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Abstract
Objective—To determine if heart rate variability changes during hot flashes recorded during
sleep.

Methods—This study was performed in a university medical center laboratory with 16
menopausal women demonstrating at least four hot flashes per night. Polysomnography, heart rate,
and sternal skin conductance to indicate hot flashes were recorded in controlled, laboratory
conditions.

Results—For the frequency bin of 0–0.15 Hz, spectral power was greater during waking
compared to nonREM sleep and less during Stages 3, 4 compared to Stages 1 and 2. Power was
greater during hot flashes compared to subsequent periods for all hot flashes. Power was greater
during hot flashes compared to preceding and subsequent periods for those recorded during Stage
1 sleep. For waking hot flashes, power in this band was higher before hot flashes than during or
after them.

Conclusions—These data are consistent with our theory of elevated sympathetic activation as a
trigger for menopausal hot flashes and with previous work on heart rate variability during the
stages of sleep.
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INTRODUCTION
Hot flashes are triggered by small elevations in core body temperature acting within a
reduced thermoneutral zone in symptomatic menopausal women. This reduction is due to
estrogen withdrawal and increased sympathetic activation, among other factors.1 The
increase in sympathetic activation has been inferred from the fact that yohimbine, a
compound that increases central sympathetic activation, provokes hot flashes and clonidine,
a drug that reduces this activation, ameliorates them.2 Additionally, MHPG (3-methoxy-4-
hydroxyphenylglcol), the main metabolite of plasma norepinephrine, is significantly higher
in symptomatic vs. asymptomatic menopausal women and is significantly higher during hot
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flashes compared to preceding and subsequent periods.3 However, there are limitations to
the interpretation of plasma MHPG measurements. First, an unknown amount of it is
metabolized peripherally to VMA (vanamillic acid); thus, its source is ambiguous.4
Secondly, the half-life (30 minutes) of plasma MHPG is quite long compared to the length
of most hot flashes (≈5–10 minutes).5 For these reasons, it would be desirable to develop
additional measures of sympathetic activation, particularly more rapidly changing ones.

Over the past several years, research has developed to suggest that measures of heart rate
variability in the frequency domain reflect different components of sympathetic and
parasympathetic activation. Heart rate variability reflects beat-to-beat fluctuations in sinus
rhythm. Vagal afferent stimulation leads to reflex excitation of vagal efferent activity and
inhibition of sympathetic efferent activity. Opposing reflex effects are mediated by
stimulation of sympathetic afferent activity. For a given signal, the power spectrum gives a
plot of the portion of a signal’s power (energy per unit time) falling within given frequency
bins. Computed using spectral analysis, Power in the frequencies of heart rate variability
greater than 0.15 Hz reflects parasympathetic activation, whereas, power in frequencies
below 0.15 Hz in part reflects sympathetic activation.6 Moreover, these changes are rapid
and occur within seconds.

Recent studies have shown that some components of heart rate variability change during hot
flashes7 and during sleep.8 We therefore sought to determine heart rate variability in
menopausal hot flashes occurring during waking and during the stages of sleep. We
hypothesized that heart rate variability in frequencies below 0.15 Hz would be significantly
greater during waking compared to sleeping and greater during hot flashes compared to
preceding and subsequent intervals.

METHODS
Participants

Data for the present study were collected during a previous investigation of 102 women, in
the age range of 44–56 years, who reported disturbed sleep.9 The present data were selected
on the basis of being free of artifacts and containing at least four hot flashes within the 8-
hour period in bed.

Women were recruited using advertisements in local newspapers. They were given a
telephone interview to eliminate those with chronic disorders affecting sleep (eg, chronic
pain) and those using medications that would distort sleep (eg, antidepressants) or affect hot
flashes (eg, hormone therapy). Women were then interviewed to give histories and written
informed consent. All procedures were approved by the Wayne State University Human
Investigation Committee. Subjects were paid for their participation. The characteristics of
the16 participants whose data were selected for use in the present study are shown in Table
1.

Procedures
Women wore cotton scrub suits and were covered with a light blanket in a temperature
(23°C) and humidity (RH = 45%) controlled laboratory. They remained in bed for 8 hours at
their usual bedtimes.

