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Abstract

Background: The limited success of conventional anticraving interventions encourages research into new
treatment strategies. Heart rate variability biofeedback (HRVB), which is based on slowed breathing, was shown to
improve symptom severity in various disorders. HRVB, and certain rates of controlled breathing (CB), may offer
therapeutic potential as a complementary drug-free treatment option to help control substance craving.

Methods: This review evaluated current evidence on the effectiveness of HRVB and CB training as a comple-
mentary anticraving intervention, based on guidelines from the Preferred Reporting Items for Systematic Review and
Meta-Analysis Protocols. Studies that assessed a cardiorespiratory feedback or CB intervention with substance
craving as an outcome were selected. Effect sizes were calculated for each study. The Scale for Assessing Scientific
Quality of Investigations in Complementary and Alternative Medicine was used to evaluate the quality of each study
reviewed.

Results: A total of eight articles remained for final review, including controlled studies with or without
randomization, as well as noncontrolled trials. Most studies showed positive results with a variety of meth-
odological quality levels and effect size. Current HRVB studies rated moderately on methodological rigor and
showed inconsistent magnitudes of calculated effect size (0.074-0.727) across populations. The largest effect
size was found in a nonclinical college population of high food cravers utilizing the most intensive HRVB
training time of 240 min.

Conclusions: Despite the limitations of this review, there is beginning evidence that HRVB and CB training
can be of significant therapeutic potential. Larger clinical trials are needed with methodological improvements
such as longer treatment duration, adequate control conditions, measures of adherence and compliance, lon-
gitudinal examination of craving changes, and more comprehensive methods of craving measurement.
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Introduction

RECOVERY FROM SUBSTANCE use disorder (SUD) is diffi-
cult to maintain. Within the first year of SUD treatment,
relapse occurs in 50%—70% of recovering patients.'* While
many factors may be associated, craving is one of the
strongest and most distressing predictors of relapse.’ Re-
cent research advancements showed that craving can still be
experienced years after abstinence.® Currently, craving is a
criterion for SUD diagnoses,’ and anticraving intervention is
an essential component of recovery maintenance and relapse
prevention.®?

Craving is a highly subjective experience with virtually no
universal definition. Although craving has inspired thousands
of articles in the literature, components of the craving con-
struct remain controversial.”'® Advances in neuroimaging
research resulted in novel views of craving as a phenomenon
of psychobiologic origins, highlighting biologic factors of
craving with an emphasis on motivational components.'%!!
Specifically, changes in the mesolimbic dopamine pathways
have been recognized as sites for the reinforcing properties of
addictive drugs.'*'? Substance craving is associated with
increased activity in limbic, striatal, and cortical brain sys-
tems.'>'* The most prominent theory from this view is the
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incentive-sensitization theory, which explains the mechanism
of craving by neurobiologic adaptations of brain circuits reg-
ulating motivated behavior and cognitive decision-making.'®
Repeated drug exposure sensitizes the brain to drug stimuli
resulting in pathologic incentive salience, a motivational
“wanting’’ attribute given by the brain to reward predicting
stimuli ascribed to the drug.'>'® Dysregulation in dopamine,
serotonin, gamma-aminobutyric acid, endogenous opioid pep-
tides, and noradrenalin functions has been associated with
activation of the brain’s reward center resulting in incentive
salience.®'*'>!'7 From this neurobiologic standpoint, crav-
ing is defined as an intense abnormal desire and physiologic
need for a particular drug or food.'"*'® Current pharmaco-
logic, behavioral, and combination treatments for substance
craving are based on these premises.'”

Conventional substance craving treatments

Treatment for substance craving is generally integrated
within every stage of recovery from SUD starting with de-
toxification through maintenance of abstinence. Available
treatment approaches include pharmacologic interventions,
behavioral counseling, support groups, and evaluation and
treatment for co-occurring mental health issues.® Studies
show that no single approach to recovery is effective
alone.”® Combinations of pharmacologic and behavioral
interventions have been found more effective than a single
approach in terms of long-term recovery outcomes.® Despite
treatment advancements, patient outcomes have not changed
much, and maintaining recovery is still a major chal-
lenge."?'~?* Given that craving is one of the strongest pre-
dictors of relapse,''** the need to identify additional and
effective anticraving interventions is evident.

