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Abstract

Objective—To quantify the impact of objectively-recorded hot flashes on objective sleep in 

perimenopausal women.

Design—Cross-sectional study. Participants underwent 1–5 laboratory-based polysomnographic 

recordings for a total of 63 nights, including sternal skin conductance measures, from which 222 

hot flashes were identified according to established criteria. Data were analyzed with hierarchical 

mixed-effect models and Spearman correlations.

Setting—Sleep laboratory.

Patients—34 perimenopausal women (Age±SD:50.4±2.7y).

Intervention—None.

Main Outcome Measures—Perceived and polysomnographic sleep measures (sleep quality, 

amount of wake after sleep onset and number of awakenings). Subjective (frequency and bother) 

and objective (frequency and amount of hot flash-associated wake time) hot flash measures.

Results—Women had an average of 3.5 (95%CI:2.8–4.2, range=1– 9) objective hot flashes per 

night. 69.4% of hot flashes were associated with an awakening. Hot flash-associated wake time 

per night was, on average, 16.6 min (95%CI:10.8–22.4), which accounted for 27.2% (SD 27.1) of 

total wakefulness per night. Hot flash-associated wake, but not frequency, was negatively 

associated with sleep efficiency and positively associated with wake after sleep onset. Also, self-

reported wakefulness correlated with hot flash-associated wake, suggesting that women’s 
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estimates of wakefulness are influenced by the amount of time spent awake in association with hot 

flashes during the night. More perceived and bothersome hot flashes correlated with more 

perceived wakefulness and awakenings and more objective hot flash-associated wake time and hot 

flash frequency.

Conclusions—The presence of physiological hot flashes accounts for a significant proportion of 

total objective wakefulness during the night in perimenopausal women.
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Introduction

Hot flashes are depicted as a sensation of heat, sweating, flashing, anxiety, and chills lasting 

1 to 5 min (1) and are reported by up to 84% of women in natural menopause (2). A hot 

flash is a heat-dissipation response, consisting of peripheral vasodilation, and sweating 

beginning in the upper part of the body (3). Sleep disturbance in menopause has often been 

attributed to the occurrence of hot flashes (4, 5) and both hot flashes and sleep disturbance 

are primary reasons for women seeking medical care during perimenopause and 

postmenopause (4).

Several studies have found that self-reported hot flashes are associated with perceived poor 

sleep (6–14). Studies that have investigated the association between subjective hot flashes 

and objective measures of sleep have, however, produced variable results, with some 

showing that hot flashes are associated with a poorer sleep (6, 15, 16), and others showing 

no relationship between hot flashes and objective measures of sleep quality (12, 13, 17, 18).

Similarly, studies that have assessed the relationship between objectively-recorded nocturnal 

hot flashes, based on skin conductance or skin temperature measures, with objective sleep 

parameters have produced mixed results, with studies showing that objective hot flashes are 

associated with a poorer objective sleep profile (16, 19–23), or no association between 

objective hot flash and sleep measures (15, 24), or a relationship between objective hot 

flashes and PSG-defined awakenings only in the first half of the night (25). The nature of the 

relationship between hot flashes and sleep, therefore, depends on whether hot flashes and 

sleep are subjectively or objectively assessed (15), and it remains unclear whether 

physiological hot flashes are a significant cause of objective sleep disturbance in peri- and 

post-menopausal women. Indeed, the question of whether hot flashes disturb sleep has 

recently been a source of discussion in the literature (26–28). Recently, Joffe and colleagues 

(29) took an experimental approach and showed that night time subjective and objective hot 

flashes correlated with subjective and objective sleep disturbance in young women treated 

with a Gonadotropin-releasing hormone agonist that simulated menopause, providing 

indirect evidence that menopausal hot flashes likely interrupt PSG-defined sleep.

