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Abstract: The aims of this study were to investigate the efficacy of heart rate variability biofeedback
(HRVBFB) intervention in terms of reducing craving, severity of dependence, and rate of positive
methamphetamine urine testing in men taking part in a methamphetamine use disorder outpatient
treatment program. Sixty-one adult men received either HRVBFB treatment plus treatment as usual
(TAU) over four weeks or TAU only. Men receiving HRVBFB showed significantly greater reductions
in craving, dependence severity, and the rate of positive methamphetamine urine testing at the end of
the intervention and four weeks of follow-up. The analyses further showed that the levels of craving
and dependence severity at treatment entry were predictive of changes in craving and dependence
severity at the end of treatment and follow-up, respectively. The baseline status of a positive
methamphetamine urine test only predicted a positive methamphetamine urine test at the end of
treatment, not at the end of the follow-up period. Our results showed HRVBFB intervention has merits
as an adjunct treatment to ameliorate cravings and reduce the severity of dependence experienced by
persons with methamphetamine use disorder. An added value of HRVBFB intervention is the fact
that it can be easily and affordably implemented in everyday life.

Keywords: HRV; methamphetamine; addiction; craving; substance use disorder

1. Introduction

Methamphetamine is a highly addictive central nervous system stimulant. Metham-
phetamine can be synthesized from ephedrine or pseudoephedrine via a straightforward
one-step reduction process [1]. These primary ingredients of methamphetamine can be
easily acquired in Taiwan in non-prescription medicine and then converted to the final
product. This has resulted in the widespread existence of many ‘mom-and-pop’ laboratories
and larger laboratories run by criminal organizations in Taiwan that supply high-purity
methamphetamine [2]. These factors have led to an epidemic of methamphetamine use in
Taiwan. Use of methamphetamine is associated with a number of health risks, including
psychosis and other mental illnesses, cardiovascular and renal dysfunction, infectious
disease transmission, and overdose [3,4]. There is, therefore, an urgent need to develop
effective treatments for methamphetamine use disorder.

Brain et al. reviewed the effectiveness of pharmacotherapy for the treatment of in-
dividuals with methamphetamine use disorder by examining 17 different medications
(including antidepressants, antipsychotics, psychostimulants, anticonvulsants, and opioid
antagonists) [5]. The results indicated that most drugs evaluated with regards to their
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merits in treating methamphetamine use disorder were not found to have a statistically
significant benefit in terms of abstinence, overall use, and treatment retention. Psycho-
logical treatment for psychostimulant use has shown some promising effects in terms of
reducing treatment program dropout rates and increasing the number of people achieving
continuous abstinence [6]; however, Vocci et al. reviewed previous studies on psychother-
apy for stimulant users, and concluded that several operational barriers, such as treatment
remaining unaffordable for most patients, and programs requiring intensive staffing, render
psychological treatment difficult to implement [7].

Heart rate variability biofeedback (HRVBFB) is an accessible, affordable intervention
that has been demonstrated to be of clinical value for the treatment of numerous physical
and mental health conditions [8–10]. The exact mechanisms of HRVBFB are not entirely
clear at this time. Individuals with low heart rate variability (HRV) are usually associated
with physical or emotional illnesses [11,12]. Relatively higher levels of HRV have been
consistently associated with resilience and individuals’ overall physical health [13,14]. The
previous studies also showed individuals with substance use problems have lower HRV
than those without substance use problems [15]. HRVBFB arose from observation that
increases in the level of heart rate oscillation are produced when individuals use paced
breathing to stimulate their cardiovascular system [16]. The levels of heart rate oscillation
increase to many times the levels at rest when individuals practice HRVBFB [8,17]. Directly
modifying HRV by HRVBFB has shown to be effective in treating mental illnesses with
lower HRV [18]. This suggests HRVBFB may have the potential for the treatment of
substance use disorders.

HRVBFB treatment is a noninvasive approach for central autonomic networks because
the efferent signals from central sympathetic and parasympathetic systems converge on the
sinoatrial node [19]. The central autonomic networks play a key role in substance craving
by adjusting physiological arousal in accordance with changing situational needs [20]. One
study of college students focused on substance users’ cravings and showed that HRVBFB
could reduce their cravings for drugs, especially in those with a higher craving at base-
line [21]. Penzline et al. revealed that short-term HRVBFB intervention in addition to
standard rehabilitation care for individuals with alcohol use disorder could reduce cravings
and anxiety [22]; furthermore, they identified an increase in long-term abstinence in sub-
jects with alcohol dependency after using HRVBFB in addition to standard rehabilitation
care [23]. These results indicated that HRVBFB may help to reduce cravings and maintain
abstinence in substance users. Therefore, we posited that HRVBFB may be an effective
complementary therapy to outpatient group therapy for people with methamphetamine
use disorder. We then developed a brief HRVBFB protocol, which was modified from the
previous study and designed to be easily delivered concurrent with an outpatient metham-
phetamine use disorder treatment program [24]. Training in the use of HRVBFB provided
to subjects was adapted from the protocol developed by Eddie et al. [24]; the modified
protocol included four sessions of HRVBFB training, with instructions to practice daily.

