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Anxiety, depressive symptoms, and cardiac autonomic function in
perimenopausal and postmenopausal women with hot flashes: a
brief report
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Abstract
Objective: The aim of the study was to examine whether anxiety and depressive symptoms are associated with an
adverse cardiac autonomic profile among midlife women with hot flashes.
Methods: Anxiety and depressive symptoms were evaluated by validated self-administered questionnaires
among peri- and postmenopausal women in a randomized trial of slow-paced respiration for hot flashes. Pre-ejection
period (PEP), a marker of sympathetic activation, and respiratory sinus arrhythmia (RSA), a marker of parasympathetic activation, were measured at baseline and 12 weeks using impedance cardiography and electocardiography.
Multivariable repeated measures linear regression models examined associations between anxiety and depression
symptoms and autonomic markers, corrected for multiple comparisons with Benjamini–Hochberg procedure, and
adjusted for age and body mass index.
Results: Among the 121 participants, greater state anxiety was associated with shorter PEP, reflecting higher
sympathetic activity (b ¼ 0.24, P ¼ 0.02). Greater trait anxiety and cognitive anxiety were associated with lower
RSA, reflecting decreased parasympathetic activity (b ¼ 0.03, P < 0.01 for Spielberger Trait Anxiety; b ¼ 0.06,
P ¼ 0.02 for Hospital Anxiety and Depression Scale [HADS] Anxiety Subscale). Greater depressive symptoms were
associated with lower RSA (b ¼ 0.06, P ¼ 0.03 for HADS Depression Subscale; b ¼ 0.03, P ¼ 0.04 for Beck
Depression Inventory).
Conclusions: Among peri- and postmenopausal women with hot flashes, greater self-reported anxiety and
depressive symptoms were associated with lower levels of resting cardiac parasympathetic activity, and greater state
anxiety was associated with higher levels of cardiac sympathetic activity. Findings suggest that midlife women with
increased anxiety and depressive symptoms may have an unfavorable cardiac autonomic profile with potential
implications for their overall cardiovascular risk.
Key Words: Anxiety – Autonomic function – Depression – Hot flashes – Menopause.

enopausal transition is marked by an increased
prevalence of mood symptoms in midlife women,
including anxiety and depression.1 Anxiety and
depression are in turn associated with vasomotor symptoms
such as hot flashes, the most common menopause-related
complaint of peri- and postmenopausal women in western
countries.2,3 Despite their increased prevalence during midlife,

