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Abstract 

Alcohol use and abuse is highly prevalent and is related to several serious negative outcomes. 

Craving, a criterion for alcohol use disorder, is defined as a preoccupation and strong desire to 

consume alcohol. Craving alcohol can result in an initiation to drink and can lead to a dependency 

that can be long lasting, which makes it difficult to find the motivation to resist urges to drink. 

Craving is strongly associated with subsequent use; however, this association is influenced by a 

number of variables, such as one’s ability to self-regulate. Respiratory sinus arrhythmia, an index 

of parasympathetic outflow to the heart, has been shown to reflect regulatory capacity. In the 

current study, we collected resting RSA in the lab and self-reported levels of craving and drinking 

in daily life using ecological momentary assessment. We hypothesized that craving in the moment 

would be significantly associated with drinking in the moment. We also hypothesized that low 

resting RSA would result in a higher likelihood of drinking and RSA would moderate the 

association between craving and drinking in daily life. Twenty-nine participants, who regularly 

drank alcohol, completed at least seven days of ecological momentary assessment. Results from 

multilevel analyses provide further support for the association between craving and drinking in 

daily life; however, RSA was not significantly related to drinking and did not significantly 

moderate the craving-use association. This is the first study to examine the role of resting RSA as 

it relates to drinking in daily life.  

vi 
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Examining the Associations between Respiratory Sinus Arrhythmia in the Lab, and Craving and 

Drinking Alcohol in Daily Life 

 Alcohol use is highly prevalent in the United States and can be highly problematic. 

According to the 2018 National Survey on Drug Use and Health (NSDUH), 86.3% of individuals 

(≥ 18 years old) reported drinking alcohol at some point in their lifetime, 70.0% in the last year, 

and 55.3% in the last month (Substance Abuse and Mental Health Service Administration, 

[SAMHSA], 2018). The same 2018 NSDUH found that 14.4 million of those individuals also met 

diagnostic criteria for alcohol use disorder (AUD). While drinking does not always lead to 

problems or the development of AUD, alcohol misuse has significant costs at the individual and 

societal levels. Heavy alcohol use increases the risk of developing cancer (Connor, 2017) and 

cardiovascular disease (Wood et al., 2018). Alcohol misuse is one of the leading causes of 

preventable deaths in the U.S. and each year more than 88,000 people die from alcohol-related 

causes (Jones et al., 2014). In 2010, excessive drinking cost the U.S. approximately $249 billion 

(Sacks et al., 2015). Therefore, understanding protective and risk factors for excessive alcohol use, 

the development of AUD, and relapse is of great importance. However, the heterogeneity of 

presentation and course of AUD creates obstacles for matching individuals with effective 

treatment.  

 As with most disorders, for decades AUD has been conceptualized as a dichotomous 

construct, but it has become clear that AUD, and many other psychiatric disorders, exists along a 

continuum of severity with several subtypes (see Leggio et al., 2009 for a review). In order to 

better understand the heterogeneity of psychiatric disorders, the National Institute of Mental Health 

(NIMH) launched the Research Domain Criteria (RDoC; Cuthbert, 2014; Cuthbert & Insel, 2013) 

framework as part of the 2008 NIMH Strategic Plan (see 

https://www.nimh.nih.gov/research/research-funded-by-nimh/rdoc/about-rdoc.shtml for an 

https://www.nimh.nih.gov/research/research-funded-by-nimh/rdoc/about-rdoc.shtml
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overview). The goal of RDoC is to better understand the underlying biological and cognitive 

processes to inform assessment, diagnosis, and treatment (Insel et al., 2010). The RDoC 

framework applied to understanding the underlying causes of AUD has been called the Alcohol 

Addiction RDoC (AARDoC; Litten et al., 2015). The AARDoC framework has 7 major functional 

areas of AUD which are linked to the 3 stages of the addiction cycle (Koob & Le Moal, 1997): 

binge/intoxication, withdrawal/negative affect, and preoccupation/anticipation. One important 

area that is involved in both the binge/intoxication and preoccupation/anticipation stages is 

incentive salience or one’s motivation to drink.  

Craving for Alcohol 

According to the incentive salience sensitization theory (Robinson & Berridge, 1993), 

addiction results from sensitization of the mesolimbic dopamine system. Early stages of alcohol 

use are associated with “liking”, but with continued use, it progresses to a more dependent phase; 

that is “wanting” or craving alcohol. This dysregulation of the brain reward system results in a 

hyper-reactivity to cues that are associated with drinking, making it particularly difficult to find 

the motivation to resist one’s cravings. Since craving can be elicited by cues in one’s environment, 

ecological momentary assessment (EMA) is a particularly useful method for studying craving and 

alcohol use (Shiffman, 2009; Piasecki, 2019). This method allows researchers to capture the 

frequency and duration of discrete, episodic behaviors such as craving and drinking in real-time 

while minimizing recall bias and increasing ecological validity. In a qualitative review of EMA 

studies, support was found for the association between craving and substance use (Serre et al., 

2015), further solidifying craving’s place in the cycle of addiction.  

Craving has been defined in several ways, but most definitions emphasize a strong desire 

to use and a loss of control (Sayette et al., 2000; Sayette, 2016). As defined by the 5th edition of 
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the Diagnostic Statistical Manual of Mental Disorders (DSM-5), craving is a preoccupation and 

strong desire to consume alcohol (American Psychological Association, 2013). Craving is an 

important and clinically relevant construct because it has been shown to predict the development, 

and maintenance of AUD, as well as relapse (Bottlender & Soyka, 2004; Sinha, 2013). Craving is 

featured in most theories and treatments of addiction and is proposed to underlie the loss of control 

that is central to addictive behavior (Skinner & Aubin, 2010). With continued use of alcohol, the 

pharmacological effects can contribute to a vicious cycle of dysregulation that may begin as an 

initial failure in self-regulation but can develop into a complete breakdown in self-regulation 

(Koob & Le Moal, 1997; Koob & Le Moal, 2001). However, not all individuals who crave alcohol 

subsequently drink alcohol, let alone go on to develop AUD. Therefore, it is important to better 

understand individual differences in craving and drinking alcohol. 

