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Study Objectives: While women report sleep interruption secondary to nighttime hot flashes, the sleep disrupting impact of nocturnal hot flashes (HF) is not 
well characterized. We utilized a model of induced HF to investigate the relationship of nighttime HF to sleep architecture and sleep-stage transitions.
Methods: Twenty-eight healthy, premenopausal volunteers received the depot gonadotropin-releasing hormone agonist (GnRHa) leuprolide to rapidly induce 
menopause, manifesting with HF. Sleep disruption was measured on 2 polysomnograms conducted before and after 4–5 weeks on leuprolide, when HF had 
developed.
Results: 165 HF episodes were recorded objectively during 48 sleep studies (mean 3.4 HF/night). After standardizing to sleep-stage time distribution, the 
majority of HF were recorded during wake (51.0%) and stage N1 (18.8%). Sixty-six percent of HF occurred within 5 minutes of an awakening, with 80% 
occurring just before or during the awakening. Objective HF were not associated with sleep disruption as measured by increased transitions to wake or N1, 
but self-reported nocturnal HF correlated with an increase from pre- to post-leuprolide in the rate of transitions to wake (p = 0.01), and to N1 (p = 0.008).
Conclusions: By isolating the effect of HF on sleep in women without the confound of age-related sleep changes associated with natural menopause, 
this experimental model shows that HF arise most commonly during N1 and wake, typically preceding or occurring simultaneously with wake episodes. 
Perception of HF, but not objective HF, is linked to increased sleep-stage transitions, suggesting that sleep disruption increases awareness of and memory for 
nighttime HF events.
Clinical Trial Registration: ClinicalTrials.gov Identifier: NCT01116401.
Keywords: menopause, hot flashes, vasomotor symptom, polysomnography, sleep, sleep disruption, sleep stages, sleep-wake stages, sleep architecture 
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INTRODUCTION

During midlife, sleep disturbance and insomnia increase signifi-
cantly in women, with those who are perimenopausal and expe-
riencing hot flashes most likely to develop such sleep problems. 
Hot flashes reduce perceived sleep quality by awakening women 
repeatedly throughout the night. Studies in midlife women have 
shown that nocturnal hot flashes were most likely to occur dur-
ing stage N2 sleep and are commonly linked with an awaken-
ing.1–3 The link between nocturnal hot flashes and awakenings 
has raised the question of whether hot flashes directly induce 
awakenings. Evidence supporting this explanation includes data 
from peri- and postmenopausal women showing that 54% to 
69% of objectively measured nighttime hot flashes are associ-
ated with an awakening.1–3 Among those hot flashes occurring 
proximate to an awakening, the specific temporal sequence be-
tween the onset of the awakening and the flash beginning var-
ies, with studies showing that objectively measured nighttime 
hot flashes precede or begin simultaneously with the awakening 
54% to 90% of time.1–3 The observation that a hot flash can begin 
after the onset of the awakening in some hot flash/wake episode 
pairs, particularly during the second half of the night,3 raises 

SCIENTIF IC INVESTIGATIONS

Nocturnal Hot Flashes: Relationship to Objective Awakenings and Sleep Stage 
Transitions
Matt T. Bianchi, MD, PhD1,*; Semmie Kim, SB2,*; Thania Galvan, BA2; David P. White, MD3; Hadine Joffe, MD, MSc2,4,5

1Sleep Division, Department of Neurology, Massachusetts General Hospital, Harvard Medical School, Boston, MA; 2Women’s Hormones and Aging Research Program, Department 
of Psychiatry, Brigham and Women’s Hospital, Harvard Medical School, Boston, MA; 3Brigham and Women’s Hospital, Harvard Medical School, Boston, MA; 4Department of 
Psychosocial Oncology and Palliative Care Medicine, Dana Farber Cancer Institute, Harvard Medical School, Boston, MA; 5Center for Women’s Mental Health, Department of 
Psychiatry, Massachusetts General Hospital, Harvard Medical School, Boston, MA; *co-first authors

pii: jc-00188-15 ht tp://dx.doi.org/10.5664/jcsm.5936

the possibility that hot flashes do not uniformly induce awaken-
ings,2 even when they are temporally linked.

