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Heart Rate Variability Biofeedback as Adjunctive
Treatment of Generalized Anxiety Disorder: A Case Report
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Abstract

Introduction: Generalized anxiety disorder (GAD) is a
common psychiatric disorder that can cause significant
functional impairment to a patient’s life. Mind body
therapies (MBT) have increasingly been used as an
intervention to manage symptoms of anxiety. Heart rate
variability (HRV) biofeedback is a specific MBT that
utilizes real-time feedback on autonomic functioning
to train the physiological stress response through
diaphragmatic breathing.

Case Presentation: A 39-year-old female was referred
for a seven-week HRV biofeedback training protocol
at Bastyr University Clinic for adjunctive treatment of

GAD and depression. She had been taking citalopram
for approximately four months prior to the first visit.
Discussion/Conclusion: After completing the seven-
week protocol, the patient’s anxiety improved from
severe to mild, and her depression improved from mild
to minimal. This improvement was maintained at a
four-week follow-up, and eight weeks after the final visit
she reported that her anxiety was no longer a concern to
her. HRV biofeedback demonstrated to be an effective
adjunctive treatment for GAD in this patient’s case;
however further research is needed to elucidate the
effects of HRV biofeedback in patients with GAD.
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Introduction

Generalized anxiety disorder (GAD) is a common
and often chronic psychiatric disorder that can cause
a negative impact on an individual’s quality of life. The
diagnostic criteria defines GAD as intrusive and excessive
worry that causes functional impairment to one’s ability to
perform activities of daily living. The anxiety must have
been present for more days than not for at least six months
and must not be attributable to the physiological effects of
a substance or another medical condition."”* The anxiety
must also be accompanied by at least three of the following
six symptoms in adults: (1) restlessness, (2) being easily
fatigued, (3) difficulty concentrating, (4) irritability, (5)
muscle tension, and (6) sleep disturbance.?

Anxiety disorders are also frequently comorbid with
other psychiatric disorders.® It has been suggested that
90% of patients with GAD also experience symptoms of
depression, and that 85% of patients with major depressive
disorder (MDD) also experience symptoms of anxiety.* Both
GAD and MDD are typically treated with pharmaceutical

interventions and/or psychotherapy.' Selective serotonin
reuptake inhibitors (SSRI) are currently considered the first-
line therapy; however, rebound symptoms have been known
to occur with discontinuation of treatment.! Psychotherapy
has been shown to be as effective as medication for GAD and
may be associated with less frequent recurrence of rebound
symptoms.”> A combination of both antidepressants
and psychotherapy are associated with a reduced risk of
rebound symptoms.® Studies show that mind body therapies
(MBT) demonstrate similar effectiveness to traditional
psychotherapy models.”*°

MBTs, which include yoga, meditation, progressive
relaxation, guided imagery, hypnosis, biofeedback, and
others, are non-invasive techniques designed to use the
body to influence the mind. Cognitive behavioral therapy
(CBT), although recognized as a traditional model of
psychotherapy, is also considered to be under the umbrella
of MBTs. Heart rate variability (HRV) biofeedback is a
specific MBT that utilizes real-time feedback on autonomic
functioning to train the physiological stress response
through diaphragmatic breathing. HRV is the amount
of time fluctuation in between each heartbeat, which are
only detectable by specialized devices. It is understood
that HRV is a neurobiological marker of the autonomic
nervous system, and patients with decreased HRV are
thought to have worse physical and psychological health
outcomes." Long-standing stress, anxiety, depression,
and other states of hyperarousal can cause overactivation
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Figure 1. Timeline of the patient’s case history and outcomes
Relevant Past Medical History: Patient is a 39 year old female with history of anxiety since childhood. She was formally diagnosed with
generalized anxiety disorder by a psychiatrist two years prior. Previously, she had tried cognitive behavioral therapy and herbal treatments,
with only minimal resolution of symptoms. She has a history of depression, drug-naive Hashimoto’s thyroiditis, non-thyroid goiter, and
vitamin D deficiency.
Primary Care: Patient was prescribed citalopram DEC 2021
for anxiety and depression interfering with her daily
quality of life.

FEB 2022 Bastyr University Clinic: Patient presented to a
general medicine shift to establish care. She was
referred to the biofeedback/mind-body medicine shift
for adjunctive treatment of anxiety and depression.

