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ABSTRACT 

 

Emotion Regulation and Smoking: An Ecological Momentary Assessment Study 

Jessica MacIntyre, Doctorate of Philosophy, 2018 

 

Thesis directed by:  Andrew J. Waters, Professor, Medical and Clinical 

Psychology 

 

Cigarette smoking is the leading cause of preventable death in US. A greater 

understanding of the psychological processes underlying smoking and relapse is required 

to develop more effective interventions. Recent research has examined emotion 

regulation (ER) in addictive behaviors, including tobacco addiction. Previous research 

has generally conceptualized emotion regulation as a relatively stable construct. 

However, both theory and data suggest that emotion regulation may also have state-like 

qualities. The current study builds on the relationship between emotion regulation and 

smoking by going beyond an examination of overall emotion regulation tendencies and 

examining fluctuations in emotion regulation abilities. Participants (N=29), who were 

attempting to quit smoking, were given a mobile device for six weeks which prompted 

them to complete up to four random assessments a day. Participants could also complete 

participant-initiated assessment if they missed a random assessment. Participants 

completed assessments of emotion regulation, negative affect, craving, and smoking in 

the lab and in the field. The primary aims examined the between- and within-subject 

relationships between emotion regulation, negative affect, craving, and smoking, using 
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nomothetic and idiographic analyses. The main findings of the study were as follows. 

First, an association between emotion regulation and negative affect was observed both in 

the lab and in the field. As emotion dysregulation increased, negative affect increased. 

Second, there was no evidence for an association between emotion regulation and 

craving. Similarly, there was little evidence for an association between emotion 

regulation and smoking during the following week or before the next field assessment. 

Third, emotion regulation, specifically nonacceptance, may moderate the association 

between negative affect and craving. Individuals who have generally higher levels of 

nonacceptance of current emotions report more craving for cigarettes when they 

experience increases in negative affect, whereas individuals with lower levels of 

nonacceptance do not. In sum, there is evidence that state emotion regulation is 

associated with negative affect and that emotion regulation moderates the association 

between negative affect and craving in smokers attempting to quit. 
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INTRODUCTION 

Cigarette smoking is the leading cause of preventable death in the US. A greater 

understanding of the psychological processes underlying smoking and relapse is required 

to develop more effective interventions. Recent research has examined the role of 

emotion regulation in addictive behaviors, including tobacco addiction. Previous research 

has generally conceptualized emotion regulation as a relatively stable construct. 

However, both theory and data suggest that emotion regulation may also have state-like 

qualities. State emotion regulation may play a role in when or whether an individual 

attempting to quit smoking relapses. The over-arching goal of the current study was to 

examine the role of emotion regulation in smoking behavior. Knowledge gained from this 

study may improve smoking cessation interventions. 

The introduction is organized as follows. First, the literature on the negative 

health effects of tobacco addiction is reviewed. Second, an overview of theoretical 

approaches to tobacco addiction is provided, as well as a review of current treatment 

approaches. Third, the construct of emotion regulation is introduced, and the literature on 

its role in addiction is described. Last, the methodology used in the study, ecological 

momentary assessment (EMA), is described. 

TOBACCO USE AND HEALTH 

In 1898, a German medical student suggested that tobacco dust could be 

responsible for increased lung tumors observed in tobacco workers (206). In 1912, Isaac 

Adler attributed the rise in lung cancer occurrence to smoking tobacco, rather than 

tobacco dust. Despite these hypotheses, the first population study showing a correlation 

between smoking and lung cancer was not published until 1939, with many more 
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corroborating the findings published in following years (206). Animal studies published 

as early as 1931 drew clear connections between tobacco and cancer as mice and rabbits 

grew tumors where tobacco had been put on their shaved skin. By the 1950’s, there was 

sufficient evidence of numerous carcinogens in cigarette smoke. In 1954, the American 

Cancer Society, the Public Health Cancer Association, and similar organizations across 

Europe publicly recognized the evidence of an association between smoking and cancer, 

and recommended individuals stop smoking to reduce the risk of cancer (206). Lagging 

behind the scientific evidence, the 1964 Surgeon General’s Report was the first 

government report to officially recognize smoking as a cause of lung cancer and heart 

disease (259). 

Harmful Health Effects of Tobacco Smoking 

Scientists have continued to study the negative effects of cigarette smoking on 

health. Smoking does cause lung cancer (58), as well as increasing the risk of cancer in 

nearly every area of the body including, but not limited to, the liver (279), stomach (252), 

larynx (184), esophagus (184), bladder (73), colon (240), pancreas (76), and cervix (275). 

Smoking also drastically increases the risk of developing various serious respiratory 

diseases including chronic obstructive pulmonary disease (168) and asthma (130). A 

large body of research has linked smoking with cardiovascular disease including stroke 

(187), aneurysmal arterial disease (195), and sudden coronary death (133). Smoking 

during pregnancy has also been linked to a large number of reproductive health effects 

such as congenital malformations (165), stillbirth, sudden infant death (276), and later 

behavioral and cognitive impairments (56). Taken together, these health effects 

contribute to the fact that cigarette smoking is the leading cause of preventable death in 
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the United States, accounting for almost one in every five deaths (257). There is a 50% 

chance that a lifelong smoker will die prematurely from smoking related consequences 

(59). 

Smoking Prevalence 

Over 115 years have passed since doctors first guessed at the association between 

tobacco and tumors, over 75 years have passed since the first evidence of the smoking-

cancer link was published, and over 50 years have passed since the historic 1964 Surgeon 

General’s Report was released. However, many individuals continue to smoke. 

Approximately 40 million (16.8%) American adults currently smoke (257). Smoking is 

slightly more prevalent in men (18.8%) compared to women (14.8%), with highest rates 

for individuals between 25 and 44 years of age (20.0%), followed closely by individuals 

between 45 to 64 years old (18.0%), and individuals 18 to 24 years old (16.7%). Smoking 

rates have declined in adolescents, but still remain at 9% for high school students and 5% 

for middle school students (42).  

Rates of smoking vary by race and ethnicity, with the highest prevalence of 

smoking in American Indians/Native Alaskans (29.2%) and multi-race individuals 

(27.9%), followed by white individuals (18.2%), black individuals (17.5%), Hispanic 

individuals (11.2%), and Asian individuals (9.5%) (41). Education level is also correlated 

with smoking rates. Smoking rates decline as education level increases. Almost 23 out of 

100 individuals with 12 or fewer years of education smoke cigarettes, a rate that declines 

to about 20 out of 100 individuals with some college education, all the way down to 

about 5 out of 100 adults with a graduate degree (41).   

Neurobiology of Nicotine Addiction  
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While there are a myriad of reasons that individuals begin to smoke, it is critical 

to acknowledge that a primary factor maintaining ongoing smoking behavior is the fact 

that nicotine, the primary psychoactive (256) ingredient in cigarettes, is addictive (17). A 

number of factors contribute to nicotine addiction including genetics, environmental 

factors, and pharmacology (16). When smoke from a cigarette is inhaled, it carries 

nicotine particles into the lungs, allowing the nicotine to enter the bloodstream and travel 

to the brain. In the brain, nicotine binds with nicotinic cholinergic receptors triggering the 

release of neurotransmitters. One of the primary neurotransmitters released is dopamine. 

The release of dopamine is important in reward and contributes to the reinforcing effects 

of nicotine.  

In addition to dopamine, nicotine increases the release of many primary 

neurotransmitters including noradrenaline (44), acetylcholine (274), glutamate (177), and 

GABA (278). The release of these neurotransmitters leads to a wide variety of effects on 

learning, memory, anxiety, and pain perception (54). Positive psychoactive effects of 

smoking include improved concentration and attention (105) and reduced levels of 

anxiety (7). 

Nicotine Withdrawal and Cessation 

It is difficult to quit smoking. According to data collected by the U.S. Centers for 

Disease Control (CDC) between 2001 and 2010, 68.8% of current adult smokers wanted 

to quit, 52.4% had attempted to quit in the last year, and only 6.2% had recently been 

able to quit (40). In addition to the addictive properties of nicotine and the desirable 

effects of smoking, a number of adverse withdrawal symptoms help to maintain smoking 

behavior and thwart quit attempts. Physical symptoms of withdrawal include cough, 
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constipation, dizziness, poor sleep, bradycardia, and mouth ulcers (120). Additionally, 

many individuals gain weight after quitting smoking due to increased hunger, a 

particularly unwanted consequence for individuals with body image concerns or weight-

related health concerns (10). Frequently reported cognitive symptoms include impaired 

memory, confusion, and difficulty concentrating (109; 178). Another feature of nicotine 

withdrawal is craving. Craving is defined as “a strong, urgent, or abnormal desire for a 

certain substance or activity” by National Cancer Institute (188). 

Most pertinent to the current study, smoking cessation is also associated with 

significant (acute) increases in negative affect (122; 203). The Diagnostic and Statistical 

Manual of Mental Disorders (DSM-5) includes irritability, frustration, anger, anxiety, and 

depressed mood as symptoms associated with nicotine withdrawal (6). Of note, most of 

these somatic, cognitive, and affective withdrawal symptoms are the opposite of the 

positive effects associated with smoking. 

Withdrawal symptoms begin approximately four to 24 hours following cessation 

for a chronic smoker. Symptoms are typically most severe three days after the final 

cigarette and most symptoms return to baseline after about 10 days (231), though 

increased weight, hunger, and cigarette craving may last up to six months following 

cessation (121). 

Reinforcement Theories of Smoking 

Various theories have been developed to explain the psychological underpinnings 

of nicotine addiction. Three theories will be discussed here due to their connection to the 

current study. 

Positive Reinforcement Theory 
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Positive reinforcement refers to the pairing of a stimulus with a pleasurable 

outcome. As discussed above, smoking and the intake of nicotine leads to a number of 

desirable somatic, cognitive, and psychological effects (7; 54; 105). Individuals begin to 

strongly associate these pleasurable effects with smoking and smoke in order to achieve 

these desired outcomes. Research supports this theory as both animals and humans will 

self-administer nicotine in order to receive the positive benefits (86). It is unlikely that 

positive reinforcement is a sufficient condition to create and maintain addiction. For 

example, addicted individuals will continue to administer their drug of choice even after 

the neurobiological response to the drug is reduced and positive effects are significantly 

diminished (211). Nonetheless, while not the only factor, the positive reinforcement 

associated with nicotine is critical to initiating and maintaining smoking (136). 

Negative Reinforcement Theory 

A complementary theory focuses on the use of drugs in order to avoid or remove 

unpleasant consequences. Often, due to increased tolerance to a drug, such as nicotine, 

individuals will feel decreased reactivity to the drug and administer higher and higher 

quantities of the drug in order to feel the effects. As a consequence of the lowered 

reactivity of brain reward systems, a return to baseline feels more unpleasant and 

negative to these individuals, increasing their desire to administer the drug (148). 

Additionally, as mentioned above, the withdrawal symptoms associated with smoking 

cessation are aversive. The desire to stop or avoid these symptoms can prevent or thwart 

attempts to quit smoking (13). As smoking is perceived to reduce negative affect, and 

nicotine withdrawal is associated with an increase in negative affect, the negative 
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reinforcement theory is particularly relevant to the current study and will be discussed 

further below. 

Incentive Sensitization Theory  
 

A third explanation for addiction is the Incentive Sensitization Theory (IST; 210). 

Robinson and Berridge state that addictive drugs sensitize the mesocorticolimbic systems 

that associate wanting, or “incentive salience,” with drug-related stimuli. According to 

the theory, drug use is maintained by the ability of the conditioned stimuli (i.e., drug 

cues) to trigger motivation for drugs, similar to the processes of classical conditioning 

(210). Moreover, drug cues can become so salient that they cause the individual to desire 

drugs even in the absence of any pleasure from drug use (212). This theory is relevant to 

the parent study (to be described later) in the current proposal because it suggests that 

drug cues should grab the attention of drug dependent individuals. As described later, 

attention to drug cues (or “attentional bias” to drug cues) was the target of the 

intervention in the parent study although it is not the primary focus of this dissertation. 

Treatments for Smoking Cessation 

The primary treatments for smoking cessation include nicotine replacement 

therapy (NRT), prescription medications bupropion and varenicline, and psychological 

counseling. According to data from the 2010 National Health Interview Surveys (NHIS), 

48.3% of adult smokers received advice from a health professional to quit, 5.9% utilized 

smoking cessation counseling, 30.0% used NRT, bupropion, and/or varenicline, and 

31.7% used at least one or more form of counseling or chemical intervention (39).  

Pharmacological Treatments 

Nicotine Replacement Therapy 
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The purpose of NRT is to reduce the withdrawal symptoms associated with 

smoking cessation by replacing the nicotine from cigarettes with nicotine delivered by a 

different method. NRT includes a variety of administration methods such as the patch, 

intranasal and oral sprays, gum, lozenges, and sublingual tablets. The transdermal patch 

is the slowest nicotine delivery method of the various NRT techniques, but all of the 

methods are slower than smoking (242). Despite the slower speed of delivery, the use of 

NRT approximately doubles an individual’s chance of successfully quitting (191). The 

odds ratio for smoking abstinence for individuals using NRT compared to controls 

averages 1.77, with odds ratios ranging from 1.44 to 2.35 across administration methods 

(235). NRT provides the most flexibility of the first-line cessation therapies as 

individuals may select the best administration method based on price, awareness, route of 

administration, adverse effects, and general preference (191). 

Bupropion  

Originally approved by the Food and Drug Administration (FDA) to treat 

depression, bupropion was approved in 1997 to treat tobacco dependence. Bupropion was 

the first non-nicotine substance to show efficacy for smoking cessation (191). When 

compared to a placebo control group, individuals taking bupropion were significantly 

more likely to be abstinent at the end of seven weeks of treatment and at a one-year 

follow-up (124). Eisenberg and colleagues found individuals taking bupropion were 

about twice as likely to successfully quit (OR 2.07, 95% CI 1.73–2.55) (61). 

Additionally, individuals taking bupropion to quit showed less weight gain and reported 

few adverse side effects (124).  
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It is not clear what specific mechanism of action is responsible for the 

antismoking effects of bupropion (213). Bupropion inhibits the reuptake of dopamine, 

noradrenaline, and serotonin and is a non-competitive nicotine antagonist. It is likely that 

the inhibition of the reduction of dopamine and noradrenaline helps to combat withdrawal 

symptoms making it easier for individuals to quit and stay abstinent (213). 

Varenicline 

The FDA approved varenicline, also known as Chantix, in May 2006. Varenicline 

is a nicotinic receptor partial agonist, meaning that it simulates nicotine receptors (α4β2) 

but with weaker effects (280). Varenicline’s affinity for human nicotinic receptors is 

about 45% (214). Though the activity is lower than that of nicotine, varenicline’s effect 

on nicotinic receptors helps to reduce craving and withdrawal symptoms (45). Multiple 

clinical trials examining the efficacy of varenicline have found varenicline to be more 

effective than placebo and bupropion for smoking cessation (89; 132; 251). Studies have 

found that varenicline can more than double the odds of cessation when compared to 

placebo control (OR = 2.41, 95% CrI = 1.91 - 3.12; 61). 

Overall, pharmacological treatments offer a very good first line treatment for 

smoking cessation. Pharmacological treatments have been shown to significantly improve 

cessation rates. Even so, smoking cessation is very difficult and success rates remain low. 

Current recommendations suggest combining pharmacological and psychological 

treatments to address all aspects of smoking addiction (66). 

Psychological Treatments 

In addition to the pharmacological treatments described above, a number of 

psychological approaches are available to help smokers quit. Specific approaches include 
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cognitive behavioral therapy (CBT) and motivational interviewing (MI). Delivery 

modalities include individual, group, online, and phone-based counseling. In general, 

research does not reveal significant differences between approach types (154) and 

success with different theoretical approaches and modalities may depend on which is the 

best fit with the individual attempting to quit.  