Using controlled experimental studies, we established that 
new-onset hot flashes disrupt sleep by increasing the amount of 
wake time after sleep onset (WASO) and the number of awak-
enings measured objectively with polysomnography (PSG) 
proportionate to the number of nighttime hot flashes reported 
in the morning upon awakening.4 WASO and awakenings sim-
ilarly increased in association with the number of nighttime 
hot flashes recorded during the night using skin conductance 
monitoring that does not rely on subjective perception of or re-
call for these symptoms. This observed effect of nighttime hot 

BRIEF SUMMARY
Current Knowledge/Study Rationale: It is well known that 
self-reported hot flashes are associated with sleep complaints 
in menopause. However, the impact of nocturnal hot flashes 
on objective sleep measures in women remains incompletely 
understood.
Study Impact: Most objectively measured hot flashes are 
associated with PSG-defined wake and N1. Objective sleep 
disruption is linked with the perception of hot flashes.
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flashes occurred in the absence of any change in sleep archi-
tecture measured using standard clinical metrics of stage per-
centage. However, the possibility remains that nighttime hot 
flashes might disrupt sleep by increasing the rate of sleep stage 
transitions to wake and light sleep without altering the overall 
time (or percentage of time) spent in each sleep stage, as we 
have previously shown occurs in obstructive sleep apnea using 
transition-based metrics that are a more sensitive measure of 
sleep architecture disturbance.5

We investigated the impact of nocturnal hot flashes on sleep-
stage transitions in healthy young adult women in whom hot 
flashes were induced by administration of the gonadotropin-
releasing hormone agonist (GnRHa) leuprolide in order to 
isolate the effect of hot flashes on sleep in the absence of age-
related sleep changes. This is similar to the setting in which 
young women develop hot flashes and sleep disturbance after 
bilateral oophorectomy or estrogen deprivation treatments in 
breast cancer patients. We hypothesized that objectively mea-
sured hot flashes would most likely occur during or immedi-
ately preceding a wake episode and that hot flashes would be 
linked with an increase in sleep disruption, as measured by the 
rate of sleep-stage transitions.

METHODS

Premenopausal healthy volunteers without primary sleep disor-
ders were administered open-label depot leuprolide to rapidly 
suppress endogenous estradiol for the duration of the study,6–11 
thereby inducing hot flashes. Two at-home PSG studies were 
completed prior to and then repeated 4 weeks after leuprolide 
administration, during which time hot flashes were reported 
to have developed in a subset of participants. Physiologic evi-
dence of hot flash events was recorded during the night using 
a hot flash skin conductance monitor that was time synched to 
the PSG recording system in order to examine the patterns of 
association of individual nocturnal hot flash events and sleep 
architecture. All participants provided written informed con-
sent for study procedures, which were approved by our local 
institutional review board.

Study Participants
Twenty-nine healthy premenopausal volunteers ages 18–45 
years were enrolled. All underwent a standard in-laboratory 
PSG using American Academy of Sleep Medicine (AASM) 
scoring procedures12 to exclude primary sleep disorders of sleep 
apnea and periodic limb movement. Eligible participants had 
regular menstrual cycles, no hot flashes, primary sleep disorders, 
psychiatric illness, or substance use disorders, normal labora-
tory studies (prolactin, thyroid, liver, and renal function), and no 
insomnia on clinical interview. None were using centrally active 
medications (e.g., antidepressants, benzodiazepines, corticoste-
roids, hypnotics) or medications known to suppress hot flashes 
(e.g., birth control preparations, serotonergic agents, gabapentin).