Pre-Treatment: GAD-7 Score: 18 (Severe Anxiety) APR 2022 Biofeedback #1: Initial visit, intake & functional
PHQ-9 Score: 12 (Moderate Depression) breathing, pre-treatment questionnaires
Biofeedback #2: Posture & diaphragmatic control

MAY 2022 Biofeedback #3: Physio data & HRV training
Biofeedback #4: emWave & guided visualization
Biofeedback #5: Emotional desensitization

Primary Care: Patient discontinued citalopram. JUN 2022 Biofeedback #6: Emotional desensitization
Post-Treatment: . Biofeedback #7: Final visit, post-treatment
GAD-7 Score: 7 (Mild Anxiety) questionnaires
PHQ-9 Score: 4 (Minimal Depression)
Follow-Up:

UL 2022
GAD-7 Score: 7 (Mild Anxiety) J
PHQ-9 Score: 3 (Minimal Depression)
Outcomes: Patient had a significant reduction in symptoms of anxiety and depression. GAD-7 scores dropped from 18 out of 21 (severe
anxiety) at the initial visit to 7 out of 21 (mild anxiety) at the final visit. She maintained a score of 7 out of 21 at follow-up, one month after
the final visit. PHQ-9 scores dropped from 6 out of 27 (moderate depression) at the initial visit to 4 out of 27 (minimal depression) at the
final visit. She showed continued improvement at follow-up with a score of 3 (minimal depression). The patient was able to discontinue her
citalopram one week prior to the final visit with no symptoms of withdrawal or relapse.

of the sympathetic nervous system (SNS), leading to
disruptions in the body’s ability to regulate responses to
stressors. HRV can be trained to induce a physiological
state of autonomic balance through guided breathing at
the patient’s individual resonance frequency (generally
somewhere between 4 to 7 beats per minute)."! This can
be determined and practiced through HRV biofeedback
training. This case report highlights resolution of anxiety
in a 39 year old female patient with a prior diagnosis of
GAD after a seven-week HRV-biofeedback protocol.

Case Presentation
Patient Information

A 39-year-old female was referred to the biofeedback/
mind-body medicine shift at Bastyr University Clinic for
adjunctive management of GAD. She had been initially
diagnosed by a psychiatrist two years prior. Approximately
four months prior to the visit, she was prescribed a once

daily 10 mg dose of citalopram, an SSRI, by her primary
care provider, which she reported helped reduce her
anxiety and depressive symptoms a little. She also reported
a side effect of low libido from citalopram. She reported
previously that she had tried CBT, lorazepam (as needed
for flying), and anxiolytic herbs Withania somnifera
(Ashwaganda) and Passiflora incarnata (Passionflower),
with only minimal resolution of anxiety.

The patient had a history of drug-naive Hashimoto’s
thyroiditis and non-thyroid goiter, which is monitored by
an endocrinologist. She reported she was radiation exposed
in 1986 while living in Minsk north of Chernobyl, USSR.
Family history was negative for psychiatric disorders but
positive for Hashimotos thyroiditis, diabetes and stroke
(mother); high cholesterol (mother, father); hypertension
(father, maternal grandmother); cardiovascular disease
(maternal grandfather, paternal grandfather); kidney
disease (paternal grandmother).
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Table 1. A comparison of GAD-7 scores across three checkpoints

Over the last 2 weeks, how often have you been bothered by the following | Pre-Treatment | Post-Treatment | Follow-Up
problems? (April 2022) (June 2022) (July 2022)
Feeling nervous, anxious, or on edge 3 1 1

Not being able to stop or control worrying 2 1 1
Worrying too much about different things 3 1 1
Trouble relaxing 2 1 1
Being so restless that it’s hard to sit still 2 1 1
Becoming easily annoyed or irritable 3 2 1
Feeling afraid as if something awful might happen 3 0 1
Total Score 18 7 7

If you checked oft any problems, how difficult have these made it for you to Somewhat Not difficult Somewhat
do your work, take care of things at home, or get along with other people? difficult atall difficult

Abbreviations: GAD-7, Generalized Anxiety Disorder-7.

Point Scale: 0, Not at all; 1, Several days; 2, More than half the days; 3, Nearly every day.

Table 2. A comparison of PHQ-9 scores across three checkpoints

Pre-Treatment | Post-Treatment | Follow-Up
Over the last 2 weeks, how often have you been bothered by the following problems? (April 2022) (June 2022) (July 2022)
Little interest or pleasure in doing things 0 0 0
Feeling down, depressed, or hopeless 1 1 1
Trouble falling or staying asleep, or sleeping too much 0 0 0
Feeling tired or having little energy 2 1 1
Poor appetite or overeating 0 0 0
Feeling bad about yourself—or that you are a failure or have let yourself or your family down 1 1 1
Trouble concentrating on things, such as reading the newspaper or watching television 2 1 0
Moving or speaking so slowly that other people could have noticed? Or the opposite— 0 0 0
being so fidgety or restless that you have been moving around a lot more than usual
Thoughts that you would be better off dead or of hurting yourself in some way 0 0 0
Total Score 6 4 3
If you checked off any problems, how difficult have these made it for you to do your work, Somewhat Not difficult | Not difficult
take care of things at home, or get along with other people? difficult atall atall

Abbreviations: PHQ-9, Patient Health Questionnaire-9.