Complementary and alternative medicine
in craving control

The limitations of conventional therapies in maintaining
abstinence and preventing relapse resulted in attempts at using
complementary and alternative medicine (CAM) practices.”
CAM therapies such as mind-body practices, biofeedback
and neurofeedback, auricular acupuncture, homeopathic and
naturopathic medicine, ayurvedic preparations, and bioelec-
tromagnetic therapies have been used in the treatment of
SUD.?! Anecdotal evidence of the effectiveness of CAM
therapies in SUD treatment has existed for more than 25 years
although research evidence has been limited.?’ However,
available evidence supports the use of mind-body practices,
biofeedback, neurofeedback, and acupuncture as adjuvant
therapies in the treatment of SUD. Acupuncture is widely used
as a CAM treatment for opioid addiction in both Western and
Asian countries.?® Yet, a meta-analysis of 14 published acu-
puncture trials showed that treatment and control groups did
not differ on opioid craving although symptoms of anxiety
and depression were improved in treatment groups.?® Positive
results of greater craving reduction have been reported when
acupuncture was used as an adjuvant treatment to methadone
maintenance.>’ Furthermore, mind—body therapies are widely
used to reduce stress effects and have been used to reduce
cravings. Such therapies focus on the interactions among
brain, mind, body, and behavior. A review of 14 smoking
cessation trials showed that yoga and meditation-based in-
terventions were effective in reducing nicotine craving in-
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tensity.?® Qigong meditation also led to significantly greater
substance craving reduction than did stress management and
relaxation training, when used as an adjuvant to residential
treatment for SUD.?®*?° In addition, there is growing evidence
on the efficacy of mindfulness meditation,*® which was shown
to reduce brain activity in regions related to craving.*
Mindfulness-based interventions showed reductions in crav-
ing for smoking,*' alcohol,** and binge drinking in college
students.®>* Although mindfulness shows very positive
postintervention craving outcomes, more evidence is needed
on its long-term effectiveness.”> Along with mind—body
practices, biofeedback is a therapeutic procedure that facili-
tates mind—body interaction.*® Different biofeedback tech-
niques, including neurofeedback training®’* and heart rate
variability biofeedback (HRVB),***° showed promise in re-
ducing drug and food'®*! craving. In this review the authors
focus on HRVB that is based on slowed breathing.

The HRVB perspective

Biofeedback research has shown that humans can be
trained, through operant conditioning, to control certain au-
tonomic nervous system functions, such as cardiac responses,
gastrointestinal contractions, and vasomotor activity.3 42 The
objectives of biofeedback are to (1) help persons acquire
awareness of the mind-body interaction, highlighting the
interaction between thoughts and automatic physiologic re-
sponses; (2) acquire methods to control maladaptive physio-
logic responses with the help of physiologic monitoring; and
(3) learn to regulate their thoughts and phgsiology in every-
day life without the use of instrumentation.”®** The goal is to
improve autonomic regulation by engaging the parasympa-
thetic nervous system and recovering from stress-induced
sympathetic responses.** Autonomic imbalances in sympa-
thetic and parasympathetic systems have been reported with
increased craving."* Experiences of craving are often asso-
ciated with physiologic responses such as increased saliva-
tion, heart rate, and blood pressure, as well as psychologic
responses such as depression and anxiety.'>* The experience
of craving is therefore associated with moment-to-moment
changes in physiologic states which contribute to the person’s
behavior.® " A flexible autonomic system provides the
ability for rapid modulation of ghgsiologic states in accor-
dance with situational demands.****® Neurocardiac dynamics,
such as heart rate variability (HRV), underlie the heart-brain
feedback loop that contributes to behavioral flexibility.**->°
HRV is the variability in R- to R-spike intervals of the
electrocardiogram that is regulated by neural mechanisms of
the autonomic nervous system, reflecting efferent vagus and
sympathetic nerve activity and afferent nerve activity medi-
ated by the baroreceptors. High-frequency HRV reflects high-
frequency heart rate oscillations (0.15-0.4 Hz) mediated by
vagal activity.”! According to polyvagal theory, primary
emotions are related to the vagal regulation of the heart, and
different types of vagal activity (e.g., withdrawal or activa-
tion) support different behaviors. In line with this theory,
evidence shows that HRV provides insight into the neural
mechanisms of the flexible regulation of affective states and
cognition.*®#*>2 Research suggests that low HRV predicts
craving in individuals with SUD.***" Increasing HRV may
therefore improve autonomic homeostasis and behavioral
flexibility*®***> and, thus, enhance craving control. HRVB is
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a form of cardiorespiratory feedback training that aims to
increase HRV and enhance vagal heart rate control.”®>*> In
HRVB, users are trained to breathe at their own resonance
frequency, which maximizes HRV by eliciting high-amplitude
heart rate oscillations. In one empirically supported training
approach, users are asked to breath slowly at a rate of 4.5-6.5
breaths per minute with frequencies ranging from 0.075 to
0.108 Hz.>* Resonance frequency is identified when respira-
tions and heart rate oscillations occur in a phase (i.e., heart rate
rises simultaneously with inhalation and decreases simulta-
neously with exhalation).*>® Users are then trained to prac-
tice breathing at their own resonance frequency with the help
of visual pacers and electronic monitoring of the heart rate.
HRVB was shown to improve symptom severity of various
disorders such as asthma, depression, anxiety, fibromyalgia,
and hypertension.**>*-"® Controlled breathing (CB) paced at
about 0.1 Hz (i.e., approximately five to six breaths per min-
ute) provides a close proxy to the resonance breathing rate
achieved in HRVB.”® The effectiveness of HRVB and CB in
reducing substance craving will be discussed in this review.