The present pilot randomized control study had three primary goals: (1) to quan-
titatively assess whether HRVBFB reduced methamphetamine craving, the severity of
methamphetamine dependence, and the rate of positive methamphetamine urine testing to
a greater extent than treatment as usual (TAU) alone in subjects with methamphetamine
use disorder participating in an outpatient treatment program; (2) to quantitatively assess
whether the effects of HRVBFB persisted after HRVBFB treatment; and (3) to compare the
baseline level of craving, severity of dependence, and rate of positive urine testing with
the same parameters at the end of the HRVBFB intervention and after a 4-week follow-
up period. We hypothesized that HRVBFB would be associated with larger decreases
in methamphetamine craving, severity of dependence, and rate of positive urine testing
during and after the course of complementary HRVBFB treatment as compared with TAU
alone. In addition, we also hypothesized that the baseline level of craving, dependence
severity, and rate of positive methamphetamine urine testing were able to predict the status
of these outcomes, respectively, after treatment and follow-up.
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2. Materials and Methods
2.1. Participants

All participants were enrolled from an outpatient service in a hospital. The participants
met the following criteria: (1) methamphetamine use disorder, as diagnosed according to
the DSM-5 [25]; (2) no comorbid use of other substances, except tobacco; (3) no comorbid
schizophrenia, major depressive disorder, or bipolar disorder; (4) no cardiovascular, lung,
and neurological illnesses; (5) 20-year-old or older male; and (6) completed elementary
school or higher. Then, participants who met the inclusion criteria were assigned into
two groups in a simple randomization fashion at a 1:1 ratio to receive either HRVBFB
intervention or TAU only. This study was approved by the Institutional Review Board of
Kaohsiung Medical University (KMUHIRB-SV(II)-20170072). Written informed consent
was obtained from each participant prior to the study.

TAU comprised four sessions of cognitive behavioral group psychotherapy focused
on addiction over a four-week period. In addition to receiving cognitive behavioral group
psychotherapy the same as the TAU-only group, individuals in the HRVBFB group also
completed one 60-min session of HRVBFB each week for four weeks. At the beginning of
the HRVBFB intervention, participants were orally instructed by researchers to guide their
breathing at a given frequency of six cycles per minute following the given pacing stimulus.
Then, they were asked to breathe at different breath rates (4.5, 5, 5.5, 6, and 6.5 breaths per
minute) in order to determine the resonance frequency. Next, for the HRVBFB component
of the training, participants’ instantaneous heart rate and respiration rate data were shown
on the screen of the monitoring device. Participants were asked to breathe in a way in
which these two rates became as close to synchronous as possible. During the four-week
intervention, participants were instructed to practice HRVBFB for two 20-min sessions
each day, on their own, using a handheld EmWave biofeedback device provided by the
researchers (HeartMath Institute, Boulder Creek, CA, USA).

Participants in the HRVBFB group underwent assessment to record the levels of
craving for and severity of dependence on methamphetamine, in addition to a urine test
for methamphetamine, prior to the beginning of the first biofeedback session (baseline),
immediately after completion of the final biofeedback session, and 4 weeks after the last
biofeedback session (end of follow-up). The same evaluations were performed in the
TAU-only group at the same time points. Adherence was further facilitated by reminders to
follow the study protocol by investigators. In addition to methamphetamine-related subject
characteristics, we collected demographic data of the participants in both groups at baseline.

2.2. Assessments
2.2.1. Visual Analog Craving Scale (VACS)

The VACS, modified from previous studies [26,27], was used to assess the level of
craving in the methamphetamine users. The VACS consists of the following single question:
“How much did you crave/desire/want to use methamphetamine in the preceding week?”
The level of craving was rated from 0 (not at all) to 100 (very much).

2.2.2. Chinese-Mandarin Version of the Severity of Dependence Scale (SDSch)

The SDSch, which consists of 5 questions, was used to measure the severity of depen-
dence on methamphetamine in the preceding week [28]. The score on the SDSch can range
from 0 to 15 [29]; a higher total score indicates a greater severity of dependence.

2.2.3. Urine Drug Test for Methamphetamine

An immunoassay for urine methamphetamine was used as a qualitative test. A
positive result indicated that participants used amphetamine.

2.3. Statistical Analysis

The baseline characteristics of the participants were analyzed using descriptive statis-
tics and compared between the HRVBFB and TAU-only groups using Student’s t-test.
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Group differences in the levels of severity of methamphetamine dependence and craving
for methamphetamine following the intervention and at the end of follow-up were also
analyzed using Student’s t-test. The results of urine tests at intake, the end of treatment, and
the end of the follow-up period were compared between the two groups using the χ2 test. In
order to determine an interaction between time from intake to the end of treatment/follow-
up and group, with regards to severity of dependence, level of craving, and rate of positive
methamphetamine urine test following treatment and at the end of follow-up, a generalized
estimating equation (GEE) [30] was used. The model for the correlation was autoregressive.
The GEE, which is an extension of generalized linear models (GLM) for the analysis of
longitudinal data, offers advantages over standard regression techniques in that it enables
examination of the relationship between variables at all three time points [31]. Regression
analysis was used to examine whether the severity of dependence, level of craving, and
rate of positive methamphetamine urine test at intake predicted the same characteristics
after treatment and at the end of follow-up, respectively. A two-tailed p value of <0.05
indicated statistical significance. The sequential Bonferroni procedure was used to adjust
for multiple comparisons [32].