Few studies have directly quantified the impact of hot flashes on sleep architecture. Two 

early studies reported a strong association between waking episodes and hot flashes in 

postmenopausal women (19, 20), an association also reported in breast cancer survivors with 
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insomnia (22). However, Freedman and Roehrs (24) reported that of awakenings occurring 

within two minutes of a hot flash, the majority (55%) occurred before the onset of a hot 

flash, leading them to conclude that hot flashes do not disturb sleep. In a subsequent study, 

these authors reported that hot flashes disturb sleep only in the first half of the night; 

awakenings were more likely to occur after than before a hot flash in the first but not the 

second half of the night (25). Recently, Savard et al. (23) reported that time to reach the 

peak in skin conductance (but not hot flash frequency) correlated with more wake after sleep 

onset, less sleep efficiency and higher number of awakenings in breast cancer patients.

Overall, these approaches have provided some insight into the relationship between 

physiological hot flashes and disrupted sleep and suggest that factors other than hot flash 

frequency may be important when examining the impact of hot flashes on sleep. The main 

aim of the current study was to quantify the impact of objectively-recorded hot flashes on 

objective sleep in perimenopausal women. We adopted a novel approach by calculating the 

amount of hot flash-associated wakefulness during the night in perimenopausal women. We 

also explored the relationships between objective and subjective measures of hot flashes and 

sleep. We hypothesized that hot flash-associated wake would make a significant 

contribution to PSG-defined wakefulness after sleep, validating women’s reports that hot 

flashes disturb sleep.

Material and methods

Participants

Perimenopausal women were recruited from the San Francisco Bay area community over a 

four year period. Women included here were participating in an ongoing study about sleep 

quality during the menopausal transition. The study was reviewed and approved by SRI 

International’s Institutional Review Board and all participants provided written informed 

consent. Screening procedures for the study are fully described elsewhere (8). All women 

were perimenopausal based on self-report menstrual cycle length, i.e. they were either in the 

menopausal transition or early post-menopausal according to the Stages of Reproductive 

Aging Workshop criteria (30). Additional inclusion criteria were body mass index (BMI) of 

32 kg.m−2 or lower, intact uterus and at least one ovary. Exclusions were use of hormone 

therapy or hormonal contraception for the previous 3 months, hypertension or arrhythmias, 

chronic medical conditions such as Diabetes Fibromyalgia, history of breast cancer, current 

antidepressant use, or current depressive disorder, assessed from clinical interview. Women 

were only included in this analysis if they experienced at least one objectively-recorded 

night-time hot flash during a PSG recording. They contributed between one and five 

overnight recordings to the analysis. Thirty-four women (Age, mean±SD: 50.4±2.7 years; 

BMI, mean±SD: 24.3±3.6 kg.m−2; 23 white) met inclusion criteria and were included in the 

analysis. A blood sample was drawn from the majority of women (n = 28) and plasma was 

analyzed for follicle stimulating hormone (FSH) and estradiol using standard immunoassay 

kits. The intraassay and interassay coefficients of variations were 6.7% and 7.6%, 

respectively, for the sensitive estradiol assay (Beckman Coulter Inc., Fullerton, CA, USA), 

and 2.6% and 5.5%, respectively, for the FSH assay (Siemens Healthcare Diagnostics, Los 

Angeles, CA, USA).
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Procedure

Participants maintained their usual bedtimes while in the laboratory (SRI International, 

Menlo Park, CA, US) and slept in sound-attenuated and temperature controlled rooms.

Polysomnographic recordings

EEG (C3-A2, C4-A1, O1-A2, and O2-A1), electrooculogram (EOG; E1-A2, E2-A1), and 

submental electromyogram (EMG) were recorded using Compumedics amplifiers and 

Profusion software (Compumedics, Abbotsford, Victoria, Australia). EEG signals were 

sampled at 256 Hz, high-pass-filtered at 0.3 Hz, and low-pass-filtered at 30 Hz. Consecutive 

30-s epochs in each record were scored (Wake, N1, N2, N3, and rapid-eye-movement 

[REM] sleep) by two experienced scorers following American Academy of Sleep Medicine 

rules (AASM) (31). Time bed (TIB, min), sleep efficiency (SE[obj], %; calculated as the 

percentage ratio of time spent asleep over TIB), wake after sleep onset (WASO[obj], min), 

time spent in REM (min) and non-REM (NREM, min) sleep, and number of awakenings 

(Awakenings[obj]) were calculated according to AASM rules (31).