Moderators of Craving-Use  

Craving is influenced by a number of factors including both trait and state moderators 

which can impact the course of one’s drinking. In a systematic review of EMA studies of craving 

(Serre et al., 2015), several trait and state moderators were identified. Between-person variables, 

or individual differences, identified in the review include gender and age (Lukasiewicz et al., 2005), 

and carriers of the DRD4-L allele for the D4 receptor gene (Ray et al., 2010). Within-person 

variables, or intra-individual differences, reviewed included being in the presence of substance-

related cues (Miranda et al., 2013), as well as state negative (Krahn et al., 2005) and positive affect 

(Kaysen et al., 2014).  

Affect is frequently assessed in alcohol research given its prominent role in theories of the 

etiology of AUD and one theory, the dual-affect mode, has even conceptualized craving as a type 

of affective state (Baker et al., 1986). The dual-affect model posits that craving is an emotion that 
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increases the likelihood of alcohol consumption (Baker et al., 1986). The use and abuse of alcohol 

may be an attempt to regulate one’s emotions (see Sher & Grekin, 2007 for a review). Alcohol 

may be used to both decrease the intensity of negative emotions (Baker et al., 2004) and increase 

positive affect (Sher, 1991). The ability to successfully regulate one’s emotions has repeatedly 

been shown to be associated with behavioral regulation (Cheetham et al., 2010; Bresin, 2020). 

Individuals with disorders of dysregulation (i.e., mood, anxiety, and borderline personality 

disorders) often present with co-occurring AUDs (Skodol et al., 2002). Therefore, it is 

hypothesized that the ability to successfully regulate emotions would moderate the relationship 

between craving and drinking.  

Respiratory Sinus Arrhythmia  

Emotion regulation refers to how individuals decide which emotions are experienced, how 

they are experienced (subjectively, physiologically, and behaviorally), and the duration of the 

emotional experience (Thompson, 1994; Gross, 1999). Emotion dysregulation is central to a 

number of psychological disorders including AUD. A lack of adaptive regulation skills or coping 

ability may lead to using alcohol to manage emotions. Also, ineffective regulation strategies, such 

as suppression, have been shown to be associated with increased craving and drinking (Petit et al., 

2015). Individuals who are able to effectively regulate affect and cognitions may benefit from an 

internal braking mechanism which may help prevent initial “liking” from escalating to craving. 

Prolonged heavy drinking has been shown to negatively impact physiological processes related to 

mobilizing regulatory efforts making it difficult to step on the “brake” (Quintana et al., 2013a). 

One indicator of regulation that has received attention for being a transdiagnostic marker 

of psychopathology is respiratory sinus arrhythmia (RSA; Beauchaine, 2001; Beauchaine, 2015). 

RSA is a noninvasive index of heart rate variability (HRV) at the respiratory frequency, that is 
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defined by the inspiratory shortening and expiratory lengthening of the time between heartbeats 

(Bernston et al., 1993). Increases in RSA are thought to reflect increases in parasympathetic 

outflow to the heart and acts as a “brake” (Reyes del Paso et al., 2013; Porges, 2007). According 

to the Polyvagal theory, RSA reflects the body’s engagement of regulatory processes with higher 

RSA at rest associated with the ability to adaptively adjust to environmental stressors (Porges, 

1995). Alternatively, low resting RSA has been associated with internalizing and externalizing 

pathology (e.g., Beauchaine, 2015); however, no studies have examined the association between 

RSA and drinking in daily life. Regarding craving, one study found that low resting RSA 

accounted for 12.1% of the variance in craving among individuals who met for alcohol dependence 

(Quintana et al., 2013a). Cue-elicited, or phasic, RSA has also been associated with relapse 

following treatment (Garland et al., 2012) suggesting that RSA may also reflect a mobilization of 

regulatory efforts when craving; however, results for RSA reactivity are far from consistent (see 

Beauchaine et al., 2019 for a review). While there are many studies demonstrating the role of RSA 

in emotion and self-regulation, to our knowledge, no study has investigated its association with 

drinking or its impact on the craving-use association. 

Current Study 

The current study utilized a physiological measure of emotion regulation (i.e., RSA) and 

EMA reports of craving to predict the likelihood of drinking in daily life. As mentioned previously, 

EMA is well suited for studying dynamic processes like craving and drinking since the association 

between craving and use appears to weaken as the time between increases (Serre et al., 2015; 

Piasecki et al., 2019; Shiffman, 2009). While some studies have looked at the association between 

RSA and craving, no study to our knowledge has examined the association between RSA and 

drinking in daily life. We also aimed to study these associations in a sample of individuals who 



6 
RSA, CRAVING AND DRINKING IN DAILY LIFE 

 
 

met for a psychiatric disorder characterized by mood dysregulation. This population may be at 

higher risk for developing an AUD since it often co-occurs with disorders of mood dysregulation 

(Skodol et al., 2002). 

In summary, the goal of this study is to examine whether RSA at rest, influences the 

relationship between craving and drinking in daily life. It is hypothesized that lower resting RSA 

will strengthen the association between reported craving and drinking. This study also aims to 

provide further support for the association between craving and drinking by measuring it in real-

time and within individuals.  
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Methods 

Individuals were recruited from outpatient clinics in Columbia, Missouri through a 

university mailing list. Potential participants were screened over the phone and needed to report 

drinking alcohol twice a week on average to be included in the study. Participants also had to be 

between the ages of 18 and 45, and currently diagnosed with a psychiatric disorder characterized 

by mood dysregulation (i.e., mood disorder, anxiety disorder, or borderline personality disorder). 