3. Results
3.1. Participant Demographic and Methamphetamine-Related Characteristics

A total of 64 participants who met the inclusion criteria were enrolled in the study and
were randomly allocated into the HRVBFB (32 participants) and TAU only (32 participants)
groups. One of the HRVBFB participants and two of the TAU-only participants left the
study after the baseline assessment. Age and level of education did not differ between
groups (Table 1). There were no differences in the methamphetamine-related characteristics,
including duration of methamphetamine use and age at initial methamphetamine use
between groups.

Table 1. Demographic and amphetamine-related characteristics of the case and control groups at
study intake.

Variable
Case

Mean (SD)
N = 31

Control
Mean (SD)

N = 30
p

Age (years) 37.94 (9.07) 36.60 (9.97) 0.586
Education (years) 12.71 (2.95) 13.30 (2.52) 0.405

Age at initial use of amphetamine (years) 31.81 (11.46) 28.50 (8.06) 0.199
Duration of amphetamine use (years) 4.52 (4.29) 4.27 (5.76) 0.848

The HRVBFB group did not differ with regards to the level of craving, severity of
methamphetamine dependence, or rate of positive methamphetamine urine test at entry
from the TAU group (Table 2). In addition, the level of craving and severity of dependence
and the rate of positive methamphetamine urine testing, were significantly lower in the
HRVBFB group than the TAU-only group at the end of the intervention. The rate of positive
methamphetamine urine testing was also lower in the HRVBFB group than the TAU group.
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Table 2. Level of craving, amphetamine dependence severity and amphetamine use of the case and
control groups at each assessment point.

Baseline End of Intervention End of Follow-Up

Case Control p Case Control p Case Control p

Craving a, Mean (SD) 18.23 (23.04) 16.17 (23.59) 0.731 7.10 (17.17) 19.33 (25.32) 0.032 7.74 (20.12) 17.17 (23.40) 0.097

Severity of
amphetamine
dependence b,

Mean (SD)

5.39 (2.16) 5.17 (2.68) 0.724 3.81 (2.34) 5.27 (3.22) 0.047 3.42 (2.43) 4.80 (3.04) 0.055

Current amphetamine
use c, N (%) 16 (51.61%) 16 (53.33%) 0.893 4 (12.90%) 13 (43.33%) 0.008 2 (6.45%) 14 (46.66%) <0.001

a: measured using the VAS; b: measured using the SDS; c: measured by urine testing.

3.2. The Comparisons of Methamphetamine-Related Characteristics during Intervention
and Follow-Up

The level of craving and severity of methamphetamine dependence differed signifi-
cantly between baseline and the end of follow-up (craving: paired t-test = 2.288, p = 0.029;
dependence severity: paired t-test = 4.074, p ≤ 0.001) in the HRVBFB group. The rate of pos-
itive methamphetamine urine testing for the HRVBFB group was lower at the end of follow-
up than at baseline (related samples McNemar test = 9.389, p = 0.001). In the TAU group,
there were no significant differences in the level of craving (paired t-test = −0.334, p = 0.741)
or severity of methamphetamine dependence (paired t-test = −0.992, p = 0.330), nor the
rate of positive methamphetamine urine testing (related samples McNemar test = 0.125,
p = 0.727) between baseline and the end of follow-up.

There were significant negative interactions between group and time in the level of
craving and severity of methamphetamine dependence during the period of intervention
(Table 3). The interaction between group and time for the rate of positive methamphetamine
urine testing during the intervention was significantly smaller than one. The interactions
between group and time were significantly negative for the level of craving and severity of
methamphetamine dependence at the end of follow-up. Meanwhile, the change in the rate
of positive methamphetamine urine testing differed between groups during follow-up, as
demonstrated by a significant interaction between group and time for the rate of positive
methamphetamine urine testing.

Table 3. Effect of HRVBFB intervention on level of craving, severity of amphetamine dependence,
and amphetamine use after the intervention and at the end of follow-up a.

Craving c Severity of Amphetamine Dependence d Current Amphetamine Use e

End of
Intervention End of Follow-Up End of

Intervention End of Follow-Up End of
Intervention

End of
Follow-Up

Coefficient p Coefficient p Coefficient p Coefficient p Odds
Ratio p Odds

Ratio p

Time from intake to
end of intervention

or follow-up (weeks)
3.16 0.245 0.50 0.734 0.10 0.836 −0.18 0.313 0.67 0.250 0.88 0.477

Group b 15.90 0.100 5.79 0.439 1.89 0.068 0.84 0.260 4.50 0.168 4.25 0.146

Interaction between
Group and Time −14.30 0.006 −5.74 0.033 −1.68 0.009 −0.80 0.007 0.21 0.033 0.22 0.016

a: age as control variable; b: control group as reference; c: measured using the VAS; d: measured using the SDS; e:
measured by urine testing.