Materials and Methods
Rationale and objectives

The limited success of current anticraving interventions
encourages research into new treatment strategies. Because
craving is a biobehavioral phenomenon that is modulated by
physiologic, as well as cognitive processes, biobehavioral
interventions, such as HRVB, offer therapeutic potential to
aid substance craving control as a complementary or alter-
native drug-free treatment option. This review reports cur-
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rent evidence on the effectiveness of HRVB in reducing
craving and the challenges of research in this area, using the
Preferred reporting items for systematic review and meta-
analysis protocols 2015.°° Due to the limited number of
studies investigating HRVB and craving, the authors ex-
panded their review to include research studying CB as an
intervention to reduce craving. Although HRVB and CB use
different training methodologies, both approaches are based
on slowed rhythmic breathing at about five-to-six breaths
per minute. The major difference between HRVB and CB is
that during HRVB users receive feedback about their
physiologic responses such as respirations and heart rate.
Therefore, evidence from CB studies may help support the
relationship between HRVB and craving. The purpose of
this review is as follows: (1) to assess current evidence on
the effectiveness of HRVB and other CB strategies in re-
ducing craving and (2) to outline current methodological
challenges and future directions for research examining
HRVB as an anticraving intervention.

Literature search and article selection

A review of the existing literature was performed using
combinations of the search terms: craving, urge, desire, HRVB,
respiratory sinus arrhythmia biofeedback, cardiorespiratory
feedback, and breathing. Databases searched included Social
Sciences Citation Index, MEDLINE, PsycINFO, PubMed,
Scopus, and Google Scholar. Only peer-reviewed articles were
considered and abstracts were used to determine article rele-
vance. No publication time or language limits were used. Lit-
erature searches ended in August 2017.

FIG. 1. PRISMA 2015 Flow Dia-

gram.”® N.B.: “The PRISMA State-
ment document is distributed under
the terms of the Creative Commons
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To be selected, studies had to address their primary re-
search question by assessing a cardiorespiratory feedback or
CB intervention with substance craving as a primary or
secondary outcome, whether in a sample of persons with
addictive disorders or other nonclinical samples. The initial
search yielded 103 records of which 7 conference pro-
ceedings and book chapters were excluded. After abstract
and full-text evaluation, a total of 95 articles were excluded
due to duplication, observational and/or cross-sectional data,
or lack of intervention, yielding a total of 8 articles for final
review. Finally, the study protocol by Sarkar et al.®® was
excluded because the study results were not found in the
literature and communication with the authors failed. The
final sample for review included seven research studies
(Fig. 1), including controlled studies with or without ran-
domization, as well as noncontrolled trials. The main fea-
tures of the studies included in this review are shown in
Tables 1 and 2.

Quality assessment

Due to the limited number of published studies addressing
their research question, a formal meta-analysis of the litera-
ture was not possible. However, effect sizes were calculated,
using the pooled pretest standard deviation to estimate the
differences of the pre—post means, to provide a quantitative
measure of the magnitude of observed effect for each
study.®"*%% This method provides an unbiased estimate of the
population effect size and handles violations of assumptions
of independence and homogeneity of variance.®® In addition,
a qualitative systematic approach was used to further explore
challenges and future directions of research studying HRVB
as an anticraving intervention. The Scale for Assessing Sci-
entific Quality of Investigations in CAM (SASQI-CAM) was
used to evaluate the quality of each article, resulting in a
numerical score between zero and 21. Satisfactory scientific
quality has been attributed to studies with SASQI scores
greater than 9. The SASQI approach takes into consideration
challenges in CAM research such as establishing control
conditions and blinding group assignment.”>** The reviewed
articles were rated independently by two authors on the
SASQI. Interrater reliability for the seven SASQI scores rated
by two authors was determined by an intraclass correlation,
using a two-way random effects model %>

Results
HRYV biofeedback studies

To date, four studies investigated the relationship be-
tween HRVB and craving using different populations, set-
tings, and training methods, without yielding a definite
conclusion on the effectiveness of HRVB in reducing sub-
stance craving. Two of those studies showed a trend in
craving reductions with no statistical significance.****® Both
studies were conducted in a residential SUD treatment set-
ting and used relativelg/ brief HRVB interventions (3—4
weeks). Zucker et al.°® investigated substance craving
changes in a controlled pilot study of 38 patients with ele-
vated post-traumatic stress disorder symptoms, following a
home-based HRVB intervention. Participants were trained
for 30 min on the use of a portable biofeedback device and
were asked to practice slowed breathing for 20 min daily
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over the course of 4 weeks. Participants in the control group
were asked to listen to a 20-min progressive muscle relax-
ation recording on daily basis. No substance craving dif-
ferences were found between the biofeedback group and the
progressive muscle relaxation group. However, the bio-
feedback group showed a trend of craving reduction fol-
lowing the intervention compared to no craving changes in
the progressive muscle relaxation group.®® In this study,
craving was only measured twice (before and after the in-
tervention) using a single item. Poor measurement validity
of craving may have therefore contributed to the lack of
statistical significance in the results. In addition, the home-
based nature of the intervention does not allow an assess-
ment of adherence to the intervention. In contrast, the study
by Eddie et al.*® administered formal three-session HRVB
training over 3 weeks to young men (N=41) receiving in-
patient SUD treatment. A larger craving reduction trend was
found in the HRVB group compared to the control group
receiving treatment as usual. This finding was not statisti-
cally significant despite a medium effect size (Cohen’s
d=0.35). The three-session HRVB training may have been
insufficient to produce statistically significant craving re-
ductions.* Studies using longer interventions showed more
promising results although more evidence is needed on the
dose necessary to produce craving changes. In a nonclinical
(N=56) sample of high food cravers from a German uni-
versity, participants showed statistically significant reduced
food cravings following a 12-session HRVB intervention
over 4 weeks.'® This study used an experimental group of
high food cravers (craving-biofeedback group) and two
control groups, a craving-control group of high food cravers
and a low-craving control group of participants who re-
ported low food cravings. Craving reductions were noted in
the low-craving controls, while no changes occurred in the
craving-control group. Notably, standardized effect sizes
were consistently higher in the craving-biofeedback group
than in both control groups. Biofeedback practice was lim-
ited to laboratory sessions, excluding home practice.'® De-
spite the promising evidence from this study, results may
not be generalizable to clinical populations of substance
users. A recent randomized controlled trial showed similar
results in a sample of alcohol dependent persons from an
inpatient rehabilitation center in Germany.*® Craving re-
ductions occurred immediately following six 20-min HRVB
training sessions given over 2 weeks in addition to standard
rehabilitation treatment, compared to no craving changes in
the control group. However, participants in the control
group showed larger craving reductions, than the experi-
mental group, at three and 6 weeks after the intervention.
These findings suggest that HRVB contributed to earlier
craving reduction than standard treatment alone, but the lack
of HRVB effect and superiority of standard treatment at
follow-up could not be explained.*® In conclusion, overall
evidence suggests that HRVB is a promising adjunct to
conventional craving treatment. Larger trials are needed to
confirm its effectiveness and provide evidence about treat-
ment duration and the amount of daily biofeedback practice
that are necessary to produce immediate and long-term
craving reductions in persons with SUD.