Primary targets of counseling usually involve identifying reasons for quitting, 

increasing motivation to quit, recognizing situations where smoking is likely to occur, 

planning for such situations, and providing support to the individual throughout the 

quitting process (154). When compared to control groups with minimal contact, 

individuals who received face-to-face, individual counseling were significantly more 

likely to successfully quit (RR = 1.44; CI = 1.25-1.65; 154). Other studies have found 

proactive telephone counseling to be significantly superior to educational booklets (OR = 

2.22; 95% CI = 1.20-4.00; 239). Group counseling, especially in workplace settings, has 

also been found to increase the odds of successful cessation attempts (OR = 1.77; 95% CI 

= 1.05-2.80; 35).  

In summary, a number of effective smoking cessation treatments are available. 

Pharmacological treatments target craving and withdrawal symptoms while psychological 

treatments address motivation, cognitions, and behaviors. Current guidelines from the 

U.S. Department of Health and Human Services recommend combining pharmacological 

and psychological approaches as the most effective treatment (258). Despite significant 

improvements in treatment options over recent decades, cessation rates remain low. One 

large (N = 20,258), recent tobacco use survey found that of the 38.5% of respondents 

who had cessation activity over the last year, only 3.1% had succeeded in staying 
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abstinent for six months or more (255). These numbers illustrate the need to continue to 

improve cessation treatments. The primary purpose of the current study is to closely 

examine emotion regulation as a possible target for improving quit attempt outcomes. 

EMOTION REGULATION 

The concept of emotion regulation has evolved over time. Some of the first work 

on emotion regulation strategies dates to Sigmund and Anna Freud in the early 20th 

century in their work on psychological defenses. Anna Freud described these defenses as 

“the ego’s struggle against painful or unendurable ideas or affects (75).” In the more 

recent past, Susan Folkman and Richard Lazarus have examined “emotion-focused 

coping,” which involves regulating the negative emotions that accompany stressful 

events (68). Researchers such as Judy Garber and Kenneth Dodge have taken a more 

developmental perspective, investigating the emergence of emotion regulation skills from 

early childhood through adulthood (78). 

Working Definition 

Emotion regulation includes both the awareness and identification of emotions 

and the set of strategies people use to redirect their emotions and modify their behaviors 

to accomplish goals (94; 149; 248). Emotions originally evolved to help humans survive. 

Emotions act as an internal cue to react or respond to a situation. According to the modal 

model of emotion (Figure 1), emotions are generated when a situation occurs that the 

individual views as being significant for his or her personal, social, and/or cultural goals. 

The individual pays attention to the situation due to the perceived importance, gives it a 

valenced meaning (positive or negative), and reacts with experiential, behavioral, and 

physiological responses (98). Often, the emotion generated is helpful. Emotions can 
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enhance our sensory processing (244), help generate behavioral change (217), assist with 

complex decision-making (182), improve memory (202), and benefit navigation of social 

interactions (69).  

On the other hand, emotions can be harmful when their intensity, duration, 

frequency, or type is not aligned with the particular situation. Other times, the emotion 

can bias cognition and/or behavior (126). Frustratingly, emotions can frequently interfere 

with goals in many of the same areas where emotions are helpful. For example, while 

emotional judgment can help to navigate social interactions, intense affect can interfere 

with an individual’s ability to correctly read other’s emotional states (25). Extremely 

labile or volatile emotions make it difficult to act in accordance with goals (250). On a 

clinical level, deficits in emotion regulation are associated with a variety of psychological 

difficulties including depression (20; 166), posttraumatic stress disorder (PTSD; 24), 

generalized anxiety disorder (GAD; 219), borderline personality disorder (BPD; 163), 

eating disorders (82; 107), alcohol-use disorders (226), and substance-abuse (71).  

Research examining emotion regulation has increased dramatically in the past two 

decades, as its importance has become better understood. Unfortunately, this explosion of 

research also contributed to a proliferation of terms and working definitions that are 

similar but not always in alignment. This plethora of terms makes literature reviews 

difficult and the different working definitions mean that similar constructs are measured 

very differently across studies. The working definition of emotion regulation used for this 

dissertation was proposed by Kim Gratz and Lizabeth Roemer and presented in their 

2004 paper on the development and validation of the Difficulties in Emotion Regulation 

Scale (DERS; 94). This multidimensional conceptualization is one of the more specific 
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definitions and has been used across psychological research domains, including substance 

abuse and addiction (71; 72). The conceptualization specifies four dimensions of emotion 

regulation: 

(a) awareness, understanding, and acceptance of emotions; (b) ability to engage in 

goal-directed behaviors and inhibit impulsive behaviors when experiencing 

negative emotions; (c) flexible use of situationally appropriate strategies to 

modulate the intensity and/or duration of emotional responses rather than to 

eliminate emotions entirely; and (d) willingness to experience negative emotions 

as part of pursuing meaningful activities in life (94). 

This definition is used primarily because of the clarity and thoroughness of the 

conceptualization. It includes both cognitive and behavioral responses to emotion and 

emphasizes the importance of using these strategies to engage in goal-directed responses. 

Additionally, this definition corresponds to the DERS, one of the primary measures used 

to assess emotion regulation both for the current project as well as within the field in 

general. The terms emotion regulation and emotion dysregulation will be used throughout 

the paper. Emotion dysregulation refers to times when individuals are experiencing 

deficits in the areas described above, i.e., low levels of emotion regulation. 

Demographic Factors 

Emotion regulation patterns do vary some across gender and age. Women have 

been found to experience more overall stress (176), but also to use more coping strategies 

of all types including rumination, social support, and suppression (246; 247). Tamres et al 

(246) argue that it is possible that women use more emotion regulation strategies because 

they appraise situations as more stressful.  
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Carstensen et al (38) theorize that as individuals age, they put more emphasis on 

emotion regulation in order to help create meaning out of life. Some studies have found 

increased use of effective emotion regulation strategies such as positive reappraisal (22) 

and older adults believe that they are better at emotion regulation (158). Other studies 

have found that older adults may engage in more passive regulation strategies such as 

avoidance, suppression, and withdrawal (23). While the use of these strategies may help 

older adults protect themselves from unpleasant emotions and maintain energy for other 

pursuits (49), these strategies have been associated with increased emotional pathology 

(5). 

Emotion Regulation and Affect 

There is some disagreement as to whether emotion regulation refers to the control 

of affect or the control of an individual’s response to experiencing intense affect. 

Frequently, studies will conflate negative affect and emotion dysregulation with the 

assumption that negative affect is, at the very least, a sign of poor emotion regulation. 

This conceptualization suggests that intense negative affect is inherently dysregulated and 

problematic. Research does not support the idea that high emotional reactivity and 

intensity on their own are accountable for to negative psychological outcomes (155; 156). 

Thus, it is important to emphasize that while increased negative affect is often 

associated with emotion dysregulation, they are two separate constructs with important, 

distinct clinical implications (28). In other words, while individuals with poor emotion 

regulation skills may be more likely to have increased or more intense negative affect 

(101; 174; 218), neither emotion dysregulation nor negative affect is necessary or 

sufficient for the other to be present. In fact, research suggests that attempts to avoid, 
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minimize, or suppress negative internal experiences, such as affect, may actually have the 

opposite effect, increasing the frequency and severity of negative affect (110; 253). 

Emotion regulation skills allow an individual to respond more effectively to affect in 

order to act in accordance with his or her goals. Emotion regulation may not necessarily 

change the presence or initial intensity of an emotion; rather, it changes the individual’s 

reaction to the emotion. For this reason, it is important to examine emotion regulation as 

a moderator variable as described further below. 

Emotion Versus Affect 

It is important to note the difference between affect and emotion. While this 

question is an ongoing debate in the literature and a full discussion is beyond the scope of 

this dissertation, working definitions for both are briefly provided here. Affect is the 

individual’s current experience measured along two, bi-polar (high/low) dimensions: 

positive affect and negative affect (268). Unlike some other theories of affect that 

conceptualize affect as measured along two dimensions, valence (positive to negative) 

and arousal (high to low; 215), the two-factor model of affect posits that positive and 

negative affect are independent factors and research supports this supposition, finding 

that the two factors are not highly correlated and show strong associations with different 

characteristics and outcomes (267). The measure of affect used for the current study, the 

Positive and Negative Affect Schedule (PANAS) is based on this two-factor model of 

affect (267). In contrast to affect, emotion is a more specific, discrete state such as anger, 

happiness, or fear, where the feeling is tied to a situational cause (207)  

The Extended Process Model of Emotion Regulation 
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James Gross’s process model of emotion regulation (97) is the primary model 

used to conceptualize emotion regulation and is consistent with the working definition 

described earlier. The model originates from the modal model of emotion (Figure 1), 

described above. As a brief reminder, the modal model suggests that emotion arises when 

a situation occurs that an individual views as personally relevant and he or she gives 

attention to the situation. By nature of attending to the situation, the individual appraises 

the situation and assesses its relevancy to his or her goals. This appraisal leads to the 

production of emotion and the subsequent experiential, neurobiological, and behavioral 

changes (99). These changes then create a feedback loop that can create a new situation, 

beginning the process over again. 

The process model of emotion regulation (Figure 2; 98) expands on the modal 

model, viewing each step in the model as a possible point to regulate emotion. Moving 

through time, situation selection is the first possible intervention and involves the 

individual seeking out or avoiding situations based on the expected effect on emotions. If 

an individual finds him or herself in an uncomfortable or dysregulating situation, he or 

she may try to change the situation, labeled situation modification. When the individual 

cannot alter the situation, he or she may use attentional deployment, focusing on 

different, less dysregulating aspects of the situation. Cognitive change involves altering 

one’s appraisal of the situation to limit or modify the emotional effects. Finally, response 

modulation refers to altering behavioral or physiological responses to the emotion. 

The extended process model of emotion regulation adds yet one more level to the 

model, describing three stages overarching the entire process (100). The first stage is the 

identification stage. In this stage, the triggered emotion is evaluated and the individual 
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decides whether or not to attempt to regulate the emotion. During this stage, the 

individual perceives and identifies the emotion, determines whether the affective valence 

is strong enough to require regulation, and then activates the goal to regulate the emotion. 

Emotional dysregulation in this stage may stem from poor awareness or acknowledgment 

of emotion, failure to recognize the need to regulate an emotion, or the decision not to act 

to regulate the emotion despite the recognition that it would be more effective to do so. 

Once the individual decides to regulate the emotion, he or she enters the second 

stage, the selection stage, the goal of which is to decide which emotion regulation 

strategy to use. In this stage, the individual examines the possible regulation strategies, 

many of which are described in the following section, and evaluates which strategy is 

best based on contextual and internal factors such as emotion intensity or cognitive 

resources available. Breakdowns in emotion regulation at this stage may result from 

difficulty recognizing the variety of strategies available, preference for less effective 

strategies, or perceived inability to implement certain strategies. 

The third and final stage is the implementation stage. At this point, the individual 

moves from choosing a regulating strategy to actively utilizing the skill within the 

specific context. Problems at this stage may arise from difficulty recognizing how to 

implement the chosen strategy in the specific situation or from poor execution of the 

emotion regulation skill. 

In summary, Gross’s extended process model of emotion regulation provides a 

research-based conceptualization of the course of emotion regulation while also 

attempting to account for why a specific strategy is chosen. 

Neurobiology of Emotion Regulation 
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The regulation of emotion is controlled by a variety of neural networks. Though 

an extensive review of the neuroscience of emotion regulation is beyond the score of this 

paper, a brief review follows. All of the following information has been summarized 

from Silvers et al (237). The amygdala likely plays a large role in the detection of 

emotionally-salient situations due to its reactivity to both positive and aversive stimuli. 

The anterior dorsomedial prefrontal cortex helps individuals make judgments about one’s 

own mental state and the mental states of others in order to adapt appropriately. The 

dorsolateral prefrontal cortex and inferior parietal cortex are primarily associated with 

concentration, working memory, and focus on goals. The dorsal anterior cingulate and 

posterior dorsomedial prefrontal cortex are involved in the initiation and maintenance of 

controlled processing. The ventrolateral prefrontal cortex is implicated in the selection of 

goal-related responses and information from memory, as well as the production of 

speech, including internal speech, often necessary to enact the emotion regulation 

strategies.  

Emotion Regulation Strategies 

Much of the research conducted in the area of emotion regulation focuses on 

specific strategies. A brief description of a few of these strategies, as well as related 

research, follows below. Table 1 provides a review of additional strategies and related 

research. 

Cognitive Strategies 

Cognitive strategies are similar to attentional deployment and cognitive change 

described in the extended process model and defined as “how individuals direct their 

attention within a given situation so as to influence their emotions” (102).  
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Reappraisal 

When using reappraisal, an individual thinks about a situation in a way that 

reduces the emotional impact of the situation (98). For example, an individual feeling 

hurt and angry that a friend cancelled their plans, may reappraise the situation and focus 

on the fact that she now has unexpected time to perform a number of tasks that she had 

been anxious about having time to complete. Research examining self-report of affect, 

physiological responses, and neural processes supports the effectiveness of using 

reappraisal to reduce negative affect (87; 103). 

Emotion Suppression 

Emotion suppression is the inhibition or dampening of an emotion that has 

already been triggered (99). Some research has found suppression to be effective at 

reducing negative affect in the short-term, but counterproductive in the long run, leading 

to increased negative affect after the situation has passed (80). Interestingly, while 

suppression can reduce negative affect briefly, the neural effects of suppression mirror 

emotion generation with activation of the amygdala and insular cortex (88). 

Behavioral Strategies 

Behavioral strategies are outwardly visible strategies described as situation 

selection, situation modification, and response modulation in the extended process 

model. These strategies are behaviors that an individual may engage in before, during, or 

after an emotionally arousing situation in order to modulate his or her emotional 

response. A primary behavioral strategy is avoidance, the unwillingness to engage in 

unpleasant feelings, thoughts, memories, and physiological responses in addition to the 

situations that may cause them (112). While the avoidance of aversive situations may 
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reduce or evade negative affect in the short-term, research suggests that attempts to avoid 

negative affect paradoxically increase the intensity and severity of the very feelings that 

the individual is looking to avoid (271) and may contribute to the development and 

maintenance of psychopathology (111). Other behavioral strategies such as exercise 

(175) and progressive muscle relaxation (36) are associated with effective reduction of 

negative affect. 

State vs. Trait  

Emotion regulation is usually conceptualized as a stable construct (100), although 

some theory has suggested more changeable aspects of emotion regulation (157). Overall, 

it is reasonable to expect that immediate situational factors may influence an individual’s 

ability to regulate emotions at a particular time. Therefore, a person’s overall level of 

emotion regulation ability (i.e., trait emotion regulation) may differ from his or her 

moment-to-moment emotion regulation ability (i.e., state emotion regulation). For 

example, an individual may be able to regulate well when the situational intensity is low, 

but consistently struggle to engage in goal-directed responses when intensity is high. An 

individual’s emotion regulation skills may also vary across situation types. For example, 

an individual may be very good at regulating emotional responses in a professional 

context, but terrible at her home with her family. It is also reasonable to expect that 

aversive experiences (e.g., death of a loved one or an interpersonal argument) and 

positive experiences (e.g., recent professional or personal success) would influence 

emotion regulation abilities in the moment. Thus far, this notion has not been explored 

thoroughly in the literature, though Dr. Kim Gratz’s group has developed a state measure 

of emotion regulation abilities. 
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Assessment 

Assessment of emotion regulation varies across studies, particularly as 

conceptualizations of emotion regulation differ. Many studies investigate the use of one 

or more specific emotion regulation strategies and rely on self-report to determine the use 

of the skill(s) of interest. Experimental laboratory studies may instruct participants to use 

a particular strategy in order in investigate its effect on an outcome variable of interest 

such as negative affect (e.g., 97; 127). While informative about the immediate effects of 

specific strategies, these experiments may not generalize to daily life. Additionally, some 

research suggests that participants find it difficult to engage in the strategy being targeted 

(55). 

