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Abstract

Background: Previously published findings from a study of university students living in 

substance use disorder (SUD) recovery housing showed an eight-session heart rate variability 

biofeedback (HRVB) intervention significantly reduced craving. That study, however, uncovered 

pronounced inter-participant variability in craving change patterns through the course of HRVB 

that warranted further exploration. The purpose of the current investigation was to examine how 

within- and between-person factors may have differentially influenced craving changes.

Methods: A longitudinal multilevel modeling approach was used with time at level-1 nested 

within persons at level-2. Multilevel models of change were estimated to model craving 

trajectories and predictor relationships over time as a function of age, sex, length of abstinence, 

daily HRVB practice, anxiety, depression, and stress.

Results: A quadratic pattern of craving reductions was found, indicating that craving reductions 

accelerated over time for some participants. Daily HRVB practice of > 12 min and older age 

significantly enhanced craving reductions over time. Increases in depressive symptoms attenuated 

the effects of HRVB on craving. The other predictors were not significantly associated with 

craving in this study. The true R2 for the final model indicated that 20.5% of the variance in 

craving was explained by older age, daily HRVB > 12 min, and within-person changes in 

depression.

Conclusions: HRVB shows promise as an accessible, scalable, and cost-effective 

complementary anti-craving intervention. Healthcare providers may help persons recovering from 

SUD to better manage substance craving by the routine and strategic use of HRVB practice.
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1. Introduction

1.1. Background and significance

University students in substance use disorder (SUD) recovery face special challenges 

including widespread peer alcohol and other drug use and a culture that normalizes 

substance use (Helmer, Mikolajczyk, McAlaney, et al., 2014; Laudet, Harris, Kimball, 

Winters, & Moberg, 2016). Young adults returning to university after SUD treatment are 

thus at a heightened risk for relapse (Perron et al., 2011). While many factors may act as 

precursors to relapse, craving is one of its strongest predictors (Fatseas et al., 2015; Paliwal, 

Hyman, & Sinha, 2008; Sinha, 2011), and persons recovering from SUD may continue to 

experience cravings years after achieving abstinence (Addolorato, Leggio, Abenavoli, & 

Gasbarrini, 2005). Addressing substance craving is, therefore, an essential component of 

relapse prevention for individuals in both early and sustained SUD remission (NIDA, 2016; 

Tiffany & Wray, 2012).

The most commonly used non-pharmacological craving interventions are cognitive in 

nature. Craving, however, is also in part mediated by psychophysiological processes that 

contribute to pathological motivation to engage in substance use (Robinson & Berridge, 

2008). For example, experiences of craving are often associated with physiological 

responses such as increased heart rate (Kennedy, Epstein, Jobes, et al., 2015) that may 

amplify psychological responses such as anxiety (Eddie, Vaschillo, Vaschillo, & Lehrer, 

2015; Haass-Koffler, Leggio, & Kenna, 2014). Heightened heart rate and anxiety are 

associated with decreased heart rate variability (i.e., dynamic changes in the time intervals 

between heart beats) (Eddie et al., 2015; Kemp & Quintana, 2013), an indicator of reduced 

adaptive capacity and behavioral flexibility (Buckman, Vaschillo, Fonoberova, Mezic, & 

Bates, 2018). In contrast, high levels of heart rate variability are associated with a flexible 

autonomic nervous system that provides for rapid modulation of physiological states 

resulting in improved behavioral control (Lehrer & Eddie, 2013; Porges, 2007). Heart rate 

variability biofeedback (HRVB) is a form of paced breathing that addresses the 

psychophysiological processes of craving by acutely increasing heart rate variability (Kemp 

& Quintana, 2013; Lehrer & Eddie, 2013; Lehrer & Gevirtz, 2014; Stanhope, 2018). In 

HRVB training, patients are taught to pace their breath at a rate that produces large, 

synchronous oscillations in respiration and heart rate, thus substantially increasing acute 

heart rate variability. HRVB amplifies oscillations through the combined effects of 

respiratory sinus arrhythmia (heart rate acceleration during inhalation and deceleration 

during exhalation) and stimulation of the baroreflex when breathing is slowed to a resonance 

frequency of the cardiovascular system at 0.1 Hz (corresponding to approximately 6 breaths 

per minute). Resonance paced breathing engages the parasympathetic nervous system, 

leading to greater behavioral control (Gevirtz, 2013).
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Earlier work in HRVB for craving supports this idea by showing that brief HRVB 

interventions have the potential to reduce craving in individuals in treatment for SUD 