M

relatively little is known about the broader clinical implications
of anxiety and depressive symptoms during the menopausal
transition. Although women may experience transient increases
in anxiety or depression in midlife that have no other clinical
consequences, concerns have been raised that increased mood
symptoms in midlife may be associated with an increased risk
of other adverse health outcomes.4
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Prior research in men and nonmenopausal women has
suggested that both anxiety and depression may be associated
with alterations in cardiac autonomic function,5,6 particularly
parasympathetic function as measured by heart rate variability
(HRV). Increased sympathetic and decreased parasympathetic activation have, in turn, been associated with adverse
cardiovascular outcomes and mortality in patients with cardiovascular disease, such as coronary artery disease and
chronic heart failure,7-9 as well as higher rates of chronic
diseases that increase incidence of cardiovascular disease,
such as obesity, diabetes, and hypertension.10,11
Menopause has been shown to be a critical period with an
increased risk for accumulation of cardiovascular risk factors.12
In particular, a growing literature has linked hot flashes to
cardiovascular disease,13,14 suggesting that hot flashes may be a
marker of underlying cardiovascular disease risk, potentially
through the decrease in cardiac vagal control.15 To further
elucidate these relationships among women in the menopausal
transition, we examined the strength and direction of associations between multiple measures of anxiety and depressive
symptoms with cardiac markers of resting sympathetic and
parasympathetic activation among peri- and postmenopausal
women with hot flashes enrolled in a behavioral relaxation
intervention trial. Our goal was to assess whether increased
anxiety or depressive symptoms among midlife women with
hot flashes may be associated with an unfavorable cardiac
autonomic profile, which could, in turn, have potential implications for women’s overall cardiovascular risk.
METHODS
Study population and intervention
The Menopausal Treatment Using Relaxation Exercise
(MaTURE) trial was a parallel-group, single-blinded, randomized trial of slow-paced respiration for treatment of hot
flashes in peri- and postmenopausal women funded by the
National Institutes of Health. Details of the eligibility criteria,
recruitment procedures, and study design have previously
been described.16 Briefly, participants were recruited from
the San Francisco Bay Area between January 2012 and
December 2014. Inclusion criteria included being 40 to
59 years old, being peri- or postmenopausal, and reporting
at least four hot flashes per day in a validated 7-day hot flash
diary.17 Exclusion criteria included being pregnant or breastfeeding in the past year and using medications with known
effects on hot flashes in the previous 3 months, including
estrogens and selective serotonin/norepinephrine reuptake
inhibitors (SSRIs/SNRIs).
Participants were randomly assigned to either the paced
respiration (N ¼ 62) or music-listening intervention (N ¼ 59)
by computer algorithm. They were given either a commercially available, portable-guided breathing device (ReSPERATE; Intercure, Ltd.) to practice slowing their resting
breathing rate to less than 10 breaths per minute (paced
respiration) or an identical-appearing device reprogrammed
to play relaxing music (for the music-listening control).
Participants in both groups were instructed to use their
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assigned portable devices for a minimum of 15 minutes per
day for 12 weeks. All participants provided informed consent
before randomization, and all procedures were approved by
the institutional review board of the University of California,
San Francisco.
Anxiety and depression symptom questionnaires
Anxiety and depressive symptoms were assessed using
multiple validated self-report questionnaires at baseline and
12 weeks. State anxiety (ie, fluctuating, transitory emotional
state to perceived threats) and trait anxiety (ie, stable individual
tendency toward perceived threats) were measured using the
Spielberger State Trait Anxiety Inventory (STAI),18 a 20-item
questionnaire validated in both psychiatric and clinical populations. Cognitive anxiety (ie, mental component of anxiety
associated with fear of future adverse events) was assessed
using the 7-item anxiety subscale of the Hospital Anxiety and
Depression Scale (HADS).19 Depressive symptoms were
assessed using the 21-item Beck Depression Inventory-II
(BDI-II)20 and the 7-item depression subscale of HADS. In
addition, perceived stress (ie, degree to which situations in
one’s life are appraised as stressful) was measured as another
construct closely associated with both anxiety and depression,
using the 10-item Perceived Stress Scale (PSS).21
Cardiac autonomic function
We assessed participants’ cardiac sympathetic and parasympathetic nervous function using impedance cardiography
and electrocardiography (ECG), which provided measures of
pre-ejection period (PEP) and respiratory sinus arrhythmia
(RSA) during a resting period at baseline (before intervention
assignment) and after 12 weeks. PEP, the time period from the
start of cardiac ventricular depolarization to the opening of the
aortic valve, provides a measure of ventricle contractility that
has been shown to provide a relatively pure measure of
sympathetic activity without parasympathetic influence.22
Increases in cardiac sympathetic nervous system activity
correspond to shortening PEP.23 RSA, the variability of the
heart rate during the typical respiratory cycle, provides an
indication of the amount of influence of the cardiac vagus
nerve and is an established marker of parasympathetic activity.22,24 Higher RSA corresponds to greater cardiac parasympathetic nervous system activity.
Details on the protocol and procedure with regard to
collection of these resting cardiac autonomic functions have
been previously described.25 Briefly, participants were outfitted with electrodes by trained study staff, and then asked to
sit still, relax, and view a neutral nature documentary video
for a 10-minute period while resting measurements were
obtained. Impedance cardiography measurements were
obtained using a band electrode system that completely
encircled the neck and chest areas. Electrocardiography
measurements were obtained using electrodes in a lead II
configuration. All signals were sampled at 1,000 Hz and
stored using a Biopac MP150 data acquisition system (Biopac
Systems, Inc.). Trained research assistants visually inspected
ß 2018 The North American Menopause Society
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TABLE 1. Anxiety and depression symptoms and cardiac autonomic function by intervention group at baseline and 12 weeks
Baseline