Study Procedures
Detailed study procedures are provided elsewhere.4 Briefly, 
prior to leuprolide administration, participants completed two 

ambulatory PSGs. Subjects were hooked up to the unit in our 
offices and then sent home. They were then given a single 
open-label intramuscular injection of depot leuprolide 3.75 mg 
during the mid-luteal phase of the menstrual cycle. Follow-
ing leuprolide administration, participants were monitored for 
the onset of hot flashes using daily hot flashes diaries. Serum 
estradiol levels (liquid chromatography, tandem mass spec-
trometry)13,14 confirmed sustained ovarian suppression at 1, 2, 
and 4 weeks after leuprolide administration. One subject was 
excluded from the current analysis because her objective hot 
flash data were not recorded due to a device error. Two post-
leuprolide ambulatory PSGs were obtained 4 weeks after leu-
prolide administration in each subject. One subject completed 
only one post-leuprolide PSG, leaving 55 recording nights in 
28 subjects for analysis. Nighttime hot flashes were measured 
using a skin conductance monitor during each of the post-leu-
prolide PSGs.

Study Measures
Polysomnography
The screening PSG recorded standard AASM-recommended 
channels, including respiration and bilateral anterior tibialis 
electromyography. Ambulatory PSGs were conducted using 
the Safiro (Compumedics Limited, Charlotte, NC) ambula-
tory unit. Standard procedures were used to define sleep stag-
ing, including electroencephalography (EEG; C3-A2, C4-A1, 
O1-A2, O2-A1), bilateral electro-oculography, and submental 
electromyography. Standard AASM scoring methods were 
used to define the N1, N2, N3, rapid eye movement (REM), 
and total sleep time.12 Sleep scoring was completed by Harvard 
Sleep & EEG Core PSG scorers, who were blinded to hot flash 
events. Event markers on an actigraphic watch time synched to 
the PSG were used to establish lights-out and lights-on times.

Total sleep time was a direct summation of the time spent 
in each sleep stage (REM + N1 + N2 + N3), while total time 
in bed was calculated as the time between lights off and lights 
on. Time in bed was calculated as the difference between 
lights out and lights on clock time based on actigraphic event 
markers and, where not available (20% of nights), sleep diary 
reported times.

Sleep was scored manually in standard 30-s epochs. Sleep 
stages were processed via custom MATLAB scripts to ex-
tract the time and duration of bouts for all stages (N1, N2, N3, 
REM, WASO). Each bout duration represents the amount of 
consecutive time spent in a given sleep-wake stage, in 30-s 
epochs. For example, the sequence W-N2-N2-R-R-R-W con-
sists of a 2-epoch duration bout of N2, and a 3-epoch duration 
bout of REM. In this way, the number of transitions for each 
stage, as well as the distribution of time spent in each bout, was 
evaluated. Transitions refer to entry into a stage, such that if a 
subject had 10 REM transitions, it means that we observed 10 
bouts of REM sleep of at least one 30-s epoch duration. Tran-
sitions can occur for several reasons during sleep, including 
normal transitions of sleep stage cycling. Transitions caused 
by “wake-like activity” may or may not be associated with a 
change in scoring of the epoch in which it occurs, depending 
on the duration of the activity within a given epoch and other 



1005 Journal of Clinical Sleep Medicine, Vol. 12, No. 7, 2016

MT Bianchi, S Kim, T Galvan et al. Nocturnal Hot Flashes and Objective Sleep Fragmentation

sleep EEG features. For this reason, we focused on the transi-
tions to wake, or to N1. Increased frequency of transitions to 
wake or N1 will necessarily reduce the bout duration of other 
stages, and metrics quantifying disrupted sleep architecture 
that focus on transitions to wake and N1 are more sensitive 
markers of objective disturbance than sleep stage percentage.5

Vasomotor Symptoms
Physiologic evidence of hot flashes was recorded using the 
Bahr skin conductance monitor (Simplex Scientific, Middleton, 
WI) and identified using the standard Bahr software (Version 
1.1.40).4,15 The device detects individual hot flash events in 60-s 
intervals by measuring transient changes in sternal skin con-
ductance. The monitor was time-synched to the PSG. Daytime 
and nighttime hot flashes were also recorded subjectively using 
a daily diary throughout the study, including specifically the 
night of each PSG.