(Eddie, Kim, Bates, Lehrer, & Deneke, 2014; Penzlin et al., 2017; Penzlin, Siepmann, 

Illigens, Weidner, & Siepmann, 2015). However, a recent review of HRVB as a 

complementary anti-craving intervention showed inconsistent results of HRVB effectiveness 

in reducing craving, and identified the need for a longitudinal examination of craving 

changes during the course of HRVB (Alayan, Eller, Bates, & Carmody, 2018). A recently 

published longitudinal study of university students in SUD recovery found significant 

substance craving reductions during a full course of HRVB (i.e., 8 sessions) (Eddie, 

Conway, Alayan, Buckman, & Bates, 2018). Yet, spaghetti plots of individual participants’ 

data showed marked variability in the observed craving changes over time. This 

heterogeneity among participants raised the possibility of identifying participant level 

factors associated with craving trajectories that may be useful in personalizing HRVB to 

improve its effectiveness.

The present investigation was a secondary analysis of craving outcomes from that study 

(Eddie et al., 2018), using longitudinal multilevel modeling (MLM) to examine sources of 

dependency and interpret craving changes as a function of within- and between-person 

sources of variance. The use of MLM allowed the simultaneous examination of between- 

and within-person relationships and permitted the identification of individual differences 

that relate to craving reductions during HRVB.

1.2. Current study hypotheses

The main objective in the current investigation was to model craving changes at 12 time 

points over the course of approximately 24 weeks of monitoring, giving special 

consideration to within- and between-person predictors of craving. Several antecedents of 

relapse have been consistently linked to craving in the literature, including perceived stress 

(Sinha, 2008), depression (Witkiewitz & Bowen, 2010), anxiety (Sinha, Fuse, Aubin, & 

O’Malley, 2000), and length of abstinence (Wang, Shi, Chen, et al., 2013). In the current 

study, craving levels were hypothesized to decline over time in response to HRVB and at 

different rates for different persons, partially due to variations in perceived stress, 

depression, and anxiety. Participating in the HRVB condition was expected to reduce craving 

over time (Alayan et al., 2018). Individuals with higher, average levels of perceived stress, 

depression, and anxiety were expected to show greater craving. At the individual level, 

within-person increases in perceived stress, depression, and anxiety were expected to 

increase craving during that time period. Longer time abstinence was hypothesized to be 

associated with greater craving reductions over the course of the HRVB intervention. We 

also sought to identify a daily breathing practice time that confers optimal clinical benefit 

because HRVB practice time has not yet been consistently linked to craving reduction 

(Alayan et al., 2018).
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2. Methods

2.1. Study design and setting

This investigation used extant data from a non-randomized study with a wait list control 

condition, carried out in recovery housing of a public, northeastern, United States university. 

Participants were assessed at four occasions before the HRVB intervention over the first 12 

weeks followed by a 4- or 11-week rest period (depending on whether the rest period 

occurred over the Summer or Winter university recess). Then, participants were assessed on 

eight occasions over 12 weeks during the HRVB intervention. See Eddie et al., 2018 for full 

description (Eddie et al., 2018).

2.2. Participants

Forty-six university students were enrolled in the study. To participate, study volunteers 

were required to be in recovery from SUD, enrolled as an undergraduate or postgraduate 

student at the university, and be current or previous residents of the university’s recovery 

housing. Details of the recruitment procedure have been previously reported (Eddie et al., 

2018). The majority of the sample consisted of young (M = 23.6 years; SD = 5.0 years) 

White (91%) male (72%) students with prolonged abstinence (M = 2.62 years, SD = 1.93 

years). Approximately half of the participants (52.10%) reported taking prescribed 

antidepressant or mood stabilizing medications. Most participants were single (97.6%) and 

50% were living outside recovery housing during the study period.