Participants were excluded if they were pregnant or planning to become pregnant, had a history of 

head trauma that resulted in sustained impairment in mood, attention, or concentration, had a 

medical diagnosis of cystic fibrosis or diabetes, were currently going through withdrawal 

symptoms while using alcohol, and/or currently seeking or intending to seek treatment for alcohol- 

related problems.  

Of the 37 individuals who participated in the study, 29 participants were included in the 

final analyses 1 . Two participants were excluded because they did not complete the 

psychophysiological protocol, five participants were excluded because they did not complete at 

least a week of the EMA protocol, and one participant was excluded for not reporting any drinking 

during the EMA protocol.  Demographic and diagnostic data can be found in Table 1. The average 

age was 23.10 (SD = 4.31) and ranged from 18 to 36 years old. Most participants identified as 

female (76%), White (90%), and reported that they were single/never married (86.20%). Over half 

of the participants (72.40%) were currently employed and had a yearly household income of fewer 

than 25,000 USD (69%). Fourteen participants (48.30%) met DSM-5 criteria for an AUD2, nine 

 
1 One participant did not report any craving during the EMA protocol; however, they did report drinking on several 
occasions. Analyses were conducted with and without this participant and similar results were obtained. Results 
presented include the participant and analyses with them removed can be found in the supplemental materials.   
2 While an AUD was not required for inclusion, almost half of the sample met criteria. Therefore, analyses were 
conducted with and without AUD as a covariate and its inclusion did not impact the results. Analyses without AUD 
as a covariate may be found in the supplemental materials.  
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(31%) met for a SUD, twelve (41.40%) met for a current mood disorder, twenty-one (72.40%) met 

for a current anxiety disorder, and five (17.20%) met for borderline personality disorder. A 

majority of the participants (82.76%) reported taking a psychiatric prescription medication and 

over half of those participants reported taking an SSRI medication.  

Procedures 

 This study was approved by the University of Missouri Institutional Review Board (Project 

number 1209321). Potential participants were identified through a phone screen and invited to take 

part in an in-person visit.  At this first visit, trained graduate research assistants provided consent, 

and administered diagnostic interviews, which were video recorded, to establish eligibility. 

Participants were compensated $50 regardless of eligibility. Two participants at the start of the 

study were interviewed using the Mini International Neuropsychiatric Interview (MINI 6.0; 

Sheehan, 2010) and were assessed for alcohol dependence and abuse. One participant did not meet 

for either and the other met for alcohol dependence; thus, AUD was coded as present. The 

remaining participants received the MINI 7.0 (Sheehan, 2014). The Structured Interview for DSM-

IV Personality (SIDP-IV; Pfohl, Blum, & Zimmerman, 1997) was also administered to all 

participants. In order to determine inter-rater reliability, a subsample of participants’ (n = 9) 

interviews were viewed and rated by a second diagnostician. Reliabilities were strong for any 

current mood disorder (κ = 0.78), any current anxiety disorder (κ = 1.00), and BPD (κ = 1.00). 

Once a diagnosis characterized by mood dysregulation was verified, participants were invited to 

come back for a second visit where they completed self-report questionnaires and a physiological 

protocol and were oriented to using a smartphone in order to complete up to three weeks of EMA. 

Participants were asked to refrain from consuming caffeine or a meal two hours before the lab visit 

and to refrain from exercising or consuming drugs or alcohol within 24 hours since these could 
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impact physiological responses. For the second visit, participants were compensated another $50 

for their time.  

Physiological Protocol  

Prior to the start of the task, participants completed a ten-minute, stimulus-free, resting 

baseline following guidelines outlined in the Task Force of the European Society of Cardiology 

and the North American Society of Pacing and Electrophysiology (1996) and Quintana et al., 

(2016). Participants were instructed to sit quietly, breathe spontaneously, and to refrain from 

excess movement while electrocardiography (ECG) signals were collected continuously. 

Participants then completed a series of tasks, the results of which are not pertinent to the current 

investigation.  

Recording. The ECG signal was recorded using the MP150 Data Acquisition System 

(Biopac Systems, Inc., USA.). Two disposable Ag/AgCl snap electrodes were placed on the left 

and right forearms and a ground electrode was placed on the left wrist in a Lead I configuration. 

The EGC signal was amplified using Biopac ECG100C with a gain setting of 5 K. A low-pass 

filter was set to 35 Hz, and a high-pass filter was set to 1 Hz. A sampling rate of 5000 Hz was 

used.  

Ecological Momentary Assessment Protocol  

Participants were oriented in using a Motorola Droid MAXX smartphone (Android 4.4.4), 

which they were asked to carry with them during their waking hours for a 21-day period. 

Originally, data from the first week was going to be used to create an algorithm that would predict 

data in the following two weeks. The protocol broke the 21-days into three weeks with breaks 

between each week; however, due to technical complications, there was a large range in time 

between study weeks. The average number of calendar days was 48.66 (range = 7 to 194) and the 
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analyses included this as a covariate. Because there were breaks between EMA weeks, the 

compensation schedule was altered to encourage continued participation. Initially, participants 

were paid $50 for visits 1 and 2, and each week of EMA. Toward the middle of the study, this was 

changed to $30 for visit 1, $40 for visit 2, $50 for the first week of EMA, $60 for the second week, 

and $70 for the third week. Participants received full payment each week if they completed over 

80% of the surveys. The overall compliance, including morning and random prompts, was 83.35%.  

During the EMA protocol, each day participants were surveyed to complete a morning 

report upon wake and six random surveys, where they were asked about their mood, cravings (i.e., 

cigarettes, alcohol), and drinking behavior. Participants were instructed on what is considered a 

standard drink (i.e., 12 oz of beer, 5 oz of wine, 1.5 oz hard liquor) and were asked to report in 

terms of the number of standard drinks. Participants could also self-initiate surveys when they 

consumed alcohol, experienced a craving for alcohol, or a significant change in mood. When 

participants indicated that they had an alcoholic drink, follow-up questions were administered at 

30, 60, and 120 minutes. After completion of the EMA protocol, participants returned the phones 

and were debriefed.   