Several self-report questionnaires have been developed to assess more general, 

dispositional emotion regulation tendencies. James Gross developed the Emotion 

Regulation Questionnaire (ERQ; 101), a 10-item scale designed to assess expressive 

suppression and cognitive reappraisal. The Cognitive Emotion Regulation Questionnaire 

(CERQ; 79) is a 36-item self-report measure designed to assess nine different cognitive 

regulation strategies. Finally, the Difficulties in Emotion Regulation Scale (DERS; 94), 

used for the current study, is also a 36-item self-report measure that assesses six areas: 1) 

nonacceptance of emotional responses; 2) difficulties engaging in goal directed behavior; 

3) impulse control difficulties; 4) lack of emotional awareness; 5) limited access to 

emotion regulation strategies; and 6) lack of emotional clarity. Unlike the CERQ and the 

ERQ, which only assess cognitive emotion regulation, the DERS measures both 

behavioral and cognitive emotion regulation.  

In addition, a state version of the DERS (S-DERS; 157)) has recently been 

developed which is ideal for use in an ecological momentary assessment study such as 
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the current study. The S-DERS has four subscales: 1) nonacceptance of current emotions; 

2) limited ability to modulate current emotional and behavioral responses; 3) lack of 

awareness of current emotions; and 4) lack of clarity about current emotions.  

The current study utilized two of these subscales: the Nonacceptance and 

Modulate scales. The Nonacceptance scale was chosen because of literature supporting 

the relationship between nonacceptance and recent cigarette smoking (1). Acceptance-

based emotion regulation strategies, in contrast to to avoidance-based coping, are 

associated with lower levels of substance use (70) and improved treatment outcomes 

(162). A significant amount of research supports the use of substances to minimize or 

avoid negative affect, described in more detail below (“Emotion Regulation and 

Addiction”). Building and encouraging the acceptance and tolerance of negative affect 

may help individuals cope with uncomfortable internal experiences without using 

substances. There is some evidence supporting the use of acceptance-based treatments 

such as mindfulness (33) and acceptance and commitment therapy (83) for smoking 

cessation. The Modulate scale was chosen because of its clear relevance to regulating 

goal-directed behaviors, such as smoking cessation, in the face of emotional distress. Dr. 

Gratz explicitly supported the selection of these two subscales for the current study (92). 

Thus far, studies have used the S-DERS in laboratory-based studies to measure in 

the moment emotion regulation skills following tasks expected to impact emotion 

regulation skills, such as mood induction tasks. For example,  Borges and Naugle (27) 

used the S-DERS to investigate state emotion regulation skills in individuals with 

personality disorders. Participants completed the S-DERS before and after completing 

either the Paced Auditory Serial Addition Task (PASAT-C; expected to evoke emotional 
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distress) or an interpersonally based mood induction essay writing task. Results showed 

that individuals with a personality disorder reported significantly more state emotion 

regulation difficulties following the PASAT-C task than the essay task. Unfortunately, 

the authors did not include an examination of the pre-/post-task S-DERS scores to 

provide information about the ability of the S-DERS to detect changes in state emotion 

regulation. Another study (91), utilized the S-DERS to investigate possible differences in 

state emotion regulation abilities following an emotionally valenced movie clip after 

participants were instructed to either worry or not worry, and then to be mindful of 

thoughts and emotions, attempt to suppress certain thoughts, or given no regulation 

strategy instruction prior to watching the clip. Researchers did not find significant 

differences on state emotion regulation strategies across conditions. Finally, Arbid (9) 

used the S-DERS to investigate the relationship between state emotion regulation 

difficulties and attentional disengagement from negative images. No significant 

relationship was found. 

Emotion Regulation Interventions 

Given the well-researched associations between emotion regulation and 

psychopathology, it is unsurprising that several psychotherapy approaches have been 

developed that focus specifically on emotion regulation. Dialectical behavior therapy 

(DBT; 163) was developed to treat individuals with borderline personality disorder 

(BPD) who are characterized by extreme affective lability (189). Emotion regulation is 

one of the four sets of skills taught in DBT. DBT emphasizes the effective use of emotion 

regulation strategies in order to work toward identified goals (163). Studies have found 

DBT to be effective at improving emotion regulation (11; 143) and some research even 
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suggests that DBT may alter underlying neural circuitry responsible for emotion 

generation (90). Other therapeutic approaches that focus on emotion regulation include 

Emotion Regulation Therapy (ERT), currently being evaluated as a possible treatment for 

generalized anxiety disorder (181); Acceptance and commitment therapy (ACT; 111) 

which, as implied by the name, emphasizes the acceptance of negative emotions, rather 

than the attenuation or removal of the affect, in order to achieve personally relevant and 

significant goals (21); and emotion-focused therapy (EFT; 96) which concentrates on 

improving emotion-focused coping skills. Both DBT and ACT have been shown to be 

effective at treating addiction, including cigarette smoking (53; 57; 159; 164). 

Emotion Regulation and Addiction 

A large amount of research has found a significant role of emotion regulation in 

addictive behaviors (129; 146; 208). A growing body of research has revealed that 

individuals with deficits in emotion regulations are at greater risk of addictive disorders 

and that individuals with poor emotion regulation find it more difficult to abstain (34). 

Additionally, some research has found that individuals with addictive disorders may have 

even greater emotion regulation difficulties during initial periods of abstinence (71). As 

described by the negative and positive reinforcement theories reviewed above, drugs are 

often used to reduce unpleasant sensations, such as negative affect, or increase desired 

sensations, ranging from numbness to euphoria. Thus, it follows that individuals who 

have difficulty regulating their own emotions may use, and come to rely on, drugs to help 

regulate unwanted emotions (43). Over time, unwanted emotional states may be learned 

as cues for substance use (13; 241). In addition to possibly increasing the urge to use the 

desired substance due to learned associations between negative affect states and 
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substance use (125), constant, strong, negative emotions can interfere with other 

objectives, such as desisting from substance use (13). 

Emotion Regulation and Tobacco Use 

A large body of theory and research suggests that individuals often smoke 

cigarettes as a means of controlling mood (134; 228; 238), particularly as a way to reduce 

negative affect (114; 243). Cross-sectional studies have found a strong association 

between various forms of negative affect, such as depression and anxiety, and smoking 

initiation (32; 199). Adolescents frequently report that the calming or relaxing effects of 

cigarettes led to smoking initiation and maintenance (179; 190) and many smokers 

attempting to quit attribute lapses to stress and negative affect (173; 227). Smokers 

consistently report a belief that smoking helps to reduce emotional distress (29; 46; 272).  

Research often supports this expectancy and smokers tend to report decreases in 

negative affect and increases in positive affect after smoking (197). A reduction in 

negative affect following smoking may depend on a variety of factors. For example, 

research suggests that an individual’s expectations about the effects of smoking will 

influence reported changes in affect (47). Additional research suggests that anxiety may 

only be reduced by smoking in situations where a benign distraction is present (135; 

137). Further, the physiological effects of smoking on blood pressure, heart rate, and 

cortisol are similar to those produced by stress (200), thus it is surprising that smokers 

report a relaxing effect. This contrast between the physiological effects and reported 

psychological effects is known as the “nicotine paradox” (167). This complexity of 

factors that influence change in negative affect may explain why some studies show 

mixed findings or no relationship between smoking and negative affect (118; 198).  
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Some theories attempt to describe and explain this complicated relationship 

between emotion regulation and smoking. One such theory, the Situation X Trait 

Adaptive Response (STAR) model (84) attempts to address situation- and personality-

dependent cognitive, emotional, and biological effects of drug use. While the STAR 

model endeavors to account for the array of factors involved in drug use, it has not been 

widely used or studied, perhaps due to its complexity.  

More broadly, the self-medication hypothesis of substance use disorders suggests 

that individuals with emotion regulation difficulties use substances to help reduce 

negative affect (144). Many studies have found that smokers have higher levels of 

negative affect overall when compared to control samples (136). As noted above, there 

are well-documented associations between depression and smoking (85) and anxiety and 

smoking (185). The fact that individuals with affect regulation difficulties are 

significantly more likely to smoke, combined with the well-documented expectancy and 

perception that smoking reduces negative affect, supports the self-medication hypothesis 

that individuals may smoke to help cope with emotion regulation difficulties. 

A second theory suggests that much of the relationship between emotion 

regulation and smoking is accounted for by the postponement or easing of withdrawal 

symptoms. As discussed in the withdrawal section above, negative affect is significantly 

associated with nicotine withdrawal (123), thus smoking may reduce negative affect 

primarily due to the removal of the effects of withdrawal. In studies examining the 

immediate effects of smoking, negative affect directly associated with abstinence is 

associated with more significant reductions following smoking than negative affect from 

other sources (201). Other studies show that relative to a nonsmoking control group, the 
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stress levels of smokers after smoking a cigarette was similar to the baseline stress levels 

of nonsmokers (197). This finding suggests that smokers may not truly gain a reduction 

in negative affect, but rather, they smoke to avoid the additional negative effects of 

withdrawal. All of this research supports the idea that individuals who smoke may have 

deficits in emotion regulation skills. 

Researchers have examined emotion regulation as a predictor variable for craving 

and smoking. Maladaptive regulation strategies such as suppression have consistently 

been associated with early smoking initiation, greater smoking urges, and higher rates of 

cessation relapse (104; 172). On the other hand, research suggests that several emotion 

regulation strategies are effective at reducing craving. For example, individuals who were 

instructed to reappraise their emotions about smoking showed less negative affect, 

reduced craving for cigarettes, and diminished attentional biases to smoking-related cues 

than individuals who were instructed to suppress or accept their smoking-related 

emotions (245). Reappraisal has also been found to be associated with weakened 

smoking expectancies about smoking reducing negative affect (77). The same study 

found that reappraisal moderated the relationship between induced mood and smoking 

duration. Overall, these studies support the case that emotion regulation may play a 

significant role in craving and smoking. 

ECOLOGICAL MOMENTARY ASSESSMENT 

This study focused on state emotion regulation as well as several other 

phenomena that often change rapidly over time. Ecological momentary assessment was 

used in order to more accurately measure changes and patterns of the variables of interest 

such as emotion regulation, affect, and craving over time. Ecological momentary 
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assessment (EMA) techniques utilize mobile technology to measure phenomena as they 

occur in an individual’s real-world environment. Assessments may occur randomly, at 

scheduled times, and/or when a participant initiates an assessment.  

EMA techniques have provided an innovative strategy for the assessment of 

thoughts and behaviors as they occur in the natural environment. Rather than relying 

upon retrospective reports, data can be collected in real time while individuals are 

experiencing the phenomenon of interest. This method of data collection is particularly 

useful because it eliminates recall biases and enhances validity as data are gathered as it 

occurs in participants’ daily lives (232). For example, researchers have found that EMA 

measurements of affect better predict outcome behaviors when compared to retrospective 

self-reports of affective lability (8). In addition, data are collected at multiple time points 

so that changes over time can be considered. The real time, repeated data collection 

available with EMA is particularly useful in investigating constantly changing 

psychological states, such as affect.  

Ecological Momentary Assessment Studies of Emotion Regulation 

Over the past few years, researchers have begun to emphasize the importance of 

changing contextual factors on emotion regulation and the utilization of real-life, 

emotion-producing stimuli to examine naturally occurring emotion regulation (3). The 

field of emotion dynamics has been proposed, consisting of the study of the “trajectories, 

patterns, and regularities with which emotions, or one or more of their subcomponents 

(such as experiential, physiological, or behavioral components), fluctuate across time, 

their underlying processes, and down-stream consequences” (153). A growing body of 
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research is examining patterns of specific emotions and overall patterns of emotion in 

specific populations (e.g., 249; 265).  

More specific to the current study of emotion regulation, patterns of emotion such 

as the amount of variability (change from baseline), duration, and co-occurrence assessed 

by EMA have been suggested as ways to investigate real-time emotion regulation (153) 

and some studies have begun to use these patterns as measures of emotional instability 

(128). A couple of studies have used EMA to measure specific emotion regulation 

strategies and affect in real time. One study used experience-sampling methods to 

investigate the intensity and lability of emotions as well as the strategies used to regulate 

them in an adolescent sample (236). The results suggested that participants who 

responded to negative affect with denial and rumination had higher levels of depression 

and problem behaviors such as lying, stealing, and fighting. 

A second study EMA study examined the spontaneous use of emotion regulation 

strategies and affect in the daily life of adults. Brans et al. (31) investigated within-person 

and between-person usage of strategies as well as overall associations between emotion 

regulation strategy usage and affect. Participants were prompted 10 times a day for seven 

days to provide current emotions and the extent to which they had used any of six 

emotion regulation strategies (reflection, reappraisal, rumination, social sharing, 

expressive suppression, and distraction) since the previous assessment. Researchers 

found that distraction was the most frequently used strategy, while reappraisal and social 

sharing were used least. Additionally, participants reported using multiple strategies at 

once to regulate emotions, a finding which supports prior theoretical work (102). 

Investigation of patterns over time showed that negative affect at an assessment was 
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associated with the increased use of emotion regulation strategies at the next assessment. 

Building on prior research, this study replicated findings (e.g., 269) that rumination and 

suppression are maladaptive regulation strategies as they were associated with increases 

in negative affect and decreases in positive affect. This study provides an extension of 

prior laboratory studies, expanding knowledge of strategy usage in daily life.      

Ecological Momentary Assessment Studies of Smoking 

The majority of the data described earlier in the introduction was gathered using 

retrospective data collected in the laboratory. These data, while very useful, are limited 

by recall errors and bias and low real-world validity. EMA and laboratory studies on 

smoking suggest that findings from laboratory studies are often not accurate predictions 

of smoking behaviors in the real-world (230). EMA techniques are particularly suitable 

for investigating cigarette smoking and its correlates, as it is a discrete behavior that 

occurs many times throughout the day, often unconsciously (229). EMA allows 

researchers to not only gather ecologically valid data on smoking, but by collecting data 

randomly throughout the day, it also allows for an assessment of baseline characteristics 

in non-smoking situations.  

 A number of studies have examined precipitants and antecedents to regular and 

relapse smoking using EMA techniques. Given the well-documented associations 

between negative affect and smoking, negative affect has been a primary focus of these 

studies. Shiffman and Waters (233) found that lapses attributed to stress or bad mood 

were associated with precipitous, rapid changes in negative affect in the hours preceding 

the lapse. The use of EMA techniques and analyses such as the time-varying lagged 

effect model allow researchers to build on these findings and show patterns between 
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negative affect and increases in smoking urges at proximal, later assessments (234). The 

findings from these studies provide a strong foundation for the current study examining 

emotion regulation, a factor that is shown to be associated with negative affect, but which 

has not been examined in the context of EMA and smoking.  

Nomothetic and Idiographic Analyses 

 The use of EMA techniques allows for the application of statistical analyses that 

investigate time-dependent variation within a single individual in addition to group-level 

relationships (260). Nomothetic analyses focus on group- or cohort-level phenomena and 

were used to test null hypotheses in the population, as is typically seen in clinical 

research. For example, an analysis that examines whether trait emotion regulation is 

correlated with negative affect would be a nomothetic analysis. Idiographic analyses were 

conducted on data from individual participants and tested a null hypothesis specific to 

that individual. For example, an analysis that examines whether there is a correlation 

between state emotion regulation and negative affect in a particular individual would be 

an idiographic analysis.  

