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Abstract

Heart rate variability biofeedback (HRV BFB) is a biobehavioural clinical intervention that is
gaining growing empirical support for the treatment of a number of psychological disorders,
several of which are highly comorbid with substance use disorders (SUDs). The present article
reviews the autonomic nervous system bases of two key processes implicated in the formation and
maintenance of addictive pathology—affect dysregulation and craving—and asks if HRV BFB
may be an effective intervention to ameliorate autonomic nervous system dysregulation in these
processes, and as such, prove to be an effective intervention for SUDs. A detailed description of
HRV BFB and its delivery is provided. Preliminary evidence suggests HRV BFB may be an
effective addendum to current first-line SUD treatments, though no firm conclusions can be drawn
at this time; more research is needed.
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Introduction

In the past 30 years, major advances have been made in the treatment of substance use
disorders (SUDs). These advances in treatment have largely been born out of the recognition
that SUDs are complex behavioural phenomenon with biological, psychological and social
antecedents. In spite of such advances, however, maintaining gains during and after SUD
treatment remains a challenge for the majority of individuals (Miller, Walters, & Bennett,
2001; O'Brien & McLellan, 1996).

Interventions such as cognitive-behavioural therapy (CBT) are effective in that they target
multiple cognitive and behavioural deficiencies and vulnerabilities that are known to
maintain behaviours associated with SUDs. It is possible, however, that such treatments are
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failing to address important factors that are active in sustaining SUD pathology, because
phenomena that lead to relapse, such as affect dysregulation and craving, are mediated by
physiological as well as cognitive processes. As such, biobehavioural interventions like heart
rate variability biofeedback (HRV BFB) that target physiological components of affect
dysregulation and craving offer promise as complimentary treatments to current first-line
interventions.

Affect dysregulation and craving in SUDs

Individuals' efforts to self-regulate positive and negative affect is central to the development
and maintenance of SUDs (Baker, Piper, McCarthy, Majeskie, & Fiore, 2004; Le Moal &
Koob, 2007). This is supported by the observation that individuals with SUDs experience
high emotional intensity (Thorberg & Lyvers, 2006), high emotional lability (Simons, Carey,
& Wills, 2009) and low distress tolerance (Gorka, Ali, & Daughters, 2011). Further,
individuals with SUDs frequently cite difficulty regulating affect as a precursor to early use,
as well as a major contributor to relapse (Berking et al., 2011; Witkiewitz & Villarroel,
2009).

Craving, though difficult to measure (Tiffany & Wray, 2009), is another central feature of
addictive disorders (Franken, 2003; Weiss, 2005) and was recently added to the Diagnostic
Manual of Mental Disorders as diagnostic marker for SUDs (APA, 2014). In addition to
playing an important antecedent role in the development and maintenance of SUD-related
behaviours (Hasin, Fenton, Beseler, Park, & Wall, 2012), craving also predicts relapse after
periods of abstinence (Paliwal, Hyman, & Sinha, 2008; Sinha, 2011).

As well as acting as independent antecedents and maintainers of SUD pathology, affect
dysregulation and craving interact. Difficulty in regulating affective states may predispose an
individual to use alcohol and other drugs to cope emotionally (Bradley, 2003), and
successive exposures to alcohol and other drugs leads to craving (Everitt et al., 2008;
Robinson & Berridge, 2008). Although substance use may to a certain extent reduce
negative affect (Cooper, Frone, Russell, & Mudar, 1995; Cox & Klinger, 2011) and
ameliorate craving in the moment, chronic substance use exacerbates the problem by adding
negative affect and perpetuating the cycle of craving, while impairing neural control of
affective states, leading to a vicious cycle that contributes to the escalating nature of SUDs
(Koob & Le Moal, 2001; Robinson & Berridge, 2008).