Point Scale: 0, Not at all; 1, Several days; 2, More than half the days; 3, Nearly every day.

Presenting Concerns

The patient reported her main triggers for anxiety as
loud noises and repetitive noises such as dogs barking,
people talking too loudly, traffic, and thinking about the
future or situations out of her control. She characterized
her symptoms as anticipatory anxiety, ruminating
thoughts, and associated psychosomatic symptoms, such
as fatigue, tension headaches, shortness of breath, chest
tightness, heart palpitations, dizziness, numbness and
tingling in her hands, occasional constipation, nausea, and
feeling her stomach in knots or a dropping sensation in
her stomach. She reports these psychosomatic symptoms
generally lasted up to an hour. Several of these symptoms,
such as fatigue and constipation can be attributed to
hypothyroidism. She reported that she often had trouble
getting out of bed in the morning due to the dread of
experiencing anxiety throughout the day. She denied a
history of panic attacks or suicidality.

Diagnostic Assessment

We administered two pre-treatment, post-treatment,
and follow-up assessments at the initial visit, final visit,
and four weeks after the final visit, respectively—the
Generalized Anxiety Disorder-7 (GAD-7) and the Patient
Health Questionnaire-9 (PHQ-9). Both the GAD-7 and
PHQ-9 are validated patient-reported questionnaires that
ask patients to rate how often over the last two weeks they
were bothered by symptoms of anxiety and depression,
respectively. Based on the patient’s responses, her pre-
treatment GAD-7 score was determined to be 18 out of
21, categorizing her anxiety as severe (Table 1), and her
pre-treatment PHQ-9 score was 6 out of 27, categorizing
her depression as mild (Table 2).

Therapeutic Intervention

The seven-week HRV-biofeedback protocol at Bastyr
University Clinic is designed to build upon the previous
week at every visit and allow patients time to integrate
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the findings into their daily lives. A copy of this protocol
has been provided in Supplementary Materials. Over
the course of seven weeks, the patient was introduced
to concepts such as heart rate variability, resonant
frequency, and emotional coherence. She was guided on
how to practice diaphragmatic breathing and given real-
time visual feedback on her physiological functioning
through various states for comparison (e.g. baseline, paced
diaphragmatic breathing, guided meditation, stressor
storylines, vision statement, etc.). Her resonant frequency
was determined to be 4.5 BPM, and she was instructed to
apply what she learned each week into her regular home
practice of breathing exercises at her resonant frequency
for 20 minutes twice daily.

Follow-up and Outcomes

At the end of the seven-week biofeedback protocol,
the patient reported more overall awareness of her
physiological stress responses and felt empowered
in her ability to taper her sympathetic tone through
diaphragmatic breathing. The patient also reported a
reduction in psychosomatic symptoms of dizziness, chest
tightness, heart palpitations, and tension headaches. Her
post-treatment GAD-7 score was 7 out of 21, indicating
mild anxiety (Table 1). Her post-treatment PHQ-9 score
was 4 out of 27, indicating minimal depression (Table 2).
The patient also reported that she had discontinued her
citalopram during the sixth week, with no significant
symptoms of antidepressant withdrawal.

Four weeks after the final biofeedback visit, we asked
the patient to complete a follow-up assessment of her anxiety
and depression via REDCap. Her follow-up GAD-7 score
remained at 7 out of 21, still indicating mild anxiety (Table
1). Her follow-up PHQ-9 score went down to 3 out of 27, still
indicating minimal depression (Table 2). She did not report
symptoms of antidepressant withdrawal or relapse of anxiety
or depression. Eight weeks after the final biofeedback visit,
the patient reported during a follow-up visit that her anxiety
was not a concern at this time. She reported that although she
was not practicing her resonant frequency breathing as often
as during the seven-week protocol (20 minutes twice daily),
she still continued with her home practice and utilized the
tool as needed during times of anxiety.

Discussion

Studies have shown significant improvements in
conditions such as anxiety,'*’* post-traumatic stress
disorder,'>'* MDD, and depression,'*'*?* from the use
of HRV biofeedback, especially when used in combination
with the standard treatment." Though there are a limited
number of studies on HRV biofeedback and GAD, the
effects of meditation®? and physical activity*>' for
GAD have been well-established. Interestingly, in a study
comparing the effects of HRV biofeedback, physical
activity, and mindfulness meditation,” there was a
significant improvement in stress, anxiety, and depression,

Table 3. A summary of GAD-7 and PHQ-9 total scores
and severity across three checkpoints

Pre-Treatment | Post-Treatment | Follow-Up
Questionnaires (April 2022) (June 2022) | (July 2022)
GAD-7 Total Score 18 7 7
Anxiety Severity Severe Mild Mild
PHQ-9 Total Score 6 4 3
Depression Severity Mild Minimal Minimal
Abbreviations:  GAD-7,  Generalized  Anxiety

Disorder-7; PHQ-9, Patient Health Questionnaire-9.