Sleep Questionnaires
Sleep diaries collected during the week of the post-leuprolide 
PSG captured self-reported sleep-onset latency, wake time af-
ter sleep onset (WASO), number of awakenings, and sleep ef-
ficiency. The Insomnia Severity Index (ISI; range 0–28)16 and 
Pittsburgh Sleep Quality Index (PSQI; range 0–21),17 and Fa-
tigue Severity Scale (FSS; range 9–63)18 were also obtained to 
characterize the study population.

Analytical Methods
Within-night correlational analyses were conducted using 
Spearman correlation coefficients. Sleep-stage time distribu-
tion analyses were standardized for each subject. Hot flashes 
were determined to be linked with an awakening if they oc-
curred within 5 minutes before or after an awakening. Consis-
tent with prior studies,3 a hot flash was defined as: (1) preceding 
an awakening if the hot flash epoch began up to 5 minutes 
before the start of a wake episode, (2) occurring simultaneous 
with an awakening if the hot flash epoch began during a wake 
episode, and (3) occurring after an awakening if the hot flash 
epoch began up to 5 minutes after the start of a wake episode. 
For sleep stage transition analyses, mean values between the 
2 post-leuprolide PSG nights hot flash frequencies (subjec-
tively reported or objectively measured) and between the 2 
pre-leuprolide and 2 post-leuprolide sleep stage transition rates 
to wake and stage N1 were first calculated for each subject. 
Correlational analyses were then conducted using Spearman 
correlation coefficients at the subject level between hot flash 
frequency and either post-leuprolide or within-subject change 
from pre- to post-leuprolide in sleep stage transition rates.

RESULTS

Study Participants
Nocturnal hot flashes were recorded during at least one of the 
2 post-leuprolide PSGs in 28 study participants. There were a 
total of 165 nighttime hot flashes recorded on the 48 PSGs dur-
ing which at least one hot flash was recorded. Women with hot 
flashes recorded during the PSG were on average 27.3 years 

old (standard deviation [SD] 7.4), had a mean BMI 25.0 kg/m2 
(SD 4.9), and 25% were African American. Serum estradiol 
was suppressed to postmenopausal levels in all subjects at the 
time of the PSGs.

Prior to receiving leuprolide, ambulatory PSGs in the 
healthy volunteers revealed a mean sleep efficiency of 91.0%, 
sleep-onset latency of 17.0 min, WASO of 21.0 min, and 16.0 
awakenings per night, with normal sleep stage percentages. 
During the post-leuprolide assessments, there were 3.4 ± 1.8 
hot flashes recorded on the monitor per person per PSG night 
and 2.6 ± 1.6 reported subjectively per night per person in the 
morning after each PSG. There was no correlation between 
the number of subjectively reported and objectively measured 
hot flashes (rs = 0.24, p = 0.08). After developing nocturnal 
hot flashes, PSG parameters revealed a mean sleep efficiency 
of 89.0%, sleep-onset latency of 17.3 min, WASO of 31.8 min, 
and 17.9 awakenings per night (Table 1).

Total sleep time and time in bed were both positively cor-
related with the number of nighttime hot flashes measured 
(rs = 0.29, p = 0.03; rs = 0.37, p = 0.005, respectively). For every 
additional nighttime hot flash measured, total sleep time was 
increased by 9.8 minutes (95% confidence interval [CI] 0.4 – 
20.0) and time in bed by 15.7 minutes (95% CI 5.4 – 26.0 min).