Affect regulation and craving are commonly conceptualized as a wholly cognitive
constructs. In reality, however, affect and craving have fundamental physiological attributes.
As such, they can be thought of as “biobehavioural” phenomenon because they involve
integrated psychological and physiological processes, occurring both within, and outside of
conscious awareness (Diamond & Aspinwall, 2003; Forgas, 2008; Gross, 1998; Verheul, van
den Brink, & Geerlings, 1999). Further, the adaptive utility of affect regulation processes
and craving, and their specific influence on SUDs, can be attributed to the integrated brain—
body systems that control them (Critchley, 2005, 2009; Ingjaldsson, Laberg, & Thayer,
2003; Porges, 2009; Quintana, McGregor, Guastella, Malhi, & Kemp, 2013).
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Physiological components of affect regulation and craving

The experience of affect and craving, usually driven by emotional states or environmental
factors, is attendant with moment-to-moment changes in physiological state that prepare an
individual as a whole for action (Garland, Carter, Ropes, & Howard, 2012; Levenson, 2003;
Quintana, Guastella, McGregor, Hickie, & Kemp, 2013). Such changes may include, but are
not limited to, important changes in the cardiovascular system, including increases or
decreases heart rate and blood pressure, and changes in blood perfusion to specific regions
of the brain to meet the metabolic demands of active neurons. A flexible autonomic nervous
system allows for rapid generation or modulation of physiological states in accordance with
situational demands (Porges, 2009). In contrast, autonomic rigidity results in a lessened
capacity to generate or alter physiological responses in synchrony with affective changes, or
changes in the environment (Appelhans & Luecken, 2006; Lehrer & Eddie, 2013).

HRV as a window into the central autonomic network

Psychophysiological regulatory processes are mediated by a neural substrate known as the
central autonomic network (Benarroch, 1997; Card & Sved, 2011; Jellinger, 1998). The
central autonomic network comprises the prefrontal cortex, insular cortex, amygdala,
hypothalamus, periaqueductal gray matter, parabrachial complex, nucleus of the tractus
solitarius and ventrolateral medulla, as well as the peripheral autonomic nervous system
(Benarroch, 1993). The central autonomic network serves to modulate biobehavioural
resources in emotion by flexibly adjusting physiological arousal in accordance with
changing situational demands (Friedman & Thayer, 1998), and therefore, serves a key role in
affect regulation and substance craving (MVerheul, van den Brink, & Geerlings, 1999) as well
as goal-directed motor behaviours.

Efferent pathways, descending from the brain's central autonomic network carry both
sympathetic and parasympathetic signals that converge on the heart's central pacemaker, the
sinoatrial node (Katz, 2010). Sympathetic (i.e. thoracic visceral) and parasympathetic (i.e.
vagus) nerves act on cardiac neurons in the heart's sinoatrial node to increase or decrease
heart rate (Bibevski & Dunlap, 2011). Thus, the amount of time, or period, between each
heartbeat is continually changing depending on the balance of sympathetic and
parasympathetic input being received by the sinoatrial node. As such, neurocardiac
communication can be assessed by measuring the psychophysiological function of HRV, the
subtle changes in the time-intervals between heart beats (Benarroch, 1997; Thayer &
Brosschot, 2005). HRV is calculated by measuring the variance in the R-spike to R-spike
intervals of the electrocardiogram (ECG), or the approximation of heart beat-to-beat
intervals derived by basic capillary plethysmography.

Heart—brain bidirectional communication

The body's feedback to the central autonomic network further contributes to HRV. This is
accomplished through afferent signalling (i.e. signalling from the viscera to the brain) via
the baroreflex mechanism (Benarroch, 2008; Goldstein, Bentho, Park, & Sharabi, 2011,

Vaschillo, Vaschillo, & Lehrer, 2006). This physiological reflex arc plays a key role in the
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regulation of blood pressure and heart rate, and in doing so aids the integration of cognitive
and physiological aspects of emotion regulation (Thayer & Brosschot, 2005; Vaschillo,
Vaschillo, Buckman, Pandina, & Bates, 2011). The sensory component of the baroreflex
consists of stretch receptors in the body's arteries, which detect moment-to-moment changes
in arterial blood pressure, signalling this information back up to central autonomic network
structures in the mid-brain. This information is integrated with information from the cortex
concerning the perceived appropriateness of a given state of cardiovascular arousal, and in a
constant loop, information is signalled back down to the heart and other organs. Thus, the
central autonomic network communicates with the viscera via a series of feedforward and
feedback loops contained within the autonomic nervous system (Pessoa, 2008) to modulate
autonomic nervous system functions, as needed, to adapt to physical and cognitive-
emotional challenges (Benarroch, 1997).