Standard polysomnography leads (C3A2, O2A1, ROC/A1, LOC/A2, submental EMG, and
ECG (lead I)) were recorded using published methods10 on a Grass Heritage System. Sleep
stages were manually scored from the computer screen in 30 second epochs using the
revised AASM10 criteria. This was done by a registered polysomnographic technologist. Hot
flashes were recorded using sternal skin conductance (SCL) according to previously

Freedman et al. Page 2

Menopause. Author manuscript; available in PMC 2012 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



published methods.11 All data were digitized at 100Hz and stored on CD ROMs for
subsequent analyses.

Heart rate variability measurements
The Grass Gamma Review software version 4.2 was used to generate an R-R interval curve
from the ECG data for the entire 8-hour recording. Prior to generating the R-R curve, a band
pass filter, 5–50 Hz, was applied to the ECG data and an amplitude threshold level set to
remove artifacts.

A trend analysis was performed on the SCL data to determine the location of hot flashes that
occurred during sleep and the particular sleep stage associated with each hot flash. The R-R
interval plug-in allows a Fast Fourier Transform (FFT) to be determined over a specified
block of R-R data. A 5-minute block just before the hot flash, a 5-minute block at the start of
the hot flash, and a 5-minute block after the hot flash were chosen. An additional 5-minute
block of waking data was selected prior to the subjects’ onset of sleep. The FFT software
allows the selection of bin widths. A width of 0.15 Hz was chosen, yielding 0–0.15 Hz,
0.15–0.30 Hz, and 0.30–0.45 Hz bin widths containing the Power Spectral Density (PSD) in
units of (seconds RMS) ^2/Hz. The 5-minute time blocks as well as the frequency bins were
selected according to previously published recommendations.12

Statistical analysis
Data were analyzed with SPSS v. 18.0 for Windows. The digitized heart rate data were first
log-transformed, as done previously.7 These data were then analyzed using mixed-model
repeated-measures analyses of variance with Period (5 minutes before, 5 minutes during, 5
minutes after) and Hot Flash as the repeated-measures factors and stage of sleep as a fixed
factor. This was done separately for each of the three frequency bands. In scoring the sleep
stages, Stages 3 and 4 were considered as a single stage.10 The analyses of variance utilized
a variance-covariance matrix assuming compound symmetry. The minimum level of
statistical significance for all analyses was P < 0.05.

RESULTS
The only significant effects obtained were for the frequency bin of 0–0.15 Hz. The analysis
of variance showed significant effects for Period (P < .03) Stage (P < .003), and Period x
Stage (P< .03). Table 2 shows that spectral power was significantly higher during hot
flashes compared to subsequent periods. Table 3 shows that spectral power was significantly
(P < .02) higher during waking compared to Stage 2 and to Stages 3, 4 (P < .01) and
significantly (P < .04) higher in Stage 1 compared to Stages 3, 4. The Period x Stage
interaction effect was then broken into the lower order simple effects. These demonstrated
significant Period effects for waking (P < .001) and Stage 1 (P < 0.002); see Table 4 and
Fig. 1. Data shown in the tables are raw values, i.e., not log-transformed. There were no
other significant effects whatsoever for any analysis.

DISCUSSION
In the present investigation, we found greater heart rate variability in the frequency band of
0–0.15 Hz during waking compared to nonREM sleep (Stages 2, 3, 4) and less during delta
sleep (Stages 3, 4) compared to waking and to Stages 1 and 2. These findings reflect the well
known decline in autonomic activation at sleep onset13 and during delta sleep.14

We found that heart rate variability in this frequency band was significantly higher during
hot flashes compared to subsequent periods. We also found that heart rate variability
increased significantly during hot flashes relative to preceding and subsequent periods for

Freedman et al. Page 3

Menopause. Author manuscript; available in PMC 2012 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



those recorded during Stage 1 sleep. Our results are consistent with those of a previous
study,8 which also reported that power in this band significantly increased during hot flash
intervals compared to asymptomatic intervals. The present investigation is advantageous for
two reasons. First, sleep was recorded in controlled, laboratory conditions and staging
determined using standard, polysomnographic procedures. Second, hot flashes were
physiologically demarcated as opposed to being reported in diaries.