Distribution of Hot Flashes by Sleep Stage and 
Temporal Relationship to Awakenings
The distribution of nighttime hot flashes by sleep stage is shown 
in Figure 1. Before accounting for the amount of time spent in 
each sleep stage, hot flashes were most common in stage N2 
(38.9%), followed by wake (27.4%). However, after adjusting 
for time spent in each stage, the majority (51.0%) of hot flashes 
occurred during wake, followed by stage N1 (18.8%). A small 

Table 1—Sleep characteristics.
Mean SD 95% CI

Objective Parameters
Total sleep time (min) 393.76 79.45 372.28 to 415.24
Sleep efficiency (%) 89 8 87 to 92
Sleep onset latency (min) 16.72 19.48 11.45 to 21.98
WASO (min) 30.77 34.14 21.54 to 40.00
Number of awakenings 17.51 7.81 15.40 to 19.62
Stage N1 (%) 7 4 6 to 8
Stage N2 (%) 48 6 46 to 50
Stage N3 (%) 21 8 19 to 23
Stage REM (%) 24 5 22 to 25

Subjective Parameters
Total sleep time (min) 411.73 96.60 382.71 to 440.76
Sleep efficiency (%) 92 9 89 to 95
Sleep onset latency (min) 14.85 13.80 10.75 to 18.95
WASO (min) 22.00 35.12 11.57 to 32.43
Number of awakenings 2.46 1.96 1.87 to 3.04
ISI score 3.35 3.64 1.94 to 4.77
PSQI score 3.29 2.61 2.27 to 4.30
FSS score 2.11 0.99 1.60 to 2.62

Sleep characteristics recorded from 55 nights in 28 women studied 
4–5 weeks after receiving the gonadotropin releasing hormone agonist 
leuprolide.
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fraction of nighttime hot flashes (5.6%) occurred during REM. 
There was no difference in the hot flash distribution by sleep 
stage between the first and second half of the night (p > 0.05).

Of 165 nighttime hot flashes detected, 109 (66%) occurred 
during an interval incorporating the wake bout, defined as 5 
minutes before through 5 minutes after an awakening. Anal-
ysis of the temporal pattern between hot flashes and PSG 
awakenings indicated that the majority (80%) of nighttime hot 
flashes occurred before (38.2%) or concurrently (42.2%) with 
an awakening, with only 20% of nighttime hot flashes occur-
ring after a wake bout. This temporal pattern was consistent 
across the night and did not differ between the first and second 
half of the night (Figure 2).

Impact of Hot Flashes on Sleep-Wake Stage Dynamics
Sleep architecture disturbance can be quantified by an increase 
in stage transitions per time to wake and N1. The number of 
hot flashes during the post-leuprolide PSGs did not correlate 
with the change from pre- to post-leuprolide in the transitions 
rate to wake or N1, regardless of whether hot flashes were re-
corded on the monitor or reported subjectively in the morning 
after the PSG. However, the change in the rate of transition to 
wake (rs = 0.43, p = 0.01) and to N1 (rs = 0.35, p = 0.008) from 
pre- to post-leuprolide increased in association with the num-
ber of self-reported nocturnal hot flashes reported during the 
post-leuprolide PSGs (Figure 3).

DISCUSSION

Results of this experimental protocol demonstrate that objec-
tively measured hot flashes arise most commonly during N1 
and wake, typically preceding or occurring simultaneously 
with wake episodes, and that the number of hot flashes re-
ported at night correlates with worsening of sleep disturbance 
indices. After accounting for the proportion of time spent in 
each sleep stage, hot flashes occurred most commonly during 
the sleep stages of wake and N1. Three-quarters of hot flashes 
were temporally linked to an awakening, the majority of which 
either preceded or occurred simultaneously with the onset of 

the awakening. Awakenings preceded the onset of a flash in 
only 20% of linked hot flash-awakening pairs. While the rate 
of sleep stage transitions to wake and N1 did not correlate with 
hot flash frequency as measured with skin conductance meth-
odology, self-reported nocturnal hot flashes correlated strongly 
with an increase from pre- to post-leuprolide in the rate of tran-
sitions to both wake and N1. Taken together, these results pro-
vide further evidence that hot flashes are closely linked with 
sleep interruption and suggest that sleep disturbance increases 
awareness of and memory for nighttime hot flash events.