Lab Measures 

Diagnostic Interviews 

The MINI 7.0 (Sheehan, 2014) is a structured diagnostic interview used to diagnose mood, 

anxiety (including post-traumatic stress disorder and obsessive-compulsive disorder), eating, and 

substance and alcohol use disorders using DSM-5 criteria. The SIDP-IV (Pfohl et al., 1997) is a 

structured diagnostic interview used to diagnose personality disorders using DSM-IV criteria, 

which is no different from DSM-5 criteria for personality disorders. Information from these 

interviews was used to determine eligibility for the study. Participants needed to meet diagnostic 
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criteria for a mood disorder, anxiety disorder, or borderline personality disorder. 

Respiratory Sinus Arrhythmia 

Respiratory sinus arrhythmia was collected at rest as an estimate of regulation capacity. 

AcqKnowledge software 4.4.2 (Biopac Systems, Inc., USA.) was used to identify the R-spikes in 

the QRS complex using computer peak detection. Once the R-spikes were identified by the 

program, interbeat intervals were then obtained by calculating the time in milliseconds (ms) 

between R-spikes. The resulting IBI series was then checked for motion artifacts and outliers. If 

an IBI was greater than +/- 0.30 ms the signal was visually inspected and modified if it appeared 

that a peak was incorrectly identified or missing. RSA was computed using Cardiac Metric 

Software (CMetX; Allen et al., 2007) and was quantified as the natural log of the variance of 

filtered (0.12 – 0.40 Hz) IBI series (Allen, 2002; Allen et al., 2007). Log-transformed RSA was 

centered on the sample mean (i.e., person level). Five cases were randomly selected and cleaned 

by a second researcher in order to calculate reliability. Intraclass correlation coefficients (ICC) 

were obtained using a two-way random-effects model. A high degree of reliability was found 

between researchers (average measure ICC = 1.00; 95% CI .999, 1.00).  

Ecological Momentary Assessment Measures 

Alcohol Craving 

All survey types asked participants whether they craved an alcoholic drink (1 = not at all, 

5 = extremely) in the “PAST 15 MINUTES,” except when participants self-initiated a craving 

survey, which asked how much they craved alcohol “RIGHT NOW.” Since the wording for 

questions regarding alcohol consumption referred to “SINCE THE LAST SURVEY” it was 

unclear whether drinking occurred before or after craving reported in the same (i.e., concurrent) 

survey. In order to ensure that craving ratings were not influenced by drinking, craving reported 
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in the previous survey was used (i.e., 1 lag) as the predictor. Craving ratings were centered on the 

day, person and sample means. For over half of the surveys (68.66%), participants indicated that 

they were not craving at all3. Participants reported craving at the other endorsement categories 

approximately 10% of the time: 2 (11.32%), 3 (10.81%), and combined 4 and 5 (9.21%).  

Alcohol Consumption 

Random surveys, self-initiated drinking surveys, and follow-up surveys asked participants 

about whether they consumed alcohol. These surveys were combined into one dichotomous 

drinking variable (coded 1 if yes, 0 if no), which was used as the primary outcome in the analyses. 

In order to determine whether there was sufficient variability in drinking, an unconditional means 

model was used. In this model, only the outcome variable is entered to obtain ICCs, or the relative 

variance between and within-subjects (i.e., σ/σ + 3.29). The ICC was 0.10 which means that 10% 

of the variance in drinking was due to person-level effects. The rest of the variability (i.e., 90%) is 

due to within-person effects. Drinking was reported most often in the drinking follow-up surveys 

(53.29%), followed by the self-initiated drinking surveys (23.55%), then random surveys 

(23.16%).  

Positive and Negative Affect 

Momentary ratings of affect were assessed using the Positive and Negative Affect Schedule 

(PANAS-X; Watson & Clark, 1999) and were included in the analyses since the sample was 

recruited for having a disorder characterized by mood dysregulation. At every survey, participants 

were asked to rate their positive (e.g., active, alert, attentive, determined) and negative (e.g., afraid, 

ashamed, distressed, guilty) moods, in the “PAST 15 MINUTES.” A 5-point Likert scale (i.e., 1 = 

very slightly or not at all, 5 = extremely) was used to rate each item. Positive affect items were 

 
3 Since a majority of surveys indicated a relatively low endorsement of craving, analyses including a binary version 
of the craving variable were also conducted. The results did not change, and the ordinal version was used.  
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averaged together to obtain an estimate of overall positive affect, while negative items were 

averaged together to obtain an estimate of overall negative affect at each moment. Both positive 

and negative affect momentary variables were then centered on the day, person, and sample means 

and used as covariates. Momentary negative and positive affect were lagged for the same reason 

as craving, to ensure that affect was not influenced by drinking.  

Time 

 When participants completed a survey, the date and time were automatically recorded. The 

hour was extracted from the time of day and used to calculate how long it has been since the 

participant reported waking up. The day of the week was obtained based on the date and used to 

determine whether it was the weekend. Weekend was coded as 1 if the survey occurred between 5 

PM Friday and 5 PM Sunday, else weekend was coded as 0. These variables were included in the 

final models as covariates, along with whether it was the first day in the study.  

Statistical Analyses 

The total number of surveys included in the analyses was 3,331 over 623 person-days. The 

main effects of interest were craving at the previous survey (Level 1 predictor, centered on the day 

mean) and resting RSA (Level 3 predictor, centered on the sample mean) and were entered into 

the model simultaneously. The model also included a cross-level interaction between craving at 

the previous survey and RSA. The outcome of interest was a binary variable that indicated whether 

a drink was reported in a prompt. Analyses were conducted with and without covariates. 