Objective hot flash recordings

Objective hot flashes were assessed using measures of sternal skin conductance with a 

BioDerm Skin Conductance Meter (model 2701; UFI, Morro Bay, CA). Two 1.5 cm in 

diameter Ag/AgCl electrodes filled with 0.05 M potassium chloride Velvachol/glycol gel 

(32) were placed on either side of the sternum (about 4 cm apart). A 0.5-V constant voltage 

circuit (33) was maintained between them. The Bioderm was connected via an optically 

isolated DC input to the Compumedics amplifiers and the skin conductance signal was 

sampled at 16 Hz and co-registered online as a polysomnographic channel. Hot flashes were 

manually evaluated by two scorers (F.C.B. and M.d.Z.), blinded to PSG scoring, for 

fluctuations meeting accepted standard criteria for physiological hot flashes, i.e. an increase 

of 2 micro Siemens (µmho) within 30-s(34), which marked the onset of a hot flash. A 20-

min refractory period following an identified hot flash was applied during which no 

additional hot flashes were scored (35) (in the current dataset two hot flashes were not 

considered in the analyses because they occurred within this lockout period). The total 

number of hot flashes was calculated (HF-number[obj]).

Quantification of the overall impact of hot flashes on sleep

After sleep scoring and hot flash detection had been independently completed, the 

association between epochs of wake and the onset of hot flashes was assessed using the 

following rules:

1. The period around the onset of a hot flash, ranging from 1 min before to 2 min after 

the start of a rise in skin conductance was evaluated for PSG epochs of 

wakefulness;

2. When an awakening started within the range of hot flash onset, 30-s epochs of 

wake were summed together until the first epoch of N2 or N3 sleep was scored, 

marking the return to stable sleep, independently from the return of skin 

conductance to a baseline level post-hot flash (e.g. a woman could wake up at the 
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onset of a hot flash but fall asleep again before skin conductance returned to 

baseline; similarly, a woman could return to sleep only several minutes after the hot 

flash had ended, i.e. after the skin conductance returned to baseline);

3. When an awakening started more than 1 min before or more than 2 min after the 

start of a rise in skin conductance, it was not included in the calculation.

The amount of wake associated with each hot flash identified during the night was summed 

together to provide a measure reflecting the total number of minutes spent awake in 

association with hot flashes on each recording night, which we defined as hot flash-

associated wake time (HF-associated wake[obj], min). An example of the calculation of HF-

associated wake is provided in Figure 1. The criteria chosen to quantify the impact of hot 

flashes on sleep are based on the literature and on our experience in PSG recordings and 

characterization of hot flashes and are discussed fully in the Discussion. Even applying less 

conservative criteria (extending the windows up to 5 min before and 5 min after the onset of 

a hot flash), less than 5% of the total sample would be categorized as associated with an 

awakening.

We also converted HF-associated wake[obj] into a percentage of minutes spent awake in 

association with hot flashes over the total wake after sleep onset to provide a global index 

(%).

Self-report sleep and hot flash characterization

Upon awakening in the morning, women completed sleep and hot flash questionnaires. They 

reported the number of perceived awakenings (Awakenings[sub]), wake after sleep onset 

(WASO[sub], min), and sleep quality on a 100 mm visual analogue scale, ranging from 0, 

“very bad”, to 100, “very good” (SQ[sub]), as used elsewhere (36).

They also were asked to report the number of nocturnal hot flashes experienced (HF-

number[sub]) and how bothered they were by hot flashes/night sweats during the night (HF-

bother[sub]), as used elsewhere (37).

