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Background: Below average heart rate variability (HRV) has been associated with sexual arousal dysfunction and
overall sexual dysfunction in women. Autogenic training, a psychophysiologic relaxation technique, has been
shown to increase HRV. In a recent study, sexually healthy women experienced acute increases in physiologic (ie,
genital) and subjective sexual arousal after 1 brief session of autogenic training.

Aim: To build on these findings by testing the effects of a single session of autogenic training on sexual arousal in
a sample of women who reported decreased or absent sexual arousal for at least 6 months.

Methods: Genital sexual arousal, subjective sexual arousal, and perceived genital sensations were assessed in 25
women 20 to 44 years old before and after listening to a 22-minute autogenic training recording. HRV was
assessed with electrocardiography.

Outcomes: Change in genital sexual arousal, subjective sexual arousal, and perceived genital sensations from the
pre-manipulation erotic film to the post-manipulation erotic film.

Results: Marginally significant increases in discrete subjective sexual arousal (P ¼ .051) and significant increases
in perceived genital sensations (P ¼ .018) were observed. In addition, degree of change in HRV significantly
moderated increases in subjective arousal measured continuously over time (P < .0001). There were no sig-
nificant increases in genital arousal after the manipulation.

Clinical Implications: The results of this study suggest that autogenic training, and other interventions that aim to
increase HRV, could be a useful addition to treatment protocols for women who are reporting a lack of subjective
arousal or decreased genital sensations.

Strengths and Limitations: There are few treatment options for women with arousal problems. We report on
a new psychosocial intervention that could improve arousal. Limitations include a relatively small sample and the
lack of a control group.

Conclusion: Our findings indicate that autogenic training significantly improves acute subjective arousal and
increases perceived genital sensations in premenopausal women with self-reported arousal concerns. Stanton AM,
Hixon JG, Nichols LM, Meston CM. One Session of Autogenic Training Increases Acute Subjective Sexual
Arousal in Premenopausal Women Reporting Sexual Arousal Problems. J Sex Med 2018;15:64e76.
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INTRODUCTION

Low resting-state heart rate variability (HRV) has been
associated with decreased sexual arousal and poor overall sexual
function.1 An index of the modification of heart rate over time,
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HRV has become a widely used measure of autonomic control
of the heart and the relative contributions of the sympathetic
and parasympathetic nervous systems to that process. In addi-
tion to sexual arousal dysfunction, other psychological condi-
tions have been associated with below average resting HRV;
these include depression,2 anxiety,3 and post-traumatic stress
disorder.4 More broadly, decreases in resting state HRV reflect
cardiac autonomic dysfunction, which plays a critical role in the
development of cardiovascular disease and the maintenance of
psychological states that are characterized by poor self-
regulation.5
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An expanding literature has documented the positive effects of
experimentally increasing HRV on psychological health. Several
interventions have led to significant increases in HRV and im-
provements in various psychological measures. HRV biofeedback
is one such intervention; a number of HRV biofeedback studies
have documented that biofeedback training to increase HRV
produces acute and long-term gains.6,7 These biofeedback pro-
tocols have led to significant decreases in symptoms of perinatal
depression,8 chronic fatigue,9 and post-traumatic stress disor-
der,10 among others. A recent meta-analysis found that HRV
biofeedback training is associated with decreases in self-reported
stress and anxiety.11

Although HRV biofeedback effectively decreases symptoms of
disorders that are characterized by autonomic imbalance, the
intervention requires a considerable time investment. Biofeed-
back protocols typically involve 4 to 5 visits with an experienced
provider,12 which might not be feasible for certain patients or
clinical populations. An intervention that has led to significant
increases in HRV, but over a shorter period, is autogenic
training. Autogenic training is a psychophysiologic relaxation
technique that is believed to improve self-regulatory functions
and increase bodily resistance to stress.13 The rationale for
autogenic training is centered on the maintenance of autonomic
balance or homeostasis, and the practice is designed to promote
the recuperative processes that oppose the physiologic changes
that are typically induced by stress.14 Developed by Schultz and
Luthe,14 autogenic training consists of 6 standard exercises that
use verbal instructions to achieve specific goals. The 1st exercise
targets muscular relaxation, which the practitioner achieves by
repeating a specific phrase that focuses on heaviness (“My right
arm is heavy”); the 2nd exercise targets feelings of warmth (“My
right arm is warm”). The 3rd exercise isolates cardiac activity
(“My heartbeat is calm and regular”), and the 4th emphasizes
steady respiration (“It breathes me”). The 5th and 6th exercises
focus on warmth in the abdomen (“My solar plexus is warm”)
and coolness in the cranial region (“My forehead is cool”),
respectively. Autogenic training is based on 3 core principles: (i)
decreasing internal and external stimulation; (ii) mental repeti-
tion of specific verbal instructions; and (iii) “passive concentra-
tion,” or total, effortless immersion in the task.15 This training
has been associated with increases in HRV after long-term
practice16 and after a single session.17,18

In light of the established relationship between depressed
HRV and low sexual arousal,1 a recent study attempted to
experimentally increase HRV to facilitate increases in physiologic
sexual arousal (ie, genital arousal, measured by vaginal photo-
plethysmography) and subjective sexual arousal (ie, the degree to
which one feels mentally “turned on”) in a sample of sexually
healthy women.18 In this study, women’s physiologic sexual
arousal and subjective sexual arousal were measured before and
after they listened to a 14-minute autogenic training recording.
There were significant increases in resting HRV after autogenic
training compared with before autogenic training, indicating that
J Sex Med 2018;15:64e76
the manipulation might have effectively targeted the mechanism
of interest. Most importantly, physiologic and subjective sexual
arousal were significantly higher when measured after the auto-
genic training recording than when measured before the
manipulation, which suggests that increasing HRV can lead to
acute increases in these 2 types of arousal in women without
sexual arousal concerns. Moreover, change in HRV from pre- to
post-manipulation significantly moderated changes in subjective
sexual arousal; greater change in HRV was associated with larger
increases in subjective sexual arousal. These findings suggest that
interventions that increase HRV could be promising therapeutic
options not only for sexually functional women but also for
women who are having trouble feeling mentally “turned on” at
the prospect of sexual activity or during sexual activity.