Biofeedback training methods and practice time. The
aforementioned studies used different biofeedback training



‘Tensn Se JUSWRAI) ‘(Y] -IOPIOSIP 9sn 0uLISqNs ‘(IS S[BAISIUI [RULIOU
-0)-[EULIOU JO UONBIAQD PIepue)s ‘NNS ‘UONBXB[OY I[OSNIA 2AISSAIT0Id “YIANd ‘O[89S SUIARIO [OYOI[B BIUBA[ASUUY ‘SDVJ 9[eds SunjuLp dAIs[nduwiod 9A1ss9sqo ‘SADO ({[0NU0I-UIABIO-UOU ‘DDN
$oeqpadjorq AJ[IqeLIBA 1kl ey ‘GAH AN[IqeLeA 9)el 1edY ‘A YH ren-aareuuonsanb Suraeid pooj ‘1-0DA (S[BAISIUI [BULIOU-0)-[BULIOU JO UOIBLIBA JO JUIOYJR0D ‘NNAD {[01U00-3UIARID QD)

JIOSRIFSSANG o) JO
SIOSN MO pue YSTY U9M19q SOUIJJIP
OU [)IM PUnoj 109JJ9 asuodsai—asop ON
dnoi3 YINd ur seSueyd
ou 'sa (€0°0=d ‘v'7—=(S1)¥) surfeseq
uonuaarunsod je  NNS UT SoseaIou]
(To=d
TST=(FE ‘D %9 T— "SA %6'0%)
puan uononpar SUIABIO ueaw I9SIe|
uostredwod
[OIUO0D "SA WONIUIAINUT GAMH

[OT)UOD puE QUI[aseq

0} paredwod GAYH Suimo[joy NNAD

UL 9SBAIOUI PIBMO) PuUaL} JUBOYTUSISUON
(S0°0>d %¥'TL "SA %S Yh) 9 Yoom
Pue (G0'0>d %689 "SA %T'SY) € YoM
Je uonoONpaI 3urAeId I9[[eWS ‘(AZueyd
jueoygrusisuou ‘sa GO'0>d ‘9T LE)

7 YooMm Je uoronpar SUIABID Ueow IoSIe
uostredwod

[OTIUOD “SA UONUAINUI gAYH

DD ul asea109p 'sA dnoi3 gANH

ul so3UBYD ON :[0JIUOD JBIPIBD-[BSBA
(ce'0)
DON pue (10°0) DD ur uey) (S6°0)
dnoi3 gANH Ul S9ZIs 109)J° pIepuels
I1_3uong DD ur sadueyd oN (10°0>d
‘06T=(LT) “9%L) DON 2ui 'sa (50°0>d
18°T=(€1) ‘9%¢1) dnois gAYH

9y} Ul uondONpal JUIABIO UBAW JZIe ]
uostredwod

[01IU0D "SA UOTIUAAINUL GAYH

pawodar

10U Sem 109JJ9 asuodsai—asop gAMH
qur[eseq JUSUNEAI)

-1s0d Je sa3ueyd AYH OUoIyd ON
(S0°0<d ‘66'0=(6€) ‘%E LT

"SA 94,8°GE) UONONPAI SUIABID UBIW JOFIe|
uostredwod

3urae1d ou {(9[eds
utod-Q ) wayr |

Syoom 1
I0A0 Qonoeld sa1eIS
Syoom owoy A[rep uruw (g payun {(Ieak 1 03
¥ I19A0 A[rep uru (g uonuaAduraxd syjuow 9) weasord
SurABID QWANX? 0) IND) Sururen swoydwAs [enUSpISAI UBqIN)
UONBXE[Y 9[OSNJ\|  9OIAD IISBIFSSANS dS1Ld PAaeAdd JrewW 9,66
oAIssaIdold ‘g1 =u urw-(¢ ‘6I =4 + NS 20urISqnsA[od s1eak 09-81

onoead awoy oN

(Ut OZT TeI0L) Kueurion
syeam ¢ uoneIIqeyaI

NV.L 2ADRI[IqRUYY JOAO Y9M/SUOISSIS juaneduy orewr 957/

Saso Pg=u UW-(Z NRIYL *pT=U ISPIOSIP SN [0YOd[Y s1eak 66—GT
popraoid sjuounean oN onoead swoy oN AueuLon
(y1=u (urw O :[e10L) Sumpes AJsIoAtun