Based on our previous MHPG data3 and on data obtained during sleep,8 we hypothesized
that heart rate variability in the 0–0.15 Hz band would be greater during hot flashes
compared to preceding and subsequent periods at all times. In the present data, only the
comparison between the “During” and “After” periods was statistically significant.
Significant differences among all three periods were obtained only during Stage 1 sleep. We
do not know why this was not found during the other sleep stages. Our finding of increased
heart rate variability before vs. during and vs. after waking hot flashes probably reflects the
elevation in sympathetic activation triggering hot flashes. The discrepancy with the MHPG
findings is best explained by the poor temporal resolution of this measurement.

Our results differ from those of a recent study,7 which found that heart rate variability within
the frequency band of 0.15–0.50 Hz decreased significantly during hot flashes, relative to
periods before and after hot flashes. However, it should be noted that the methods in that
study were quite different from ours: data were averaged into 1-minute blocks and were
recorded during waking as opposed to sleeping periods. Additional studies using those
methods would be worthwhile.

CONCLUSIONS
The present study demonstrates that spectral power in the frequency band of 0–0.15 Hz is
greater during waking compared to nonREM (Stages 2, 3, 4) sleep and less during delta
(Stages 3, 4) sleep compared to waking and to Stages 1 and 2. We also found that heart rate
variability in this band was significantly higher during hot flashes compared to subsequent
periods and increased significantly relative to preceding and subsequent periods in hot
flashes recorded during Stage 1 sleep. Finally, in the case of waking hot flashes, we found
significantly greater power in this band prior to hot flashes compared to subsequent periods,
consistent with our theory of sympathetic activation triggering hot flashes.

This study is distinguished by the fact that data were recorded during controlled laboratory
conditions and analyzed using accepted published methods. Our data on spectral power
during stages of sleeping and waking are consistent with previously published work. Further
research on sympathetic activation during hot flashes in various states of consciousness and
of reproductive aging would be of great interest and would extend the generalizability of the
present findings.
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FIG. 1.
WAKING
aSignificantly different from each other, P < 0.003, planned comparison with Bonferroni
correction for degrees-of-freedom.
bSignificantly different from each other, P <0.001, planned comparison with Bonferroni
correction for degrees-of-freedom.
STAGE 1
aSignificantly different from each other, P <0.03, planned comparison with Bonferroni
correctionfor degrees-of-freedom.
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TABLE 2

Hert rate variability in frequency band 0 – 0.15 Hz  (mean ± SE), Hz before, during, and after
all hot flashes

Period Mean N SE

Before 1.15 60 0.17

During 1.27a 60 0.15

After 0.75a 60 0.14

a
Significantly different from each other, P < 0.02.

N = number of observations.
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TABLE 3

Heart rate variability in frequency band 0 – 0.15 Hz  during Hz sleep stages (mean ± SE)

Stage Mean N SE

Awakea 1.41 47 0.16

Stage 1b 1.34 17 0.22

Stage 2a 0.89 10 0.11

Stages 3, 4a,b 0.31 9 0.30

REM 1.06 6 0.35

a
Significantly different from each other, P < 0.02, planned comparison with Bonferroni correction for degrees-of-freedom.

b
Significantly different from each other, P < 0.05, planned comparison with Bonferroni correction for degrees-of-freedom.

N = number of observations.
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TABLE 4

Heart rate variability in frequency band 0 – 0.15 Hz  (mean ± SE), before, during, and after hot
flashes during waking and Stage 1 sleep

Waking

Period Mean N SE

Beforea,b 2.20 7 0.28

Duringa 1.11 29 0.15

Afterb 0.74 11 0.23

Stage 1

Period Mean N SE

Before 1.01 3 0.41

Duringa 1.97 7 0.36

Aftera 1.00 7 0.35

a
Significantly different from each other, P < 0.003, planned comparison with Bonferroni correction for degrees-of-freedom.

b
Significantly different from each other, P < 0.001, planned comparison with Bonferroni correction for degrees-of-freedom.

a
Significantly different from each other, P < 0.03, planned comparison with Bonferroni correction for degrees-of-freedom.

N = number of observations.

Menopause. Author manuscript; available in PMC 2012 August 1.