The present study extends the findings of Stanton and
Meston18 to a population of women who met Diagnostic and
Statistical Manual of Mental Disorders, 4th Edition, Text Revision
(DSM-IV-TR) criteria for female sexual arousal disorder (FSAD;
ie, recurrent or persistent inability to attain or maintain an
adequate physiologic genital response [eg, vasocongestion, lubri-
cation, swelling of the genitalia] during or until completion of
sexual activity). Based on previous studies,1,19 we had reason to
believe that increasing HRV would specifically target arousal and
not desire mechanisms. For this reason, we chose to use DSM-IV-
TR20 criteria as opposed to the Diagnostic and Statistical Manual of
Mental Disorders, 5th Edition (DSM-5)21 diagnostic criteria for
female sexual interest/arousal disorder, which encompass symp-
toms of arousal and desire. Although the inclusion criteria for this
study focused only on physiologic arousal of the genitals, women
with low or absent genital arousal also can have difficulties feeling
mentally “turned on” during sexual activity, possibly due to
problems with recognizing, processing, or appraising genital re-
sponses or because of a general lack of subjective excitement.
Recently, researchers have argued for the return of separate diag-
nostic categories for inadequate genital arousal and low desire,22

and they have suggested that FSAD should include a genital
arousal subtype and a subjective arousal subtype.23

Prevalence estimates for sexual arousal concerns vary. When
arousal problems are assessed by scores on the arousal domain of
the Female Sexual Function Index (FSFI),24 a well-validated and
widely used self-report index that assesses 6 domains of female
sexual function (arousal, lubrication, desire, pain, orgasm, and
satisfaction), rates range from 11.4% in the United Kingdom25 to
44.9% in Turkey.26 Although arousal concerns are relatively
common in women, there are no pharmacologic treatments
approved by the US Food and Drug Administration that specif-
ically target female sexual arousal, and only a few psychological
interventions have led to clinically meaningful increases in arousal.

We hypothesized that, in women with sexual arousal prob-
lems, an acute increase in HRV through autogenic training
would lead to acute increases in subjective sexual arousal but not
in physiologic sexual arousal. Given the brief length of the
intervention, we did not believe that there would be a significant
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increase in genital arousal in women with clinically low levels of
arousal. In addition, based on the results of previous research,18

we hypothesized that the degree of change in baseline HRV from
before to after the intervention would significantly moderate
changes in subjective sexual arousal. If the findings of Stanton
and Meston18 are replicated in this sample of premenopausal
women with decreased sexual arousal, then the results of this
study could have implications for the treatment of sexual arousal
problems. Furthermore, this study could help clarify the relation
between HRV and female sexual arousal, offering insight that
could shape the development of HRV-targeted interventions for
the treatment of sexual arousal concerns.
METHODS

Participants
Participants were recruited from the community using flyers

and print and online advertisements. These advertisements
instructed potential participants to call the laboratory and com-
plete a phone screen with a trained research assistant to deter-
mine eligibility. All potential participants completed a thorough
phone screen, which included the FSFI,24 a 19-item self-report
questionnaire that assesses desire, arousal, lubrication, pain,
orgasm, satisfaction, and overall sexual function. Total scores
range from 2 to 36, with higher scores indicating greater sexual
function. The FSFI has good internal reliability (r ¼
0.89e0.97), test-retest reliabilities (a ¼ 0.79e0.88), and has
been shown to discriminate between women with and without
sexual problems.24 Only premenopausal women who scored
below a 26.55 on the FSFI, the clinical cutoff for sexual func-
tion,27 were included in the study.

In addition to meeting the FSFI cutoff score, participants were
required to report decreased or diminished genital sensations and
to respond in the affirmative to the following question: “Do you
think that you have an arousal problem?” An adapted version of
the Female Sexual Dysfunction Diagnosis (FSDD) question-
naire, which was originally developed to identify women who
have acquired sexual arousal problems, also was used to deter-
mine eligibility with respect to the genital sensations criterion.
The adapted FSDD assesses participants’ past and current levels
of genital sexual arousal by referencing 5 specific genital sensa-
tions (pleasurable sexual feeling in your genitals; genital pulsing
or throbbing; genital or clitoral fullness, pressure, or engorge-
ment; genital warmth; genital wetness or lubrication) that are
typically experienced during sexual activity. Women who iden-
tified experiencing at least 2 of these genital sensations in the past
and stated that these sensations were currently diminished or
absent (for �6 months) were eligible to participate. In addition,
the adapted FSDD evaluates the level of importance associated
with these specific genital sensations during sexual activity with a
7-point Likert scale, which ranges from 1 (not at all important)
to 7 (extremely important). However, the level of importance
attributed to the sensations was not used to determine eligibility
for this study.
Other inclusion criteria were generalized low arousal; currently
sexually active with a partner; heterosexual or bisexual sexual
orientation; and fluency in English. Generalized low arousal was
defined as arousal concerns that are not situational (ie, low
arousal regardless of context, no matter the setting, the partner,
the time of day, etc). Exclusion criteria included a history of
sexually transmitted diseases; current active or untreated pelvic,
vaginal, or urinary tract infections; history of sexual abuse; his-
tory of major pelvic surgery; history of neurologic impairment;
history of or current psychotic disorder; and currently taking
medications that are known to affect genital sexual arousal in
women, such as antidepressants, b-blockers, or benzodiazepines.
Participants were compensated $50 for their time.
Participant Characteristics
The final sample included 25 women who were 20 to 44 years