$)D) [0nu0d-SuIALI) Syeam [EOTUI[OUON

(82=u DON) ISAO SUOISSIS UTW PIO9[AS SIQABIO orewt 911

1-004 [0IUO0D-SUIABID-UON -0T PAIPML, ‘T =U pooj YSTH ‘ouoN s1eak Op—81

(eonoeid
K[rep 201m)
Ul ()7) 91A9p

QAR WO P[OYpUEH SOJBIS PANIUN)

(utr gZz—081 :[e10L) sosougerp juenjedur
(NV.L) [ensn se SYoom ¢  [[-SIXY pue [-SIXY AIsuul Aep-87
JuoWIean) JANRIIQRYSY — JOAO YOoM/UOISSAS  JULLINIO0-00) + (S Jrewr 9,001

o9 TE 10 13YONZ

op TE 32 UI[ZUdg

g1 T8 10 QMO

1043

[01IU0D "SA UOIUSAINUTI GAYH SOVd pasnlpy [¢=U U G/—(9 dUO {Og=u Qour)sqnsA[od SIBA GT-0T I8 32 AIpPH

s3upun] 2UNSDIWL SUIADL)) 1043U00) Sunnvay GANH S1S0U8VIP/2oUDISGNS adung 20U2U22Y

DNIAVY)) HONVLSEINS ANV JMOVdddddold ALITIAVIIVA dLVY LIVAH ONILVOILLSHAN] SHIANLS 4O SHINLVA] "] 714V ]



"9[eos Jofeue [ensiA ‘SY A ‘orreuuonsonb woydwAs

[emeIpyIM SuDjows YIATE[ PUB UBWHIYS ‘OM[S SUONBIASP piepue)s Jsajaid pajood uo paseq oz1s 10a3)0 Tp ¢p s uoyo) ‘( ¢jorg-arreuuonsonb SuraeIo oureood ‘gD BuIyieaiq pa[[onuod ‘gd)
"SUOTIIPUOD JUSUIJEAT} PUEB [OTUOD 0) PAzImopuer axom sjuedronied owreg,

8%00=4d ‘0't=(9%

‘1) ..U9Jo AIoA,, 10 , U)JO,,

Sumyearq 21304 Furonoerd

pauodar oym syuedronred

Io0J 1dooxe punoj suononpal
Surae1d ou ‘dn-mo[[o} Yy IV

‘paniodar jou a1om s S

pue sued]N (Z10°0=49 ‘9'9=(96

‘I)ed) . MOU DOWS 0) AIISAP,, pue

“(1000>d ‘191 =(96 ‘1)4) ..mou

anare3o e 3unaeid,, ((100°0>d

‘1°91=(96 ‘1)4) oyows 0} so31n

JO 33uams, ul uonoNpaI I1931e]
‘uonuaAlauI-1sod Apejerpawiwuy

U ¢ I9A0
K101810qE] 9PISINO
sowi) /°/ Jo Suryieaiq
01304 a3eIoAY

U 1980

s9JeIS pAluN)
o[dwes Ajrunwuwio))

uostredwod Jreosqns 3uraeIo Sumyeaq 21304 noqe (urw gy oW [BI0]) Qouspuadop Jreuwt 9,6
[01U0D "SA UOIIUIAINUL gD OMIS + won 9[Surg 09pIA UTW ()] ‘Ky=u  Juryiealq o130 ‘Qp=u QUNOJIN SIB9K G681 g0 T8 30 qeURYS
‘paniodaz
Jou 1M SCS PuB SUBIA
(2000=4 ‘tvze=(L ‘D) Uit O7¢ -ewn [elof], $9JelS paNuN)
uononpal 3urAeId uBdW Jo3Ie| [ J9AO Ut ()¢ K19A9 qidwes Ajiunwuwio))
uostredwod Jreosqns (3urpear 1y31) wool 29s 7] 1oao Jurmpeaiq ouapuadop Jrewr 9,¢¢ Lo Te 10
[01IUO0D "SA UOIUAAINUL gD Surae1d - OMS 1omb ur pakels ‘.1z =u Po[IONU0)) fy7=U QUNODIN sI1eak 09-81 UOUI[DOIN
Sumyrearq doop 19yje A[QrBIpowul
(100°0>d TE'9=(TE)) $91008
SVA Ut %%°69 pue (100°0>d [1zelgq
‘SS ¥ =(Tg)?) 1008 gODD jun uonesyrxoeq
ul 9,1°Z¢ JO uononpal SUIABIO UBIJA SVA urw () own [e0],  ouapuadop rewr 9,001 %o.::&<
uostedwod 1sod—ai1g qa0DD QuoN  Sumpeairq doo ‘ge=u uUIBd0)) s1eak 081 pue w7 3
sdupui,] NSV JUADL)) 104300 uoyuIALJUL g sisousniq ajdung ERIEIEIN