A closely related distinction is between variable centered and person centered 

analyses. Variable centered analyses encompass many of the traditional approaches of the 

social sciences, such as correlation and regression. Person centered analyses focus on 

individuals, and use approaches such as cluster analysis or latent group analyses to cluster 

individuals together.  

Idiographic analyses are appropriate for EMA data (48) because of the number of 

points collected from each participant. Idiographic models can take time into account, 

examining patterns of change within individuals across time (260). Idiographic analyses 
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often involve time series analyses that account for serial dependencies within an 

individual’s data, and time series analyses were used in the current study. 

When applicable, idiographic analyses can supplement nomothetic analyses of 

longitudinal data (222) and can reveal findings that are obscured by nomothetic 

approaches (e.g., 119). When nomothetic analyses are used, results provided indicate 

associations across all individuals. As no individual is purely average, these results reveal 

overall patterns, but may miss important implications for individuals. Individual patterns 

are particularly important when designing and examining interventions as they can reveal 

which individuals may respond to an intervention. With a focus on individual patterns 

over time, idiographic analyses allow researchers to investigate the process of change 

following an intervention or a change, such as smoking cessation (260). 

SUMMARY 

 Background on cigarette smoking, emotion regulation, and the intersection of the 

two has been presented. The current study examined these constructs, expanding prior 

research to investigate state emotion regulation using EMA techniques in order to gain 

additional knowledge about the relationship between negative affect, craving, and 

smoking behavior and to provide a possible target for improved interventions. A detailed 

description of the study follows.   
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CURRENT STUDY 

CAUSAL MODEL 

Figure 3 depicts a model of the relationships between emotion regulation, craving, 

and smoking that was examined in the current study. Those relationships are discussed 

below. As shown in Figure 3, emotion regulation was investigated both as a predictor 

variable and as a moderator variable. First, to replicate and extend on the preliminary 

study (MacIntyre, 2015), this study investigated the association between state and trait 

emotion regulation and negative affect. Second, this study examined the association 

between emotion regulation and craving and smoking behavior. Third, this study 

investigated whether emotion regulation moderates the association between negative 

affect and craving as well as between craving and smoking behavior.  

Overall, the main idea is as follows. It was predicted that individuals with better 

emotion regulation would report less negative affect and craving in the first place, and 

that when they did experience negative affect and/or craving, the effect of negative affect 

and craving on smoking outcomes would be diminished in these individuals. 

Emotion Regulation and Negative Affect (Pathway 1) 

Overall, poor emotion regulation skills are associated with more negative affect 

(e.g., 67; 218). This relationship may be due to high usage of ineffective and maladaptive 

regulation strategies such as suppression which research suggests increases negative 

affect (31). In addition, negative affect may affect an individual’s state emotion 

regulation skills. Research has found that individuals use different emotion regulation 

strategies depending on the type and intensity of their emotional experience in the 

moment (3; 4). 
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As noted earlier, emotion regulation was assessed as a trait (lab) and a state 

(field). Trait emotion regulation, as assessed by the DERS, represents the more general, 

stable emotion regulation abilities of an individual. State emotion regulation, as assessed 

by the S-DERS, was expected to reflect the impact of contextual factors on the 

individual’s trait emotion regulation (157). Similar to conceptualizations of other 

variables with state and trait characteristics (e.g., anger or anxiety), it was expected that 

measures of an individual’s state and trait emotion regulation abilities would be 

correlated, although this was not a primary focus of the dissertation. 

Emotion Regulation and Craving/Smoking (Pathway 2) 

A significant amount of research supports the finding that negative affect is 

associated with stronger urges to smoke (30; 113; 160; 209) and is frequently cited as a 

strong smoking trigger (136; 204). This relationship between negative affect and smoking 

urges may even become stronger during periods of smoking deprivation such as cessation 

attempts (161). Therefore, emotion regulation could reduce craving through its impact on 

negative affect. In addition, some emotion regulation strategies, such as the use of 

imagery, have been found to reduce craving (245; 266). 

As described earlier, there is a well-documented relationship between negative 

affect and smoking. Negative affect reduction is a primary motivation for smoking (50) 

thus it follows that an individual’s ability to regulate his or her response to negative affect 

overall and in the moment may affect smoking behavior. The research described above 

provides support for the associations between specific emotion regulation strategies (e.g., 

suppression and reappraisal) and craving and smoking. Due to the new focus on state-

specific emotion regulation, there is currently no research examining this relationship.  
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Emotion Regulation as a Moderator Variable (Pathway 3) 

A moderator variable is a variable that influences the strength of a relationship 

between an independent and dependent variable (14). In the current context, a moderator 

variable would influence the strength of relationship between negative affect and craving, 

and between craving and smoking. It is important to investigate variables that moderate 

the association between negative affect and craving, and between craving and smoking, 

in that such information could be useful for developing treatment plans to help 

individuals cope with negative affect and craving.  

A few studies have investigated the impact of specific emotion regulation 

strategies on the association between craving and smoking. In one study, cognitive 

reframing was found to moderate the association between craving and smoking. 

Specifically, focusing on the long-term health problems associated with smoking is 

correlated with individuals being less likely to smoke when experiencing craving and 

smoking for fewer puffs when they do smoke (147). Informal practice of mindfulness has 

also been found to moderate the relationship between craving and smoking (62). 

For cases when emotion regulation is moderating the relationship between 

emotion regulation and smoking, it is possible that the moderating effect of emotion 

regulation is due in part to the effect of mood on perceived self-efficacy. Low mood is 

associated with low perceived self-efficacy, particularly when the behavior is associated 

with high difficulty and past failures (138; 140). When individuals do not believe they are 

able to control or resist engaging in a certain behavior such as smoking, they will be less 

likely to even try to follow through with goal-directed behavior such as cessation (139; 

173). Though self-efficacy is not a focus of the current study, it could be an area for 

future study. 
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PRELIMINARY DATA 

A prior study using laboratory and EMA investigations provided some evidence 

for state-like qualities of emotion regulation (169). In this study, participants with higher 

DERS scores (worse emotion regulation) reported more negative affect at laboratory 

visits. In addition, when a participant reported a higher DERS score than their average, he 

or she reported higher negative affect. Additionally, the high DERS participants showed 

more changes in their negative affect, had an overall greater average magnitude of change 

in negative affect, and had larger “jumps” to their maximum negative affect, all 

supporting the idea that these individuals have more labile negative affect than the low 

DERS participants. Overall, these findings suggest the presence of state- and trait-like 

aspects of emotion regulation. 

RATIONALE FOR CURRENT STUDY 

Research on emotion regulation is growing, with a particular emphasis on how 

emotion regulation, often narrowed to a specific emotion regulation technique, is 

associated with a specific disorder, symptom, or behavior.  Despite an expanding body of 

literature, at this point, while some researchers have suggested the importance of 

investigating state emotion regulation, no studies have done so at this point. This EMA 

study was intended to provide some insight into the “movie” associated with emotion 

regulation, expanding beyond the “snapshot” that laboratory studies provide. Given the 

number of diagnoses and psychological problems that are significantly associated with 

emotion regulation difficulties, it is critical to develop a more thorough understanding of 

emotion regulation.  
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The well-documented relationship between emotion regulation and smoking, 

combined with the need for improved smoking cessation treatments creates a promising 

intersection of research. The current study provided an initial investigation of a more 

precise understanding of the real-time affective experiences of individuals with varying 

emotion regulation abilities in the context of smoking. 

SPECIFIC STUDY AIMS AND HYPOTHESES 

Participants attended seven laboratory visits each one-week apart as well as for a 

six-week period consecutive with laboratory visits using EMA techniques. The specific 

aims and corresponding hypotheses based on the literature were as follows: 

Specific Aim 1 

To examine the association between emotion regulation (trait and state) and 

negative affect. 

Hypothesis 1A 

Participants with higher DERS scores would report higher levels of NA in the lab, 

and on occasions when a participant reported a higher than average DERS rating, he/she 

would report higher negative affect ratings in the laboratory. 

Hypothesis 1B 

Participants with higher S-DERS scores would report higher levels of NA in the 

field and on occasions when a participant reported a higher than average S-DERS rating, 

he/she would report higher negative affect ratings in the field. 

Idiographic Hypothesis 1C 
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Time series analyses examined associations between S-DERS and NA in 

individual subjects.  

Specific Aim 2 

To examine the association between emotion regulation and craving/smoking. 

Hypothesis 2A  

Participants with higher DERS scores would report higher levels of craving and 

smoking in the lab, and on occasions when a participant reported a higher than average 

DERS rating, he/she would report higher craving and smoking in the laboratory. 

Hypothesis 2B 

Participants with higher S-DERS scores would report higher levels of craving and 

smoking in the field and on occasions when a participant reported a higher than average 

S-DERS rating, he/she would report higher craving and smoking in the field. 

Idiographic Hypothesis 2C 

Time series analyses examined associations between S-DERS and craving and 

smoking in individual subjects. 

Specific Aim 3  

To examine emotion regulation, as assessed by the DERS and S-DERS, as a 

moderator variable. 

Hypothesis 3A 



	

48 

Strong trait emotion regulation skills (low DERS scores) were expected to 

weaken the relationship between 1) negative affect and craving and 2) craving and 

smoking, assessed in the lab. 

Hypothesis 3B 

Strong state emotion regulation (low S-DERS scores) were expected to weaken 

the relationship between 1) negative affect and craving and 2) craving and smoking, 

assessed during EMA. 
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Methods  

PARTICIPANTS 

This study is a secondary analysis of data collected at the Uniformed Services 

University of the Health Sciences (USUHS) in Bethesda, Maryland. The USUHS 

Institutional Review Board approved all study procedures.  

Participants were adult, community-based smokers in the greater Washington, 

D.C. metropolitan area recruited using advertisements seeking smokers interested in 

smoking cessation. Advertisements were displayed on local mass transit, the Express 

Paper, Craigslist.com, and the use of flyers throughout the community. 

INCLUSION AND EXCLUSION CRITERIA 

Participants were screened via telephone to determine if they met eligibility 

criteria for the study. Participants were determined to be eligible if they were a current 

smoker, aged 18 to 65, who had been smoking at least 10 cigarettes a day for the past two 

years. Exclusion criteria included current participation in smoking cessation treatment, 

such as counseling or medication, or the current use of tobacco products other than 

cigarettes, such as cigars, pipes, and smokeless tobacco. If a participant’s expired CO 

level was less than 10 parts per million (ppm), he or she was excluded, as this would 

indicate less than regular cigarette use. Participants with a compliance rate of <50% in 

the first study week were excluded from the study at Week -2, and were referred to local 

smoking cessation services. Other exclusion criteria included: 1) recent illicit substance 

use; 2) another household member enrolled in the study; 3) color-blindness; 4) pregnant 

or breast feeding; 5) Indication of a serious mental illness, as indicated by a history of 

diagnosis of schizophrenia, schizoaffective disorder, or bipolar disorder, by a score ≥ 25 
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on the CES-D, or by a score of ≥ 16 on the AUDIT; 6) Inability to follow study 

procedures; 7) received attentional retraining for smoking cues as part of a prior USUHS 

study. Finally, participants could be excluded for “any other factor that, in the judgment 

of the investigators, would likely preclude completion of the protocol.” 

All participants who were excluded from participation in the study at any point 

were provided with local and national smoking cessation resources.  

STUDY PROCEDURES 

 
The following description of the study procedures is an abbreviated description of 

the procedures from the original study. Only procedures relevant to the current study will 

be described in depth.  

First Laboratory Visit 

Once participants were determined to meet inclusion criteria via the phone 

screening, they were invited to attend the initial laboratory visit (Week -3 visit). To begin 

this session, participants were provided with a detailed description of the study and 

information on risks. Written informed consent was then obtained (Appendix B). 

Participants were informed of their right to withdraw at any time from the study. Subjects 

received a copy of the consent form for their records.  

After providing consent, participants first completed the breath carbon monoxide 

(CO) test. Participants were asked to provide a breath CO sample by blowing through a 

monitor. If the CO monitor indicated that a participant’s expired CO level was very low 

(less than 10 parts per million (ppm)), he or she was excluded from the study. 

Participants then completed a number of measures assessing a variety of factors including 
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smoking behavior, physical and mental health history, as well as a demographic 

questionnaire, and the Positive and Negative Affect Schedule (267). See Table 2 for a 

complete list of measures used.  

Following completion of the questionnaires, eligible participants were trained on 

the use of the smartphones. Research staff provided a thorough introduction to the basic 

features of the phone as well as the questionnaires and attention retraining task (not a 

focus of this study) that participants completed throughout the six-week study period. 

Participants were informed that completion of the smartphone assessments was 

monitored daily. If a participant failed to respond with sufficient frequency, e.g., less than 

two random assessments (RAs) on two consecutive study days, a research assistant 

contacted the participant to encourage them to maintain compliance.  

If individuals were ineligible or declined to participate, they were offered self-

help materials and references to local smoking cessation programs. If individuals agreed 

to participate, they were randomly assigned to either the Attention Retraining or Control 

training condition. As the intervention is not the focus of the current study, randomization 

procedures and details on the conditions will not be described here. Finally, the second 

session (Week -2 visit) was scheduled and a quit date was set three weeks into the study 

(Week 0 visit).  

Additional Laboratory Visits 

Participants attended up to eight laboratory sessions. The first seven sessions were 

weekly during the six weeks of EMA data collection. The eighth session was a follow-up 

visit approximately 15 weeks after the quit day visit (Week 0 visit).  

Ecological Momentary Assessment Procedures 
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Participants carried a smartphone with them for up to six weeks in the “field” 

(i.e., as they went about their daily life). Participants were asked to complete at least four 

field “assessments” (interactions with the smartphone) per day, which included the 3 AR 

tasks (AR subjects, described in the next section), 3 Control tasks (Control subjects), and 

1 Assessment task (all subjects). Participants completed random assessments (RAs) and 

participant-initiated assessments. For RAs the participants were alerted at random times 

by the smartphone to complete the tasks. If participants were prompted to complete an 

assessment at a time when it was difficult to do so, participants could delay the 

assessment for five minutes, a maximum of four times. If the participant postponed the 

alert a fourth time, the program cancelled the assessment and participants would no 

longer be notified to complete an assessment at that time. Participants were instructed 

that they could complete a participant-initiated assessment (“make-up assessment”) if 

they missed or cancelled an RA. Participants were only compensated for participant-

initiated assessments up to four total (random and participant-initiated) assessments per 

day. Please see Appendix C for the detailed instructions participants were provided for 

using the smartphones on a daily basis. 

Attention Retraining Intervention 

Although the attention retraining (AR) intervention of the parent study is not a 

focus of the current study, a brief description of the intervention follows. As noted above, 

all participants were required to respond to four RAs per day. Attention retraining (AR) 

participants were scheduled to complete three AR tasks per day. Control participants 

were scheduled to complete three control tasks per day. All participants were scheduled 

to complete one attentional bias task per day on the smartphone. 
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Attentional bias was assessed on the smartphone using the standard Visual Probe (VP) 

task. In a VP task, two pictures (one smoking, one neutral) are presented relatively briefly 

(500 ms) on a computer, one picture on the left and the other on the right. When the two 

pictures disappear, a probe (a visual stimulus such as a dot) is presented in a location 

previously occupied by either the neutral or the smoking picture. The task for the 

participant is to indicate the location of the probe (left or right) as quickly and accurately 

as possible by pressing one of two response buttons. Typically, smokers are faster to 

respond to probes that replace a smoking picture than probes that replace a neutral picture 

because attention has shifted towards the location occupied by the salient stimulus and 

therefore participants are faster to process and respond to the probe (because attention is 

already at the location of the salient stimulus). 