old (average ¼ 31.16, SD ¼ 6.71). The sample was mostly
Caucasian (64%), 28% were African American, 4% were Asian
American, and 4% were Pacific Islander. Most of the sample
considered themselves to be exclusively heterosexual (64%); 36%
of the sample considered themselves to be predominantly het-
erosexual. For relationship status, most women in the sample
were single and dating (52%), some women were in committed
relationships (36%), and a minority was single but not dating
(12%). All participants met the clinical cutoff for sexual
dysfunction established by the FSFI (mean ¼ 18.25, SD ¼ 5.36).
The average domain scores were 2.74 (SD ¼ 1.13) for desire,
2.77 (SD ¼ 0.866) for arousal, 3.10 (SD ¼ 1.04) for lubrication,
3.04 (SD ¼ 1.14) for orgasm, 3.00 (SD ¼ 1.30) for satisfaction,
and 4.29 (SD ¼ 1.48) for pain.
Measures

Heart Rate Variability
Heart rate was measured at a rate of 200 samples per second

by electrocardiography. The signal from the electrocardiographic
leads was detected using an MP100 data acquisition unit that was
equipped with AcqKnowledge 3.9.1 software (Biopac Systems,
Inc, Santa Barbara, CA, USA). During each experimental ses-
sion, the research administrator placed disposable electrodes on
the participant’s upper right chest, lowermost left rib, and inner
right ankle to triangulate the signal. Then, after the administrator
left the room, the participant attached the leads to the electrodes.

Physiologic Sexual Arousal
Physiologic sexual arousal was assessed using a vaginal pho-

toplethysmograph,28 a photoreceptive diode that produces 2
measurements: vaginal blood volume and vaginal pulse ampli-
tude (VPA). VPA, which reflects short-term changes in the
engorgement of blood in the vaginal tissue,29 is considered the
more sensitive of the 2 indices30 and has been shown to be a
reliable index of women’s physiologic, or genital, arousal.31

Sampled at a rate of 200 samples per second throughout the
neutral and erotic films, VPA data were recorded in millivolts,
J Sex Med 2018;15:64e76
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bandpass filtered (0.5e30 Hz), and collected by an MP150 data
acquisition unit equipped with AcqKnowledge 3.9.3 software
(Biopac Systems).

Subjective Sexual Arousal
Subjective sexual arousal was measured discretely and

continuously. Discrete subjective arousal scores were calculated
by summing the scores of the 3 original subjective sexual arousal
items from the Heiman and Rowland’s Film Scale.32 This
15-item self-report questionnaire features a 7-point Likert scale
with answer choices ranging from 1 (not at all) to 7 (intensely).
On 2 occasions during the experiment (immediately after the 1st
neutral-erotic film sequence and immediately after the 2nd
neutral-erotic film sequence), participants were asked to rate the
degree to which they experienced each of the 3 items on a
7-point scale, and then the 3 scores were combined into a single
subjective sexual arousal score for each of the 2 time points.
Subjective sexual arousal also was measured continuously during
the 2 neutral-erotic film sequences with an arousometer,33 a
computer mouse mounted on a lever that is numbered from
0 (no mental sexual arousal) to 7 (maximum mental sexual
arousal). The experimenter instructed the participant to move
the mouse up or down as she felt her mental sexual arousal
increasing or decreasing during the course of the films.

Perceived Genital Arousal
Perceived genital arousal was calculated by summing the scores

of the 5 perceived genital arousal items from the Film Scale.32

Immediately after the 1st and 2nd neutral-erotic film se-
quences, participants rated the intensity of their genital sensa-
tions (eg, genital pulsing or throbbing; genital or clitoral fullness,
pressure, or engorgement) on a 7-point Likert scale.
Stimulus Materials
2 9-minute audiovisual films were used as stimulus materials.

They were presented in counterbalanced order and matched for
content. The 2 films included a 3-minute neutral segment fol-
lowed by a 6-minute erotic segment. The neutral segments of the
2 films depicted different images of natural landscapes accom-
panied by classical music. The erotic segments of the 2 films
featured different heterosexual couples engaging in 2 minutes of
foreplay, 2 minutes of cunnilingus, and 2 minutes of penetrative
sexual intercourse. These films have been found to be arousing to
women in previous studies that have been conducted in our
laboratory.
Procedure
The institutional review board at The University of Texas at

Austin approved the study protocol and all study materials.
Eligible participants were greeted and oriented to the study pro-
cedures before providing informed consent. After the female
experimenter left the room, the participants inserted the vaginal
photoplethysmograph and attached the electrocardiographic
J Sex Med 2018;15:64e76
wires. The experiment took place in a private room equipped with
an intercom, which the participants used to communicate with
the experimenter during the duration of the study session. The
experimenter allowed the participant’s data to normalize for 1 to 3
minutes. After this brief habituation period, participants watched
the 1st 9-minute stimulus film while their VPA and heart rate
data were collected. During the film, participants were asked to
move the arousometer up as they felt their mental sexual arousal
increasing and down as they felt their mental sexual arousal
decreasing.