3.3. The Association of Methamphetamine-Related Characteristics at Intake to Outcomes at the End
of Intervention and Follow-Up

Furthermore, the level of craving and severity of methamphetamine dependence at
study entry positively predicted the level of craving and severity of dependence, respec-
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tively, after intervention and at the end of follow-up (Table 4). A positive methamphetamine
urine test at baseline significantly increased the risk of a positive test after the intervention
but did not significantly increase the risk at the end of follow-up.

Table 4. Predictors of level of craving, severity of amphetamine dependence, and amphetamine use
after the HRVBFB intervention and at the end of follow-up.

Craving b Severity of Amphetamine Dependence c Current Amphetamine Use d

End of
Intervention End of Follow-Up End of Intervention End of Follow-Up End of

Intervention
End of

Follow-Up

Coefficient p Coefficient p Coefficient p Coefficient p Odds
Ratio p Odds

Ratio p

Age (years) 0.49 0.320 0.02 0.996 −0.11 0.093 −0.11 0.089 1.04 0.548 1.06 0.430

Education (years) 0.47 0.691 0.56 0.557 −0.18 0.161 −0.06 0.611 0.91 0.535 1.00 0.998

Age at initial use
of amphetamine

(years)
−0.46 0.321 0.42 0.394 0.10 0.134 0.12 0.062 0.91 0.212 0.87 0.106

Duration of
amphetamine use

(years)
0.12 0.870 1.38 0.056 0.13 0.150 0.09 0.273 0.93 0.489 0.97 0.783

Group a −12.11 0.008 −11.67 0.011 −1.91 0.002 −1.82 0.002 0.18 0.021 0.07 0.004

Craving level at
study entry 0.49 <0.001 0.39 <0.001

Level of
amphetamine
dependence at

study entry

0.61 <0.001 0.64 <0.001

Amphetamine use
at study entry 5.59 0.024 2.63 0.207

a: control group as reference; b: measured using the VAS; c: measured using the SDS; d: measured by urine testing.

4. Discussion

The present study investigated the feasibility and efficacy of a brief HRVBFB inter-
vention to reduce the level of craving, severity of dependence, and status of amphetamine
use within the context of an outpatient amphetamine use disorder treatment program. The
first important finding was that the individuals in the HRVBFB group had a lower level of
craving and a lower severity of amphetamine dependence, in addition to a lower rate of
positive amphetamine urine testing, after the intervention and at the end of follow-up. In
contrast, there were no significant differences in the level of craving, dependence severity,
or rate of positive amphetamine urine testing in the TAU group. Second, the changes in the
level of craving, severity of amphetamine dependence, and rate of positive amphetamine
urine testing were significantly different between groups during the intervention period.
In addition, the individuals in the HRVBFB group exhibited decreased levels of craving,
severity of amphetamine dependence, and a lower rate of positive amphetamine urine
testing during the follow-up period in comparison with the TAU group. Third, the level of
craving and the severity of amphetamine dependence at study entry were able to predict
the craving level and dependence severity at the end of the intervention and the end of
follow-up, respectively; however, the rate of positive amphetamine urine testing at entry
only predicted the rate of positive testing at the end of the intervention.

Our observation of a decreased craving for amphetamine following HRVBFB inter-
vention was in agreement with previous studies of HRVBFB that reported reduced food
craving in food cravers and attenuated substance craving in individuals with comorbid
mental illnesses [10,33]. Furthermore, the HRVBFB group showed a larger reduction in the
level of craving than the TAU group, as evidenced by a significant interaction between time
and group during the intervention period. Meanwhile, the observation that the reduction
in the level of craving was greater in the HRVBFB group than the TAU group at the end of
the follow-up period was encouraging, as the result might indicate that the effectiveness
of HRVBFB can persist after the end of the intervention. Therefore, our data support the
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potential use of HRVBFB as a feasible and effective treatment for reducing amphetamine
craving in patients with amphetamine use disorder who attend outpatient services. A
neuroimaging study has shown that cravings for methamphetamine is related to activa-
tion of brain regions, including the prefrontal cortex and temporal cortex, amygdala, and
hippocampus [34]. These brain structures have also been shown to be responsible for
cravings in users of substances other than amphetamine and are tasked with regulating the
balance between the parasympathetic and sympathetic nervous systems [15]. Furthermore,
autonomic imbalances between the sympathetic and parasympathetic systems have been
demonstrated to be related to increased cravings [35]. The goal of HRVBFB is to reduce
autonomic imbalances by engaging the parasympathetic nervous system and recovery
from stress-induced sympathetic responses [36]. Lehrer et al. reported that HRVBFB is a
therapeutic intervention that can restore automatic dysfunction through mind-body interac-
tions [13]; however, the exact mechanism of the reduction in cravings by HRVBFB in drug
users is not clear. Restoring automatic dysfunction may be one of the possible mechanisms.
The reward system consisted of ventral tegmental area (VTA), nucleus accumbens (NAc),
medial prefrontal cortex (mPFC), amygdala, insula, and other regions [37]. Dopamine, one
of the brain’s neurotransmitters, plays an important role in the reward system. Baltazar
et al. showed that mPFC has a crucial role in the brain reward system [38]. Furthermore,
the activation of the ventral medial prefrontal cortex (vmPFC) can reduce substance users’
cravings [39]. Andy et al. indicated HRVBFB can increase the functional connections of
vmPFC to the reward system, including insula, amygdala, and cingulate cortex. This may
be another possible mechanism. Further studies are warranted to explore the association
between HRVBFB and neurochemistry of brain.