Anxiety Questionnaire Scores
STAI State Anxiety (20-80)
STAI Trait Anxiety (20-80)
HADS Anxiety Subscale (0-21)
Depression Questionnaire Scores
Beck Depression Inventory (0-63)
HADS Depression Subscale (0-21)
Perceived Stress Questionnaire Score
Perceived Stress Scale (0-40)
Cardiac Autonomic Function
PEP at rest (ms)
RSA at rest (ms2)

12 wk

Paced respiration
Mean (SD)

Music control
Mean (SD)

Paced respiration
Mean (SD)

Music control
Mean (SD)

34.6 (12.3)
39.2 (11.6)
7.6 (4.1)

34.9 (12.4)
38.9 (11.7)
7.3 (4.4)

31.7 (12.1)
34.6 (11.5)
6.9 (4.5)

31.1 (11.6)
35.3 (11.4)
5.9 (4.1)

11.0 (8.0)
4.6 (3.9)

9.7 (7.5)
4.3 (3.7)

7.7 (8.8)
3.7 (3.6)

6.2 (5.8)
3.6 (3.6)

16.8 (6.6)

16.3 (8.2)

14.5 (7.4)

14.0 (6.9)

121.7 (13.4)
5.2 (1.3)

121.3 (13.5)
5.4 (1.3)

121.3 (13.8)
5.6 (1.3)

122.8 (13.4)
5.3 (1.2)

HADS, Hospital Anxiety and Depression Scale; PEP, pre-ejection period; RSA, respiratory sinus arrhythmia; STAI, Spielberger State Trait Anxiety Inventory.

all waveforms off-line, then edited and scored the data in
1-minute bins for each of the minutes of the experiment using
Mindware software (HRV 3.0, IMP 3.0). Average PEP (in
milliseconds) was calculated by examining the time between
ventricular depolarization (assessed by electrocardiogram
output) and the B point of the dZ/dt wave indicating the
opening of the aortic valve (measured by impedance cardiography) using Mindware software (Mindware Technologies,
Ltd.).26,27 RSA was estimated with an algorithm that uses a
4 Hz time series to interpolate the interbeat interval,28 and a
second-order polynomial was applied to minimize nonstationary trends.
Statistical analysis
Baseline demographic and clinical characteristics of participants who provided cardiac autonomic data were examined using descriptive statistics. To assess for between group
differences, x2 test was used for categorical variables and
Kruskal–Wallis one-way ANOVA for continuous variables.
Multivariable models using linear regression with repeated
measures were then developed to assess relationships between
anxiety, depression symptoms, and perceived stress (modeled
as continuous questionnaire scores) with autonomic function
outcomes (modeled as continuous PEP and RSA parameters).
As no significant between-group differences in the above
variables were detected at baseline or 12 weeks,16,25 data from
both groups were combined in these multivariable analyses.
The Benjamini–Hochberg procedure29,30 was used to correct
for multiple comparisons. For our main models, Benjamini–
Hochberg adjustments were made in each predictor model to
account for testing of associations with multiple autonomic
outcomes (ie, PEP and RSA). In additional sensitivity analyses, Benjamini–Hochberg adjustments were made separately for each autonomic outcome to account for multiple
predictors (ie, anxiety, depression, and stress questionnaires).
All models were adjusted for age and body mass index (BMI)
measured at baseline, given past evidence that both of these
variables are associated with resting cardiac autonomic function, hot flashes, anxiety, and depression.31-35 All statistical
analyses were performed using SAS 9.4 (Cary, NC).