For the purpose of longitudinal analysis, a minimum of three observations per participant 

was required so that undirected fluctuations in craving were distinguishable from real 

change (Hoffman, 2015). Two participants had less than three time points on the outcome 

variable and were thus excluded from the sample (Hoffman, 2015). The final data for 

analysis consisted of 44 participants for 12 occasions totaling 528 observations. Four 

participants dropped out from the experimental condition because they felt too busy with 

school work. There were 128 missing observations in the outcome due to the lack of control 

condition for 16 of the participants in addition to the 6 dropouts and other missing 

responses, amounting to 24% of the expected observations.

2.3. Measures

Length of abstinence: At commencement of control and experimental condition 

participation, participants self-reported the date of their last alcohol and other drug use. 

Length of abstinence from alcohol and other drugs was calculated as days since last 

substance use at day one of control and/or experimental condition participation.

1. Penn Alcohol Craving Questionnaire (PACS):  Participants were asked to rate the 

severity of their craving using the PACS, a unidimensional 5-item scale. Items are coded on 

a 7-point scale from “0”, (Not present) to “6” (Severe). A total PACS score ranges from 0 to 

30 with higher scores indicating greater substance craving. The scale has high internal 

consistency (ɑ = 0.92) and has been validated in various clinical samples (Flannery, 

Volpicelli, & Pettinati, 1999; Hitschfeld et al., 2015; Kim et al., 2008). A previously 

modified version of PACS that captures both drug and alcohol craving was used in this 
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study. This amended version of PACS had similar internal consistency to the original scale, 

and convergent and discriminant validity (Eddie et al., 2014). Cronbach’s alpha in this 

sample ranged from 0.72 to 0.94.

Beck Anxiety Inventory (BAI): The BAI is a 21-item questionnaire that assesses the 

severity of an individual’s anxiety in the past week. Items are coded on a 4-point scale 

ranging from “0=Not at all” to “3 = Severely”. A total BAI score ranges from 0 to 63 with 

higher scores indicating greater anxiety symptoms (Beck & Steer, 1993). Cronbach’s alpha 

in this sample ranged from 0.86 to 0.91.

Beck Depression Inventory – II (BDI-II): The BDI-II is a 21-item questionnaire that 

assesses the severity of an individual’s depression in the past week. Items are coded on a 4-

point scale from “0=Not at all” to “3 = Severely”. A total BDI-II score ranges from 0 to 63 

with higher scores indicating greater depression symptoms (Beck, Steer, & Brown, 1996). 

Cronbach’s alpha in this sample ranged from 0.79 to 0.90.

Perceived Stress Scale (PSS): The PSS is a 10-item questionnaire that assesses stress 

frequency in the past month. Items are measured on a 5-point, Likert-type scale (“0 = Never” 

to “4 = Very often”). A total PSS score ranges from 0 to 40 with higher scores indicating 

greater perceived stress (Cohen, Kamarck, & Mermelstein, 1983). Cronbach’s alpha in this 

sample ranged from 0.81 to 0.87.

Daily HRVB practice: To facilitate accurate assessment of practice, participants were 

asked to keep a daily practice log using forms provided by experimenters. Participants were 

asked to record the total number of minutes they practiced each day in the AM and PM. 

Ranges were not provided; rather participants were asked to record the exact number of 

minutes practiced. Participants provided this information to research assistants over the 

phone during weekly timeline follow-back interviews (Sobell and Sobell 2015). If 

participants forgot to fill out their form on certain days, research assistants used timeline 

follow-back strategies articulated by Sobell & Sobell (Sobell & Sobell, 1992) to help 

participants accurately remember their practice times.