ONIAVID) dONVLSINS ANV SNOILNHAYALN] ONIHLVHYY ddTIOYLNOD) ONILVOILSHAN] SHIANLS 40 SHINLVA] ¢ 4714V ],

1044



HRVB AS AN ANTI-CRAVING INTERVENTION

1045

TABLE 3. EFFECT SIZE AND QUALITY RATINGS USING THE SCALE FOR ASSESSING SCIENTIFIC
QUALITY OF INVESTIGATIONS

Reference Study design Intervention/duration Effect size SASQI score (average)*
De Zeni and Araujo69 Pre—post Deep breathing (10 min) decos=1.026 8/21

dV AS = 0968
Eddie et al.*® Controlled trial ~ HRVB (3 weeks) dppe=0.232 14.5/21
McClernon et al.®’ Crossover trial Controlled breathing (4 h) d=1.498 8/21
Meule et al.'® RCT HRVB (4 weeks) dppe=0.727 14/21
Penzlin et al.* RCT HRVB (2 weeks) dype=0.074 14/21
Shahab et al.®® RCT Yogic breathing (24 h) dpost =0.728 1521

24hr — 0.413

Zucker et al.®® RCT Portable HRVB (4 weeks) dppe=0.329 11.5/21

*Average SASQI scores rated independently by two authors.

CCQB, cocaine craving questionnaire-brief; D, Cohen’s d; d,p,c», effect size based on pooled pretest standard deviation; HRVB, heart rate
variability biofeedback; RCT, randomized controlled trial; SASQI, The Scale for Assessing Scientific Quality of Investigations; VAS,

visual analog scale.

methods ranging from a 30-min handheld device training to
a total of 240 min of laboratory-based HRVB training either
with or without home breathing practice. An average 20-min
daily breathing practice did not seem to produce statistically
significant craving reductions in two of the studies although
both found craving reduction trends.>*%® In addition, in one
study no craving differences were found between high and
low users of daily breathing practice.®® It is however difficult to
assess whether these results were due to incorrect breathing
practice or unreliable reports of daily practice time. In contrast,
the use of a total 120 min HRVB formal training over 2 weeks*"
and 240 min over 4 weeks'® with no daily breathing practice
showed statistically significant craving reductions post-
intervention. Training session duration did not seem to affect
craving reductions as much as the total amount of training in
minutes regardless of the number of weeks. The exact amount
and duration of HRVB training needed to produce craving re-
ductions are still unclear. Future studies are needed to provide
more evidence on the efficacy of daily breathing practice versus
formal laboratory-based training. Identifying a specific training
amount is essential to ensure a cost-effective intervention.

CB studies

Their search yielded a total of three studies investigating CB
interventions in the treatment of substance craving (Table 2).
These studies did not report the rate at which CB was con-
ducted, except for McClernon et al.®” that used a breathing rate
of five breaths per minute (i.e., similar to HRVB). Two of the
CB studies used community samples of cigarette smokers who
were asked to abstain from smoking for 12-24h before the
intervention. CB interventions were mostly based on relatively
brief CB training, and results were limited to acute craving
changes immediately postintervention. Two studies of differ-
ent CB techniques showed significantly larger craving reduc-
tions in cigarette smokers immediately after the intervention
compared to control groups not receiving CB training.®”%®
Both studies used the craving subscale from the Shiffman and
Jarvik Smoking Withdrawal Questionnaire to measure craving
pre- and postbreathing training. Craving reductions were evi-
dent with both short (15min)®® and long (240 min)*’ CB
breathing training although different breathing techniques were
used. Shahab et al.®® reported a significant amount (average of
7.7 times) of CB practice outside laboratory hours over a period

of 24 h after training. At 24 h follow-up, no craving reductions
were found except for participants who reported practicing
yogic breathing “‘often’ or “‘very often.”” Similarly, McCler-
non et al.%” concluded that craving reductions were related to
continued use of deep breathing. Craving levels fluctuated over
the course of 4h before and after each breathing exercise,
showing that craving reductions after the first breathing exer-
cise were only maintained with continued use of deep breath-
ing.%” Based on these results, a dose—effect relationship
between CB and craving reduction may be evident in cigarette
smokers abstaining from smoking for a short period of time.
Similar postintervention craving reductions were reported in a
sample of crack cocaine dependent persons (N =32) who were
offered 10 min of deep breathing training.*” However, the deep
breathing intervention was accompanied with soft music, and
no control group was used for comparison. It is therefore dif-
ficult to discern whether the craving reductions resulted from
the breathing intervention or the calming effect of soft music or
both. In conclusion, brief CB exercises showed effectiveness in
acutely reducing craving immediately after the breathing ex-
ercise. A limitation of this research is that information was not
provided about the temporal pacing of the CB interventions in
most studies. More detailed methodological information is
required to understand if underlying mechanisms of respiratory
sinus arrhythmia and baroreceptor activation involved in
HRVB are also active in the CB intervention. Evidence also is
needed on the long-term effectiveness of CB in terms of craving
reduction and the amount of practice needed for this relation-
ship to hold. Although the mechanism of CB was not assessed
in the reviewed studies, CB, depending on its rate, may share
the same HRVB mechanism in terms of parasympathetic ac-
tivation and restoration of autonomic balance.