Covariates included in the results presented were variables indicating whether it was the weekend 

and whether it was the first day in the study, how many hours after wake have passed, gender, age 

(centered on the sample mean), SSRI medication status, number of days in study, and momentary 

affect covariates. It was hypothesized that higher levels of reported craving at the previous survey 
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would be related to an increased likelihood of reporting drinking in the moment and that 

individuals who exhibit a resting RSA that is lower than the sample average would be more likely 

to report drinking in the moment. Craving reported in the previous survey was used to capture 

craving before being influenced by drinking. It was also hypothesized that resting RSA would 

moderate the relationship between craving at the previous survey and drinking in the moment. 

Multilevel within and between-subject comparisons were made using a logistic multilevel model 

in SAS. The GENMOD procedure was used to calculate the maximum likelihood. GENMOD 

utilizes generalized estimating equations (GEEs; Zeger et al., 1988) approach and is a marginal 

method that does not estimate random effects. Both PROC GENMOD and PROC GLIMMIX can 

be used to analyze binomial outcomes and can fit data that has a correlated structure; however, 

PROC GENMOD was preferred since it is suggested that it is more robust to mis-specifying the 

covariance structure (Stroup, 2015)4.  The predictors of interest were first modeled separately, then 

included as main effects and interaction in the same model. The pattern of findings was consistent 

across models; thus, results from the model that included both predictors and interaction term are 

reported. Analyses with and without covariates were conducted and similar patterns of results were 

obtained apart from person-level craving, which was not significantly related to drinking until 

covariates were included. 

 

 

 

 

 
4 Analyses were also conducted in SAS PROC GLIMMIX, however, the model did not converge.  
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Results 

 Means, standard deviations and mean ranges for person-level variables craving, resting 

RSA, the proportion of alcohol days, and the average number of drinks across the study are 

presented in Table 2, and the bivariate correlations for these variables at the person-level are 

presented in Table 3.   

Bivariate relations. The bivariate Pearson correlations (at the person-level) between 

craving, proportion of drinking days and average number of drinks were r = 0.32 (p = .09) and r = 

0.23 (p = .22), respectively. The bivariate Pearson correlations (at the person-level) between 

resting RSA, proportion of drinking days and average number of drinks were r = 0.13 (p = .49) 

and r = 0.08 (p = .69), respectively.  

Multilevel models. The following results from the multilevel model analyses can be found 

in Table 4. Reporting alcohol consumption was less likely to occur during the week than on the 

weekend (OR = 0.45, 95% CI = [0.33, 0.61], p < .001), was more likely to occur later in the day 

(OR = 1.34, 95% CI = [1.27, 1.41], p < .001) and was less likely to occur on the first day of the 

study (OR = 0.53, 95% CI = [0.33, 0.84], p < .05). Men were not significantly more or less likely 

than women to report drinking in the moment (OR = 0.84, 95% CI = [0.53, 1.34], p = .476) and 

age was not significantly related to drinking in the moment (OR = 1.01, 95% CI = [0.97, 1.05], p 

= .611). Higher levels of negative affect, at the previous survey (OR = 0.60, 95% CI = [0.37, 0.98], 

p < .05) was significantly related to a decreased likelihood of reporting drinking in the moment, 

while higher levels of positive affect relative to the person mean were significantly related to an 

increased likelihood of reporting drinking (OR = 1.62, 95% CI = [1.15, 2.28], p < .05). Whether 

an individual was taking an SSRI and the number of calendar days was not significantly related to 

drinking in the moment.  
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Craving at the previous survey, and the day and person levels were significantly related to 

reporting drinking in any survey. As craving at the previous survey increases by 1, the odds of 

drinking are predicted to increase by 64% (OR = 1.64, 95% CI = [1.40, 1.92] p < .001). To be 

certain of whether the interpretations are specific to craving in the moment, craving at the day and 

person levels were also included. When craving is elevated relative to a participant’s day average, 

the odds of drinking increases by 96% (OR = 1.96, 95% CI = [1.51, 2.56] p < .001). When an 

individual’s craving is elevated relative to the sample mean, the odds of drinking increases by 73% 

(OR = 1.73, 95% CI = [1.23, 2.42] p < .05).  

Resting RSA, at the person level, was trending but not significantly related to likelihood 

of drinking in the moment (OR = 0.87, 95% CI = [0.74, 1.02] p = .091). Resting RSA also did not 

significantly moderate the association between craving at the previous survey and drinking in the 

moment. When AUD was included in the model, RSA approached significance (see Table A3) 

and as depicted in Figure 1, it appears that there may be a small but not significant interactive 

effect. Individuals with lower than average resting RSA may be more likely to report drinking as 

craving increases and with a larger sample size, an association may be detected.   
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Discussion 

Individuals who were diagnosed with a psychiatric disorder characterized by mood 

dysregulation and reported drinking alcohol regularly (i.e., at least twice a week) were recruited in 

order to examine the associations between resting RSA, craving, and drinking. This is an important 

sample to study because of their increased likelihood of experiencing emotional dysregulation and 

risk for developing alcohol use problems. Resting RSA was collected in the lab during a 10-minute 

resting period where participants were instructed to breathe naturally. During an EMA protocol, 

self-reported craving and alcohol consumption were measured multiple times a day for up to 21 

days. It was hypothesized that craving in the moment would be positively associated with drinking 

in the following survey, above and beyond craving at the day and person levels. The second 

hypothesis tested was whether a physiological correlate of regulatory capacity would be associated 

with an increased likelihood of reporting drinking in the moment. Third, we explored whether 

ones’ ability to regulate would influence the association between craving and drinking in daily 

life; specifically, low resting RSA, which is indicative of less regulatory capacity, would 

strengthen the association.  

Results from person-level bivariate correlations did not show significant associations 

between craving and drinking-related variables (i.e., drink proportion, mean drink number). 