HRV as marker of health, affective regulation and SUD problems

The autonomic function of HRV has proven to be an informative indicator of brain-body
integration that is relevant to affective regulation and craving. Relatively higher levels of
HRV have been linked consistently to emotional resilience and stress vulnerability
(Appelhans & Luecken, 2006; Ingjaldsson, Laberg, & Thayer, 2003; Thayer, Hansen, &
Johnsen, 2010), as well as an individual's overall physical health (Britton et al., 2007; Lehrer
et al., 2006; Vanderlei, Pastre, Hoshi, Carvalho, & Godoy, 2009). At rest, well-functioning
systems generally exhibit a high degree of complexity and flexibility (i.e. high HRV),
whereas illness is characterized by lower HRV, possibly indicative of a decoupling of
autonomic nervous system components (Goldberger, Peng, & Lipsitz, 2002; Pincus &
Goldberger, 1994). This is especially true in the case of SUDs, wherein individuals with
SUDs have been shown to have lower resting HRV than individuals without substance use
problems (Ingjaldsson, Laberg, & Thayer, 2003; Weise, Miller, Krell, Kielstein, & Koch,
1986). While this association could potentially be a factor of the direct pharmacological
actions of alcohol and other drugs, or a sequela of lifestyles attendant with chronic heavy
substance use, some suggest this is not the case (Peterson, Pihl, Seguin, Finn, & Stewart,
1993; Zhang, Abdel-Rahman, & Wooles, 1988). The fact that individuals with a variety of
mental disorders also exhibit lower resting HRV in the absence of neurotoxic substances,
speaks to this postulate. Lower background, or resting state levels of HRV are found in
individuals with posttraumatic stress disorder (Cohen et al., 2000), panic disorder (Klein,
Cnaani, Harel, Braun, & Ben-Haim, 1995) and phobic anxiety (Kawachi, Sparrow, \okonas,
& Weiss, 1995). Further, individuals with major depression have lower HRV than
individuals without depression (Nahshoni et al., 2004; Udupa et al., 2007), and HRV has
been shown to be negatively related to depression severity (Agelink, Boz, Ullrich, &
Andrich, 2002; Agelink et al., 2001).

How awareness of biobehavioural processes can inform treatment

In addition to the information value of HRV in assessing difficulties in affective regulation,
further understanding of psychophysiological modulation of arousal may have important
treatment implications. While reduced HRYV is associated with certain anxiety disorders and
depression (Gorman & Sloan, 2000), non-pharmacological treatments for these disorders
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have been shown to reverse this effect. For instance, Carney and colleagues (2000) observed
significantly increased HRV in individuals who had responded successfully to CBT for
major depression. Similarly, Chambers and Allen (2002) found that increased HRV from
before to after treatment was robustly related to a decrease in depression severity in a sample
of women receiving acupuncture for major depression. In addition to the spontaneous
increases in HRV that have been observed following successful treatment for depression,
other studies have attempted to effect changes in affective disorders by directly modifying
HRV. Biofeedback techniques, which utilize rhythmic breathing to activate the baroreflex
mechanism, enhancing vagal tone and thus increasing HRV, have been shown to reduce
depression (Karavidas et al., 2007; Siepmann, Aykac, Unterdorfer, Petrowski, & Mueck-
Weymann, 2008), and symptoms associated with posttraumatic stress disorder (Zucker,
Samuelson, Muench, Greenberg, & Gevirtz, 2009). This literature suggests that biofeedback
techniques that increase vagal tone and baroreflex gain (i.e. baroreflex engagement) may
have the potential for the treatment for SUDs (Cheetham, Allen, Yiicel, & Lubman, 2010),
as well as other disorders associated with decreased HRV.