2.4. Study procedures

Participants in the waitlist condition completed the PACS, BAI, BDI, and PSS on four 

occasions over the 12-week semester (occasions 1–4). They were allowed to continue any 

treatment as usual including conventional recovery services offered by the Recovery House 

and/or outside therapies. Participants in the HRVB condition responded to the PACS and 

PSS at each occasion and to the BAI and BDI on occasions 5, 8, 11, and 12. They received 8 

sessions of manualized HRVB training (Lehrer, Vaschillo, & Vaschillo, 2000) over the 

course of a university semester (~12 weeks), starting on occasion 5. Participants were 

trained to practice breathing at their own resonance frequency (identified when respiration 

and heart rate oscillations achieved phase) with the help of visual pacers and electronic 

monitoring of the heart rate. In addition, they were asked to practice resonance frequency 

breathing for 15-min periods twice daily on their own. For practice, participants were 

provided with either a StressEraser HRVB device (Heilman, Handelman, Lewis, & Porges, 
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2008) or Stress Doctor HRVB app for smartphone (Azumio, Inventor, 2012) depending on 

their preference. This study was conducted in accordance with the institutional review board 

guidelines at the home institution. Details of the study procedures were previously reported 

(Eddie et al., 2018).

2.5. Analytical procedures in multilevel modeling

A multilevel modeling approach was used to perform a longitudinal analysis of craving 

changes over time and across conditions using the Statistical Package for the Social Sciences 

(SPSS) version 23.0. The purposes of these analyses were to (1) describe the average pattern 

of craving changes over time, (2) describe the individual differences within these changes, 

and (3) predict between-person differences and the remaining within-person variation over 

time. A series of mixed effects random coefficient models were analyzed with observations 

at level-1 nested within persons at level-2. These analyses modeled within-person and 

between-person craving variations simultaneously at both levels. Within-person predictors of 

craving included depression, anxiety, and perceived stress. Between-person predictors of 

craving included age, sex, length of abstinence, and dose of daily HRVB practice.

Because the actual time intervals between measurement occasions differed per participant, 

time was entered as a covariate in the models and was centered such that 0 indicated the first 

observation. Time observations were balanced across persons by using the actual number of 

weeks in the study for each participant, starting with week one after the first control session 

(occasion 1) and week 24 before the last experimental session (occasion 12). Time models 

were estimated using restricted maximum likelihood (REML) whereas Maximum 

Likelihood (ML) was used when fixed predictors were added to the models (Hoffman, 

2015). The significance of individual fixed effects was evaluated using their Wald test p 
values. The significance of multiple fixed effects and random effects variances and 

covariances was evaluated using likelihood ratio tests including −2 Log Likelihood (−2LL), 

Akaike Information Criterion (AIC), and Bayesian Information Criterion (BIC). 

Unstructured residual covariance was used because neither first-auto-regressive correlation 

nor lag-1 Toeplitz residual covariance resulted in significant improvement in model fit (p 
> .05). The proportion of explained total outcome variance (R2) was determined by 

calculating the square of the Pearson correlation between the predicted outcome and the 

actual outcome. This method generates a true R2 since it is based on the total original 

outcome variance.

The steps were: 1) Calculating the IntraClass Correlation (ICC) statistic based on covariance 

parameters from the null model with craving as the outcome variable and no predictors. The 

ICC is the proportion of the variance ranging from 0 to 1 explained by the grouping structure 

in the population (Hoffman, 2015). 2) Estimating the baseline time model to determine a 

trajectory of substance craving changes over time. 3) Centering continuous predictors to 

have a meaningful zero. 4) Estimating the practice and final models by adding between-

person (age, sex, length of abstinence, daily breathing practice) and within-person (anxiety, 

depression, perceived stress) predictors incrementally. A stepwise approach was used to 

build the final model to maintain a balance between the need for complexity and the need for 
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parsimony (Hoffman, 2015; McCoach & Black, 2012). Predictors that did not improve 

model fit were therefore removed from the final model.

3. Results

3.1. Unconditional and time models of craving changes

Three empty models were first estimated to test for random effects of time before adding any 

fixed effects (see Table 1). The ICC was 0.49 indicating that 49% of the variability was 

attributable to differences between participants, thus indicating the need for a two-level 

model for time within persons in modeling craving changes over time. Adding a random 

slope of time significantly improved model fit (−2ΔLL (2) = 54, p < .001) and caused a 47% 

increase in intercept variance. We then added a quadratic slope of time to assess for non-

linear change. The empty quadratic model significantly improved fit (−2ΔLL (3) = 10.6, p 
< .05) and positive quadratic intercept and slope were found, indicating an accelerating rate 

of craving reduction over time. While the fixed quadratic effect of time was not significant, 

the random quadratic time model was significant. The final baseline model (Table 2) 

included a fixed effect of time and random effects of linear and quadratic time, indicating 

that the acceleration of craving reductions over time was due to individual differences and 

did not occur for all participants on average. There was a significant rate of linear reduction 

in craving on average. However, the random variation around the linear slope indicated that 

craving reductions were expected to occur at different rates by participant over time. The R2 

for the baseline model was determined by calculating the square of the correlation between 

predicted PACS and actual PACS, yielding an R2 of 0.018.

