coef. Standardized Coef.

Beta t Sig. (P )B SE
(Constant) 7.570 1.510 5.014  < .001
Age (years) −0.002 0.031 −0.004 −0.059 .953
RaceB (African American = 1, other = 0) −0.288 0.206 −0.104 −1.398 .163
RaceC (white = 1, other = 0) 0.451 0.173 0.196 2.601 .010
Have children (yes = 1; no = 0) 0.021 0.159 0.009 0.133 .894
Live with spouse/partner (yes = 1) 0.125 0.155 0.054 0.810 .419
Income adequacy (0–7) −0.002 0.016 −0.008 −0.119 .905
Body mass index (kg/m2) −0.008 0.012 −0.041 −0.669 .504
Reproductive stage (pre = 0, peri = 1) −0.359 0.171 −0.132 −2.097 .037
Urinary frequency (8–12 months) −0.138 0.206 −0.041 −0.668 .505
Hot flashes (8–12 months) −0.124 0.218 −0.038 −0.570 .569
Night sweats (8–12 months) −0.144 0.190 −0.049 −0.758 .449

Dependent variable: PSQI sleep duration at 12 months; R2 = .126; F11,262 = 3.3, P < .001. Coef. = coefficient, PSQI = Pittsburgh Sleep Quality Index, 
SE = standard error, Sig. = significance.
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need to use the bathroom was not reported with greater fre-
quency in this early perimenopausal women group than in the 
late premenopausal group. This suggests that awakenings due 
to nocturia are a less disruptive stimulus to perimenopausal 
women than feeling too hot. If feeling too hot is an early ana-
log of awakening with a hot flash or night sweat, a potential 
mechanism could be withdrawal of vagal tone that accompa-
nies a hot flash.23 Combined with the increase in sympathetic 
tone that accompanies an awakening, a subjectively more in-
tense arousal and prolonged awakening would result. Thus, it 
becomes important to ascertain whether women in early meno-
pausal transition are experiencing vasomotor symptoms early 
on to address this clinically significant and treatable reason 
for poor sleep prior to its significant effect on sleep quality. 
Based on findings from this study, clinicians should inquire 
about feeling too hot at night as part of an initial screening for 
potential vasomotor symptoms.

The late premenopausal women spent significantly more time 
in bed and had longer sleep duration than early perimenopausal 
women. However, the two groups did not differ on self-reported 
minutes to fall asleep, and both groups had high sleep efficiency. 
Controlling for significant correlates (age, race, BMI), premeno-
pausal women had longer sleep duration compared to perimeno-
pausal women, and African American and Latina women had 
shorter sleep duration compared to white women. These race 
differences in sleep duration are consistent with findings of 
shorter sleep duration in African American women.24,25 Mecha-
nisms that contribute to this disparity remain poorly understood 
and warrant further study.25 Longer total sleep time was associ-
ated with being premenopausal but there was no correlation with 
the absolute urinary FSH value once covariates were controlled, 
a finding consistent with other studies that used polysomnogra-
phy to measure sleep duration.26–28 Of interest, Sowers et al.,28 
found that an increase in total sleep time was associated with 
a more rapid rise in serum FSH. We did not analyze rate of rise 
in FSH but rather used FSH to help define current reproductive 
stage and found longer total sleep time in women who were still 
premenopausal compared to women who had already begun the 
transition toward menopause. Therefore, our data cannot be di-
rectly compared with findings reported by Sowers at al.28 Find-
ings do suggest, however, that more research is needed on the 
relationship between change in FSH levels and sleep duration.

In summary, findings from this study highlight the preva-
lence and nature of sleep disturbance in late premenopause 
and early perimenopause, and differentiates symptoms that are 
most disruptive. The median age at menopause in the United 
States is 52.7 years,29 and the average age for the two groups in 
our sample was 45 years, suggesting that poor sleep commonly 
associated with menopause may occur earlier in midlife than 
previously thought. Clinicians should begin to screen women 
older than 40 years of age for sleep problems and associated 
risk factors such as daytime urinary frequency, urge or stress 
incontinence, nocturia, vasomotor symptoms, and the pos-
sible sentinel symptom of awakenings associated with “feel-
ing too hot” early in transition to menopause. Because sleep 
problems may continue or increase during menopausal tran-
sition and into old age, clinicians should provide anticipatory 
guidance. For example, it would be beneficial to discuss factors 

that contribute to awakenings and provide education about pre-
ventive techniques. These techniques, such as decreasing fluid 
intake prior to bedtime and emptying the bladder before get-
ting into bed even if there is no urge or feeling of fullness, can 
become healthy sleep hygiene behaviors into old age.

As women are susceptible to the development of other risk 
factors for sleep problems with the aging process,4 more re-
search on reproductive stage and sleep problems is needed. A 
better understanding of how LUTS and vasomotor symptoms 
affect sleep in women prior to becoming postmenopausal is 
needed. Developing tailored and effective interventions based 
on reasons for nocturnal awakenings at an earlier point in 
women’s lives30 will improve quality of sleep and quality of 
life for women into old age.

Limitations
These results add to our understanding of sleep disturbance 
in midlife women, but there are a few limitations to keep in 
mind. First, generalizability to all midlife women is limited, as 
women in these two reproductive stages differed in age by only 
1 year and were from one geographic area in the United States. 
They were also in good health, recruited from the general com-
munity rather than health care settings, thus making it unlikely 
that sleep was affected by chronic illness. Second, mood dis-
orders such as anxiety or depression can contribute to sleep 
disturbance, and this was not addressed in our analysis. The 
Center for Epidemiological Studies-Depression was used as a 
measure of depressive symptoms and is an effective screen-
ing tool in large epidemiologic studies. However, the PSQI and 
Center for Epidemiological Studies-Depression were highly 
correlated with significant overlap between items. Third, the 
data were focused on just one 6-month time period from a 
longitudinal study, yet this narrow window was necessary to 
focus on women transitioning from late premenopause to peri-
menopause. Finally, sleep duration and sleep quality were self 
reported, and not verified with polysomnographic recordings. 
However, sleep studies in a laboratory may only reflect 1 or 2 
nights and the added burden of going to a laboratory can dis-
courage participation unless sleep is problematic, which would 
also create a biased sample.

ABBRE VI ATIONS

BMI, body mass index
FSH, follicle stimulating hormone
LUTS, lower urinary tract symptoms
PSQI, Pittsburgh Sleep Quality Index
SD, standard deviation
SDB, sleep-disordered breathing
STRAW, Stages of Reproductive Aging Workshop
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