GAD-7 Scoring: 0-4, Minimal; 5-9, Mild; 10-14,
Moderate; 15-21, Severe.

PHQ-9 Scoring: 0-4, None-minimal; 5-9, Mild; 10-14,
Moderate; 15-19, Moderately severe; 20-27, Severe.

with no significant differences between the interventions,
suggesting that all interventions were equally effective.
A possible explanation for this is that HRV biofeedback
is very similar to meditation and other MBTs. Blase
et al® characterized HRV biofeedback as making the
neurophysiological effects of meditation visible through
real time feedback. Despite evidence in the literature
supporting the use of HRV biofeedback for adjunctive
management of stress and mental disorders, this modality
has yet to be integrated into widespread psychiatric
practices. Further research on the neurophysiological
mechanisms of HRV biofeedback is warranted.

HRV biofeedback is a non-invasive, relatively
inexpensive modality that teaches patients tools to self-
regulate their emotional responses, which can lead
to sustained improvement even after cessation of the
treatment. Piaserico et al** suggested that biofeedback
“improves self-efficacy in patients by enabling them to gain
voluntary control of their covert physiological responses
by making them explicit through real-time visual or
auditory feedback” The patient perspective detailed in
this case report supports this suggestion, as she stated that
knowing this tool was in her anxiety tool kit alone reduced
her anxiety levels.

One limitation of this case report is that the patient
was on citalopram, so it is difficult to determine whether
the improvements observed were due to the SSRI,
biofeedback, or both. SSRIs typically have a delayed
therapeutic response, taking anywhere from four to
12 weeks to provide symptomatic relief.! However, the
patient had been prescribed citalopram approximately
four months prior to her initial biofeedback appointment,
which makes the possibility that her improvement in
anxiety due to the SSRI unlikely. It is plausible that her
depressive symptoms may have been improved prior to
beginning biofeedback, but without PHQ-9 scores prior to
treatment with citalopram, it is difficult to tell how much of
an impact the SSRI or biofeedback had on her depression.
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Additionally, SSRIs are typically effective while in use,
but in the absence of psychological interventions such
as CBT or biofeedback, patients commonly experience
a relapse in symptoms after discontinuation of the
medication.! The patient’s follow-up scores reflected that she
was maintaining her low levels of anxiety. At another follow-
up visit four weeks after the initial follow-up, she reported
that her anxiety was no longer an issue for her at this time.

Conclusion

HRV biofeedback demonstrated effectiveness as an
adjunctive treatment of GAD in this patient’s case; however
further research is needed to elucidate the effects of HRV
biofeedback in patients with GAD.

Patient Perspective

I started the seven-week biofeedback study while
dealing with anxiety, and taking 10 mg of citalopram
(prescribed by my primary care physician three months
prior). I wasn’t sure what to expect and I was a little
surprised that the process started off slow with just
learning how to do diaphragm breathing, then finding my
ideal breathe-in/breathe-out count. It was great to work
with Autumn and create such a personalized protocol!
Not only did we find my ideal breath timing, we also
worked through several anxiety-inducing scenarios, from
a low-anxiety one to increasingly higher ones. With each
of these, I would use the breath exercises given to me by
Autumn to help guide me out of my anxious state that was
initially induced through one of these scenarios. Doing the
exercises at home, I noticed that I would get less anxious
about certain triggers around me, whether it was traffic
or my neighbor’s dog barking incessantly. I also noticed
that while the breathing exercises were helpful during a
triggering situation, doing them prior to experiencing a
negative event would “precondition” me to remain in a
calmer state. After the seven-week treatment, I was able to
cycle off the citalopram and I am happy to report that my
mood and anxiety levels have remained much lower. It's not
been a month, and while I probably won’t do the breathing
exercises as often as I should (I try!), I know I can always
turn to them when I need to. Even knowing that I have this
in my “anxiety tool kit” already helps reduce anxiety.

Abbreviations

CBT, Cognitive Behavioral Therapy; GAD, Generalized Anxiety Disorder;
GAD-7, Generalized Anxiety Disorder-7; HRV, Heart Rate Variability; MBT,
Mind Body Therapy; MDD, Major Depressive Disorder; PHQ-9, Patient Health
Questionnaire-9; SSRI, Selective Serotonin Reuptake Inhibitor.

Timeline
A timeline of the patient’s case history and outcomes (Figure 1) can be viewed under
the Figures section.
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