an overview

HRV BFB originated from observation that maximal increases in the amplitude of heart rate
oscillation are produced when the cardiovascular system is rhythmically stimulated by paced
breathing at a frequency of ~0.1 Hz (6 breaths/min; Song & Lehrer, 2003; Vaschillo, Lehrer,
Rishe, & Konstantinov, 2002). This effect is linked to respiratory sinus arrhythmia and
resonance properties of the cardiovascular system resulting from activity of the baroreflex
(Vaschillo et al., 2002, 2006). Resonance usually occurs in the low frequency range (Wills et
al., 2001), typically between 0.075 and 0.108 Hz (i.e. between 4.5 and 6.5 breaths/min), with
the average resonance frequency being slightly <0.1 Hz, or ~5.5 breaths/min (Vaschillo et
al., 2002). Resonance effects produce very large increases in both HRV and baroreflex gain.
Individuals' optimal breathing rate (i.e. their resonance frequency) for effecting large
increases in HRV and baroreflex gain varies slightly from person to person based on
individual differences in physiology and factors like height (Vaschillo et al., 2006).

A growing number of studies shows HRV BFB's potential for treating a variety of physical
and mental disorders, including depression (Karavidas et al., 2007; Siepmann et al., 2008;
Zucker et al., 2009), post-traumatic stress disorder (Tan, Dao, Farmer, Sutherland, &
Gevirtz, 2011; Zucker et al., 2009), various anxiety disorders and stress symptoms
(Henriques, Keffer, Abrahamson, & Horst, 2011; McCraty, Atkinson, Lipsenthal, &
Arguelles, 2009; Nolan et al., 2005; Zucker et al., 2009), food craving (Meule, Freund,
Skirde, Vogele, & Kiibler, 2012), hypertension (Lin et al., 2012; McCraty et al., 2009; Nolan
et al., 2005), chronic pain (Hallman, Olsson, von Schéele, Melin, & Lyskov, 2011; Hassett et
al., 2007; Sowder, Gevirtz, Shapiro, & Ebert, 2010), asthma (Lehrer, Smetankin, &
Potapova, 2000; Lehrer et al., 2004) and heart disease (Nolan et al., 2005). HRV BFB has
also been shown to reduce symptom severity and improve quality of life for individuals with
chronic obstructive pulmonary disease (Giardino, Chan, & Borson, 2004), and heart failure
(Moravec, 2008), as well as for individuals reporting medically unexplained symptoms
(Katsamanis et al., 2011).
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Concise HRV BFB training protocols, as well as single sessions of HRV BFB training
delivered in laboratory experiments, have also been shown to enhance cognitive processing
in PTSD (Ginsberg, Berry, & Powell, 2009), as well as emotion and cognitive regulation in
individuals with cognitive impairments, and healthy adults. For instance, Kim et al. (2013)
found brief HRV BFB training with recommended practice >10 weeks improved emotion
and cognitive regulation in individuals with severe, chronic brain injury, while Prinsloo et al.
(2011) showed a single session of HRV BFB training improved cognitive performance in
healthy adults during a modified stress inducing Stroop task. Four to five sessions of HRV
BFB training, plus practice, has also been shown to reduce performance anxiety and improve
subjective performance in classical musicians (Thurber, Bodenhamer-Davis, Johnson,
Chesky, & Chandler, 2010). Further, a single session of slow, paced breathing approximating
resonance frequency, with or without biofeedback, immediately before performance was
shown to significantly reduce performance anxiety in musicians with high baseline anxiety
(Wells, Outhred, Heathers, Quintana, & Kemp, 2012).

Delivering HRV BFB

Until recently, HRV BFB was delivered using sophisticated ECG or plethysmograph
recording equipment, however, a number of practical, affordable options are now available
for clinicians wishing to do HRV BFB in their clinics or private practices. While HRV BFB
may be concisely delivered in few sessions, training is best conducted over 10, 30-45-min
sessions, as originally outlined by Lehrer, Vaschillo, & Vaschillo, 2000.