During the AR (training) tasks, the dot always replaces the neutral picture. There 

is a perfect correlation between picture type and dot location. The idea behind AR is that 

participants implicitly learn the rule that the probe always replaces the neutral picture, 

and therefore attention is automatically shifted to the location of the neutral picture. On 

the control task, the dot is equally likely to replace the smoking picture and the neutral 

picture (as in the case for the assessments). There is a zero correlation between picture 

type and dot location. Therefore, there is no rule to learn. This type of control condition 

has been used in previous AR studies (e.g., 65). It ensures that: 1) the duration of AR and 

control training should not differ; 2) AR and control participants receive equal practice 

on the motoric aspects of the VP tasks; and 3) AR and control participants are exposed to 

the same smoking and neutral pictures. Consistent with Schoenmakers et al (223), this 

study used a stimulus presentation durations of 500 ms at each assessment. Based on pilot 
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data, the mean duration of AR and Control training assessments was expected to be about 

7 minutes.  

To restate, the treatment variable (AR vs. Control) of the parent study is not under 

examination in this dissertation. As noted earlier, this dissertation is focused on 

associations between emotion regulation and negative affect and various smoking 

outcomes; none of the primary hypotheses relate to treatment condition. It should also be 

noted that the dissertation study involved assessments on the smartphone (e.g., S-DERS) 

that only a subset (26.04%) of the parent study subjects completed.  

Smoking Cessation Counseling 

Every participant, regardless of treatment condition, received face-to-face 

smoking cessation counseling at each of the eight laboratory visits. Counseling sessions 

were conducted by graduate students in the laboratory who followed a standardized 

treatment manual. Treatment consisted primarily of motivational interviewing techniques, 

problem solving, and psychoeducation. Much of the counseling focused on reasons for 

quitting described by the individual participant. The counselor explored these reasons for 

quitting and worked to build and maintain motivation focusing on these reasons. The 

counselor helped the participant identify triggers of craving and smoking and work to 

develop strategies to avoid smoking in the face of temptation. Strategies included 

chewing gum, going for a walk, brushing one’s teeth, or drinking water. Participants were 

encouraged to create a repertoire of tactics to help cope with cravings to smoke. At 

sessions following the Quit Day visit, counselors helped participants troubleshoot areas 

where they are struggling to resist temptation or times when they have relapsed. A final 

major piece of the counseling included educating participants about the process of 
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quitting. This included handouts and discussions about the effects of smoking, benefits of 

quitting, and possible side effects of cessation. Appendix F provides the manual pages 

and handouts for the Week 3 visit, the week prior to Quit Day. 

Compensation 

Participants received $60 at the completion of the orientation session. If 

participants were ineligible due to low levels of carbon monoxide or other factors, 

participants were paid $40 for their time and travel expenses. Participants were paid $40 

at each subsequent laboratory visit, except for the 15-week post-quit follow-up visit 

where they again received $60. Finally, participants were paid $2 for each random 

assessment they complete on the smartphones. This payment was calculated and made at 

the following laboratory visit. Any Federal civilians and military personnel enrolled in 

the study only received compensation for the laboratory sessions and smartphone 

assessments that occurred during non-duty hours. Participant compensation is outlined in 

Table 1.  

Compliance 

The use of the financial compensation as described above is designed to increase 

compliance with the procedures, particularly completion of RAs. As noted earlier, if a 

participant failed to respond with sufficient frequency, e.g., less than two RAs on two 

consecutive study days a research assistant contacted the participant to encourage them to 

maintain compliance.  

MEASURES 
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A description of laboratory and field measures used for the current study follows 

below. 

Laboratory Measures 

 The following measures were administered at each of the laboratory visits. 

Emotion Regulation 

The Difficulties in Emotion Regulation Scale (DERS; 94) was used to measure 

participants’ emotion regulation abilities. The DERS is a 36-item self-report 

questionnaire on which participants use a five-point Likert scale ranging from 1 (“almost 

never”) to 5 (“almost always”) to indicate the extent to which they experience each item. 

Example items include “When I’m upset, I become out of control” and “I have no idea 

how I am feeling.” Total scores ranged from 36 to 180, with higher scores indicating 

more difficulties regulating emotion. Internal consistency is excellent (Cronbach's alpha 

= .93; 94). In order to reduce participant burden, the DERS was administered at Weeks -

2, 0, and 2, rather than at every laboratory visit. 

Smoking Urges 

The Wisconsin Smoking Withdrawal Scale (WSWS) is a 28-item, multifactorial 

self-report measure that assesses smoking withdrawal (270). For the current study, 

participants were asked to respond based on how they had felt over the past week, 

including today. The WSWS has six subscales to assess anger, anxiety, concentration, 

craving, hunger, sadness, and sleep. The craving subscale of the WSWS was used to 

assess craving in the laboratory for this study. The craving subscale is comprised of four 

items including “I have had frequent urges to smoke,” “I have been bothered by the 
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desire to smoke a cigarette,” “I have thought about smoking a lot,” and “I have trouble 

getting cigarettes off my mind.” Higher scores indicate more severe withdrawal 

symptoms. Each of the subscales has strong internal consistency and predictive validity. 

Scores increase with initial nicotine withdrawal and decrease with continued abstinence 

as expected. 

Positive and Negative Affect 

The Positive and Negative Affect Schedule (PANAS; 267) was used to measure 

participants’ affect over the past week. The PANAS consists of 20 items, ten negative 

affect items (PANAS-NA) and ten positive affect items (PANAS-PA). Examples of 

positive affect items include “excited” and “alert” while negative affect items include 

“upset” and “hostile.” At the laboratory visits, participants were asked to rate how much 

they felt each affect item “in the past week”. Items were rated on a five-point Likert scale 

ranging from 1 (“very slightly or not at all”) to 5 (“extremely”). Total scores could range 

from 10 to 50, with a higher score indicating more experienced affect. The current study 

only uses PANAS-NA. For the remainder of the dissertation, PANAS-NA in the lab will 

referred to simply as PANAS. 

Smoking Behaviors 

Participants reported the number of cigarettes smoked per day on a pencil and 

paper smoking diary (days 1-43). Reports of abstinence were validated using salivary 

cotinine (196) and exhaled CO levels using a CO monitor (Vitalograph, Lexena, KS; 18). 

EMA Measures 

State Emotion Regulation  
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Emotion regulation in the field was assessed using the “Nonacceptance” and 

“Modulate” scales of the S-DERS (157). The entire S-DERS was not used in order to 

reduce burden on the participants and possible attrition. As mentioned above, the 

Nonacceptance scale (Nonacceptance of Current Emotions) was chosen because of 

literature supporting the relationship between nonacceptance and recent cigarette 

smoking (1). The Modulate scale (Limited Ability to Modulate Current Emotional and 

Behavioral Responses) was chosen because of its relevance to the engagement in (or 

cessation of) addictive behaviors. Both scales have exhibited good internal consistency 

(Nonacceptance (α=0.92) and Modulate (α=0.85; 157). 

In the current data (n=3901 EMA assessments), internal reliabilities (Cronbach’s 

α) of S-DERS (n=3901), S-Nonacceptance (n=3901), and S-Modulate (n=3668), were 

.94, .96 and .89 respectively. 

Negative Affect 

The short form of the Positive and Negative Affect Schedule (PANAS-S; 171) 

was used to measure affect in the field. The PANAS-S is comparable to the PANAS, but 

uses a subset of 10 items, five positive and five negative, from the 20 items on the 

original PANAS. Additionally, participants are asked how much they are feeling each 

affect item “at this moment” rather than “in the past week.” As the current study 

examined negative affect, only the five negative affect items (scared, nervous, afraid, 

upset, and distressed) were assessed. In the current dissertation, negative affect (NA) 

assessed on the PANAS-S will be referred to as PANAS-S. 

In the current dataset (n=3901 EMA assessments), internal reliability (Cronbach’s 

α) of PANAS-S was .88. 
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Craving 

Participants were asked to use a 7-point Likert scale (1 = no craving, 7 = extreme 

craving) to respond to the prompt “I am craving a cigarette” at each assessment on the 

smartphone. 

Smoking Behaviors 

Participants reported the number of cigarettes smoked since the last phone 

assessment (five response options: None (coded as “0”); One cigarette (coded as “1”); 

Two cigarettes (coded as “2”); Three cigarettes (coded as “3”); Four or more cigarettes 

(coded as “4”).  

ANALYTIC PLAN  

As noted earlier, the analytic plan used both nomothetic and idiographic 

approaches. For the former, linear mixed models (LMM) was used for the primary 

analyses of both laboratory and EMA data. SAS PROC MIXED was used for analysis of 

continuous outcomes assumed to be normally distributed in the population, conditional 

on model covariates, and SAS PROC GLIMMIX was used for ordinal and non-normal 

outcomes. LMMs take into account the clustering of data by participants and allow for 

participants to have different numbers of assessments. For all models using SAS PROC 

MIXED, a random (subject-specific) intercept and an autoregressive model of order 1 

(AR1) for the residuals within subjects was used. AR1 usually provides a good fit in 

EMA datasets, although alternative specifications (e.g., “modified AR(1)”, Schwartz and 

Stone, 2007) were also tested.  

Treatment condition (AR vs. Control) was included as a covariate in all analyses 

(lab and EMA). For analysis of laboratory data, Visit number (a categorical variable with 
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3 levels: Week -2, Quitday, Week +2) was included as a covariate. For EMA data, study 

Day (continuous variable) and Assessment Type (2 levels: RA vs. participant-initiated 

assessment) was entered as a continuous variable in all models. Regarding Day, for 

analysis of intensive longitudinal data, such as that collected in the current study, Bolger 

and Laurenceau (26) recommended adding time (e.g., study day) as a covariate. Day and 

Assessment Type were not the primary focus of analyses, and their coefficients were 

treated as fixed (see 225). 

All models described conducted using SAS PROC MIXED or SAS PROC 

GLIMMIX and were confirmed using SPSS MIXED (continuous outcomes) or SPSS 

GENLINMIXED (ordinal or non-normal outcomes). In all cases in which the model 

converged, the SPSS analyses replicated the results of the analyses using SAS PROC 

MIXED or SAS PROC GLIMMIX. To bolster results of primary analyses, the 

Bootstrapping function in SPSS Version 24 was used to generate robust standard errors 

using Bias Corrected and Accelerated (BCA) bootstraps for all analyses yielding p values 

< .10. Currently, the use of the Bootstrapping function in SPSS does not permit the use of 

the repeated statement in SPSS MIXED, and so this statement was removed for these 

analyses. 

The nomothetic analyses described above test null hypotheses related to the 

population. Idiographic analyses are conducted on data from individual participants (N=1 

analyses) and test a null hypothesis specific to each individual. That is, for idiographic 

analysis the “population” of scores represents all data for an individual, and the data for 

analysis is conceptualized as a “sample” of that data. As noted earlier, idiographic 

analyses are appropriate for EMA data (48), can supplement nomothetic analyses of 
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longitudinal data (221)), and can reveal findings that are obscured by nomothetic 

approaches (e.g., 119). Idiographic analyses often involve time series analyses that 

account for serial dependencies within an individual’s data, and time series analyses were 

used in the current study. 

A number of procedures are available in SAS (and Version 8 of Mplus) for 

idiographic analyses. Following Hoeppner et al. (2008), who conducted an idiographic 

analysis of longitudinal smoking data, this study used SAS PROC ARIMA. (The “AR” of 

ARIMA refers to “autoregressive” parameters). Hoeppner et al. noted that the 

identification of the correct ARIMA model for a given dataset is not straightforward 

(263). They further noted that “..the general transformation approach (264) can be used, 

which simply uses an ARIMA (5, 0, 0) model (i.e., an autoregressive model of order 5) 

for all time series.” The ARIMA (5, 0, 0) model refers to an autoregressive model with 

five lags, and no moving average terms included in the model. Hoeppner et al. (119) note 

that “A simulation study has shown that an ARIMA (5, 0, 0) model adequately 

approximates most commonly encountered time series in the behavioral sciences (108; 

261; 262)….”  

For all nomothetic analyses involving the S-DERS, analyses investigated two 

factor scores, S-Nonacceptance and S-Modulate, as well as S-DERS scores.  

Unless otherwise state, alpha was .05, and all tests were 2-tailed. 

Specific Aim 1: To examine the association between emotion regulation (trait and 

state) and negative affect. 
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Hypothesis 1A: Participants with higher DERS scores would report higher levels 

of NA in the lab, and on occasions when a participant reported a higher than average 

DERS rating, he/she would report higher negative affect ratings in the laboratory. 

For analyses of laboratory data, the primary independent variables were a Mean 

DERS score and a Deviation DERS score assessed at laboratory visits, and the primary 

dependent variable were PANAS scores assessed in the laboratory. The Mean DERS 

score was computed by aggregating DERS scores over all available visits for each subject 

(i.e., Mean DERS is a level 2 variable). The Deviation DERS score (a level 1 variable) 

was computed as the difference between the DERS score at each visit and the Mean 

DERS score. The Mean DERS score and the Deviation DERS score was entered together 

in analyses, along with Visit (as described earlier). A significant coefficient for the Mean 

DERS score would indicate a between-subject association (i.e., that participants who 

report generally higher DERS scores have higher PANAS scores). A significant 

coefficient for the Deviation DERS score would indicate a within-subject association, 

i.e., that when a participant reports a higher DERS score than his or her average they 

report a higher PANAS score (115-117; 169)). In the primary analyses, the coefficient for 

Deviation DERS (a level 1 variable) was treated as random (allowed to vary across 

individuals). This specification allows the magnitude of the coefficient between 

Deviation DERS and PANAS scores to vary across individuals (see Schwartz and Stone 

for justification of this approach). 

Hypothesis 1B: Participants with higher S-DERS scores would report higher 

levels of NA in the field and on occasions when a participant reported a higher than 

average S-DERS score, he/she would report higher negative affect ratings in the field 
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For the analyses of EMA data, S-DERS was the primary independent variable and 

the PANAS-S assessed during EMA was the dependent variable. As with analysis of lab 

data, Mean S-DERS and Deviation S-DERS scores were entered concurrently to examine 

between- and within-subject associations (along with other covariates, as described 

earlier). A significant coefficient for the Mean S-DERS score would indicate a between-

subject association (i.e., that participants who report generally higher S-DERS scores 

have higher PANAS-S scores). The analysis between Deviation S-DERS and PANAS-S 

would reveal whether the individuals experience higher PANAS-S when their S-DERS 

scores are higher than usual. As for hypothesis 1A, the coefficient for Deviation S-DERS 

(a level 1 variable) was treated as random (allowed to vary across individuals). These 

analyses can therefore reveal when an individual is at risk of high PANAS-S.  

Idiographic Analyses: Using an ARIMA (5, 0, 0) model, and including Day as 

an independent variable, individual models on PANAS-S data for each participant (across 

all study assessments) were run. The parameter estimate for S-DERS, as well as its 

standard error and t value are reported. Given the large number of analyses, an alpha 

level of .01 was used for these analyses. 

As noted earlier, these analyses are within-subject analyses focused on the 

individual. The proportion of participants who report a significant (at alpha = .01) within-

subject association (positive or negative) between S-DERS and PANAS-S were reported. 

The expectation was that the individual participants would tend to report a positive 

association between S-DERS and PANAS-S, such that higher levels of S-DERS were 

associated with higher levels of negative affect. However, it was possible that individual 

participants could exhibit a negative association between these two variables. 
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Specific Aim 2: To examine the association between emotion regulation (trait and 

state) and craving/smoking. 

Hypothesis 2A: Participants with higher DERS scores would report higher levels 

of craving in the lab and more smoking over the following week, and on occasions when 

a participant reported a higher than average DERS rating, he/she would report higher 

craving and smoking in the laboratory, and more smoking over the following week. 

