
Association between sleep quality and severity of
menopausal symptoms
Gary Garcia-Molina1,2, Vidhya Chellamuthu1, Susan DeFranco3, Patrick Stark3, Mark Aloia 3,4

1 Sleep Number Labs, San Jose, CA, United States ; 2 University of Wisconsin-Madison, Madison, WI, United Sates; 3 Sleep Number Corporation, Minneapolis, MN, United States
4 Department of Medicine, National Jewish Health, Denver, CO, United Sates

The Menopause Society, 2024 Annual Meeting, September 10-14, 2024, Chicago, Illinois.

Introduction
Women in the menopausal transition and post-menopausal
women are more likely to report sleep difficulties compared to
pre-menopausalwomen (see Fig. 1). The StudyofWomen’sHealth
Across the Nation (SWAN) showed that sleep difficulties due to
frequent awakenings increased as women transitioned through
menopause and were the most common problem [1]. In a group
ofwomen in themenopausal transition, [2] found that hot flashes
were responsible for about 27 percent of objective wake after
sleep onset.

Figure 1: Sleep difficulties reported across the menopausal transition. This fig-
ure was adapted from [1]

Goal

To quantify the association between self-reported sever-
ity of menopause symptoms and objective sleep metrics,
this research leverages objective sleep data collected by
the Sleep Number bed platform and survey data which
include demographic information, subjective reports on
menopause symptoms, symptom severity, date of symp-
tom onset, and symptom alleviation treatment.

Figure 2: Objective data collected by the SN platform.

Methods
A survey approved by the Allendale Investigational Review Board
was presented to a cohort of SleepNumber (SN) customers during

the period between June 4 to June 18, 2024.
The survey included questions about demographic information,

sleep behaviors, sleep disorders, menopause symptom severity,
and menopause symptom onset date (month/year).
Objective sleep data collected by the SN platform (see Fig. 2) in-

cluded the following metrics: sleep duration, restful sleep, sleep
latency, sleep quality, mean respiration rate, mean heart rate, and
mean heart rate variability [3]. The sleep quality score (1-100) is a
metric that considers sleep duration, level of movement during
sleep, bed exit count, resting heart rate, and breathing rate.
For respondents that reported menopause symptoms and the

date of symptom onset, six months of objective sleep data start-
ing fromsymptomonsetwereextracted fromthe secureSNcloud.

Figure 3: Analysis method to quantify the association between a sleep metric
and menopause symptom severity.

The association between each objective sleep metric and the
reported severity of menopause symptoms was quantified (see
Fig. 3) and the corresponding statistical significance was evalu-
ated using Kruskal-Wallis [4] and Mann-Whitney [5] tests. For
the participants that reported treatment for the alleviation of
menopause symptoms, the effects of the treatment on sleepmet-
rics were also quantified.

Results

Survey response analysis

Out of 10540 survey respondents, 730 women reported
menopause symptom severity and symptom onset date. The ob-
jective sleep data of 311 respondents were available for the final
analysis (see Fig. 4).
Severity was categorized into three levels, mild (120 respon-

dents), moderate (140 respondents), and severe (51 respondents).
A treatment to alleviate menopause symptoms was reported by
46, 88, and 37 respondents in the mild, moderate, and severe
symptom categories respectively.

Figure 4: Participant disposition.

Sleep metric analysis

Sleep duration and restful sleep duration are not statistically sig-
nificantly different across groups. Sleep quality is significantly

higher in the mild-symptom group compared to the other two
groups (Fig. 5).
Although not statistically significantly, heart rate and respira-

tory rate are highest for the severe symptomgroup, andheart rate
variability is lowest for the severe symptom group.

Figure 5: Sleep metrics versus menopause symptom severity.

Significant improvements in restful sleep duration and HRV as-
sociated with symptom alleviation treatment were found in the
severe symptom group. Sleep quality trended to improve as a re-
sult of treatment in the severe symptom group (see Fig. 6).

Figure 6: Treatment effect on sleep metrics.

Conclusive remarks

The severity ofmenopause symptoms has a significant in-
fluence on sleep quality. While sleep duration is not sig-
nificantly different across symptom severity groups, the
sleep quality is significantly lower in women with severe
and moderate symptoms compared to women with mild
menopause symptoms. Symptom alleviation treatment
has a positive effect in sleep quality for the severe symp-
tom group with a notable increase in restful sleep dura-
tion of 20 minutes and an increase in HRV of 20 millisec-
onds.

References
[1] Fiona C. Baker, Massimiliano De Zambotti, Ian M. Colrain, and Bei Bei. Sleep

problems during the menopausal transition: Prevalence, impact, and man-
agement challenges. Nature and Science of Sleep, 10:73–95, 2018.

[2] Massimiliano De Zambotti, Ian M. Colrain, Harold S. Javitz, and Fiona C.
Baker. Magnitude of the impact of hot flashes on sleep in perimenopausal
women. Fertility and Sterility, 102:1708–1715, 12 2014.

[3] Farzad Siyahjani, Gary Garcia Molina, Shawn Barr, and Faisal Mushtaq. Per-
formance evaluation of a smart bed technology against polysomnography.
Sensors, 22:1–17, 3 2022.

[4] William H. Kruskal and W. Allen Wallis. Use of ranks in one-criterion vari-
ance analysis. Journal of the American Statistical Association, 47(260):583–
621, 1952.

[5] H. B. Mann and D. R. Whitney. On a Test of Whether one of Two Random
Variables is Stochastically Larger than the Other. The Annals of Mathemati-
cal Statistics, 18(1):50 – 60, 1947.