After watching the 1st 9-minute neutral-erotic film sequence,
participants were asked to complete the Film Scale and a de-
mographics form, which typically took 5 to 10 minutes. Then,
they were instructed to stay seated, close their eyes, remain as still
as possible, and listen carefully to a 22-minute autogenic training
recording, which was adapted from an autogenic training manual
written by Linden.34 The recording focused on the 1st 2 of the 6
standard autogenic training exercises (ie, inducing sensations of
heaviness and warmth). It is worth noting that the length of the
autogenic training recording was increased from what was 14
minutes in a prior study conducted with sexually healthy
women18 to 22 minutes in the present study, which assessed
women with sexual arousal concerns. This change was made to
allow for the possibility that women with sexual concerns might
take longer to acclimate to a laboratory testing environment than
sexually healthy women. After listening to the recording, par-
ticipants watched the 2nd neutral-erotic film sequence as their
VPA and heart rate data were collected. During the 2nd film,
participants were asked to move the arousometer in concert with
changes in their mental sexual arousal.
Data Analysis

Data Reduction
Heart rate data were collected using electrocardiography with

AcqKnowledge 3.9.3. The AcqKnowledge peak finder function
isolated the inter-beat intervals (N-N intervals), which were
exported to Excel (Microsoft, Redmond, WA, USA) for artifact
removal. Artifacts were visually detected, and then a correction
level was applied. The resulting Excel files from the data pro-
cessing phase were converted to text files and then imported into
Kubios HRV Analysis Software (Biosignal Analysis and Medical
Imaging Group, University of Kuopio, Kuopio, Finland), a
program that offers time-domain and frequency-domain analyses
for HRV data.

2 indices of HRV were used in this study: a time-domain
measurement, the SD of normal heart beat interval lengths
(SDNN), and a frequency-domain measurement, the natural log
of the high-frequency (HF) band. The Kubios software calculates
time-domain measurements, including SDNN, and isolates the
various components of the HRV signal for frequency-domain
analyses. SDNN is considered one of the most widely used
measures of HRV35; it provides information about all
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components contributing to HRV during the recording period
and thus is a more global measure than the HF band and the
other power-spectrumederived measures. When measured across
shorter time spans, SDNN values can be compared only with
other SDNN measures derived from recordings of a similar
length, because SDNN tends to increase (up to a point) with
longer recording periods.36 For the analysis of parameters in the
frequency domain, Kubios derives the intervals between succes-
sive normal QRS complexes (ie, N-N intervals) using a fast
Fourier transform and then generates a power distribution as a
function of frequency. The 2 spectral components that can be
isolated from brief recordings are the low-frequency band
(0.04e0.15 Hz) and the HF band (0.15e0.4 Hz). It has been
suggested that the low-frequency band reflects sympathetic
activity,37,38 but a number of researchers have challenged this
view, arguing that this band actually indexes baroreflex
activity.39,40 The HF band is believed to reflect the magnitude of
the parasympathetic (ie, vagal) influence on the heart41; it is
frequently referred to as the “respiratory band” because it cor-
responds to heart rate variations that are related to respiration (ie,
respiratory sinus arrhythmia).42 The power of the HF band is a
commonly used measure of vagally influenced HRV. In short-
term recordings, the primary source of variation that contrib-
utes to HRV is mediated by the parasympathetic nervous system;
therefore, SDNN is correlated with higher frequency rhythms.42

VPA data were continuously measured during the pre-
manipulation film and the post-manipulation film using
AcqKnowledge 3.9.3. These data were exported to Excel for
processing. Movement artifacts were removed from the data
using an automated processing procedure43 that was built in the
R software environment44 using the MGCV package for gener-
alized additive modeling.45 Pulverman et al43 provide a more
comprehensive explanation of this data processing procedure.
VPA data were binned into 5-second segments, representing
mean peak-to-peak VPA response, and the data within each
segment were averaged into a single value. After the data were
binned, each participant had a total of 120 VPA data points,
which were analyzed with hierarchical linear modeling (HLM).

Resting HRV
A paired-samples t-test was used to determine the effect of

autogenic training on resting HRV. Measurements of baseline
(resting) SDNN and baseline HF-HRV, collected during the
4-minute neutral segment before the 1st erotic film, were
compared with SDNN and HF-HRV measurements collected
during the 4-minute neutral segment immediately after the 22
minutes of autogenic training and before the start of the 2nd
erotic film.
YðVPAÞij¼ b0þb1ðDSDNNÞijþb2ðfilmÞijþb3ðtimeÞijþb4ðDSDNN

þb7ðDSDNN � film � timeÞijþrij
Vaginal Pulse Amplitude
These data were analyzed via percent change scores and with

HLM. For percent change score analysis, a mean VPA score was
calculated for the pre-manipulation film sequence by averaging
VPA during the 1st neutral film and then separately averaging
VPA values for the 1st erotic film. Then, a mean VPA difference
score (VPAeroticfilm1mean � VPAneutralfilm1mean) for the pre-
manipulation phase of the experiment was determined for each
participant. This difference score was used to calculate a percent
change score for the pre-manipulation film sequence: each dif-
ference value was divided by the mean VPA during the neutral
film and then multiplied by 100. The same procedure was car-
ried out for the post-manipulation phase, resulting in a post-
autogenic training mean VPA difference score
(VPAeroticfilm2mean � VPAneutralfilm2mean) and then in a percent
change score for the post-manipulation film sequence. A paired-
samples t-test was used to determine the effect of autogenic
training on VPA percent change score.

These data also were analyzed using HLM, a sensitive statis-
tical technique that accounts for individual variability by esti-
mating coefficients based on the unique slopes and intercepts of
each participant.46 This technique is particularly well suited for
the analysis of continuous, multilevel data, and it has been
effectively applied to VPA data in previous research.47 The VPA
analyses using HLM were conducted in R 3.2.344 with the
NLME package.48

Discrete Subjective Sexual Arousal and Perceived Genital
Arousal
A paired-samples t-test was used to determine the effect of

autogenic training on discrete subjective, sexual arousal and on
perceived genital arousal. Pre-manipulation subjective arousal
scores were compared with post-manipulation subjective arousal
scores, and pre-manipulation perceived genital arousal scores
were compared with post-manipulation perceived genital arousal
scores.
Change in HRV as a Moderator of Change in VPA and in
Continuous Subjective Arousal
Several moderation models were tested using HLM in the R

software environment44 with the NLME package.48 These
moderation models examined the degree to which change in
HRV from before to after the manipulation influences genital
and continuous subjective sexual arousal.