3.2. Conditional model of between-person predictors of craving changes

During the experimental phase, participants reported practicing HRVB breathing for an 

average of 11.46 min per day (SD = 7.88). Notably, the amount of daily HRVB practice 

differed by age. Using a median split of age, we found that participants younger than 23 

years practiced more than participants who were 23 years and older. The mean daily 

reported HRVB practice time was 14.32 min (SD = 7.84) for age < 23 versus 9.23 min (SD 

= 7.16) for age 23 and older. The addition of mean daily practice to the baseline model was 

not significant. A dichotomous variable of low and high practice was created to differentiate 

the effects of low versus high amounts of HRVB practice outside experimental sessions. 

High practice was coded as 1 indicating > 12 min of daily HRVB breathing, which is more 

than the sample mean daily practice; low practice was coded as 0 indicating < 12 min of 

daily HRVB practice. Controlling for age, sex, and length of abstinence (between-person 

covariates), a fixed effect of practice was added to the baseline model. The parameters of the 

baseline, practice, and final models are reported in Table 2.

Sex and length of abstinence did not significantly influence craving changes as indicated by 

their Wald test (p > .05). Age and practice however were significant covariates. This model 

significantly improved fit (−2ΔLL (2) = 205.9, p < .001) and accounted for 58% of the total 

level-2 craving variance. The true R2 for the practice model was 0.140.
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3.3. Conditional models of within-person predictors of craving changes

BDI was person-mean-centered by creating two separate predictor variables of BDI. The 

within-person BDI represents the deviation from each person’s mean BDI across all his or 

her occasions (level-1 effect) and the level-2 between-person BDI represents the person’s 

mean BDI across weeks centered at the grand mean. Controlling for age and practice, the 

level-1 effect of BDI was statistically significant indicating that reporting greater depression 

than their usual level was related to less craving reduction on that week. The level-2 effect of 

BDI was not significant. No statistically significant effects were observed when the same 

person-mean-centering method was used to add BAI and PSS as predictors of craving 

changes.

The final model included age, practice, and within-person BDI as significant predictors of 

craving. At level-2, the significant effects of age and practice indicated that PACS scores 

decreased with greater age and with 12 or more minutes of daily HRVB practice. At level-1, 

the significant effect of within-person BDI predicted less craving reduction. The final model 

with age, practice, and within-person depression explained 20.5% of the total variance in 

craving over time. Thus, the R2 increased significantly from the baseline model (0.018), to 

the practice model (0.140) to the final model (0.205). The significant changes in fit indices 

indicated the improvement in model fit with the addition of practice and psychological 

factors.

3.4. The effect of HRVB on craving reductions

Table 3 presents the parameters of a piecewise random coefficient model examining the 

effect of the HRVB intervention on craving reductions over time. The first HRVB training 

session (occasion 5) was identified as the breakpoint in the craving trajectory. The slope15 

described the change in slope from occasion 1 to occasion 5 and slope512 described the 

change in slope from occasion 5 to occasion 12. Both slopes were significant (p < .05). 

Adding random variances and covariances for the random slope before occasion 5 and the 

random slope after occasion 5 improved model fit (−2ΔLL(5) = 32.3, p < .001) with a 

smaller AIC and BIC. However, only slope 512 for experimental assessments remained 

significant.

3.5. The moderation effect of practice time

A post-hoc regions-of-significance analysis was conducted to further explore the moderation 

effect of practice time on the longitudinal relationship between HRVB and craving (Fig. 1). 