Typically in Session 1, trainees are oriented to the rationale for HRV BFB and provided with
psychoeducation about the theoretical basis for the intervention. The role of autonomic
nervous system dysregulation in the particular disorder being treated is used as a basic
rationale for providing HRV BFB training. Trainees learn that with regular practice of the
technique, they will help improve their autonomic functioning, and thus effect changes in
their presenting problem. Moreover, when being applied to disorders of affect, participants
learn that the breathing technique can be used acutely to help emotion self-regulation, in the
moment.

Session 1 is also used to determine trainees' resonance frequency. This is done by instructing
the client to breathe using a pacing stimulus for 3 min at each of several frequencies in the
neighbourhood of 0.1 Hz (i.e. 6.5, 6, 5.5, 5 and 4.5 breaths/min). The clinician observes
aspects of the trainees practice such as the coherence between respiration and HRV, as well
as their apparent comfortability with each breathing rate. Assessing resonance frequency is
challenging with basic HRV recording devices that do not measure respiration. However, by
observing the HRV waveform one can get a sense of a trainees' optimal breathing rate. It is
worth noting that individuals' resonance frequency commonly changes slightly as they
become more adept at the practice through the 10 sessions of training. Participants are not
exposed to actual biofeedback in the first session, but rather are instructed to practice paced
breathing using a breathing pacer set to their resonance frequency, or 6 breaths/min if their
resonance frequency is not known (a pace close to the mean resonance frequency across
individuals). There are numerous free breathing pacers available for computer monitors and
smart phones.

Ad(dict Res Theory. Author manuscript; available in PMC 2017 January 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Eddie et al.

Page 7

In Session 2, trainees are instructed in abdominal breathing, as well as pursed-lips breathing
techniques, which makes exhalation less effortful (see Lehrer, Vaschillo and Vaschillo, 2000
for detailed instructions in these techniques).

In Session 3, participants are introduced to biofeedback for the first time. As such, rather
than using a computerized pacer to guide their breathing they are instructed to use their
cardiotachometer line displayed on a monitor in front of them. The cardiotachometer line
represents their continually changing heart rate derived from the ECG or plethysmograph,
that is, their dynamic HRV. When respiration-monitoring equipment is used, a separate line
represents their breathing. Participants are told to maximally increase the range from peak to
trough of the HRV waveform. If respiration-monitoring equipment is also being used,
participants are instructed to make the breathing line match or overlap with the
cardiotachometer line as best they can. Though providing a respiration measure can be
helpful for patients learning the breathing technique, it is not necessary. In fact, few
commonly available HRV BFB devices (including phone applications) actually include
breathing measures.

Participants are further instructed how to practice resonance frequency breathing outside of
session, either using handheld biofeedback devices, a computerized pacer set to their
resonance frequency (if known), or a clock. Practice forms an important part of the training.
Participants are instructed to practice ~20 min twice a day between sessions.

Sessions 4-10 focus on providing in-session guided practice, precisely defining trainees'
resonance frequency, reinforcing HRV BFB home practices and clinical gains, as well as
addressing problems or concerns as they arise.

A number of affordable and practical options now exist for clinicians wanting to deliver
HRV BFB in session, and for individuals to practice at home. Prices for HRV BFB
equipment ranges greatly. Research grade HRV BFB suites usually cost several thousand
dollars. For most clinicians, however, such equipment will be wholly excessive. The sort of
equipment required to do high quality clinical work can be purchased for several hundred
US dollars. For home practice, there are a number of good portable HRV BFB devices on
the market (usually sold as stress reducers) for ~$100 US. Recently, a very effective HRV
BFB application for iPhone was released, which uses the phone's camera as a
plethysmograph. The application costs $5 US.