Leyro et al. conducted a review of previous studies and found that few studies
assessed whether HRVBFB led to substance use reduction because most studies employed
inpatient and abstinent subjects [40]. The present study provided evidence that the rate
of positive amphetamine urine testing and the severity of amphetamine dependence
decreased after the HRVBFB intervention, and remained so at the end of the follow-up
period. Meanwhile, analysis of the interaction between group and time revealed that
the HRVBFB group exhibited significantly greater reductions than the TAU group in the
rate of positive amphetamine urine testing and the severity of amphetamine dependence
during the period of HRVBFB intervention and at the end of the follow-up period. Our
results also implied that the effects of HRVBFB on the rate of amphetamine use and the
severity of amphetamine dependence lasted beyond the intervention. This result was
in line with a previous study of subjects with alcohol dependency within an inpatient
treatment program, which showed a significant difference in long-term abstinence from
alcohol one year after receiving HRVBFB [23]. A flexible autonomic nervous system can
provide for rapid modulation of physiological states and improve self-control [17,41], and
improvement in self-control may decrease substance use behavior [42,43]. In addition,
autonomic imbalances in the sympathetic/parasympathetic systems have been shown to
be correlated with increased drug use [44,45]. Further studies are warranted to explore
whether increasing flexibility and restoring imbalances in autonomic nervous systems is a
possible mechanism of the decreasing rate of positive amphetamine urine testing and the
reduction in the severity of amphetamine dependence in the HRVBFB group. The level of
craving, dependence severity, and positive urine testing for amphetamine at study entry
were able to predict the level of craving, severity of dependence, and results of urine testing
at the end of the intervention. These results provide important information that could
enable identification of individuals at risk of poor treatment outcomes.

5. Limitation

The results of the present study should be interpreted in light of its design, sampling,
and measurement limitations. The sample was obtained from a single site, which may have
increased selection bias, affecting both the internal and external validity. Participants in
this study reported subclinical craving levels and dependence severities; thus, our findings
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may not be generalizable to all individuals with amphetamine use disorder. In addition,
daily HRVBFB practice was assessed using a timeline follow-back method but was not
confirmed externally. A larger, population-based sample would yield results generalizable
to a broader population of amphetamine users.

6. Conclusions

In summary, the findings of the present study support an interpretation of potential
added clinical benefit of HRVBFB intervention with regards to reductions in the level of
craving, severity of dependence, and amphetamine use, within the context of outpatient
treatment. Meanwhile, these clinical benefits may last beyond the end of the HRVBFB
intervention. In addition, higher baseline levels of craving for, dependence on, and use of
amphetamine were found to be predictive of greater levels of craving, dependence severity,
and amphetamine use, respectively, at the end of the intervention. The results support
further study of the use of HRVBFB as a complementary therapy within amphetamine
use disorder treatment programs using larger samples, verified daily practice logs, and,
potentially, additional HRVBFB training sessions.

Author Contributions: P.-W.W. designed the study. H.-C.W. and Y.-Y.Y. conducted the study. C.-F.Y.
and C.-Y.H. analyzed the data. P.-W.W. and C.-H.K. drafted the manuscript. All authors have read
and agreed to the published version of the manuscript.

Funding: This study was supported by grants awarded by Ministry of Science and Technology
(MOST109-2314-B-037-080). The funding agency did not have a role in this study.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Review Board of Kaohsiung Medical
University Hospital (KMUHIRB-SV(II)-20170072).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patient(s) to publish this paper.

Data Availability Statement: The data will be available upon reasonable request to the correspond-
ing authors.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sulzer, D.; Sonders, M.S.; Poulsen, N.W.; Galli, A. Mechanisms of neurotransmitter release by amphetamines: A review. Prog.

Neurobiol. 2005, 75, 406–433. [CrossRef] [PubMed]
2. Yu, W.-J.; Cottler, L.B.; Li, J.-H. New Psychoactive Substances in Taiwan: The Current Situation and Initiative for Rational

Scheduling. J. Food Drug Anal. 2021, 29, 168–181. [CrossRef]
3. Barr, A.M.; Panenka, W.J.; MacEwan, G.W.; Thornton, A.E.; Lang, D.J.; Honer, W.G.; Lecomte, T. The need for speed: An update

on methamphetamine addiction. J. Psychiatry Neurosci. 2006, 31, 301–313.
4. Degenhardt, L.; Sara, G.; McKETIN, R.; Roxburgh, A.; Dobbins, T.; Farrell, M.; Burns, L.; Hall, W.D. Crystalline methamphetamine

use and methamphetamine-related harms in Australia. Drug Alcohol Rev. 2017, 36, 160–170. [CrossRef]
5. Chan, B.; Freeman, M.; Kondo, K.; Ayers, C.; Montgomery, J.; Paynter, R.; Kansagara, D. Pharmacotherapy for metham-

phetamine/amphetamine use disorder—A systematic review and meta-analysis. Addiction 2019, 114, 2122–2136. [CrossRef]
[PubMed]