The following 4 models assessed the relation between change
in HRV (indexed by SDNN and HF-HRV) and VPA or
continuous subjective arousal during the film sequences:
� timeÞijþb5ðDSDNN � filmÞijþb6ðfilm � timeÞij

J Sex Med 2018;15:64e76
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YðarousometerÞij¼ b0þb1ðDHF�HRVÞijþb2ðfilmÞijþb3ðtimeÞijþb4ðDHF�HRV � timeÞijþb5ðDHF�HRV � filmÞij
þb6ðfilm � timeÞijþb7ðDHF�HRV � film � timeÞijþrij
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Y(VPA)ij and Y(arousometer)ij are the ith participant’s VPA and
continuous subjective arousal, respectively, at the jth time point.
In these models, b1 represents the main effect of change in HRV
from before to after the manipulation on genital or subjective
sexual arousal, b2 represents the main effect of the film (0 ¼ pre-
manipulation film, 1 ¼ post-manipulation film), b3 highlights
the main effect of time, and b5e7 represent the various 2-way
interactions effects and the 3-way interaction effect among
HRV, film, and time. The time variable refers to the course of
each of the neutral-erotic film segments; the pre-manipulation
film and the post-manipulation film were 540 seconds in dura-
tion. b0 represents the participant-specific intercept and rij are
the individual error terms.

To account for the clustering of observations within each
subject, these analyses included a random intercept on subject.
All other variables were treated as fixed effects. For all analyses,
we used an a level of 0.05 to determine statistical significance.
RESULTS

Heart Rate Variability
Changes in resting HRV were analyzed using a paired-samples

t-test. Resting HRV, measured by SDNN and HF-HRV,
differed significantly from pre- to post-autogenic training.
SDNN and HF-HRV were significantly greater during the
neutral film that followed the manipulation (t24 ¼ �2.93,
P ¼ .007; t24 ¼ �3.56, P ¼ .002) than during the
Table 1. Mean values before and after autogenic training

M1 SD (M1)

HRV (SDNN) 46.56 19.29
HRV (LnHF) 5.94 1.42
VPA change (%) 30.31 33.16
Discrete subjective sexual arousal 12.64 4.45
Perceived genital sensations 15.68 7.25

HRV ¼ heart rate variability; LnHF ¼ natural log of high-frequency heart ra
M2 ¼ mean after autogenic training; SDNN ¼ SD of N-N interval; SE ¼ stand

J Sex Med 2018;15:64e76
pre-manipulation neutral film segment, which indicates that the
autogenic training likely contributed to increased HRV, as was
expected. These differences had medium effect sizes (d ¼ 0.59
and d ¼ 0.71, respectively). Tables 1 and 2 present a comparison
of means and paired-samples t-test results.
Vaginal Pulse Amplitude
Percent change in VPA was assessed with a paired-samples t-

test. The intervention did not lead to significant increases in VPA
percent change (t24 ¼ 0.188, P ¼ not significant). Similarly,
HLM analyses did not show a significant main effect for film,
indicating that VPA did not significantly change from film 1,
which was shown before the presentation of the autogenic
training recording, to film 2, which followed the autogenic
training intervention. That is, in line with our hypothesis,
listening to the brief autogenic training recording was not asso-
ciated with increased physiologic sexual arousal during the film
that followed the recording. Tables 1 and 2 present a comparison
of means and results.
Discrete Subjective Sexual Arousal
Changes in discrete subjective arousal were analyzed with a

paired-samples t-test. There was a marginally significant differ-
ence in mean discrete subjective arousal, measured by the Film
Scale, after the autogenic training manipulation (t24 ¼ �2.05,
P ¼ .051). Results are presented in Tables 1 and 2. Participants
experienced an increase in subjective sexual arousal after listening
SE (M1) M2 SD (M2) SE (M2) n

3.86 58.54 26.47 5.29 25
0.28 6.50 1.38 0.28 25
6.63 29.15 32.11 6.41 25
0.89 13.80 5.10 1.02 25
1.47 18.20 9.30 1.86 25

te variability band (0.15e0.40 Hz); M1 ¼ mean before autogenic training;
ard error; VPA ¼ vaginal pulse amplitude.



Table 2. Results of paired-samples t-tests

Before to after manipulation Mean SD SE n 95% CI for MD t-ratio df

HRV (SDNN) �11.98 20.37 4.07 25 �20.39 to �3.58 �2.94
‡

24
HRV (LnHF) �0.57 0.89 0.18 25 �0.89 to �0.24 �3.56‡ 24
VPA change (%) 1.16 30.81 6.16 25 �11.56 to 13.87 0.19 24
Discrete subjective sexual arousal �1.16 2.82 0.565 25 �2.33 to 0.006 �2.05* 24
Perceived genital sensations �2.52 4.95 0.99 25 �4.56 to �0.48 �2.55† 24

HRV ¼ heart rate variability; LnHF ¼ natural log of high-frequency heart rate variability band (0.15e0.40 Hz); MD ¼ mean difference; SDNN ¼ SD of N-N
interval; VPA ¼ vaginal pulse amplitude.
*P ¼ .05; †P < .05; ‡P < .01.
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to the autogenic training recording. This increase had a small to
medium effect size (d ¼ 0.41; Figure 1).

Perceived Genital Arousal
A paired-samples t-test showed that participants experienced a

significant acute increase in perceived genital arousal after the 22-
minute autogenic training recording (t24 ¼ �2.55, P ¼ .018).
That is, participants reported increased genital warmth, wetness
or lubrication, pulsing or throbbing, and tenseness or tightness.
This difference in perceived genital arousal had a medium effect
size (d ¼ 0.51). Tables 1 and 2 present the results and Figure 2
presents a visualization of this increase.