For analyses of laboratory data, the primary dependent variables were WSWS 

craving scores assessed in the laboratory and reported smoking in the week following the 

laboratory visit, assessed on smoking diaries. The analysis plan followed that used for 

Hypothesis 1A, except that craving and reported smoking were used as the dependent 

variables (in separate models). Thus, the Mean DERS score and the Deviation DERS 

score were entered together in analyses. The coefficient for Deviation DERS (a level 1 

variable) was treated as random (allowed to vary across individuals). 

Hypothesis 2B: Participants with higher S-DERS scores would report higher 

levels of craving and smoking in the field, and on occasions when a participant reported a 

higher than average S-DERS rating, he/she would report higher craving and smoking in 

the field. 

For the analyses of EMA data, S-DERS was the primary independent variable. 

The dependent variables were craving assessed during EMA (1-7 scale) and reported 

smoking during EMA before the next assessment (0-4 scale). The analysis plan followed 

that used for Hypothesis 1B. Thus, Mean S-DERS and Deviation S-DERS scores were 

entered concurrently to examine between- and within-subject associations. The analysis 

between Deviation S-DERS and craving/smoking revealed whether the individuals 
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experienced higher craving or report more smoking before the next assessment when 

their S-DERS scores were higher than their usual. As for hypothesis 2A, the coefficient 

for Deviation DERS (a level 1 variable) was treated as random (allowed to vary across 

individuals). We also explored whether the association between S-DERS and 

craving/smoking was moderated by quit-status by testing the pertinent interaction terms.  

Idiographic Analyses: The same approach was taken as used for the idiographic 

analyses used in Specific Aim 1, i.e., use of an ARIMA (5, 0, 0) model, and including 

Day as an independent variable. Idiographic analyses revealed the proportion of 

participants who reported significant within-subject associations (positive or negative) 

between S-DERS and craving, and between S-DERS and smoking before the next 

assessment. 

Specific Aim 3: To examine emotion regulation (trait and state) as a moderator variable. 

Hypothesis 3A: To examine DERS as a moderator variable of the association 

between 1) negative affect and craving; and 2) craving and smoking. Specifically, strong 

trait emotion regulation skills (low DERS scores) were expected to weaken the 

relationship between 1) negative affect and craving and 2) craving and smoking. 

Considering first the association between craving and smoking, for analyses of 

laboratory data, the primary dependent variable was reported smoking in the week 

following assessment, and the primary independent variable was a DERS x WSWS 

craving interaction term. A significant parameter estimate for the interaction would reveal 

that the association between WSWS craving and smoking is moderated by DERS.  

These analyses involve testing moderation on multilevel data. As described by Preacher 

et al. (205), testing of moderation hypotheses in multilevel data are more complex than 
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for non-hierarchical data. The moderator variable, DERS may potentially moderate a 

between-subject association, a within-subject association, or both. For Hypothesis 3A, 

both WSWS craving and smoking were assessed at level 1 (i.e., at each visit). This design 

can be described as a 1 x (1 → 1) design (205). There are three plausible tests of 

moderation. First, the association between individuals’ general level of craving and their 

general level of smoking may be higher in individuals with high Mean DERS (vs. 

individuals with low Mean DERS). This interaction (a significant Mean DERS x Mean 

Craving interaction) would represent moderation of a between-subject association. 

Second, the association between craving and smoking within individuals may be higher 

in individuals with high Mean DERS (vs. individuals with low Mean DERS). This 

interaction (a significant Mean DERS x Deviation Craving interaction) would represent 

moderation of a within-subject association.  Third, the association between craving and 

smoking within individuals may be higher when individuals report higher DERS scores 

(i.e., high Deviation DERS) vs. when they report lower DERS scores (low Deviation 

DERS). This interaction (a significant Deviation DERS x Deviation Craving interaction) 

also represents moderation of a within-subject association.  Following the general 

approach described by Preacher et al. (2016), these three interaction terms were tested.  

When testing a cross-level interaction, Aguinis et al. (2) recommended treating 

the level 1 coefficients as random. Schwartz and Stone (225) also describe testing a 

cross-level interaction in EMA data by treating the coefficients of the level 1 variable as 

random. Consistent with these recommendations the coefficients of Deviation scores 

(level 1 variables) were treated as random (i.e., allowed to vary across subjects). (Note 

that Mean scores are level 2 variables and therefore are treated as fixed.)  
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The same analyses were used to examine whether DERS moderated the 

association between negative affect and craving. 

Hypothesis 3B: To examine S-DERS, as a moderator variable, of the association 

between 1) negative affect and craving; and 2) craving and smoking, assessed during 

EMA. Strong state emotion regulation (low S-DERS scores) were expected to weaken the 

relationship between 1) negative affect and craving and 2) craving and smoking, assessed 

during EMA. 

Considering first the association between craving and smoking, for the analyses of 

EMA data, the primary dependent variables was reported smoking in the interval before 

the next assessment, and the primary independent variable is the S-DERS x Craving 

interaction term. The same methods as those described above were used to test the three 

interaction terms in the multilevel data. First, the association between individuals’ 

general level of craving and their general level of smoking during EMA may be higher in 

individuals with high Mean S-DERS (vs. individuals with low Mean S-DERS). This 

interaction (a significant Mean S-DERS x Mean Craving interaction) would represent 

moderation of a between-subject association. Second, the association between craving 

and smoking within individuals may be higher in individuals with high Mean S-DERS 

(vs. individuals with low Mean S-DERS). This interaction (a significant Mean S-DERS x 

Deviation Craving interaction) would represent moderation of a within-subject 

association.  This also represents a “cross-level interaction” because a level 2 variable 

(Mean S-DERS) is moderating the association between two level 1 variables (WSWS 

craving and Smoking). Third, the association between craving and smoking within 

individuals may be higher when individuals report higher DERS scores (i.e., high 
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Deviation S-DERS) (vs. when they report lower DERS scores (low Deviation S-DERS). 

This (a significant Deviation S-DERS x Deviation Craving interaction) also represents 

moderation of a within-subject association.   

POWER ANALYSES 

Field (64) noted that power analyses for mixed models are complex. To simplify 

calculations, Field (64) noted a method described in Twisk (254), which uses methods 

employed for single-level analyses, such as least squares regression, and which involves 

computing an adjusted sample size (or “effective sample size”) that takes into account 

correlated data. This approach was taken to estimate power in this study. 

Power analyses were computed using G*Power 3.1 (63). All analyses assumed 

alpha = .05 and a 2-tailed test. The power estimates take into account the fact that 

repeated observations from the same person will be correlated, as captured by the 

intraclass correlation coefficient (ICC). To compute the adjusted or “effective sample 

size”, the expected total number of assessments, estimated prior to study initiation, was 

divided by the VIF (Variance Inflation Factor). (VIF = 1+((average number of 

observations per person) -1)*ICC), where ICC = intraclass correlation coefficient for the 

dependent variable.  

All power analyses assume alpha = .05 and a 2-tailed test and were conducted 

using G Power version 3.1.3 using data from MacIntyre (169). Given the estimated study 

completion rate, for Hypothesis 1A, it was anticipated that data would be available from 

87 visits from 30 participants; given an estimated intraclass correlation coefficient 

(estimated ICC = .73), power = .80 to detect a medium-to-large effect size of rho = .44 

for the between-subject association. The power to detect a within-subject association can 
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be conceptualized as the power to reject the null hypothesis that the mean within-subject 

correlation in the population = 0.  With N=30, the study has power = .80 to reject the null 

hypothesis if the mean within-subject correlation, rho, = .12, assuming that the SD of the 

within-subject correlations is 0.25. For Hypothesis 1B (within-subject association), the 

power was greater, due to the larger number of assessments. For the between-subject 

association (Hypothesis 1B) with an estimated ICC = .5, given that the mean number of 

assessments completed by each participant will be ~134 (assuming 80% compliance), the 

study has power = .80 to detect a medium-to-large effect size of rho = .35 (between-

subject association).  

For Hypotheses 2A and 2B, power depends on the ICCs for craving and smoking, 

but power is expected to be greater than that for Hypotheses 1A and 1B because the ICCs 

are expected to smaller (~.30).  

Specific Aim 3 requires testing interactions in multilevel data, and power 

calculations become even more complex (64). Some guidance has been provided by Kreft 

and de Leeuw (151). They stated that when testing cross-level interactions (i.e., an 

interaction between a level 2 and a level 1 variable) one should have more than twenty 

level 2 units (corresponding to subjects in the current study), and that subject sizes 

“should not be too small”. For EMA data, the current study was expected to have ~30 

level 2 units (subjects), each with an expected average of ~134 assessments. Thus, for 

analysis of EMA data, the current study appears to meet Kreft and de Leeuw’s informal 

criterion. For analysis of laboratory data, each subject was expected to have 3 data points 

(corresponding to the 3 visits), and so power will be lower for these analyses. 

COVARIATES 
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Age, gender, education level, and income were considered as level 2 covariates. 

For each covariate, we examined whether the covariate was associated with DERS and S-

DERS. Mean DERS scores were not correlated with age (r = -.08, p = .67), gender (r = 

.01, p = .97), years of education (r = .13, p = .52), and income (r = -.03, p = .69). Mean S-

DERS scores were correlated with age (r = .43, p = .04), but not with gender (r = -.10, p 

= .64), years of education (r = .20, p = .38), and income (r = -.16, p = .48).   

Parameter estimates from LMMs may be biased if the missing data are not 

missing at random (denoted be “NMAR”).  Parameter estimates are unbiased if 

missingness is completed “explained” by the independent variables (denoted as “missing 

at random”, “MAR”).  We examined whether age, gender, education level, and income 

were associated with two indices of missingness, the number of RAs completed, and total 

number of assessments completed. None of the variables that significantly predicted these 

variables (all ps > .07), although age was marginally correlated with number of RAs 

completed (r = .38, p = .07). 

Given the above, age was included as a covariate in secondary analyses involving 

S-DERS. None of the main findings changed when including age as a covariate. 

Therefore, only results unadjusted for age are presented in the dissertation. 

EXPLORATORY ANALYSES 

Primary analyses used all available data from both phases of the study.  

Exploratory analyses were also conducted to determine whether results differed between 

the pre-quit phase and post-quit phase.  
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Treatment condition was included as a covariate in all analyses. Exploratory 

analyses also examined whether patterns of associations differed testing by Treatment 

condition by testing the pertinent Treatment by (S-)DERS interaction term.  

The primary analyses involving negative affect and craving were cross-sectional 

in that the independent and dependent variables were assessed at the same time point. 

(Within-subject analyses involving smoking were prospective in that the dependent 

variable was amount smoked before the next assessment). For negative affect, to get 

further information on temporal relationships between S-DERS and negative affect, 

analyses involving lagged values of independent variable were conducted. This is 

described in more detail in the results section.   

Finally, exploratory analyses were conducted using different specifications of the 

R matrix (within-subject correlation of residuals), following the guidance of Schwartz 

and Stone (225). 
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Results 

Overall, the 29 participants all completed at least one DERS assessment, and 25 

participants contributed data on the S-DERS (Table 3, Figure 6). As noted in Table 3, 

participants were predominantly African American, with low socioeconomic status. 

Participants reported smoking approximately 13 cigarettes per day. 

DESCRIPTIVE STATISTICS  

Of the 29 participants, 28 remained in the study until quit-day, and 27 (93.10%) 

completed treatment and attended the Week +3 visit. Of these 27 participants, smoking 

data from EMA assessments were available for 24 participants. Participants who reported 

no smoking during EMA during the final week of treatment, and who had a CO level ≤ 8 

ppm at Week +3, were designated as "abstinent". Of the 3 participants without EMA 

data, 2 participants had a CO level ≥ 9 ppm at Week +3 and were designated as "non-

abstinent"; 1 participant reported no smoking on the smoking log for that week and had a 

CO level ≤ 8 ppm at Week +3, and was designated as "abstinent". (Reported smoking on 

the smoking log during the final week was strongly correlated with reported smoking 

during EMA during the final week, Spearman r = .87, p < .001). Using these criteria, 6 of 

the 27 participants (22.22%) were designated as abstinent at Week +3. 

Overall, the 25 participants with S-DERS data initiated 4045 EMA assessments 

(1248 RAs; 2797 participant-initiated assessments) and completed 3901 EMA 

assessments (94.46% of participant-initiated assessments). Participants completed an 

average of 48.60 RAs (SD = 41.89) and an average of 107.44 participant-initiated 

assessments (SD = 54.65), an average of 156.04 total assessments (SD = 51.48). 

Participants completed EMA assessments for an average of 41.64 days (SD = 2.91). 
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Participants completed 93.80% (SD = 2.90%) of the expected number of assessments (4 

assessments per day for the duration of the study). As noted above, the majority of 

assessments were participant-initiated (68.85%). 

Aggregated over all EMA assessments, average S-DERS scores (1-5 scale) were 

1.20 (SD=0.35), 1.22 (SD=0.44), and 1.15 (SD = 0.31) for S-DERS, S-Nonacceptance, 

and S-Modulate respectively. The minimum possible score (i.e., 1.00) was reported on 

64.82%, 72.36%, and 75.73% of assessments for S-DERS, S-Nonacceptance, and S-

Modulate respectively.  

To evaluate within-subject variability, the standard deviation of S-DERS data was 

computed for each participant separately. The average within-participant standard 

deviation was 0.17, 0.25, and 0.15 for S-DERS, S-Nonacceptance, and S-Modulate 

respectively. For S-DERS and S-Nonacceptance, all participants had non-zero standard 

deviations.  For S-Modulate, 5 out of 23 participants (21.74% of participants) had no 

variability in S-Modulate across the study. 

Descriptive statistics for laboratory and field data are reported in Tables 4 and 5 

respectively. 

Correlations between Lab and Field Data 

Using Spearman’s correlation, average DERS scores from the lab, aggregated 

across all visits, correlated with average S-DERS (n=25, r=.45, p=.02), S-Nonacceptance 

(n=25, r=.50, p=.01), and S-Modulate scores (n=23, r=.47, p=.02), aggregated over all 

EMA assessments. However, these correlations were not significant using Pearson’s r (rs 

= .34, .20, and .39 respectively). 

SPECIFIC AIM 1 
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Hypothesis 1A tested whether participants with higher DERS scores reported 

higher levels of NA in the lab, and whether on occasions when a participant reported a 

higher than average DERS rating, he/she reported higher negative affect ratings in the 

laboratory. Table 6 reveals that there was a significant positive association between the 

Mean DERS score and PANAS (a between-subject association; Figure 7), and a 

significant positive association between the Deviation DERS score and PANAS (a 

within-subject association), supporting hypothesis 1A (Figure 8). 

Hypothesis 1B tested whether participants with higher S-DERS scores reported 

higher levels of NA in the field, and whether on occasions when a participant reported a 

higher than average S-DERS rating, he/she reported higher negative affect ratings in the 

field. Table 7 reveals that there was a significant positive association between the Mean 

S-DERS score and PANAS-S (a between-subject association; Figure 9), and a significant 

positive association between the Deviation S-DERS score and PANAS-S (a within-

subject association), supporting hypothesis 1B (Figure 10). Regarding the two subscales, 

the between-subject association was significant for both scales, and the within-subject 

association was significant for S-Modulate but not S-Nonacceptance. 

For hypothesis 1C, time series analyses examined associations between S-DERS 

and NA in individual subjects. Table 14 reports results of ARIMA analyses conducted on 

25 individual subjects with S-DERS and Day as predictor variables and PANAS-S as the 

dependent variable. Using an alpha of .01, 9 subjects (36% of subjects) exhibited 

significant positive associations between S-DERS and PANAS-S. For example, subject 

1043 exhibited a parameter estimate (PE) of 0.67, with a significant t value. This 

indicates that the null hypothesis that the regression coefficient (PE) in the “population” 
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for subject 1043 is equal to zero (when controlling for Day and autoregressive 

parameters) can be rejected. The PE of 0.67 can be interpreted in the usual way, i.e., for 

every 1 unit increase in S-DERS the predicted negative affect increases by 0.67 units, 

when controlling for Day and autoregressive parameters. No subjects (0% of subjects) 

exhibited a significant negative association between S-DERS and PANAS-S. Consistent 

with the results of within-subject nomothetic analyses above, the mean t value was 

significantly different from 0, t(24) = 2.74, p = .005.  