Statistical analyses

A total of 222 objectively recorded hot flashes were identified over 63 PSG nights in 34 

women having at least one physiological hot flash per night. We used hierarchical mixed-

effect models to describe and quantify each of the subjective (sleep: SQ[sub], WASO[sub], 

Awakenings[sub]; hot flashes: HF number[sub], HF bother[sub]) and objective (sleep: SE[obj], 

WASO[obj], Awakenings[obj]; hot flashes: HF number[obj], HF-associated wake[obj]) 

variables, accounting for the amount of woman-to-woman and night-to-night variance. In 

the regressions, for the purposes of calculating standard errors, all independent variables are 

considered to be fixed except for a random effect for participant and a random effect for 

each individual measurement of the dependent variable. Estimated variance and 95% 

confidence intervals (CI) of random-effects parameters are provided. In addition, we 

calculated Spearman's rank correlation coefficients between all subjective and objective 

sleep and hot flash measures.
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P values < 0.05 were considered significant. All analyses were performed using Stata/SE 

version 12.1 for Windows.

Results

Estradiol and FSH concentrations

Women had estradiol (34.7 ± 30.3 pg.ml−1, 95%CI [23.9, 41.2], n = 28) and FSH (48.9 ± 

43.5 IU.l−1, 95%CI [34.4, 59.2], n = 28) levels consistent with being perimenopausal.

Quantification of subjective and objective hot flash and sleep measures

HF-associated wake accounted for, on average, 27.2% of WASO on a given night, with a 

wide range between nights of 0 to 89% (Figure 2).

An awakening was triggered during hot flash onset in 69.4% of the 222 hot flashes 

identified. 19.8% of hot flashes occurred without disturbing sleep in our defined interval and 

10.8% occurred when the participant had already been awake for more than one minute. 

3.1% of hot flashes occurred at the beginning of the night before sleep onset. The number of 

hot flashes associated with or without an awakening, or that occurred when participants 

were already awake are shown in Supplemental figure 1 as a function of time after lights-

out. The number of hot flashes peaked in hour 5. The majority of hot flashes occurred in N2 

and N3 sleep; 3.6% hot flashes were identified during REM sleep.

Objective and subjective sleep and hot flash variables are shown in Table 1. Women tended 

to subjectively underestimate objective measures of WASO, number of awakenings and 

number of hot flashes.

Association between subjective and objective hot flashes and sleep measures

A correlation matrix of Spearman's rank correlations between objective and subjective sleep 

and hot flash measures is shown in Table 2. Hot flash frequency (HF-number[obj]) and wake 

time associated with hot flashes (HF-associated wake[obj]) were correlated. HF-associated 

wake[obj], but not HF-number[obj], was negatively associated with the objective quality of 

sleep (SE[obj] (%)) and positively associated with the amount of wake after sleep onset 

(WASO[obj]). HF-number[obj] correlated with objective and subjective number of 

awakenings. Perceived wake time (WASO[sub]) was associated with HF-associated wake[obj] 

and amount of wake after sleep onset (WASO[obj]). In addition, more perceived (HF-

number[sub]) and more bothersome (HF-bother[sub]) hot flashes were related to more 

perceived wakefulness (WASO[sub]) and awakenings (Number of awakenings[sub]), and to 

more objective hot flash-associated wake time (HF-associated wake[obj]) and frequency 

(HF-number[obj]). Neither HF-associated wake[obj] nor frequency of hot flashes (HF-

number[obj]) was related to REM or NREM sleep duration (P’s > 0.1).

Discussion

We found that hot-flash associated wake time accounted for, on average, 27.2% of PSG-

defined wakefulness during the night in peri-menopausal women. As expected, a greater 

number of objective hot flashes correlated with a greater amount of hot flash-associated 
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wakefulness. This index provides a measure of the magnitude of the effect of hot flashes on 

sleep taking into account that not all hot flashes are associated with awakenings and that hot 

flashes are associated with a variable amount of wake time. We also show that hot flash-

associated wake time is more highly correlated with poor PSG-defined sleep efficiency than 

is objective hot flash frequency. Our findings show that hot flashes are a significant 

contributor to objective sleep disturbance in perimenopausal women with nocturnal hot 

flashes, validating long-standing evidence from self-reports that hot flashes disrupt sleep.