The analysis considered the effect for several alternate cutoff scores representing the 10th, 

20th, 30th, 40th and 50th percentiles of practice time. Using 99% confidence intervals, 

practice time moderated the slope between HRVB and craving by nine minutes of daily 

HRVB practice while accounting for age and levels of depression.

The central, solid curved line represents the point estimate for the effect at several levels of 

practice time (dots represent 10th, 20th, 30th, 40th, and 50th percentiles). The upper and 

lower dashed, curved lines represent the 99% confidence intervals of this effect relative to 

zero. The horizontal reference line indicates an effect estimate of zero. The vertical reference 

line is the boundary between the 99% confidence interval of the slope that includes zero 
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effect for levels of Practice Time (below a value of 9 min) and the region of significance 

(above a value of 9 min).

4. Discussion

The present investigation used MLM to model substance craving changes in university 

students recovering from SUD, before and during HRVB intervention. This study’s 

longitudinal design allowed the examination of within- and between person sources of 

variance. In this sample, there was a similar amount of craving variation within-persons 

(51%) and between-persons (49%), indicating the importance of addressing within-person 

craving changes over time. Substance craving trajectories across ~24 weeks of monitoring 

showed random effects of linear and quadratic time, indicating that the acceleration of 

craving reductions over time was due to individual differences. The piecewise model showed 

that substance craving reductions before HRVB were not statistically significant supporting 

that participation in the eight-session HRVB protocol contributed to craving reductions over 

time.

The effects of time-invariant predictors of craving changes, including age, sex, length of 

abstinence, and average daily HRVB practice also were examined. Craving changes did not 

differ by sex or length of abstinence. Yet, of the between-persons mean differences found in 

the empty model (49% of the total craving variance), more than half (58%) was due to 

consistent daily HRVB practice of > 12 min and older age. Notably, a post hoc, regions-of-

significance exploratory analysis suggested nine minutes of daily practice may in fact be all 

that is necessary to effect changes in craving while accounting for age and levels of 

depression. These are important findings since previous studies have not found such dose-

dependent HRVB practice effects (Eddie et al., 2014; Zucker, Samuelson, Muench, 

Greenberg, & Gevirtz, 2009). It is possible that previous null findings for dose-dependent 

HRVB practice effects were due to various challenges associated with craving research 

(Alayan et al., 2018). For instance, the measurement of craving itself is challenging because 

of its temporal and subjective nature. Only a longitudinal study with three or more 

observations has the ability to differentiate real change from undirected fluctuations 

(Hoffman, 2015).

With regards to dose-dependent HRVB practice effects, two other important factors include 

adherence to recommended daily practice and the reliability of practice reporting. This 

sample showed age differences in terms of adherence to daily HRVB practice. Younger 

participants did more daily HRVB practice than older participants. This may be partly 

explained by the fact that participants younger than 23 years reported higher craving scores 

than older participants. It may be that participants experiencing greater craving felt more 

need to practice HRVB. The > 12 min daily practice dose-effect relationship found in this 

study, and the nine-minute effect observed in the post hoc analysis should be tested in future 

SUD studies, particularly in samples experiencing higher craving levels, and at earlier stages 

of recovery. Clinically, a nine-minute daily breathing practice guideline may facilitate 

adherence and be of greater popularity than the current recommended practice of 15 min 

twice daily.
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Although sex differences in experiences of craving have been previously reported 

(Hitschfeld, Schneekloth, Ebbert, et al., 2015; Kennedy, Epstein, Phillips, & Preston, 2013), 

none were found in this study. Women however were under-represented in the present 

sample which may have contributed to a Type II error. In addition, there was insufficient 

variability to allow for a strong test of abstinence length due to the long abstinence times 

found in this sample. Given that craving is expected to decline with prolonged abstinence 

(Li, Caprioli, & Marchant, 2015; Wang et al., 2013), exploring this relationship in persons 

early in recovery may show differences in HRVB dose requirements that are dependent on 

the length of abstinence. The extent of daily practice may be dependent on the stage of SUD 

recovery.