As noted earlier, there was limited within-subject variability of S-DERS, which 

may reduce the ability to detect significant associations. Consistent with this, there was a 

significant correlation between SD of S-DERS and the magnitude of the t value reported 

in Table 14 (r = .57, p = .003). That is, participants who exhibited more variability in S-

DERS exhibited stronger associations between S-DERS and PANAS-S. 

SPECIFIC AIM 2 

Hypothesis 2A tested whether participants with higher DERS scores reported 

higher levels of craving in the lab and smoking over the following week, and whether on 

occasions when a participant reported a higher than average DERS rating, he/she reported 

higher craving and smoking. There was no evidence for a significant positive association 

between the Mean DERS score and WSWS craving (a between-subject association; Table 

8), or a significant positive association between the Deviation DERS score and WSWS 

craving (a within-subject association; Table 9). Similarly, there was no evidence for a 

significant positive association between the Mean DERS score and smoking during the 

following week (a between-subject association), or a significant positive association 



	

76 

between the Deviation DERS score and smoking during the following week (a within-

subject association). In sum, there was no evidence to support hypothesis 2A. 

Hypothesis 2B tested whether participants with higher S-DERS scores reported 

higher levels of craving and smoking in the field, and whether on occasions when a 

participant reported a higher than average S-DERS rating, he/she reported higher craving 

and smoking in the field. There was no evidence for a significant positive association 

between the Mean S-DERS score and craving (a between-subject association; Table 10), 

or a significant positive association between the Deviation S-DERS score and craving (a 

within-subject association; Table 11). Similarly, there was no evidence for a significant 

positive association between the Mean S-DERS score and smoking (a between-subject 

association), or a significant positive association between the lagged Deviation S-DERS 

score and Smoking before the next assessment (a within-subject association). The same 

was true for S-Nonacceptance and S-Modulate scores.  In sum, there was no evidence to 

support hypothesis 2B. 

For hypothesis 2C, time series analyses examined associations between S-DERS 

and Craving in individual subjects. Table 14 reports results of ARIMA analyses 

conducted on 25 individual subjects with S-DERS and Day as predictor variables and 

Craving as the dependent variable. Using an alpha value of .01, 1 subject (4% of subjects) 

exhibited significant positive associations between S-DERS and Craving. One subject 

(4% of subjects) exhibited a significant negative association between S-DERS and 

Craving. Consistent with the results of within-subject nomothetic analyses above, the 

mean t value (M = 0.28, SD = 1.87) was not significantly different from 0, t(24) = 0.75, p 

= .46.  
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Time series analyses also examined associations between S-DERS and Smoking 

before the next assessment in individual subjects. Table 14 reports results of ARIMA 

analyses conducted on 25 individual subjects with S-DERS and Day as predictor 

variables and Smoking as the dependent variable. Using an alpha value of .01, 2 subjects 

(8% of subjects) exhibited significant positive associations between S-DERS and 

Smoking before the next assessment. No subjects (0% of subjects) exhibited a significant 

negative association between S-DERS and Smoking before the next assessment. 

Consistent with the results of within-subject nomothetic analyses above, the mean t value 

(M = 0.22, SD = 1.20) was not significantly different from 0, t(24) = 0.91, p = .37.  

As noted earlier, there was limited within-subject variability of S-DERS, which 

may reduce the ability to detect significant associations. Contrary to the results for 

Specific Aim 1, there was no significant correlation between SD of S-DERS and the 

magnitude of the t value reported in Table 14 for Craving (r = .25, p = .22) or Smoking (r 

= .01, p = .97).  

SPECIFIC AIM 3 

Hypothesis 3A tested whether strong trait emotion regulation skills (low DERS 

scores) weakened the relationship between 1) negative affect and craving and 2) craving 

and smoking, assessed in the lab. As noted in Table 12, there was no evidence for a 

significant interaction between DERS and PANAS in the prediction of craving in the lab.  

There was, however, evidence for an interaction between Mean DERS and Deviation 

Craving in the prediction of Smoking (Figure 11), and between Deviation DERS and 

Deviation Craving in the prediction of Smoking (Figure 12). However, as noted in the 

Table, these results were obtained when the coefficients for Deviation Craving were 
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treated as fixed, rather than random. The model failed to converge in either SPSS or SAS 

when the coefficients for Deviation Craving were treated as random. Treating the 

coefficients of fixed increases power of the tests but may also increase the type I error 

rate if there truly are differences in associations between craving and smoking in the 

population. Therefore, the reported p values should be treated with caution. 

Hypothesis 3B tested whether strong state emotion regulation (low S-DERS 

scores) weakened the relationship between 1) negative affect and craving and 2) craving 

and smoking, assessed during EMA. As noted in Table 12, there was evidence for a 

significant interaction between Mean S-Nonacceptance and Deviation NA in the 

prediction of craving. This interaction is illustrated in Figure 13. As implied by the 

Figure, the association Deviation NA and Craving tends to be greater in individuals with 

higher levels of S-Nonacceptance than in individuals with lower levels of S-

Nonacceptance. For example, there was a significant association between Deviation NA 

and Craving for individuals with higher than median Mean S-Nonacceptance scores, PE 

= 0.45, SE = 0.10, F (1, 1841) = 21.84, p < .001, but not for individuals with lower than 

median Mean S-Nonacceptance scores, PE = 0.13, SE = 0.09, F (1, 1672) = 2.20, p = .13. 

This interaction is in the predicted direction, and provides some support for hypothesis 

3B. Confidence in this interaction (Mean S-Nonacceptance x Deviation NA interaction) 

is bolstered by the fact that it was observed when treating craving as an ordered 

categorical variable (using SAS PROC GLIMMIX), PE = 0.49, SE = 0.18, F(1, 3823) = 

7.14, p = .008. 

There was no evidence that strong state emotion regulation weakened the 

relationship between craving and smoking (Table 13) 
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EXPLORATORY ANALYSES 

Effect of Phase 

 Exploratory analyses examined whether the significant associations reported 

earlier differed by Phase. For these analyses, Phase (Pre-quit vs. Post-quit) was included 

as a covariate.  

For hypothesis 1A, there was no evidence that the association between Mean 

DERS and PANAS was higher at the Pre-quit visit (PE = 0.016) than at the Post-quit 

visits (PE = 0.023) (p value for Phase x Mean DERS interaction = .48). Likewise, there 

was no evidence that the association between Deviation DERS and PANAS was higher at 

the Pre-quit visits (PE = 0.006) than at the Post-quit visits (PE = 0.038) (p value for 

Phase x Deviation DERS = .45) 

For hypothesis 1B, there was evidence that the association between Mean S-

DERS and PANAS-S was higher during the Pre-quit phase (PE = 0.76) than during the 

Post-quit phase (PE = 0.64) (p value for Phase x Mean S-DERS interaction = .005), 

although the association was robust for both phases. There was no evidence that the 

association between Deviation S-DERS and PANAS-S was higher during the Pre-quit 

phase (PE = 0.31) than Post-quit (PE = 0.25) (p value for Phase x Deviation S-DERS 

interaction = .54). 

For hypothesis 3A, there was no evidence that the interaction between Mean 

DERS and Deviation Craving, and the interaction between Deviation DERS and 

Deviation Craving, were moderated by Phase (p values for Phase x Mean DERS x 

Deviation Craving and Phase x Deviation DERS x Deviation Craving interaction terms = 

.43 and .46 respectively). 



	

80 

For hypothesis 3B, there are no evidence that the Mean S-Nonacceptance x 

Deviation NA interaction in the Pre-quit phase (PE = 0.63) was different from the Mean 

S-Nonacceptance x Deviation NA interaction in the Post-quit phase (PE = 0.76) (p value 

for Phase x Mean S-Nonacceptance x Deviation NA interaction term = .66) 

Moderation by Treatment 

Exploratory analyses examined whether significant associations observed differed 

by Treatment condition. For hypothesis 1A, there was no evidence that the association 

between Mean DERS and Deviation DERS was moderated by Treatment (p values for 

Treatment x Mean DERS and Treatment x Deviation DERS interaction terms = .84 and 

.66 respectively). For hypothesis 1B, there was likewise no evidence that the association 

between Mean S-DERS and PANAS-S, and Deviation S-DERS and PANAS-S, were 

moderated by Treatment (p values for Treatment x Mean S-DERS and Treatment x 

Deviation S-DERS interaction terms = .23 and .83 respectively).  

For hypothesis 3A, there was no evidence that the interaction between Mean 

DERS and Deviation Craving, and the interaction between Deviation DERS and 

Deviation Craving, were moderated by Treatment (p values for Treatment x Mean DERS 

x Deviation Craving and Treatment x Deviation DERS x Deviation Craving interaction 

terms = .35 and .06 respectively).  

For hypothesis 3B, there was no evidence that the Mean S-Nonacceptance x 

Deviation NA interaction was moderated by Treatment (p value for Treatment x Mean S-

Nonacceptance x Deviation NA interaction term = .86). 

Temporal Relationships 
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As noted earlier, there was a significant association between Deviation S-DERS 

and PANAS-S, meaning that when a participant reported higher levels of S-DERS than 

his or her average, he or she also reported higher levels of negative affect. This analysis is 

cross-sectional, in that Deviation S-DERS and PANAS-S are assessed at the same time. 

To gain additional information on temporal relationships, two additional analyses were 

conducted: 1) Deviation S-DERS at time t-1 served as the (lagged) predictor variable and 

PANAS-S at time t as the dependent variable; and 2) Deviation PANAS-S (NA) at time t-

1 served as the (lagged) predictor variable and S-DERS at time t as the dependent 

variable.  

Lagged Deviation S-DERS predicted PANAS-S, PE = 0.10, SE = 0.03, p = .02, 

when controlling for lagged Deviation PANAS-S (and other covariates included in earlier 

models). That is, when a participant reported higher levels of S-DERS than his or her 

average, he or she also reported higher levels of negative affect at the next assessment. 

However, the reverse was not true: Lagged Deviation PANAS-S did not predict S-DERS, 

PE = 0.00, SE = 0.02, p = .98, when controlling for lagged Deviation DERS (and other 

covariates included in earlier models). In sum, for the within-subject association there 

was more evidence for a causal relationship from S-DERS to PANAS-S than vice versa. 

R-Sided Covariance Structure 

The reported analyses using SAS and SPSS for continuous outcomes used 

“type=AR(1)” for the R-sided covariance structure (R matrix). It has been argued that this 

specification assumes equal intervals (spacing) between assessments, which is true for 

daily diary data (as used by Hoeppner et al. (119)) but not quite true for assessment-level 

EMA data (225). Schwartz and Stone (216) suggested alternative code that applies to 
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unequal intervals (Schwartz and Stone p. 88-89 provide a detailed description of the 

method). They termed this specification “modified first order autoregressive” and argued 

that it may provide an optimal fit for mixed models with unequal intervals. In the 

abundance of caution, all key analyses were computed using the Schwartz and Stone 

(216) specification for the R-matrix; there was no change in the key findings. It should be 

noted that the same issue also applies to the idiographic analyses in that ARIMA models 

assume equal spacing (equal intervals between assessments). For this reason, the p values 

from ARIMA models should be treated with caution pending replication using a robust 

method. 
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Discussion 

The main findings of the study were as follows. First, regarding Specific Aim 1, 

an association between emotion regulation and negative affect was observed both in the 

lab and in the field. As emotion dysregulation increased, negative affect increased. 

Second, for Specific Aim 2, there was no evidence for an association between emotion 

regulation and craving. Similarly, there was no evidence for an association between 

emotion regulation and smoking during the week following each, or before the next EMA 

assessment. Third, for Specific Aim 3, there is evidence that emotion regulation, 

specifically the nonacceptance of emotion, may moderate the association between 

negative affect and craving in field data. There is no evidence that emotion regulation 

moderates the association between craving and smoking in field, and some tentative 

evidence in lab data. In general, the pattern of data did not differ from pre-quit to post-

quit. These findings are discussed in more detail below. 

ASSOCIATION BETWEEN EMOTION REGULATION AND NEGATIVE AFFECT 

Emotion regulation was significantly associated with negative affect assessed in 

the laboratory and field, such that more difficulty with emotion regulation is associated 

with increased levels of negative affect. Moreover, for both settings, there was evidence 

for both between- and within-subject associations between emotion regulation and 

negative affect. These results are described further below. 

In the laboratory, Mean DERS score across visits was significantly associated 

with negative affect across visits, such that individuals with poor overall emotion 

regulation abilities had higher intensity of negative affect assessed in the lab. These 

findings support the majority of emotion regulation conceptualizations that view emotion 
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regulation as a trait measure (e.g., 94; 131). The significant association between the 

Deviation DERS score and negative affect at each visit indicates that visit-to-visit 

changes in emotion regulation abilities are themselves related to negative affect. The 

results support the notion that better or worse emotion regulation over a certain time 

period has a significant relationship with the negative affect the individual experiences 

during that time period and support the state-like aspects of emotion regulation as well.  

Similar to the results seen in the lab, Mean S-DERS score across all field 

assessments was significantly associated with negative affect in the field. Individuals who 

reported higher average S-DERS scores in the field reported higher negative affect. 

Additionally, the significant association between the Deviation S-DERS score and 

negative affect indicates that the relationship between fluctuations in emotion regulation 

and changes in negative remains significant when examined outside of the laboratory 

setting and over a significantly larger number of assessments. That is, when an individual 

is experiencing more emotion dysregulation, he or she is more likely to be experiencing 

higher levels of negative affect. When examining the two subscale scores, the association 

remains significant for S-Modulate, and becomes non-significant for S-Nonacceptance. 

The idiographic analyses examining associations between S-DERS and negative 

affect supported the results from the within-subject analyses from mixed models, with 9 

participants (36% of 25 participants, 95% CIs, 20.25%, 55.48%) showing a significant 

positive association and 0 participants showing a negative association. One might wonder 

why the association is not observed for all participants, or a large majority of participants. 

As noted earlier, the limited variability in S-DERS scores within participants may have 

made it difficult to detect associations between these variables in some individuals. 
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While the relationships were significant for both the between- and within-subject 

associations, the between-subject associations appear to be stronger. As noted above, it is 

possible that the limited variability of S-DERS response within participants weakened 

our ability to find within-subject associations. Notably, as reported earlier, at about two 

thirds of all assessments participants reported the minimum possible S-DERS score 

(1.00).  

To determine whether scores in the current study were lower than that observed in 

previous studies, the scores obtained in the current study were compared to scores 

obtained in the original study validating the S-DERS measure (157). S-Modulate scores 

in the current study (M = 1.15, SD = 0.31) were lower than those in the Lavender et al. 

study (M = 1.44, SD = 0.64), and this difference was significant, t = 2.09, p = .04. 

However, it is important to note that the Lavender et al. scores were obtained following a 

mood induction task which was expected to elevate S-DERS scores. S-Nonacceptance 

scores for the current study (M = 1.22, SD = 0.43) were also lower than those in Lavender 

et al. (M = 1.46, SD = 0.76), although this difference was not significant, t = 1.43, p = .15. 

In sum, the scores obtained in the current study were not only low in an absolute sense, 

i.e., close to 1.00, but were also lower than scores obtained in the validation study. 