Change in HRV as a Moderator of Change in VPA
HLM analyses were conducted to determine whether change

in resting HRV from before to after the manipulation moderated
changes in VPA over time. Regardless of the HRV index used,
there was no significant 3-way interaction among change in
HRV, film, and time. Therefore, change in HRV was not a
significant moderator of changes in VPA (Table 3).
Change in HRV as a Moderator of Change in
Continuous Subjective Sexual Arousal

HLM analyses also were used to determine whether change in
resting HRV from before to after the manipulation significantly
moderated changes in continuous subjective sexual arousal,
measured with the arousometer. When SDNN was used as an
Figure 1. Mean subjective sexual arousal, measured with the Film
Scale of Heiman and Rowland,32 before and after manipulation of
heart rate variability.
index of HRV, there was a significant 3-way interaction among
change in SDNN, film, and time (b ¼ 0.0001, t5,393 ¼ 6.10, P
< .0001; Table 3, Figure 3). That is, women who experienced
greater changes in resting SDNN from before to after the
autogenic training had the greatest increases in continuous sub-
jective sexual arousal from the 1st to the 2nd neutral-erotic film
segment. The same significant 3-way interaction emerged when
the natural log of the HF band of the HRV signal was used to
index HRV (b ¼ 0.0001, t5,393 ¼ 4.60, P < .0001; Table 4,
Figure 4). Therefore, increased change in SDNN and HF-HRV
could be driving the increase in subjective sexual arousal from the
1st to the 2nd film sequence. Figures 3 and 4 highlight the
differences in subjective sexual arousal from pre- to post-
autogenic training at 3 different levels of HRV change (HRV
change e 1 SD, mean HRV change, and HRV change þ 1 SD).
DISCUSSION

This study assessed the effect of increasing HRV with auto-
genic training on genital sexual arousal, subjective sexual arousal,
and perceived genital sensations (eg, warmth, fullness, and
pressure) in premenopausal women with diminished or absent
sexual arousal. The 22-minute autogenic training recording led
to marginally significant increases in discrete subjective sexual
arousal and significant increases in continuous subjective arousal
and perceived genital sensations, but not in genital sexual arousal.
Importantly, change in HRV, measured by SDNN and the
Figure 2. Mean perceived genital sensations, measured with the
Film Scale of Heiman and Rowland,32 before and after manipulation
of heart rate variability. *P < .05.

J Sex Med 2018;15:64e76



Table 3. Results from hierarchical linear modeling analysis examining the relation among film, time, and DSDNN (heart rate variability)
from before to after manipulation

Predictor b SE df t-ratio P value

(Intercept) 0.25 0.03 5369 7.56 .000
DSDNN �0.003 0.002 23 �1.56 .13
Film 0.07 0.005 5369 13.15 .000
Time 0.001 0.0002 5369 61.42 .000
DSDNN � film 0.001 0.0003 5369 5.51 .000
DSDNN � time �0.000009 0.0000008 5369 �10.37 .000
Film � time 0.0001 0.00003 5369 3.06 .002
DSDNN � film � time 0.00001 0.000002 5369 6.10 .000

df ¼ degrees of freedom; film ¼ before or after manipulation (0 ¼ before, 1 ¼ after); SE ¼ standard error; DSDNN ¼ change in resting SD of N-N interval
(heart rate variability) during neutral film from before to after manipulation.
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natural log of the HF band, moderated changes in subjective
sexual arousal when it was measured continuously throughout
the films. In other words, larger increases (ie, increases > 1 SD
above the mean) in resting HRV from the pre- to the post-
manipulation neutral film segment were associated with the
greatest increases in subjective sexual arousal over time.

HRV could be related to subjective sexual arousal because of
its role in the processing of emotional cues and regulation of
emotional responses. Adaptive emotional processing and regu-
lation involve the flexible modulation of emotional experiences,
expressions, and physiologic responses.49 Emotional responses
that are consistent with a given situation (eg, sexual activity) are
indicative of adaptive emotional regulation, which is critical for
overall functioning and well-being.50 It has been suggested that
HRV can be considered an index of emotional regulation because
of its relation to the inhibitory pathways that are regulated by the
Figure 3. Difference in continuous subjective sexual arousal from
before to after autogenic training at 3 levels of change in SDNN. All
3 groups experienced increases in subjective sexual arousal after
the intervention. However, the women who had the lowest in-
creases in heart rate variability (SDNN) after the intervention
experienced the smallest gains in subjective sexual arousal.
SDNN ¼ SD of N-N interval.
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parasympathetic branch of the autonomic nervous system.51 The
heart and other peripheral organs are under the control of the
autonomic nervous system, and this process is characterized by
the relative dominance of the parasympathetic system over the
sympathetic system.52,53 The regulation of physiologic functions
through parasympathetic pathways is influenced by psychological
processes such as emotion regulation,54,55 and emotion regula-
tion is likely relevant for adaptive “mental” sexual arousal
function.56 When women are in a sexual situation, effective
regulation of emotional responses “in the moment” will at least
in part contribute to the success of the overall experience. That
is, feeling mentally turned on during sexual activity could be
considered adaptive emotion regulation, because this feeling in-
tegrates psychological and physiologic responses to meet the
demands of a sexual situation.

Barlow’s model of sexual dysfunction57 provides another
possible explanation for these findings. According to this model,
the locus and quality of the individual’s attention and, relatedly,
the degree of one’s cognitive distraction are maintaining factors of
sexual problems. During sexual activity, individuals with sexual
dysfunction tend to show decreased focus on erotic cues and
increased focus on non-erotic cues,58 such as negative thoughts
about their own level of physical attractiveness. Similarly, specta-
toring, which occurs when individuals focus on their arousal only
to judge its adequacy during sexual intercourse, has been associated
with sexual problems.59 The autogenic training intervention draws
the practitioner’s attention to specific areas of the body for
extended periods, potentially decreasing cognitive distraction.
Spending more than 20 minutes channeling feelings of warmth
and heaviness in different limbs could help women direct their
attention to similar sensations in their genitals and to other erotic
cues during the sexual film, ultimately leading to increases in
subjective sexual arousal and perceived genital sensations.