RESULTS
Of the 123 randomized participants, 121 provided data on
anxiety symptoms, depressive symptoms, and perceived
stress as well as cardiac autonomic function at either baseline
or 12 weeks. Details on baseline demographic and clinic
characteristics of participants have been previously published.16,25 Briefly, the average age was 53 years (SD 3.4),
17% were racial or ethnic minorities, and most women were
naturally peri- or postmenopausal (see Table, Supplemental
Digital Content 1, http://links.lww.com/MENO/A322, which
presents the baseline characteristics for the total sample and
by intervention group). Average BMI was 26.5 (SD 5.5) with
less than 20% of women taking medications for hypertension,
hyperlipidemia, diabetes, or thyroid disease. Participants
experienced a high hot flash burden at baseline, with a mean
of 8 hot flashes per day and 5 moderate-to-severe hot flashes
per day.
No significant differences in the mean scores on questionnaire measures evaluating anxiety, depressive symptoms,
or perceived stress were detected between the paced respiration and the music control groups at baseline (Table 1). On
average, questionnaire scores were within the normal
ranges (ie, below the commonly used thresholds of 39-40
for STAI-State36; 45 for STAI-Trait; 14 for BDI-II37; and
8 for HADS that are used to detect clinically significant
anxiety or depression). For PSS, no specific cutoff score
available but norm for women is mean 13.7 (SD 6.6).38
There were also no significant between-group differences
in the resting cardiac autonomic function, as measured by
PEP or RSA, at baseline. Cardiac autonomic parameters
were similar at baseline and at 12 weeks. Compared with
the general US population, on average, participants’ PEP was
within normal range (117.0; SD 10.5)27 and RSA was slightly
lower (6.8; SD 1.2) though RSA differed across age, sex,
and race.
In our main analyses combining data from both intervention groups, using repeated observations from baseline and 12
weeks, with statistical correction for assessment of two types
of autonomic outcomes, and adjusting for age and BMI, we
found that greater state anxiety (ie, fluctuating, transitory
Menopause, Vol. 25, No. 12, 2018
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TABLE 2. Multivariable-adjusted associations between anxiety or depression symptoms and cardiac autonomic function
Pre-ejection period (PEP)
Anxiety Questionnaire Scores
STAI State Anxiety
STAI Trait Anxiety
HADS Anxiety Subscale
Depression Questionnaire Scores
Beck Depression Inventory
HADS Depression Subscale
Perceived Stress Questionnaire Score
Perceived Stress Scale

Respiratory sinus arrhythmia (RSA)

b (SE)

Pa

b (SE)

Pa

0.24 (0.09)
0.11 (0.10)
0.31 (0.27)

0.02
0.24
0.25

0.16 (0.01)
0.03 (0.01)
0.06 (0.02)

0.06
0.006
0.02

0.09 (0.17)
0.40 (0.36)

0.60
0.26

0.03 (0.01)
0.07 (0.03)

0.04
0.03

0.23 (0.15)

0.14

0.03 (0.01)

0.06

HADS, Hospital Anxiety and Depression Scale; STAI, Spielberger State Trait Anxiety Inventory.
a
Beta-coefficients and P values were derived from repeated measure multivariable linear regression models using data from both baseline and 12 weeks,
adjusting for age and body mass index, and using the Benjamini–Hochberg procedure to correct for testing for two different autonomic outcomes (PEP
and RSA).