The calculation of the amount of wake time associated with hot flashes offered a 

quantifiable index reflecting the impact of hot flashes on sleep. Objective hot flash 

frequency was not associated with PSG-defined poor sleep quality, apart from number of 

awakenings, possibly because not all hot flashes disturb sleep; 19.8% of hot flashes in our 

sample occurred without interfering with sleep. Similarly, 34% of physiological hot flashes 

were not associated with an awakening in a hormonal model of menopause in young women 

(29). Conversely, not all wakefulness during the night is attributed to hot flashes, as evident 

in our study and elsewhere (19). The fact that not all hot flashes are associated with 

disturbed sleep and that not all wakefulness is associated with hot flashes may explain, in 

part, why studies have not consistently found evidence of objective sleep disturbances in 

comparisons of menopausal women with and without objectively-measured hot flashes (38). 

Also, the presence of a primary sleep disorder but not objective hot flash frequency 

predicted objective sleep efficiency in a large sample of midlife women (39). Our findings 

suggest that a measure of wakefulness associated with hot flashes could be a better indicator 

of hot flash impact on objective sleep than is hot flash frequency. While our results show a 

strong association between objective measures of hot flashes and PSG-defined measures of 

wake, there was no association between objective hot flash measures and amounts of NREM 

or REM sleep, implying that hot flashes interfere mostly with sleep continuity, as shown by 

others (29). Hot flashes have also been associated with more subtle disturbances during 

sleep such as increased beta EEG activity (16) and decreased vagal activity that is evident 

even when hot flashes are not associated with an arousal (40).

The windows of analysis of the association between hot flashes and PSG measures have 

varied between studies and have not always been clearly defined. We chose a 3-min window 

to mark hot flash onset based on several findings in the literature. While the rise in skin 

conductance is the recognized presentation of a hot flash, physiological changes are evident 

at least one minute earlier. Our previous study showed changes in physiological variables 

(e.g. heart rate) occurring within two minutes before the rise in skin conductance (40), with 

changes most evident closer to the onset of the rise in skin conductance. Similarly, Thurston 

et al. (41) found an abrupt decrease in high frequency power of heart rate variability starting 

in the minute before the rise in skin conductance. Thus, we considered an awakening 

occurring within one minute before the start of a rise in skin conductance to be associated 

with a hot flash. We considered the first 2-min following the start of a rise in skin 

conductance as part of hot flash onset because this interval encompasses the rise in skin 

conductance towards a peak level, before it plateaus, for the majority of hot flashes (23). 

Given the clear association between awakenings and hot flash onset for the majority of hot 

flashes, our results support the theory that a hot flash and awakening are driven by a 

common central process, such as sympathetic activation (25); however, it is still possible 
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that sweating triggered by a hot flash contributes to or extends the interval of waking. There 

is a circadian variation in the incidence of hot flashes, peaking in the early evening (42). 

Within the night period, similar to Freedman and colleagues (42), we found a peak in the 

number of hot flashes in the second part of the night. Interestingly, Freedman and Roehrs 

(25) found that only hot flashes in the first half of the night were more likely to precede an 

awakening or arousal. We found no apparent variation in the number of hot flashes 

associated with or without an awakening across the night (Supplemental figure 1). Possibly, 

the different findings relate to how hot flashes were classified as associated or not with 

awakenings and how the windows of analysis were defined. We confirmed Freedman and 

Roehrs (25) findings that most hot flashes occurred during NREM sleep (25).

As part of our analysis, we explored the univariate correlations between subjective and 

objective measures of hot flashes and sleep. The subjective number of hot flashes correlated 

with the number of objectively quantified hot flashes, although they were under-reported, as 

to be expected given that events are recalled the following morning and may therefore not be 

accurate (11). Hot flash bother correlated with the number of physiological hot flashes 

experienced, suggesting that the more physiological hot flashes a woman has during the 

night, the more bothered she is by them, consistent with previous findings (43). Hot flash 

bother also correlated with hot flash-associated wake time. Additional factors, including 

affect, sleep problems, symptom sensitivity, general health, and race are also associated with 

night-time hot flash bother (43), which we did not consider in our analysis.