6. Minozzi, S.; Saulle, R.; De Crescenzo, F.; Amato, L. Psychosocial interventions for psychostimulant misuse. Cochrane Database Syst.
Rev. 2016, 9, CD011866. [CrossRef] [PubMed]

7. Vocci, F.J.; Montoya, I.D. Psychological treatments for stimulant misuse, comparing and contrasting those for amphetamine
dependence and those for cocaine dependence. Curr. Opin. Psychiatry 2009, 22, 263–268. [CrossRef]

8. Lehrer, P.; Vaschillo, E.; Lu, S.E.; Eckberg, D.; Vaschillo, B.; Scardella, A.; Habib, R. Heart rate variability biofeedback: Effects of
age on heart rate variability, baroreflex gain, and asthma. Chest 2006, 129, 278–284. [CrossRef]

9. Lin, G.; Xiang, Q.; Fu, X.; Wang, S.; Wang, S.; Chen, S.; Shao, L.; Zhao, Y.; Wang, T. heart rate variability biofeedback decreases
blood pressure in prehypertensive subjects by improving autonomic function and baroreflex. J. Altern. Complement. Med. 2012, 18,
143–152. [CrossRef]

10. Zucker, T.L.; Samuelson, K.W.; Muench, F.; Greenberg, M.A.; Gevirtz, R.N. The effects of respiratory sinus arrhythmia biofeedback
on heart rate variability and posttraumatic stress disorder symptoms: A pilot study. Appl. Psychophysiol. Biofeedback 2009, 34,
135–143. [CrossRef]

http://doi.org/10.1016/j.pneurobio.2005.04.003
http://www.ncbi.nlm.nih.gov/pubmed/15955613
http://doi.org/10.38212/2224-6614.3225
http://doi.org/10.1111/dar.12426
http://doi.org/10.1111/add.14755
http://www.ncbi.nlm.nih.gov/pubmed/31328345
http://doi.org/10.1002/14651858.CD011866.pub2
http://www.ncbi.nlm.nih.gov/pubmed/27684277
http://doi.org/10.1097/YCO.0b013e32832a3b44
http://doi.org/10.1378/chest.129.2.278
http://doi.org/10.1089/acm.2010.0607
http://doi.org/10.1007/s10484-009-9085-2


Int. J. Environ. Res. Public Health 2022, 19, 5230 9 of 10

11. Carney, R.M.; Freedland, K.E. Depression and heart rate variability in patients with coronary heart disease. Clevel. Clin. J. Med.
2009, 76, S13–S17. [CrossRef] [PubMed]

12. Christensen, J.H. Cardiac autonomic dysfunction in hemodialysis patients assessed by heart rate variability. Minerva Urol. Nefrol.
2012, 64, 191–198.

13. Lehrer, P.M.; Gevirtz, R. Heart rate variability biofeedback: How and why does it work? Front. Psychol. 2014, 5, 756. [CrossRef]
[PubMed]

14. Vanderlei, L.C.M.; Pastre, C.M.; Hoshi, R.A.; Carvalho, T.D.; Godoy, M.F. Basic notions of heart rate variability and its clinical
applicability. Braz. J. Cardiovasc. Surg. 2009, 24, 205–217. [CrossRef] [PubMed]

15. Ingjaldsson, J.T.; Laberg, J.C.; Thayer, J.F. Reduced heart rate variability in chronic alcohol abuse: Relationship with negative
mood, chronic thought suppression, and compulsive drinking. Biol. Psychiatry 2003, 54, 1427–1436. [CrossRef]

16. Vaschillo, E.; Lehrer, P.; Rishe, N.; Konstantinov, M. Heart rate variability biofeedback as a method for assessing baroreflex
function: A preliminary study of resonance in the cardiovascular system. Appl. Psychophysiol. Biofeedback 2002, 27, 1–27. [CrossRef]
[PubMed]

17. Lehrer, P.; Eddie, D. Dynamic Processes in Regulation and Some Implications for Biofeedback and Biobehavioral Interventions.
Appl. Psychophysiol. Biofeedback 2013, 38, 143–155. [CrossRef]

18. Siepmann, M.; Aykac, V.; Unterdörfer, J.; Petrowski, K.; Mueck-Weymann, M. A Pilot Study on the Effects of Heart Rate Variability
Biofeedback in Patients with Depression and in Healthy Subjects. Appl. Psychophysiol. Biofeedback 2008, 33, 195–201. [CrossRef]

19. Buitrago-Ricaurte, N.; Cintra, F.; Silva, G.S. Heart rate variability as an autonomic biomarker in ischemic stroke. Arq. Neuro-
Psiquiatria 2020, 78, 724–732. [CrossRef]

20. Verheul, R.; Van Den Brink, W.; Geerlings, P. A three-pathway psychobiological model of craving for alcohol. Alcohol Alcohol.
1999, 34, 197–222. [CrossRef] [PubMed]