Contraindications and risks associated with HRV BFB

Presently there are no known contraindications or risks associated with HRV BFB, although
breathing at resonance frequency for more than a few hours a day may theoretically be
iatrogenic. HRV BFB has been used safely to improve cardiac functioning post myocardial
infarction, and in individuals with heart disease (Del Pozo, Gevirtz, Scher, & Guarneri,
2004; Nolan et al., 2005), as well as in the treatment of chronic obstructive pulmonary
disease (Giardino et al., 2004).
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HRV BFB's potential as a treatment for SUDs

Presently, only one study has investigated the efficacy of HRV BFB for the treatment of
SUDs, though at the time of publication at least three clinical trials are known to be
underway. Eddie Kim, Lehrer, Deneke, and Bates (2014) investigated the efficacy of a brief,
3-session HRV BFB intervention added to a traditional 28-day SUD inpatient treatment
program, to reduce alcohol and drug craving. Forty-eight young adult men received either
treatment as usual plus three sessions of HRV BFB training over three weeks, or treatment
as usual only. Study participants receiving HRV BFB training were instructed to practice
daily using a portable HRV BFB device. Findings showed that men receiving HRV BFB
demonstrated a greater, medium effect size reduction in alcohol and drug craving compared
to those receiving treatment as usual only (Cohen's = 0.35), although this difference did
not reach statistical significance (£>0.05).

In addition, an interaction effect was observed in analyses that accounted for baseline
craving levels, wherein HRV levels at treatment entry were predictive of changes in craving
in the treatment as usual group only. In this group, low baseline levels of HRV predicted
increases in craving, whereas higher baseline HRV levels predicted greater decreases in
craving from start to end of treatment. In the HRV BFB group, however, there was no such
association. That is, HRV BFB appeared to dissociate individual differences in baseline
HRV levels from changes in craving. These findings suggest that HRV BFB may prove to be
an especially effective treatment component for reducing craving among individuals entering
SUD treatment with low levels of HRV. However, individuals entering treatment with high
levels of HRV may not benefit from this intervention in terms of reductions in craving.

These findings should be considered in light of the fact this pilot study utilized a small
sample and lacked statistical power. It is also possible that larger, well-powered, trials may
produce significant reductions in craving. It is also possible that HRV BFB may be effective
outside of the confines of inpatient treatment to help individuals regulate themselves in-the-
moment, when craving arises. Future studies should test longer treatment protocols, and
monitor patients after discharge from treatment.

Conclusion

Although there is a growing literature on HRV BFB's efficacy for a number of disorders, no
large-scale randomized controlled trials of HRV BFB for mental disorders have been
conducted. As such, there is not yet sufficient empirical evidence to support delivering HRV
BFB as a stand-alone treatment for any one psychological disorder. Replication of the
observed results reviewed here with larger samples, and in diverse populations is necessary.

The lack of large-scale randomized controlled trials, however, does not invalidate the
noteworthy findings discussed here. At present, the literature supports the use of HRV BFB
as an adjunct treatment for a number of disorders, including major depression and PTSD.
This is because HRV BFB has been shown to produce salutary effects, has no known
adverse side effects, is non-toxic, free to practice, and can be used acutely or chronically
depending on the needs of the patient. Given the apparent safety of the intervention, and its
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practicality, as well as the generally favourable feedback from study participants, there is no
reason it should not be recommended to patients in treatment for SUDs.

HRV BFB, moreover, is not contraindicated with well-established treatments for SUDs.
CBT, for example, teaches patients a variety of skills designed to be used strategically, and
many CBT protocols already include some form of breathing exercise for self-regulation
and/or relaxation. As such, interventions like HRV BFB, more specifically its core practice
of resonance frequency breathing, is complimentary to CBT principles in that it provides
patients with an additional tool to self-manage aversive symptomology, and potentially
ameliorate underlying pathology. In addition, as with many CBT skills, it may be applied
either acutely or chronically, depending on the needs of the client, and can be used
interchangeably with other techniques. There is no reason too why resonance frequency
breathing can't be used in the context of 12-step treatment, given it lends itself well to the
cultivation of a meditation practice suggested in Step 11. Advances in technology also mean
that HRV BFB can be practiced using hand-held devices, and more recently smart-phone
applications. For these reasons, HRV BFB has real potential as an add-on intervention for
established SUD treatment protocols, and deserves further investigation in clinical trials.
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