However, results from the multilevel analyses indicated that increased craving at the previous 

prompt significantly predicted an increased likelihood of reporting drinking in the moment. This 

research is in line with theoretical models of addiction that highlight the importance of craving’s 

role in alcohol use and replicates previous findings (e.g. Serre et al., 2015). Specifically, the results 

provide further support for the association between craving and consuming alcohol in the moment 

in a sample of regular drinkers. The results also demonstrated that measuring craving in the 
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moment provides information above and beyond day and person-levels. In this study, a majority 

of the variation in drinking occurred within-person. Person-level craving was only significant 

when covariates were included in the model.  

Results from person-level bivariate correlations and multilevel analyses indicated that there 

was not a significant association between resting RSA and drinking in daily life. Resting RSA also 

did not significantly moderate the association between craving and drinking. One possibility for 

the lack of a significant finding is the small sample size. With more participants, we may have the 

power to detect an effect. While almost half met for AUD, we do not know the chronicity of the 

disorder for these individuals. Previous research has shown that individuals who are dependent on 

alcohol have significantly reduced HRV compared to healthy controls (Quintana et al., 2013b; 

Karpyak et al., 2014). 

To our knowledge, this is the first study to test whether low RSA strengthens the 

relationship between craving and drinking. Most research has either focused on the effects of 

alcohol on HRV, or the relationship between craving and HRV. Researchers have also found that 

RSA was inversely associated with a self-report measure of overall craving, even after adjusting 

for the level of alcohol consumption (Ingjaldsson et al., 2003; Quintana et al., 2013a). A downside 

of using a general index of HRV is that it is influenced by both branches of the ANS making it 

challenging to make inferences. Also, it appears that alcohol specifically reduces parasympathetic 

activity (Romero-Martinez et al., 2019); therefore, a measure of parasympathetic activity is 

preferred. RSA provides an advantage in that it reflects parasympathetic activity, which has been 

related to the ability to regulate one’s emotions and behaviors (Porges, 1995; Beauchaine, 2001). 

This research has important measurement and treatment implications. First, the results 

demonstrate the importance of collecting information related to craving and drinking in real-time. 
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By collecting information in the moment, researchers are able to better tease apart within and 

between-person influences. Relying on person-level aggregates can mask real and significant 

associations as shown by the results from the bivariate correlations. Measuring craving through 

EMA, at the momentary level, can also allow researchers to specify the temporal association 

between craving and drinking. In this study, craving was lagged in order to test whether higher 

levels in the moment are related to the likelihood of drinking at the following prompt. Reporting 

on craving in the moment also helps to reduce recall bias seen with trait measures (Shiffman, 2009; 

Piasecki, 2019). Also, capturing craving as it is happening provides a unique window of 

opportunity for intervention since it predicts the development and maintenance of AUD as well as 

a predictor of relapse (Sinha, 2013). “Just-in-time” adaptive interventions, delivered through 

smartphone technology, have previously been used to combat food (e.g., Hsu et al., 2014) and 

cigarette cravings (e.g., Rodgers et al., 2005). Delivering interventions during a self-reported 

heightened state of craving in the moment may be more effective than trying to intervene a week 

later after the intense urge to drink has passed. 

This study has several limitations that should be mentioned. One limitation is that 

respiration was not collected during the lab task; thus, an average respiration range (i.e., 0.12- 0.40 

Hz; Allen et al., 2007) was used when calculating RSA. Since we did not specify the respiration 

band based on each participant’s respiration rate, we may have misestimated RSA (Shader et al., 

2018). However, during resting conditions, where respiration is not expected to vary greatly from 

person to person, RSA is thought to still reflect vagal modulation of the heart (Houtveen et al., 

2002). Nevertheless, future studies should measure respiration to ensure that they are correctly 

calculating RSA. Also, it is possible that participants could have been feeling stressed or thinking 

of something upsetting during the resting condition, which could have decreased RSA at rest. 
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Participants were instructed to sit quietly and breathe spontaneously but were given no other 

instructions. While this potentially impacted RSA, pacing participant’s breathing or asking 

participants to “not think of anything” may not be considered ecologically valid and may even 

alter the very system we are trying to study. Another potential limitation is the fact that this sample 

contained mostly social drinkers. While almost half of the sample met for AUD, only 15% of all 

surveys contained drinking reports and participants reported drinking, on average, one drink per 

day. Future studies may want to recruit individuals who drink more often than twice a week in 

order to see a potential association between RSA and drinking.  

An additional future research direction includes collecting physiological signals across 

biological systems. Most common are cardiovascular measures including heart rate and pre-

ejection period (PEP). While heart rate is simple to collect, it does not confer information about 

the specific influences of the parasympathetic or sympathetic nervous systems. Pre-ejection period 

has commonly been used as a measure of sympathetic cardiac control (Cacioppo et al., 1994). 

Berntson and colleagues (2008) proposed an equation for calculating autonomic regulatory 

capacity by combining information from PEP and RSA.  Having information on both branches of 

the ANS is important for future researchers to consider since the association between the branches 

can not only be reciprocal but can also activate and inhibit simultaneously.  