Discussion
Effectiveness of HRVB and CB in reducing cravings

The literature supports HRVB training and CB as potential
candidates to assist craving reduction in persons recovering
from SUD, although a definitive conclusion was not possible.
Their review yielded a varied range of methodological quality
levels and effect size (Table 3). The reviewed HRVB articles
were rated moderately on methodological rigor (SASQI=11-
14.5). CB articles showed a lower but wider range of SASQI
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scores (SASQI=8-15). Interrater reliability for the seven ar-
ticles showed high intraclass correlation of the SASQI scores
rated independently by two authors. The single measure in-
traclass correlation was 0.92, and the average measure in-
traclass correlation was 0.96. Furthermore, the reviewed
studies showed inconsistent magnitudes of calculated effect
size (0.074-0.727) across populations. The largest effect size
was found in a nonclinical college population of high food
cravers utilizing the longest HRVB training time of 240 min. A
small-to-moderate effect size was found in SUD populations
from inpatient/residential settings except for the Penzlin et al.*°
study which showed nearly zero effect of the 2-week HRVB on
craving. In contrast, two of the three CB studies indicated
modest methodological quality due to the lack of control and
randomization, while one CB study was rated highly. Not-
withstanding quality, all CB studies showed moderate-to-large
effect size ranging from 0.413 to 1.498. The largest effect size
was found in smoking cessation studies testing the same per-
sons repeatedly®’ and without control.*” Effect size may have
been inflated due to dependency which usually yields a higher
power® or to differences in substance type (cigarettes vs. al-
cohol vs. other drugs). In general, CB studies were limited to
brief pre—post assessment of craving which did not provide
evidence on the long-term effectiveness of CB treatment. Ta-
ken together, of the seven studies reviewed, three HRVB and all
three CB studies showed positive results with inconsistent ef-
fect size. The reasons behind this wide range of effect size may
include cultural differences with 50% non-U.S. studies, treat-
ment setting variations (which may impose various lengths of
abstinence and treatment options), substance type, individual
variations and comorbidities, treatment protocol and duration,
and other methodological and validity related discrepancies.
Although CB studies provided additional supportive evidence
to the effectiveness of cardiorespiratory training in acutely
reducing craving, more clinical trials with carefully monitored
interventions are required to rigorously determine the long-
term effects of HRVB as an anticraving treatment.

Mechanism of action

The physiologic or psychophysiologic mechanisms through
which HRVB may lead to a reduction in craving are not
known. More generally, mechanisms that underlie the
empirically supported clinical benefit of HRVB in other
populations (e.g., asthma, depression) are not well under-
stood. In contrast, acute physiologic effects of HRVB and
CB are clearly observable. For example, large increases in
HRYV and baroreflex sensitivity occur acutely during both
HRVB and CB Eaced at approximately five to six breaths
per minute.’*’"’! Recent laboratory studies further sug-
gest that the active ingredient of HRVB may be CB paced
at 0.1 Hz.>®7? Laboratory studies also have demonstrated
that a brief practice of HRVB or CB paced at 0.1 Hz, per-
formed in anticipation of psychosocial stress, or during in-
duced stress, helped to control physiologic arousal and state
anxiety and improved cognitive performance.’””* These re-
sults lead to the hypothesis that both HRVB and CB may
diminish a psychophysiologic component of craving ‘‘in-the-
moment” and perhaps set the stage for enhanced cognitive
control of behavior. However, one study did not find that CB
reduced momentary food craving.”* This may be due to
methodological issues such as exposing the participants to
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food cues throughout the slowed breathing period. There is a
clear need for further laboratory studies and clinical trials to
uncover the mediators of HRVB and CB effects on craving.
Both experimental and observational studies are needed to
determine whether changes in craving are driven by cumu-
lative physiologic effects of repeated HRBV and CB, whether
individuals consciously implement CB into their daily life to
counter stimuli that induce craving, and whether consistent
mapping of CB to stimuli that instigate craving may result,
over time, in an automatic CB rate near 0.1 Hz that dampens
craving in-the-moment without relying on effortful cogni-
tive processes.

Challenges of HRVB studies

Craving measurement. In the reviewed HRVB articles,
craving was examined with different types of assessments
(Table 1) that are based on dissimilar conceptualizations of
the craving construct, ranging from single-item to multidi-
mensional assessments. The adjusted Pennsylvania Alcohol
Craving Scale is a five-item single-factor scale that mea-
sures characteristics of craving without asking about factors
associated with craving, such as emotional states or incen-
tives.”> In contrast, the Obsessive Compulsive Drinking
Scale is a multidimensional instrument that assesses the
cognitive aspects of craving, including thoughts and com-
pulsions, as well as addiction severity.’® Similarly, the Food
Craving Questionnaire—Trait is a multidimensional instru-
ment that measures various aspects of food cravings such as
food triggers, relief anticipation, and preoccupation/control
over eating. From a validity perspective, the variety of
theoretical assumptions underlying each of these instru-
ments may have resulted in the measurement of different
aspects of craving creating inconsistencies in trial outcomes
such as those revealed in this review. Given the relatively
rudimentary understanding of the phenomenon of craving, it
is not yet possible to accurately assess what experiencing
craving means to the patient, clinician, and researcher. De-
spite the advantages of single-item ratings of drug craving
and how highly they correlate with many multi-item ques-
tionnaires, this type of craving assessment may fail to assess
urges and cravings if drug takers attribute such feelings to
another psychologic or physiologic state, such as anxiety,
excitement, or drug withdrawal.”” Components of the con-
struct of craving, including emotional, cognitive, physio-
logic, and behavioral responses, remain the subject of
considerable debate,'® suggesting the need for using multi-
ple types of craving measurement and perhaps for more
grounded theory or phenomenologic studies in this area.