The observation that, per unit of time spent in each sleep 
stage, the majority of hot flashes occur in wake and N1 high-
lights their non-random distribution by sleep-wake stage. The 
concentration of hot flashes during times in which the EEG 
is characterized by high frequency/low amplitude waveforms 
has several potential explanations. First, hot flashes may cause 
awakenings and enhance N1 sleep because of the arousing na-
ture of the physical discomfort of sweating at night. We did not 
observe an increase in time spent in stage N1, but there may 
not have been enough objective hot flashes per night to detect 
a change in N1. Alternatively, the transient increase in core 
body temperature of up to 0.1°C that usually precedes each 
flash may also induce an awakening,19–21 as has been observed 
in other clinical settings.22 However, it is also plausible that 
N1 sleep and brief awakenings are more closely linked with 
hot flashes because neural factors that drive wakefulness also 
increase susceptibility to hot flashes, which are similarly trig-
gered by cortical activation.23

While we observed that hot flashes were more likely to 
be detected physiologically prior to or simultaneous with an 
awakening rather than following the onset of the awakening, 
it is important to recognize that this temporal pattern does not 
imply a specific causal link between the events. The increase 
in skin conductance measures the heat dissipation response 
to the central nervous system stimulus for the flash, and is 
therefore delayed after the brainstem activation that precedes 

Figure 2—Objective hot flashes by halves of night. 

Proportion of objective nocturnal hot flashes measured within 5 minutes 
of awakenings during post-leuprolide ambulatory PSGs for entire night 
and by halves of night. Percent of hot flashes were calculated out of a 
total of 109 objective hot flashes that were linked with an awakening 
during 48 post-leuprolide ambulatory PSGs in 28 subjects.

Figure 1—Distribution of objective hot flashes by sleep 
stage.

(A) Not adjusted for amount of time spent in each stage and (B) adjusted 
for amount of time spent in each stage. Proportions of hot flashes 
calculated from total 165 objective nocturnal hot flashes during 48 post-
leuprolide ambulatory PSGs in n = 28 subjects.

A B
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the peripheral measurement of the flash.24 While other stud-
ies have concluded that hot flashes do not cause awakenings 
because more than half were identified after the awakening 
began,2 this reverse temporal pattern does not negate the pos-
sibility that changes in temperature or other perturbations in 
autonomic nervous system activity that trigger hot flashes may 
also cause an awakening through shared parallel mechanisms 
or a cascade phenomenon.

Our analysis did not confirm our hypotheses that there 
would be more sleep disturbance in association with the num-
ber of objectively detected hot flashes. We measured sleep dis-
turbance through transition analysis in order to explore this 
hypothesis, which can capture a form of disturbance that is not 
captured by either sleep efficiency or stage percentage. The 
lack of an effect by these analytics indicates that the sleep-
wake stage dynamics are not consistently disrupted in relation 
to these individual physiologic hot flash events. It is notable, 
however, that the number of subjectively reported nighttime 
hot flashes correlated with an increase in sleep disturbance, 
as indicated by the rate of wake and N1 transitions relative 
to baseline measurements. Subjective reporting of nighttime 
events requires that an individual must awaken during the night 
long enough to consolidate memory for the event or experience 
sufficiently disrupted sleep to register the event. Given that the 
number of hot flashes reported to have occurred at night is a 
limited number of discrete events, it is not likely that these 
events account for all of the additional sleep-wake stage transi-
tions. We therefore hypothesize that women are more likely to 
report being aware of hot flashes at night when they experi-
ence more sleep stage transitions, which increases awareness 
of and memory for nighttime events. Individual differences in 
several concurrent aspects of physiology may be playing roles 
including susceptibility to objective disruption, susceptibility 
to objective hot flashes, and the subjective experience of hot 
flashes. Examples of dissociation between subjective experi-
ence and objective measurements are not uncommon in sleep 
medicine. For example, patients with insomnia may exhibit 
misperception,25 patients with sleep apnea may not report day-
time sleepiness,26 and subjects undergoing sleep deprivation 