Self-reported hot flashes correlated with subjective sleep measures, with more bothersome 

and frequent hot flashes being related to a poorer sleep quality, more perceived WASO and 

awakenings, confirming previous findings (6–14). More hot flash-associated wake time 

correlated with more perceived WASO in the morning, suggesting that a woman’s estimate 

of her WASO is strongly influenced by the amount of time spent awake during the night in 

association with hot flashes. To confirm this, we calculated the objective time spent awake 

after sleep onset not associated with a hot flash as WASO[obj] minus HF-associated 

wake[obj] and we found no relation between this measure and perceived WASO. Thus, 

women may be more aware of time spent awake in association with hot flashes than other 

wake periods during the night. Our results should be considered within the context of the 

study limitations. Our study included a non-clinical, community sample of women in the 

menopause transition or within the first year post-menopause who experienced between one 

and nine physiological hot flashes per night. The magnitude of impact of hot flashes on 

sleep in treatment-seeking women may be even greater than what we found. Also, we were 

conservative in our calculation of hot flash-associated wake time in that we considered a hot 

flash to be associated with wake only when an awakening began within 1 minute before and 

2 minutes after hot flash onset. The more advanced an awakening is relative to the rise in 

skin conductance, the lower the certainty that it is related with the hot flash. Also, we only 

counted hot flashes if they met standard criteria of an increase in skin conductance of at least 

2 µmho within 30-s (34). Others have suggested that using a more liberal criterion for 

detecting hot flashes may be more clinically relevant (23), although this remains to be 

confirmed. However, in our dataset only 5 “potential hot flashes” were discharged due to the 

failure of meeting the 2 µmho increase in skin conductance. Future studies are needed to 

determine if hot flash-associated wake time varies between groups of women. Some women 
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may have more difficulty falling back to sleep after being woken by a hot flash than others, 

leading to more prolonged bouts of wakefulness; women who are anxious or stressed have 

difficulty returning to sleep following nocturnal awakenings, regardless the cause (44). 

Further studies could also consider more subtle measures of sleep alterations such as EEG 

spectral indices, already found to be related to the frequency of hot flashes (23).

Conclusions

We have shown that hot flashes – while not the only cause of sleep disturbance - account for 

27.2% of wakefulness during the night and therefore contribute significantly to disturbed 

PSG-defined sleep in perimenopausal women. The calculation of hot flash-associated wake 

time could be clinically useful in the assessment and management of sleep disturbances in 

women with nocturnal hot flashes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Calculation of the amount of wake associated with the presence of hot flashes. In the top 

panel, the stages of sleep (wake, REM, N1, N2 and N3) are represented as a function of time 

(hypnogram), as obtained from the polysomnographic (PSG) recording from one participant. 

Above the hypnogram, three physiological hot flashes (defined as an increase in skin 

conductance >2 µmho in 30 s) are marked. Below the hypnogram, the skin conductance 

signal for the three hot flashes is plotted with a time resolution of 20 min (from 5 min before 

to 15 min after the onset of the hot flashes); the PSG sleep stages for each of the forty 30-s 
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epochs within the 20-min window is displayed under each hot flash. Hot flashes HF#1 and 

HF#3 were included in the calculation of hot flash impact (HF-impact[obj], min) as the sum 

of the minutes of PSG wake time associated with each hot flash (6.5 min [HF#1] + 11.5 min 

[HF#3]). For this night, the total amount of wake associated with hot flashes (HF-

impact[obj]) was 18 min. The hot flash impact index (wake time associated with hot flashes 

as a percentage of total wakefulness after sleep onset) was calculated as 32.17 %. HF#2 was 

not included in the calculation of HF-impact[obj] since the wake period started more than 1 

min before the start of a rise in skin conductance, making the association between the hot 

flash and the awakening uncertain.
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Figure 2. 
Amount of wake associated with the presence of hot flashes. Percentage of wake after sleep 

onset (WASO) associated with hot flashes for each woman, showing the contribution of 

number of nights and hot flashes to each percentage value.
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