It is notable that the autogenic training manipulation failed to
result in significant VPA increases over time. In a previous study,
the same protocol was applied to a group of premenopausal
women without sexual arousal concerns, and there was a significant
increase in VPA from pre- to post-manipulation.18 Given this



Table 4. Results from hierarchical linear modeling analysis examining the relation among film, time, and DLnHF (heart rate variability)
from before to after manipulation

Predictor b SE df t-ratio P value

(Intercept) 0.82 2.13 5369 0.39 .69
DLnHF 0.99 0.35 23 2.86 .009
Film 2.23 0.23 5369 9.51 .000
Time 0.002 0.0008 5369 2.09 .04
DLnHF � film �0.37 0.04 5369 �9.63 .000
DLnHF � time 0.0005 0.0001 5369 4.18 .000
Film � time 0.008 0.002 5369 5.47 .000
DLnHF � film � time �0.001 0.0002 5369 �5.76 .000

df ¼ degrees of freedom; film ¼ before or after manipulation (0 ¼ before, 1 ¼ after); SE ¼ standard error; DLnHF ¼ change in natural log of high-frequency
heart rate variability band (0.15e0.40 Hz) during the neutral film from before to after manipulation.
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discrepancy, it is possible that the intervention might not be
applicable to women with a clear genital arousal disorder, such as
women with medical comorbidities that affect the neurovascular
system. Alternatively, a 22-minute single-session intervention
might not be long enough or intense enough to translate into
statistically meaningful gains in genital arousal in women who
have had low arousal for at least 6 months. To test this hypothesis,
researchers could consider titrating the dose of the intervention in
future studies (ie, longer sessions or multiple sessions) or altering
the protocol to enable women to listen to the autogenic training
recording from the privacy of their own homes. The contradictory
VPA findings are not unusual, because the literature documenting
the effects of psychosocial and pharmacologic interventions on
genital sexual arousal is mixed. Some pharmacologic agents have
been shown to increase VPA response relative to placebo; these
include combined L-arginine glutamine plus yohimbine,60 ginkgo
biloba,61 tibolone,62 and sildenafil.63,64 Other studies, particularly
those examining the effects of sildenafil and other phosphodies-
terase inhibitors on genital arousal in women, have not shown
Figure 4. Difference in continuous subjective sexual arousal from
before to after manipulation at 3 levels of change in LnHF. All 3
groups experienced increases in subjective sexual arousal after the
intervention. However, the women who had the lowest increases in
heart rate variability (LnHF) after the intervention experienced the
smallest gains in subjective sexual arousal. LnHF ¼ natural log of
high-frequency heart rate variability band.
promising results with respect to VPA and/or similar physiologic
indices of female genital arousal.65,66

Likewise, there is no clear consensus on the effect of psycho-
social interventions, such as traditional cognitive-behavioral ther-
apy (CBT) and mindfulness, on genital arousal in women with
self-reported arousal concerns. As of 2013, when a meta-analysis
of psychosocial interventions for female sexual dysfunction was
published, there were no randomized-controlled studies on FSAD
to include in the analysis.67 Some studies have examined the ef-
ficacy of CBT for improving other domains of sexual function,
such as desire68 and pain,69 but increases in female sexual arousal
(and VPA, in particular) have yet to be the target of a randomized-
controlled CBT trial. This lack of CBT-based options for women
with arousal concerns has been somewhat remedied in recent years
with the increase in studies examining mindfulness-based in-
terventions for female sexual dysfunction. In 2003, Brotto70 began
a series of experiments that applied mindfulness-based approaches
to the treatment of female sexual dysfunction. One of these studies
was a 3-session mindfulness-based group psychoeducational
intervention for women with FSAD.71 Although the intervention
had a significant positive effect on self-assessed genital wetness and
led to marginally significant increases in subjective and self-
reported physical arousal, it did not result in any changes in
physiologic arousal measured by VPA. Similarly, when they tested
their intervention in a sample of women with gynecologic cancer,
Brotto et al72 found a significant effect of the program on self-
reported arousal (and on other sexual function domains,
including desire, orgasm, satisfaction, and sexual distress), but only
a trend toward significantly improved physiologic genital arousal
(VPA) and perceived genital arousal. Therefore, the lack of sig-
nificant VPA findings in the present study is consistent with
previous research on mindfulness-based interventions.

Autogenic training, the intervention used in this study to
increase HRV, and mindfulness have some similarities but also a
few critical differences. Mindfulness has been defined as a
purposeful, non-judgmental awareness of the present moment or
one’s present experience.73 In mindfulness-based practices,
patients are invited to attend to and accept their present expe-
rience without judging it or attempting to change it in any way.
J Sex Med 2018;15:64e76
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Autogenic training also emphasizes non-judgmental attention to
the present moment, but it directs practitioners to conjure sen-
sations throughout the body through verbal self-suggestions.14,74

Mindfulness discourages any attempts to alter one’s physical
sensations, whereas autogenic training facilitates autonomic self-
regulation through these self-suggestions. Some women might
find it difficult or frustrating to sit with their sensations without
attempting to alter them; for these women, autogenic training
could be a viable option. Other women might be attracted to
mindfulness-based protocols because they build curiosity,
openness, and, perhaps most importantly, acceptance of the body
and the environment. If a future randomized-controlled study
demonstrates that autogenic training (and/or other interventions
that increase HRV) is associated with significant increases in
sexual arousal in women with sexual arousal problems, then this
protocol could be considered an alternative or a complement to
mindfulness-based practices.