may show performance impairment without corresponding 
subjective insight.27

REM sleep is associated with decreased thermoregulation 
relative to non-rapid eye movement (NREM) sleep stages,28 and 
this is of particular interest with regards to nocturnal hot flashes. 
Results of our study are consistent with others conducted in 
midlife women with hot flashes that found a small proportion of 
hot flashes to occur during REM,1 and inconsistent with other 
studies which found no flashes during REM sleep.2 Our study 
also differs from others2 because we observed no difference in 
the association between hot flashes and awakenings during the 
first vs. the second half of the night. Other investigators have 
reported that the distribution of hot flashes in postmenopausal 
women in REM vs. NREM differed between the first versus 
second half of the night.3 Our results differ, perhaps due to 
the different mechanisms of hot flashes (natural versus drug-
induced), or the age of the populations studied.

Consistent with other investigations of menopause-related 
sleep disturbance conducted in ambulatory settings,29,30 we ob-
served that nighttime hot flashes are linked with an increase 
in total sleep time (TST) and time in bed (TIB). Our study 
extends these findings by demonstrating this association with 
objectively measured hot flashes, whereas prior studies ob-
served this association using subjectively reported hot flashes. 
While increased TST and TIB may be interpreted as an im-
provement in sleep, alternate explanations are possible. For 
example, sleep disturbance from chronic nighttime hot flashes 
could lead to accumulation of homeostatic drive, resulting in 
increased TST (and indirectly increased TIB). Thus, in the ab-
sence of frank sleep deprivation, sleep extension is possible.31 
It is also plausible that the association of nocturnal hot flashes 
with increased TST and TIB may result from increased oppor-
tunity to observe hot flashes between lights out and lights on. 
However, these increases were small relative to the hot flash 
frequency, and prior studies have made similar observations 
when nighttime hot flashes were not distinguished from day-
time symptoms, eliminating the opportunity bias.29,30

This study advances our understanding of the complex rela-
tionship between hot flashes and sleep disturbance by isolating 

Figure 3—Change in number of stage transitions on PSG from baseline to post-leuprolide.

(A) # Wake transitions, (B) # N1 transitions, according to the presence or absence of subjectively reported nighttime hot flashes during PSG studies (n = 28).

A B
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new-onset hot flashes in young women with no other sleep 
problems, including no age-related sleep changes which may 
confound cross-sectional studies in midlife women with hot 
flashes. The experimental design allows for calculations of 
within-woman change in key sleep parameters. Use of am-
bulatory PSGs conducted in the subjects’ homes introduces 
additional variability because temperature and other environ-
mental factors cannot be controlled. However, this methodol-
ogy is also a strength because investigation in the natural home 
environment eliminates potential confounds introduced by ob-
taining data in a novel sleeping environment.

In summary, our model of hormone-induced menopause and 
hot flashes allows for controlled dissection of the relationship of 
objective and subjective hot flashes to objective sleep architec-
ture dynamics in a natural home setting. Objectively measured 
hot flashes occur most densely during N1 and wake, when they 
predominately precede or co-occur with an awakening, but it 
is subjective recall for nocturnal hot flashes that is linked with 
an increase in sleep disruption. While hot flashes are linked 
with individual awakenings, it appears that it is the perception 
of and memory for these nocturnal events that correlates with 
global sleep disruption. This differential relationship of sleep 
disruption with subjective versus objective hot flashes has im-
portant implications for clinical practice, in which self-report is 
the gold standard for both hot flashes and for insomnia.

ABBRE VI ATIONS

AASM, American Academy of Sleep Medicine
CI, confidence interval
EEG, electroencephalography
FSS, Fatigue Severity Scale
GnRHa, gonadotropin-releasing hormone agonist
HF, hot flashes
ISI, Insomnia Severity Index
NREM, non-rapid eye movement
PSG, polysomnography
PSQI, Pittsburgh Sleep Quality Index
REM, rapid eye movement
rs, Spearman correlation coefficient
SD, standard deviation
TIB, time in bed
TST, total sleep time
WASO, wake time after sleep onset
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