The current study utilized a lab measure of RSA and momentary reports of craving to 

predict the likelihood of drinking in daily life. For a long time, researchers have understood the 

importance of studying craving as it relates to screening, diagnosing, and treating individuals with 

AUD because of its strong association with alcohol use (e.g., Serre et al., 2015). However, the 

relationship between craving and drinking is not perfect and there are a number of variables that 

have been shown to moderate this relationship. Since AUD often co-occurs with disorders of 
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emotion dysregulation (Skodol et al., 2002) and the use of alcohol may be an attempt to regulate 

emotions (Sher & Grekin, 2007), we hypothesized that a measure of emotion regulation capacity, 

resting RSA would influence the association between craving and drinking. Previous work has 

shown that resting RSA is significantly related to a trait measure of craving (Quintana et al., 2013a) 

and has been the target of treatments aimed at decreasing craving in order to prevent relapse (Price 

& Crowell, 2015); however, no study to our knowledge has examined whether resting RSA 

influences the association between craving and drinking. While the moderation effect was not 

significant, future steps include examining RSA in daily life during craving and drinking episodes, 

respectively. With the development of technology and increased use of wearable devices, craving, 

RSA, and other physiological signals can be collected in real-time alongside information related 

to drinking (Bertz et al., 2018). Real-time monitoring of physiological activity can potentially help 

to detect drug use and provides an opportunity for intervention. For example, Sun and colleagues 

(2016) developed an automatic data analysis pipeline that has been used to combine physiological 

signals and self-report to predict alcohol use. Dysregulation at the autonomic and behavioral levels 

may provide important information about the trajectory, development, and maintenance of 

problematic alcohol use, but also potential treatment avenues. 
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Figure 1 

Craving and Resting RSA Predicting Likelihood of Drinking in the Moment 
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Table 1 

Demographic and diagnostic information. 

 

 n  % 
Demographics   
 Gender   
  Female 22  75.90 
  Male 6  20.70 
  Other 1  3.40 
 Religion   
  Protestant 3  10.30 
  Catholic 9  31 
  Jewish 1  3.40 
  None 8  27.60 
  Other 8  27.60 
 Race/Ethnicity   
  Black/African American 3  10.30 
  White 26  89.70 
  Hispanic or Latinx 1  3.40 
 Marital status   
  Single/never married 25  86.20 
  Married/living with partner 2  6.80 
  Divorced/Separated 2  6.80 
 Employment status   
  Currently employed 21  72.40 
  Currently unemployed 8  27.60 
 Yearly Family Income   
  > 25, 000 USD 20 69.0 
  25,001 – 50,000 USD 4 13.80 
  50, 001 – 75, 000 USD 1 3.40 
  > 100, 000 USD 4 13.80 

 Prescription Drugs 
  Psychiatric Medication 24 82.8 
  SSRI 16 55.2 

Diagnoses   
 Mood and anxiety (MINI 7.0)  
  Any current mood disorder 12  41.40 
  Any past mood disorder 16  55.20 
  Any current anxiety disorder 21  72.40 
 Substance use (MINI 7.0)*  
  Alcohol use disorder 14  48.30 
  Substance use disorder 9  31.0 
 Personality (SIDP-IV)  
  Any personality disorder 8  27.60 
  Borderline personality disorder 5  17.20 
Note: *Two participants were interviewed using the MINI 6.0. One met DSM-IV 
criteria for alcohol dependence and was included in the AUD group. 
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Table 2  

Means, Standard Deviations, and Mean Ranges for Person-level Craving, RSA, and Drinking 

 M SD Range 
Craving 1.54 0.54 1 – 3.19 

Resting RSA 5.93 1.24 3.32 – 8.60 

Drink prop 0.10 0.07 0.01 – 0.25 

Drink num 1.24 1.04 0.09 – 4.97 

Note: Drink prop = proportion of days where drinking was reported. Drink num = average number of 
drinks across study. All variables reported here are uncentered and aggregated to the person level.  
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Table 3  

Bivariate Pearson Correlations at the Person Level Between Craving, RSA, and Drinking 

 Craving Resting RSA Drink prop Drink num 
Craving – 0.19 0.32 0.23 

Resting RSA  – 0.13 0.08 

Drink prop   – 0.90** 

Drink num    – 
Note: Drink prop = proportion of days where drinking was reported. Drink num = average number of drinks across 
study. All variables reported here are uncentered and aggregated to the person level.  
* p < .05, ** p < .01 
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Table 4 

Results from a Logistic Multilevel Model where Momentary Drinking was Predicted by Craving, 

RSA and the Interaction Simultaneously.  

Parameter OR  95% CI SE p 

Main Effects 

 Lag craving (moment) 1.64 [1.50, 2.02] 0.08 < .0001 

 Resting RSA (person) 0.87 [0.74, 1.02] 0.08  .091 

Interaction 

 Lag craving x Resting RSA 1.03 [0.89, 1.20] 0.08 .662 

Covariates 

 Craving (day) 1.69 [1.27, 2.26] 0.14 < .0001 

 Craving (person) 1.65 [1.17, 2.31] 0.14 < .05 

 Lag negative affect (moment) 0.60 [0.37, 0.98] 0.25 < .05 

 Negative affect (day) 0.55 [0.29, 1.05] 0.32 .068 

 Negative affect (person) 0.45 [0.20, 1.02] 0.41 .055 

 Lag positive affect (moment) 0.94 [0.74, 1.20] 0.12 .584 

 Positive affect (day) 1.62 [1.15, 2.28] 0.17 < .05 

 Positive affect (person) 1.05 [0.72, 1.53] 0.19 .805 

 Gender 0.84 [0.53, 1.34] 0.24 .476 

 Age (person) 1.01 [0.97, 1.05] 0.02 .611 

 Hour after wake 1.34 [1.27, 1.41] 0.03 < .0001 

 First day 0.53 [0.33, 0.84] 0.24 < .05 

 Weekend 0.45 [0.33, 0.61] 0.15 < .0001 

 SSRI 1.17 [0.77, 1.76] 0.21 .460 

 Calendar days 1.00 [0.99, 1.00] 0.002 .096 

Note: OR = odds ratio, SE = standard error, CI = confidence interval, Moment = centered on day average, Day = centered on 
person average, Person = centered on sample average, Lag = lagged 1. Significant findings (i.e., p < .05) are bolded.  
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Appendix A 

Supplemental Results 

Table A1 

Results from a logistic multilevel model where momentary drinking was predicted by craving, 

RSA and the interaction simultaneously excluding participant with no craving (n = 28).  