21. Eddie, D.; Conway, F.N.; Alayan, N.; Buckman, J.; Bates, M.E. Assessing heart rate variability biofeedback as an adjunct to college
recovery housing programs. J. Subst. Abus. Treat. 2018, 92, 70–76. [CrossRef]

22. Penzlin, A.I.; Siepmann, T.; Illigens, B.M.-W.; Weidner, K.; Siepmann, M. Heart rate variability biofeedback in patients with
alcohol dependence: A randomized controlled study. Neuropsychiatr. Dis. Treat. 2015, 11, 2619–2627. [CrossRef] [PubMed]

23. Penzlin, A.I.; Barlinn, K.; Illigens, B.M.-W.; Weidner, K.; Siepmann, M.; Siepmann, T. Effect of short-term heart rate variability
biofeedback on long-term abstinence in alcohol dependent patients—A one-year follow-up. BMC Psychiatry 2017, 17, 1–8.
[CrossRef] [PubMed]

24. Eddie, D.; Kim, C.; Lehrer, P.; Deneke, E.; Bates, M.E. A Pilot Study of Brief Heart Rate Variability biofeedback to reduce craving
in young adult men receiving inpatient treatment for substance use disorders. Appl. Psychophysiol. Biofeedback 2014, 39, 181–192.
[CrossRef]

25. American Psychiatric Association; American Psychiatric Association. DSM-5 Task Force. In Diagnostic and Statistical Manual of
Mental Disorders: DSM-5, 5th ed.; American Psychiatric Association: Washington, DC, USA, 2013.

26. Culbertson, C.; Nicolas, S.; Zaharovits, I.; London, E.D.; De La Garza, R., 2nd; Brody, A.L.; Newton, T.F. Methamphetamine
craving induced in an online virtual reality environment. Pharmacol. Biochem. Behav. 2010, 96, 454–460. [CrossRef]

27. Sinha, R.; O’Malley, S.S. Craving for alcohol: Findings from the clinic and the laboratory. Alcohol Alcohol. 1999, 34, 223–230.
[CrossRef] [PubMed]

28. Tung, C.K.; Yeung, S.W.; Chiang, T.P.; Xu, K.; Lam, M. Reliability and validity of the Severity of Dependence Scale in a Chinese
sample of treatment-seeking ketamine users. East Asian Arch. Psychiatry 2014, 24, 156–164.

29. Fernández-Calderón, F.; Vidal-Giné, C.; López-Guerrero, J.; Lozano-Rojas, M. Reliability, convergent and structural validity
and cut-off score of the Severity of Dependence Scale for recreational ketamine users. Addict. Behav. 2016, 60, 1–7. [CrossRef]
[PubMed]

30. Liang, K.-Y.; Zeger, S. Longitudinal data analysis using generalized linear models. Biometrika 1986, 73, 13–22. [CrossRef]
31. Twisk, J.W.R. Applied Longitudinal Data Analysis For Epidemiology: A Practical Guide; Cambridge University Press: Cambridge, UK, 2003.
32. Holm, S. A simple sequentially rejective multiple test procedure. Scand. J. Stat. 1979, 6, 65–70.
33. Meule, A.; Freund, R.; Skirde, A.K.; Vögele, C.; Kübler, A. Heart rate variability biofeedback reduces food cravings in high food

cravers. Appl. Psychophysiol. Biofeedback 2012, 37, 241–251. [CrossRef]
34. Sinha, R.; Li, C.S.R. Imaging stress- and cue-induced drug and alcohol craving: Association with relapse and clinical implications.

Drug Alcohol Rev. 2007, 26, 25–31. [CrossRef] [PubMed]
35. Sinha, R. The clinical neurobiology of drug craving. Curr. Opin. Neurobiol. 2013, 23, 649–654. [CrossRef] [PubMed]
36. Gevirtz, R. The Promise of Heart Rate Variability Biofeedback: Evidence-Based Applications. Biofeedback 2013, 41, 110–120.

[CrossRef]
37. Ikemoto, S. Dopamine reward circuitry: Two projection systems from the ventral midbrain to the nucleus accumbens–olfactory

tubercle complex. Brain Res. Rev. 2007, 56, 27–78. [CrossRef] [PubMed]
38. Baltazar, R.M.; Coolen, L.M.; Webb, I.C. Diurnal rhythms in neural activation in the mesolimbic reward system: Critical role of

the medial prefrontal cortex. Eur. J. Neurosci. 2013, 38, 2319–2327. [CrossRef] [PubMed]
39. Nakamura-Palacios, E.M.; Lopes, I.B.C.; Souza, R.A.; Klauss, J.; Batista, E.K.; Conti, C.L.; Moscon, J.A.; de Souza, R.S.M. Ventral

medial prefrontal cortex (vmPFC) as a target of the dorsolateral prefrontal modulation by transcranial direct current stimulation
(tDCS) in drug addiction. J. Neural Transm. 2016, 123, 1179–1194. [CrossRef]