The main contribution of the present study is the demonstrated
effect of the autogenic training recording on acute subjective
sexual arousal and perceived genital arousal. It is arguable that
subjective sexual arousal and perceived genital arousal are more
important to a woman’s individual experience of sexual activity
than her VPA. Laboratory studies have shown low correlations
between subjective (ie, self-report) and physiologic (ie, VPA)
measurements of sexual arousal in women.75 That is, women are
less likely than men to report feeling aroused when their physio-
logic arousal is elevated. Therefore, it might be more clinically
meaningful to look for changes in perceived genital sensations and
subjective sexual arousal, rather than changes in VPA, when
testing psychosocial interventions aimed to increase arousal.

Importantly, we do not believe that these increases are a result
of repeated presentation of erotic material. The 2 films were
separated by a 22-minute recording, which is likely a long
enough period for participants to return to their baseline levels of
VPA and subjective arousal. Indeed, the results of a paired-
samples t-test comparing average VPA during the 1st 3-minute
neutral film and average VPA during the 2nd 3-minute neutral
film did not reach statistical significance, which indicates that
participants returned to their baseline VPA before the presenta-
tion of the 2nd erotic film. Other studies have demonstrated that
presenting multiple erotic films in a single session, with sufficient
time between the films for the participants to return to their
baseline levels of arousal, does not lead to increased subjective
sexual arousal. For example, Pulverman et al76 showed hetero-
sexual and lesbian women 3 different films (featuring hetero-
sexual, lesbian, and gay male couples, respectively), in
counterbalanced order, during a single laboratory visit. Subjective
sexual arousal differed significantly based on the content of the
films, not on the order in which the films were presented. That
is, subjective sexual arousal was not significantly greater during
the 3rd film compared with the 1st or 2nd film.

There are several limitations of this study that warrant
explanation. (i) The study had a small sample and did not
J Sex Med 2018;15:64e76
include a control group or a “sham” intervention. To more
accurately determine the efficacy of autogenic training and other
similar interventions in improving sexual arousal in women
who meet International Classification of Diseases, 10th Revision
(ICD-10) criteria for FSAD or DSM-5 criteria for female sexual
interest/arousal disorder, it will be crucial to conduct a
randomized-controlled trial on a larger sample that includes a
placebo or a waitlist control group. Before such a study is con-
ducted, the generalizability of our results to clinical populations
is limited. (ii) To minimize the number of visits required to
complete the study, we did not randomize the order of the
autogenic training recording. Rather than having each participant
come to the laboratory twice, once to establish a baseline VPA
reading and once to play the autogenic training recording before
presenting the neutral-erotic film sequence, we included the pre-
manipulation VPA recording and the post-manipulation VPA
recording in a single visit. Although we recognize that a multi-
visit study design might have more effectively isolated the rela-
tive contribution of the autogenic training recording to the
arousal response, separating the study into 2 visits could have led
to decreased compliance, increased dropout rates, and/or vari-
ability in the placement of the vaginal photoplethysmograph.
(iii) Lesbian women were excluded from participation. The
stimulus films that were used in this study have been demon-
strated to increase arousal in heterosexual and bisexual women in
previous studies. We chose to limit potential sources of vari-
ability by using (i) only 2 films and (ii) films that that had been
piloted on other women. Because there were no lesbian women
in our sample, we cannot claim that these results generalize to
that population. It is critical that future research test the efficacy
of this intervention and other sexual arousal interventions on
women who are sexually attracted to women.

In addition, we did not use a validated instrument to assess
arousal-specific concerns, and we did not inquire about deficits in
subjective sexual arousal during the screening phase. The FSDD
was originally developed from the ICD-10 and DSM-IV-TR
diagnostic criteria for FSAD to highlight potential deficits in
genital arousal. It was adapted for this study to assess specific
genital sensations that are typically believed to be associated with
physiologic sexual arousal (eg, genital warmth, clitoral fullness,
etc). We do not have information on the validity and reliability
of the adapted FSDD. Women were allowed to participate only
if they reported decreased or absent genital arousal; they were not
asked about subjective arousal during the phone screen. A broad
understanding of arousal incorporates physical and mental
readiness for sexual activity. Indeed, Janssen et al77 and
Spiering et al78 proposed that arousal can be broken down into 2
key components: (i) conscious and unconscious mental pro-
cessing leading to an automatic genital response (ie, physiologic
arousal) and (ii) a cognitive process appraising the sexual content
of the stimulus (ie, subjective sexual arousal). There are women
who report diminished subjective sexual arousal but no decre-
ments in physiologic arousal,47 and these women could benefit
from the autogenic training intervention.
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Based on these results, we cannot definitively conclude that
change in HRV has a causal effect on sexual arousal or that
autogenic training uniquely targets HRV. Autogenic training
might modulate the entire autonomic nervous system, and a
consequence of this modulation could be increased HRV.
Another consequence of this modulation might be increased
arousal, such that increased HRV and increased arousal occur in
parallel. The timing and nature of these effects should be further
investigated in future research.

Overall, our finding that autogenic training increased acute
subjective sexual arousal and perceived genital arousal in
women with sexual arousal concerns suggests that this inter-
vention could be a welcome addition to the small group of
psychosocial interventions that have shown efficacy in treating
sexual arousal concerns. The fact that women who experienced
the greatest changes in resting HRV had the greatest increases
in subjective sexual arousal indicates that HRV level might be
an important mechanism fueling the effects of the autogenic
training intervention. Autogenic training is easy to learn, and
recordings can be downloaded from the internet at little to no
cost. Given the wide-scale availability of the intervention and
its potential to improve sexual arousal in women with and
without arousal concerns,18 it is worthwhile to continue
investigating the effects of HRV interventions on sexual
arousal.
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