Parameter OR  95% CI SE p 

Main Effects 

 Lag craving (moment) 1.64 [1.40, 1.93] 0.08 <.0001 

 Resting RSA (person) 0.85 [0.72, 1.01] 0.09 .065 

Interaction 

 Lag craving x Resting RSA 1.04 [0.89, 1.20] 0.08 .629 

Covariates 

 Craving (day) 1.96 [1.51, 2.55] 0.13 <.0001 

 Craving (person) 1.71 [1.22, 2.39] 0.17 < .05 

 Lag negative affect (moment) 0.59 [0.36, 0.98] 0.25 < .05 

 Negative affect (day) 0.54 [0.28, 1.04] 0.33 .067 

 Negative affect (person) 0.42 [0.18, 0.97] 0.43 < .05 

 Lag positive affect (moment) 0.92 [0.73, 1.17] 0.12 .500 

 Positive affect (day) 1.57 [1.11, 2.22] 0.18 < .05 

 Positive affect (person) 1.05 [0.72, 1.54] 0.19 .781 

 Gender 0.84 [0.53, 1.34] 0.24 .471 

 Age (person) 1.00 [0.96, 1.05] 0.02 .611 

 Hour after wake 1.33 [1.27, 1.40] 0.03 < .0001 

 First day 0.52 [0.33, 0.83] 0.24 < .05 

 Weekend 0.45 [0.33, 0.62] 0.16 < .0001 

 SSRI 1.20 [0.80, 1.81] 0.21 .377 

 Calendar days 1.00 [0.99, 1.00] 0.002 .171 

Note: OR = odds ratio, SE = standard error, CI = confidence interval, Moment = centered on day average, Day = centered on 
person average, Person = centered on sample average, Lag = lagged 1. Significant findings (i.e., p < .05) are bolded. 
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Table A2 

Results from a logistic multilevel model where momentary drinking was predicted by craving, 

RSA and the interaction simultaneously including AUD as a covariate.  

Parameter OR  95% CI SE p 

Main Effects 

 Lag craving (moment) 1.64 [1.40, 1.92] 0.08 < .0001 

 Resting RSA (person) 0.85 [0.72, 1.01] 0.09 .064 

Interaction 

 Lag craving x Resting RSA 1.04 [0.89, 1.20] 0.08 .632 

Covariates 

 Craving (day) 1.96 [1.50, 2.55] 0.14 < .0001 

 Craving (person) 1.73 [1.23, 2.42] 0.17 < .05 

 Lag negative affect (moment) 0.60 [0.37, 0.98] 0.25 < .05 

 Negative affect (day) 0.56 [0.30, 1.06] 0.33 .073 

 Negative affect (person) 0.41 [0.17, 0.95] 0.44 < .05 

 Lag positive affect (moment) 0.93 [0.74, 1.18] 0.12 .574 

 Positive affect (day) 1.62 [1.15, 2.28] 0.17 < .05 

 Positive affect (person) 1.04 [0.71, 1.53] 0.19 .830 

 Gender 0.83 [0.52, 1.33] 0.24 .445 

 Age (person) 1.00 [0.96, 1.05] 0.02 .912 

 Hour after wake 1.34 [1.27, 1.41] 0.03 < .0001 

 First day 0.53 [0.33, 0.84] 0.24 < .05 

 Weekend 0.45 [0.33, 0.61] 0.15 < .0001 

 SSRI 1.18 [0.78, 1.77] 0.21 .439 

 Calendar days 1.00 [0.99, 1.00] 0.002 .140 

 AUD 1.01 [1.00, 1.02] 0.01 .193 

Note: OR = odds ratio, SE = standard error, CI = confidence interval, Moment = centered on day average, Day = centered on 
person average, Person = centered on sample average, Lag = lagged 1. Significant findings (i.e., p < .05) are bolded. 
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Table A3 

Results from a logistic multilevel model where momentary drinking was predicted by craving, 

RSA and the interaction simultaneously excluding participant with no craving (n = 28) and 

including AUD as a covariate.  

Parameter OR  95% CI SE p 

Main Effects 

 Lag craving (moment) 1.64 [1.40, 1.93 0.08 < .0001 

 Craving (day) 1.96 [1.51, 2.55 0.13 < .0001 

 Craving (person) 1.71 [1.22, 2.40 0.17 < .05 

 Resting RSA (person) 0.85 [0.73, 1.00 0.08 .056 

Interaction 

 Lag craving x Resting RSA 1.04 [0.89, 1.20] 0.08 .630 

Covariates 

 Lag negative affect (moment) 0.59 [0.36, 0.98] 0.25 < .05 

 Lag positive affect (moment) 0.92 [0.73, 1.17] 0.12 .497 

 Negative affect (day) 0.54 [0.28, 1.04] 0.33 .065 

 Positive affect (day) 1.57 [1.11, 2.22] 0.18 < .05 

 Negative affect (person) 0.42 [0.15, 1.15] 0.52 .091 

 Positive affect (person) 1.06 [0.68, 1.63] 0.22 .805 

 Gender 0.84 [0.53, 1.34] 0.24 .471 

 Age (person) 1.00 [0.96, 1.05] 0.02 .951 

 Hour after wake 1.33 [1.27, 1.40] 0.03 < .0001 

 First day 0.52 [0.33, 0.83] 0.24 < .05 

 Weekend 0.45 [0.33, 0.62] 0.16 < .0001 

 SSRI 1.20 [0.77, 1.89] 0.23 .418 

 Calendar days 1.00 [0.99, 1.00] 0.002 .233 

 AUD 1.00 [0.61, 1.62] 0.25 .989 

Note: OR = odds ratio, SE = standard error, CI = confidence interval, Moment = centered on day average, Day = centered on 
person average, Person = centered on sample average, Lag = lagged 1. Significant findings (i.e., p < .05) are bolded. 

 