http://doi.org/10.3949/ccjm.76.s2.03
http://www.ncbi.nlm.nih.gov/pubmed/19376975
http://doi.org/10.3389/fpsyg.2014.00756
http://www.ncbi.nlm.nih.gov/pubmed/25101026
http://doi.org/10.1590/S0102-76382009000200018
http://www.ncbi.nlm.nih.gov/pubmed/19768301
http://doi.org/10.1016/S0006-3223(02)01926-1
http://doi.org/10.1023/A:1014587304314
http://www.ncbi.nlm.nih.gov/pubmed/12001882
http://doi.org/10.1007/s10484-013-9217-6
http://doi.org/10.1007/s10484-008-9064-z
http://doi.org/10.1590/0004-282x20200087
http://doi.org/10.1093/alcalc/34.2.197
http://www.ncbi.nlm.nih.gov/pubmed/10344781
http://doi.org/10.1016/j.jsat.2018.06.014
http://doi.org/10.2147/NDT.S84798
http://www.ncbi.nlm.nih.gov/pubmed/26557753
http://doi.org/10.1186/s12888-017-1480-2
http://www.ncbi.nlm.nih.gov/pubmed/28874146
http://doi.org/10.1007/s10484-014-9251-z
http://doi.org/10.1016/j.pbb.2010.07.005
http://doi.org/10.1093/alcalc/34.2.223
http://www.ncbi.nlm.nih.gov/pubmed/10344782
http://doi.org/10.1016/j.addbeh.2016.03.016
http://www.ncbi.nlm.nih.gov/pubmed/27082261
http://doi.org/10.1093/biomet/73.1.13
http://doi.org/10.1007/s10484-012-9197-y
http://doi.org/10.1080/09595230601036960
http://www.ncbi.nlm.nih.gov/pubmed/17364833
http://doi.org/10.1016/j.conb.2013.05.001
http://www.ncbi.nlm.nih.gov/pubmed/23764204
http://doi.org/10.5298/1081-5937-41.3.01
http://doi.org/10.1016/j.brainresrev.2007.05.004
http://www.ncbi.nlm.nih.gov/pubmed/17574681
http://doi.org/10.1111/ejn.12224
http://www.ncbi.nlm.nih.gov/pubmed/23617901
http://doi.org/10.1007/s00702-016-1559-9


Int. J. Environ. Res. Public Health 2022, 19, 5230 10 of 10

40. Leyro, T.M.; Buckman, J.F.; Bates, M.E. Theoretical implications and clinical support for heart rate variability biofeedback for
substance use disorders. Curr. Opin. Psychol. 2019, 30, 92–97. [CrossRef] [PubMed]

41. Porges, S.W. The polyvagal perspective. Biol. Psychol. 2007, 74, 116–143. [CrossRef]
42. Malouf, E.T.; Schaefer, K.E.; Witt, E.A.; Moore, K.E.; Stuewig, J.; Tangney, J.P. The brief self-control scale predicts jail inmates’

recidivism, substance dependence, and post-release adjustment. Pers. Soc. Psychol. Bull. 2014, 40, 334–347. [CrossRef]
43. Roos, C.R.; Kober, H.; Trull, T.J.; MacLean, R.R.; Mun, C.J. Intensive Longitudinal Methods for Studying the Role of Self-Regulation

Strategies in Substance Use Behavior Change. Curr. Addict. Rep. 2020, 7, 301–316. [CrossRef] [PubMed]
44. Richardson, H.N.; Lee, S.Y.; O’Dell, L.E.; Koob, G.F.; Rivier, C.L. Alcohol self-administration acutely stimulates the hypothalamic-

pituitary-adrenal axis, but alcohol dependence leads to a dampened neuroendocrine state. Eur. J. Neurosci. 2008, 28, 1641–1653.
[CrossRef] [PubMed]

45. Sinha, R.; Shaham, Y.; Heilig, M. Translational and reverse translational research on the role of stress in drug craving and relapse.
Psychopharmacology 2011, 218, 69–82. [CrossRef] [PubMed]

http://doi.org/10.1016/j.copsyc.2019.03.008
http://www.ncbi.nlm.nih.gov/pubmed/31055246
http://doi.org/10.1016/j.biopsycho.2006.06.009
http://doi.org/10.1177/0146167213511666
http://doi.org/10.1007/s40429-020-00329-5
http://www.ncbi.nlm.nih.gov/pubmed/33510995
http://doi.org/10.1111/j.1460-9568.2008.06455.x
http://www.ncbi.nlm.nih.gov/pubmed/18979677
http://doi.org/10.1007/s00213-011-2263-y
http://www.ncbi.nlm.nih.gov/pubmed/21494792

	Introduction 
	Materials and Methods 
	Participants 
	Assessments 
	Visual Analog Craving Scale (VACS) 
	Chinese-Mandarin Version of the Severity of Dependence Scale (SDSch) 
	Urine Drug Test for Methamphetamine 

	Statistical Analysis 

	Results 
	Participant Demographic and Methamphetamine-Related Characteristics 
	The Comparisons of Methamphetamine-Related Characteristics during Intervention and Follow-Up 
	The Association of Methamphetamine-Related Characteristics at Intake to Outcomes at the End of Intervention and Follow-Up 

	Discussion 
	Limitation 
	Conclusions 
	References