Importantly, this study examined the effects of within-person predictors of craving changes 

including depression, anxiety, and perceived stress. The within-person aspect of depression 

had the only statistically significant effect among the three within-person predictors of 

craving changes over time. This finding indicated that persons who had depressive 

symptoms more than usual (relative to their mean depression score) had less craving 

reduction during that period. This finding is especially noteworthy given that the between-

person effect of depression on change in craving was not significant. It emphasizes the 

importance of dynamic within-person changes over time in the way depressive symptoms 

influence treatment compliance and efficacy. Treating depressive symptoms may, therefore, 

enhance the effectiveness of HRVB in reducing substance craving during SUD recovery. 

Fluctuation in anxiety and perceived stress did not significantly affect craving in this sample, 

although a different pattern may emerge in samples with elevated clinical symptoms and 

shorter periods of recovery.

The results of this study should be interpreted in light of its design, sampling, and 

measurement limitations. The non-random convenience and homogenous sample may have 

increased selection bias affecting both internal and external validity. The small sample size 

(N = 44) did not provide enough power for building a more comprehensive model of craving 

trajectories that includes interactions among the assessed predictors. Participants in this 

study reported subclinical craving levels and all were in sustained SUD remission. Thus, our 

findings may not be generalizable to all university students recovering from SUD. In 

addition, daily HRVB practice was measured using a weekly timeline follow-back method 

but was not confirmed externally. A larger population-based sample would yield results 

generalizable to a broader population of recovering university students and greater power for 

the detection of potential interactions over time.

5. Conclusions

HRVB is a novel and easily accessible intervention that offers the advantage of addressing 

the psychophysiological processes of craving. This study provided longitudinal evidence that 

HRVB can enhance the efficacy of conventional craving support in recovery housing. The 

use of MLM in this study allowed the simultaneous examination of between-and within-

person relationships and permitted us to identify individual differences and within-person 

changes that relate to craving reductions during the HRVB intervention. The outcomes of 

this study have implications for hypothesized HRVB practice-dose relationships. Daily 
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paced breathing practice of > 12 min contributed to greater craving reductions in this study, 

and a post hoc, exploratory analysis suggests as little as nine minutes of daily practice may 

be sufficient for effecting significant reductions in craving. Younger participants and those 

reporting higher craving levels completed more daily HRVB practice. In addition, the 

experience of within-subjects, elevated from baseline depressive symptoms were found to 

attenuate craving reductions over time. These findings should be replicated in larger, more 

diverse samples with higher baseline craving levels and with participants earlier in SUD 

recovery. Future studies should attempt to determine the long-term effects of HRVB, 

whether the craving reductions achieved during HRVB are sustained after the intervention 

ends, and whether a continued daily practice is needed to keep craving at bay.
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HIGHLIGHTS

• Over time, craving levels changed more within persons than between persons.

• Daily HRVB practice of > 12 min produced larger craving reductions.

• Depressive symptoms more than the person’s usual attenuated craving 

reductions.
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Fig. 1. 
The moderation effect of Practice Time on the longitudinal relation between HRVB and 

PACS.
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Table 3

Piecewise model parameters (N = 44).

Fixed slope15, Fixed slope512, Model Random slope15, Random slope512, Model

(Time 0 = Occasion 1) (Time 0 = Occasion 1)

Model parameters Estimate SE p Estimate SE p

Fixed effects:

Intercept 5.36 0.60 0.000 5.35 0.70 0.000

Slope15 −0.31 0.14 0.026 −0.28 0.20 0.179

Slope512 −0.19 0.07 0.008 −0.21 0.10 0.044

Variance components:

Intercept variance 7.99 1.96 0.000 11.77 3.99 0.003

Residual variance 8.25 0.62 0.000 6.41 0.53 0.000

Intercept-Slope15 covariance - - - −1.47 1.03 0.152

Linear Slope15/time variance - - - 0.92 0.40 0.021

Intercept-Slope512 covariance - - - −0.11 0.51 0.822

Slope 15–512 covariance - - - −0.30 0.16 0.065

Linear Slope512 variance - - - 0.23 0.09 0.013

REML model fit:

-2LL 2080.1 2047.8

AIC 2084.1 2061.8

BIC 2092.0 2089.7

Number of parameters 5 10

Bolded numbers are statistically significant parameters with p < 0.05
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