emotional state to perceived threats) as measured by STAIState score was associated with shorter PEP, reflecting higher
sympathetic activity (Table 2). No other significant associations between other anxiety measures and PEP were, however, detected. Similarly, no significant associations between
depression measures and PEP were observed.
Also in our main analyses, greater trait anxiety (ie, stable
individual tendency toward perceived threats) as measured by
STAI-Trait score and cognitive anxiety (ie, mental component
of anxiety associated with fear of future adverse events) as
measured by HADS Anxiety Subscale were associated with
lower RSA, reflecting decreased parasympathetic activity
(Table 2). Depressive symptoms as measured by HADS
Depression Subscale and BDI-II were also associated with
lower RSA. Although there was a trend toward lower RSA
with greater state anxiety as measured by STAI-State score
and perceived stress as measure by PSS, these associations did
not reach statistical significance.
In additional sensitivity analyses that corrected for assessment of multiple anxiety/depression measures despite overlap
in the content of these measures, greater trait anxiety continued to be associated with lower RSA (see Table, Supplemental Digital Content 2, http://links.lww.com/MENO/A322);
however, no other statistically significant associations were
seen in these additional models, although there were nonsignificant trends toward lower RSA with higher scores on other
depression and anxiety measures.
DISCUSSION
We examined relationships between anxiety and depression symptoms and cardiac autonomic function in peri- and
postmenopausal women with hot flashes, a group at
increased risk for the development of cardiovascular diseases. In this sample, greater self-reported anxiety and
depressive symptoms as measured by multiple validated
questionnaires were associated with decreased cardiac parasympathetic activation as reflected by lower RSA. In
addition, greater state anxiety was associated with
increased resting sympathetic nervous system activation
as reflected by lower PEP, although no significant
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associations between other measures of anxiety or depression and sympathetic activation were detected.
Our findings are consistent with prior studies that included
men and nonmenopausal women, indicating that those with
clinical anxiety or depressive disorders may be associated
with low resting parasympathetic activity.39,40 Specifically, in
several past studies, RSA was shown to be lower in patients
with clinical anxiety disorders and major depression disorder
compared with healthy controls.41,42 From the cardiovascular
risk standpoint, lower RSA has also been strongly linked to
hypertension, hyperlipidemia, hyperglycemia, and obesity10,11; and in patients with known cardiac disease, lower
RSA was a strong predictor of sudden cardiac death after
myocardial infarction.43 Taken as a whole, these findings
suggest that increased psychological symptom burden may be
associated with a more unfavorable cardiac autonomic profile
and higher cardiovascular risk.
With regard to sympathetic nervous system activation,
several studies in nonmenopausal samples have reported that
depression may be associated with attenuated PEP reactivity
to stressful stimuli.44,45 In the present study, PEP was assessed
only at rest rather than in response to an evoked stressful
stimulus, which may have limited our ability to assess for
meaningful relationships. Nevertheless, we did observe an
association between high state anxiety and low resting PEP,
although no associations between other types of anxiety or
depressive symptoms with resting PEP were detected. Among
peri- and postmenopausal women, state anxiety may be a
better reflection of transient mood fluctuations during the
menopausal transition as compared with trait anxiety, which
has been described as a more general tendency and stable
characteristic by Spielberger.18
Our study had several strengths, including an ethnically
diverse group of women in various stages of the menopausal transition, multiple well-validated and sensitive
measures of anxiety, depressive symptoms, and perceived
stress, and specific cardiac markers of sympathetic and
parasympathetic function that were administered in a rigorously controlled setting with a high retention rate. Several
limitations of this study should, however, be mentioned.
ß 2018 The North American Menopause Society
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First, all participants were women practicing either paced
respirations or music listening for frequent hot flashes, and
these findings may not be generalizable to women in
noninterventional settings or those without hot flashes.
Second, our study did not collect information about psychological symptoms earlier in life; thus, it is unclear if
anxiety or depressive symptoms and perceived stress
reported during the 12-week trial were reflective of longstanding psychological functioning or changes related to
the menopausal transition. In addition, psychological symptom scores on average were within normal ranges, and these
findings may not be generalizable to women with clinically
significant mood disorders. Third, given that we performed
multiple comparisons, it is possible that some associations
were significant by chance. For example, the association
between state anxiety and lower PEP may be a chance
association, given that no other significant associations
between other anxiety measures and PEP were detected.
Based on the stronger pattern of association between psychological measures and lower RSA even after correction
for multiple outcomes with the Benjamini–Hochberg procedure, it is, however, less likely that all associations with
RSA were due to chance alone. In addition, our findings are
consistent with prior studies in men and nonmenopausal
women showing association between anxiety and depression with lower resting parasympathetic activity.39,40
CONCLUSIONS
In summary, among peri- and postmenopausal women with
hot flashes enrolled in a behavioral paced respiration intervention trial, women with a higher burden of anxiety and
depression symptoms demonstrated lower cardiac vagal tone.
Given the literature supporting associations between reduced
vagal tone and cardiovascular disease, these findings suggest
that women with increased anxiety and depressive symptoms
in midlife may have an unfavorable cardiac autonomic profile
that could, in turn, have potential implications for their overall
cardiovascular risk. Our findings may provide support for
future long-term studies examining the impact of psychological functioning in midlife women’s cardiovascular health and
raise the possibility that therapeutic interventions targeting
control of anxiety and depression may be helpful in decreasing cardiovascular risk.
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