Training protocols and personal practice. Despite the
limited number of HRVB studies, various training protocols
were used employing different session allocations and
treatment durations. The study with the longest standardized
training time (240 min) and treatment duration (4 weeks)18
among the three other studies had the strongest effect in
terms of craving reduction, regardless of home practice.
This observation is also supported by previous clinical trials
of HRVB that have produced clinically significant changes
in fibromyalgia, depression, and post-traumatic stress dis-
order symptoms with longer interventions of 8—10 weeks,
although these studies included home practice of up to
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20 min twice daily.57’78’79 Yet, it is unknown whether this
dose—effect relationship holds in clinical SUD populations.
In addition, the usefulness of personal HRVB practice out-
side training hours remains unknown. Although positive
anecdotal reports have been conveyed, a relationship be-
tween personal practice and craving has not been found, and
participant reports of daily practice have not been inde-
pendently verified.

Methods and statistical analysis. Because craving is a
highly subjective and temporal phenomenon, observed
changes in craving may be either undirected fluctuations or
systematic changes. Erroneous conclusions about craving
changes are likely therefore when only pre—post measure-
ments are used. A minimum of three observations is usually
required to differentiate error from real change, supporting
the need for longitudinal data. The primary advantage of a
longitudinal study lies in its capacity to inform about within-
person in addition to between-person relationships.** The
discrepancies found in the literature highlight the predomi-
nance of individual differences in craving assessments and
the necessity of interpreting craving changes as a function of
intra- and interindividual sources of variance. General linear
models, such as the analyses of variance and regression an-
alyses, used by all reviewed studies, fail to distinguish intra-
and interindividual differences because they do not examine
sources of dependency (or strong correlations between re-
siduals).go’81 The use of multilevel modeling (also known
as general linear mixed models) and potentially structural
equation modeling in analyzing longitudinal data allows
for the simultaneous examination of between- and within-
person relationships.®>®* With repeated measures, depen-
dency is expected between the individual’s responses over
time, which violates the assumption of independence of data
that is required for repeated measures analyses of variance
and regression analyses. Multilevel modeling overcomes this
shortcoming by partitioning the outcome’s residual variance
into within- and between-person components. The covariance
between residual components is therefore explored to identify
sources of dependency and accurately distinguish individual
and time-specific differences. Furthermore, multilevel mod-
eling handles missing and unbalanced data while preserv-
ing statistical power and the generalizability of results, which
overcomes the problem of listwise deletion with general
linear models.30-82.:84

Strengths and limitations

Strengths of this review include the use of a quantita-
tive assessment of effect size across studies, a qualitative
systematic review approach, and an exploration of study
attributes that were associated with craving reductions.
Nonetheless, this review has several limitations. First, the
limited volume of HRVB and CB studies investigating
craving does not provide material for a systematic review.
Second, CB and HRVB interventions used different train-
ing methods and may not share the same mechanisms,
which make comparison difficult across studies. However,
CB studies were informative and worthy of examination and
provided additional support to the evidence from HRVB
studies. Third, the reliability and validity of the SASQI have
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not been empirically evaluated, and SASQI ratings cannot
be considered completely unbiased.

Future directions

Further study of HRVB and CB as anticraving interven-
tions for persons recovering from SUD is required, but
would benefit from improved methodology addressing the
aforementioned challenges. Based on this review, the fol-
lowing considerations are recommended: (1) use of repro-
ducible HRVB and CB training protocols; for HRVB, the
minimum treatment duration should be 8-10 weeks, (2)
longitudinal examination of craving changes over time, (3)
examination of the effects of personal practice outside
HRVB and CB training using accurate measurements of
practice time and treatment fidelity, (4) further examination
of confounding variables (such as substance type, co-
morbidity, length of abstinence, and treatment setting) and
other predictors of craving, (5) use of multiple craving in-
struments to ensure measurement validity of the craving
phenomenon, and (6) use of appropriate statistical analyses
to differentiate between- and within-person variations, such
as multilevel modeling and structural equation modeling.

Conclusions

The impact of craving as a frequently experienced and
strong predictor of relapse underscores the need for inves-
tigating innovative anticraving interventions. Biobehavioral
interventions, such as HRVB and CB, are advantageous
because craving is modulated by physiologic, as well as
cognitive, processes. HRVB training seems to be of signif-
icant therapeutic potential, and CB interventions warrant
further study. Most reviewed studies showed positive results
and a relatively moderate effect size across the studied
populations. However, due to the scarcity and limitations of
the studies available, larger clinical trials are required with
methodological improvements such as longer treatment
duration, adequate control conditions, measures of adher-
ence and compliance, longitudinal examination of craving
changes differentiating undirected fluctuation from system-
atic change, and more comprehensive methods to measure
the craving phenomenon.
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