This is the first study to utilize the S-DERS in an EMA study. It is possible that 

while the S-DERS does detect significant changes in emotion regulation, such as before 

and after an intervention designed to elicit a strong emotional response (27; 91), the 

moment-to-moment changes in emotion regulation throughout daily life being measured 

in the current study may simply not have been strong enough to produce a large change in 

response on the S-DERS. 
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Overall, the results on negative affect replicate and extend the findings of 

MacIntyre and colleagues (170). It replicates the finding that emotion regulation is 

significantly associated with negative affect assessed in the laboratory, when examined 

both between- and within-subjects. It extends these findings by finding the same pattern 

of results when using EMA and a measure specifically designed to assess state emotion 

regulation. As noted earlier, several studies have used the S-DERS in laboratory studies 

to investigate changes in emotion regulation following tasks expected to impact emotion 

regulation (9; 12; 27; 91). To our knowledge, the current study is the first study to utilize 

the S-DERS to examine state changes in emotion regulation abilities in daily life using 

EMA methodology.  

The current study focuses on cross-sectional analyses between emotional 

dysregulation and negative affect, for both between and within-subject associations. To 

restate, analyses address the question as to whether individuals who are report generally 

higher levels of trait and state emotion dysregulation report more generally higher levels 

of negative affect (between-subject association), and whether individuals report higher 

levels of negative affect when they report more trait/state emotion dysregulation than 

usual (within-subject association). Given the expected temporal relationships between 

emotion dysregulation and negative affect, any relationships that exist between these two 

variables would be most likely detected in cross-sectional analyses.  Future research, 

preferably using larger sample sizes, could also benefit from prospective analyses, for 

both between- and within-subject associations. For the latter, exploratory analyses 

revealed that there was more evidence for a prospective association from Deviation S-

DERS to negative affect at the subsequent assessment, than from Deviation PANAS-S to 
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S-DERS at the subsequent assessment. Stated another way, there was more evidence for a 

causal relationship between emotion regulation and negative affect, than vice versa. (This 

is consistent with the causal model of the study). This finding supports some previous 

literature that found emotion regulation to be more predictive of emotional adjustment 

than the other way around (19). For prospective between-subject associations, one could 

examine whether Mean S-DERS in the pre-quit phase predicts negative affect during 

post-quit.  

ASSOCIATIONS BETWEEN EMOTION REGULATION AND CRAVING/SMOKING 

Contrary to hypothesis, there was no evidence for a significant association 

between emotion regulation and craving. This was true for both laboratory data and field 

data. Moreover, it was true both when examining between-subject association and within-

subject associations. For the field data, the conclusion remained true when examining S-

DERS scores as well as the two S-DERS subscale scores. The idiographic analyses 

examining associations between S-DERS and craving supported the results from the 

within-subject analyses from nomothetic analyses, with one participant showing a 

significant positive association and one participant showing a significant negative 

association. 

Also, contrary to hypothesis, there was also little evidence for a significant 

association between emotion regulation and smoking. Again, this was true for both 

laboratory data and field data, and when examining between-subject association and 

within-subject associations examining S-DERS scores as well as the two subscale scores. 

The idiographic analyses revealed that 2 participants (8% of 25 participants, 95% CI = 

2.22%. 24.97%) exhibited a significant association between S-DERS and smoking before 
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the next assessment. Therefore, it is possible that there exists a small proportion of 

participants who do exhibit a robust within-subject association. Future research using 

larger samples will be required to examine this further. However, the current data suggest 

that, even if this were true, only a small minority of participants would likely exhibit this 

association. 

Based on previous literature, it was expected that results would support a 

relationship between emotion regulation and both craving and smoking. As described in 

the section titled “Emotion Regulation and Tobacco Use,” previous studies have 

documented the relationship between negative affect and smoking and the perceived use 

of smoking as an emotion regulation strategy to reduce or avoid negative affect (113; 

136; 243). Additionally, poor emotion regulation has been associated with early smoking 

initiation, greater smoking urges, and higher rates of cessation relapse (104; 172). Despite 

this, there are some possibilities for why a significant association was not found. 

One possibility is that there is lower power to detect an association between 

emotion regulation and craving than between emotion regulation and negative affect. 

Theoretically, one would expect an effect of emotion regulation on smoking (or craving) 

to be (at least partly) mediated by its effect on negative affect. Despite the hypothesis of 

an association, there are two primary reasons a relationship between emotion regulation 

and craving/smoking does not emerge. First, there is lower power for testing the 

association with craving/smoking than with negative affect, (see Kenny and Judd (142) 

for detailed account). Second, theory suggests that the association between emotion 

regulation and negative affect is likely to be a larger effect than the association between 

emotion regulation and craving/smoking, because affect/affective lability are more 



	

89 

proximal to emotion regulation than craving/smoking. If it exists, this relationship would 

be more difficult to find, particularly with a relatively small sample size. 

Indeed, while some studies have found significant relationships between specific 

emotion regulation strategies and smoking/craving (e.g., 77; 104; 141; 172; 245) there is 

a clear dearth of findings relating general emotion regulation skills to craving or smoking 

behavior. On the other hand, there is a large amount of research connecting emotion 

regulation and affect (e.g., 101; 174; 218) a relationship further supported by the 

significant results of Aim 1 in the current study. It is possible that while there is a strong 

theoretical case for a relationship between emotion regulation and craving or smoking, 

the relationship is too distant to be detected using the methods used in the current study. 

It is also possible that while specific emotion regulation strategies are related to craving 

and smoking, the relationship does not hold for the more general emotion regulation 

skills assessed by the DERS or the two subscales used for the S-DERS.  

In addition, regarding the field data, as discussed in the previous section the 

scores on the S-DERS showed minimal elevation and variability, and this may have made 

it difficult to detect associations with craving/smoking. It is possible that the S-DERS is 

not well-suited to measuring the slight changes in emotion regulation skills that occur 

throughout the day with minimal provocation. It is also possible that while there are clear 

fluctuations in emotion regulation skills, individuals remain relatively stable in the 

absence of major disruptions. As mentioned above, some studies have found changes in 

emotion regulation skills following laboratory interventions (e.g., 27) and following 

remission of psychological symptoms (52), but few have examined naturally occuring 

changes throughout the day. Given the random timing of the assessments in the current 
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study, it is very possible that assessments did not occur close in time to situations in 

which a participant may have been experiencing strong fluctuations in emotion regulation 

and therefore missed the time to detect variability. While the relationship between 

emotion regulation and negative affect discussed above may have been strong enough to 

overcome this limited variability, the more distant relationship between emotion 

regulation and craving/smoking would have been more difficult to detect if the factors 

discussed impacted the detection of emotion regulation fluctuations. 

Previous literature supports a relationship between nonacceptance and general 

smoking behavior (37) and nonacceptance and recent smoking behavior (1). While the 

Adams et al. study did not specifically examine the association between nonacceptance 

and craving, it is unclear why the current study did not replicate the relationship between 

nonacceptance and smoking. One possible explanation could be due to the fact that 

craving was assessed at the same time point as the S-DERS in the current study. Given 

that the participants in this study were smokers who were hoping to quit, it is possible 

that individuals were reporting elevated levels of nonacceptance of current emotions at 

times of elevated craving because they were feeling angry or weak for craving a cigarette. 

Additionally, it was expected that a relationship between the Modulate subscale 

(i.e., difficulties modulating emotional and behavioral responses in the moment) and 

smoking would be found. The Modulate subscale includes items such as “I feel out of 

control” and “I am having difficulty controlling my behaviors (157).” Endorsement of 

such statements would conceivably occur at times when an individual was having trouble 

resisting his or her craving and gave in to the urge to smoke. It is possible that the 

relationship was not significant due to the relatively low endorsement and variability 
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found on the S-DERS (discussed in more detail in the previous sections). It is also 

possible that while individuals in the study did report a desire to quit smoking, they may 

not have felt “out of control” when they smoked, particularly given the common nature of 

smoking for participants in the current study. Participants may have refrained from 

endorsing these items unless they were about to engage in a behavior that truly felt “out 

of control” or out of the ordinary. Some studies suggest that while smokers may feel out 

of control of their craving, they do not lose control of their behavior (15). 

EMOTION REGULATION AS A MODERATOR  

Overall, there was evidence that nonacceptance of emotions may moderate the 

association between negative affect and craving. The findings suggest that individuals 

who have generally higher levels of nonacceptance of current emotions report more 

craving for cigarettes when they experience increases in negative affect. The moderation 

of the association between negative affect and craving by nonacceptance makes strong 

conceptual sense. The Nonacceptance subscale includes items such as “I am angry with 

myself for feeling this way” and “I feel like I am a weak person for feeling this way 

(157).” Individuals who more frequently endorse these items may be more likely to look 

for ways to help themselves stop feeling those distressing emotions. When considered in 

the context of smokers’ belief that smoking helps to reduce emotional distress (29; 46; 

272), it would make sense to find a relationship between individuals who tend to feel 

more upset about their emotions and craving a perceived “cure” when they feel those 

upsetting emotions. This result supports the focus on acceptance-based treatments for 

smoking cessation to help individuals cope with and accept negative affect without 

relapsing (37; 83). 
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The moderating effect was only found when mean levels of nonacceptance and 

deviation scores for negative affect were examined. It is possible that a moderation 

relationship when using deviation nonacceptance scores was not found because of the 

low variability of scores discussed above. A moderating relationship between mean 

nonacceptance and mean negative affect may not have been found because the power to 

detect such a relationship is lower. 

We did not find any moderating effect of S-DERS on the relationship between 

craving and smoking. While such a relationship was expected to be found, it is possible 

that if such an effect exists, it is too small to have been found in the current study. It was 

expected that emotion regulation would have a stronger effect on the relationship 

between negative affect and craving because these are purely internal responses. In 

contrast, the transition from craving to smoking could be impacted by a number of factors 

beyond internal regulation such as current access to cigarettes or ability to smoke in 

present location due to restrictions. If a participant experienced emotion dysregulation 

that may have altered her decision to smoke in a moment of craving but was at work 

where smoking is prohibited, our data would not detect any relationship between craving 

and smoking because the smoking did not occur for reasons not measured by the current 

study. Examining such factors will be important in future studies. 

In contrast to the field data, there was evidence that DERS scores moderated the 

association between craving assessed in the lab and subsequent smoking. However, these 

results are treated with caution for the following reasons. First, due to participant non-

compliance on the smoking diaries, the analyses were restricted to 26 individuals with 

data. Second, the results were obtained when treating coefficients for craving as fixed, as 
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the model did not converge when treated as random. This specification may inflate the 

risk of a type I error if the coefficients are truly different between subjects in the 

population. Third, the data were not consistent in that regression coefficients for the 

(significant) interaction terms had different signs for between- and within- subject 

associations. It is difficult to think of a theoretical basis for why the regression 

coefficients (for the interaction terms) should have different signs in the two analyses. In 

sum, these results are treated with caution, pending replication. 

STUDY STRENGTHS 

The study had several strengths. First, this study is a preliminary examination of 

state, versus trait, emotion regulation, an investigation that has been called for by a 

variety of researchers in the field (150; 153). Assessment of state (as well as trait) 

emotion regulation may reveal information as to when an individual is at risk of negative 

outcomes, and therefore provide guidance on when treatments might be most effective.  

Second, the relatively long duration of the study permitted the use of both 

nomothetic and idiographic analyses, which could have revealed patterns among 

individuals that could help tailor treatment in the future. Last, the current study also 

examined emotion regulation as both a predictor variable and as a moderator variable. 

This focus is consistent with theory but has been rarely examined in the same study.  

STUDY LIMITATIONS 

There are several limitations to the current study that should be noted. First, this 

study was incorporated into a parent study that included an intervention. Although the 

intervention was not expected to alter emotion regulation, and although Treatment was 
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controlled for in all analyses, the presence of the intervention may limit the 

generalizability of the current findings.  

Second, the data are correlational. Relatedly, as noted earlier, analyses focused 

primarily on cross-sectional analyses. It is not possible to state that emotion regulation 

causes the patterns of negative affect observed in the lab or field data.  

Third, in order to reduce participant burden and increase adherence, only two 

subscales of the S-DERS were administered in the field. Therefore, the assessment of 

state emotion regulation was not comprehensive. Furthermore, two items from the S-

Modulate subscale administered in the field were not included. One item, “I believe that I 

am going to end up feeling very depressed,” was not included due to safety monitoring 

concerns. A second item, “I am having difficulty doing the things I need to do right 

now,” was inadvertently excluded when programming the smartphones.  

Fourth, emotion regulation measured in the laboratory used the total scale while 

the field data is drawn from data from two selected subscales, complicating direct 

comparisons between lab and field data This is also true for measures of craving; the 

WSWS is used in the laboratory while a single item was used to assess craving in the 

field. Finally, while the WSWS uses four items to assess craving, it is not a dedicated 

craving assessment like the Questionnaire for Smoking Urges (QSU; 51). 

Fifth, in order to increase the number of trainings/assessments completed during 

this demanding 6-week protocol, participants were permitted to enter participant-initiated 

assessments when they missed a random assessment. This had the desired effect of 

increasing the overall number of assessments (and therefore trainings) completed, with 

participants completing 93.70% of expected assessments. However, this procedure 
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clearly reduced the proportion of random assessments that were completed, meaning that 

the data from random assessments may be less “random” than other EMA studies. 

Moreover, because participants could select the time for entering participant-initiated 

assessments, these assessments are also likely to occur at non-random times. Stated 

another way, emotion dysregulation may be reduced in this study if participants tend to 

enter assessments when feeling emotionally regulated.  

Last, the exclusion criteria may have excluded participants with the highest levels 

of emotional dysregulation, potentially limiting the range of DERS and S-DERS 

observed. That is, participants who were most likely to reveal large fluctuations in 

emotional dysregulation were excluded from the study. When taken together with the 

previous limitation, this consideration provides further context for evaluating the limited 

range of emotion regulation scores in the study. 

IMPLICATIONS 

Theoretical  

This study expands on theory surrounding emotion regulation, particularly on the 

relationship between emotion regulation and negative affect. Some studies have focused 

on specific emotion regulation skills, as a means to control or reduce internal emotional 

responses. For example, several studies have found that instructions to use reappraisal 

have reduced the amount of negative affect participants experience when compared to 

control conditions (97; 101). Other researchers push back against the idea of conflating 

negative emotions with emotion dysregulation (95). These theorists emphasize that the 

presence of negative emotions is not inherently disruptive or problematic. Studies 

examining suppression and avoidance support the idea that attempting to prevent or 
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minimize uncomfortable negative internal experiences, such as negative affect, can 

actually increase these responses (110; 220). Indeed, studies have found that an inability 

to tolerate distress is closely related to relapse, suggesting that it is the reaction to 

negative affect, rather than the presence of negative affect that is associated with replapse 

(34). This line of theory emphasizes the control of behavior in the presence of negative 

emotion, rather than the control of the emotion itself (180).  

The results of the current study provide some evidence for each theoretical 

approach. The significant association between emotion regulation and negative affect 

found in both the field and laboratory strongly suggests that individuals with more 

emotion regulation difficulties also experience more negative affect. Additionally, the 

lagged analyses suggest that when an individual is particularly struggling with emotion 

regulation (as indicated by a high Deviation DERS score) he or she is more likely to 

experience higher negative affect at the subsequent assessment. This finding does suggest 

that while increased negative affect does not necessarily indicate emotion dysregulation, 

poor emotion regulation may lead to increased negative affect. While a significant 

relationship between emotion regulation and smoking would have provided evidence for 

the theory that good emotion regulation skills help individuals control their behavior, the 

moderating effect of emotion regulation on the relationship between negative affect and 

craving does lend support to the idea that individuals with strong emotion regulation 

skills are better able to control behavioral urges in the face of negative affect. Further 

analyses could examine whether emotion regulation measures correlate with quit status 

even in the absence of shorter term associations examined in the current study. 

Clinical 
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The current study suggests that individuals with more emotion regulation 

difficulties are more likely to experience higher negative affect during smoking cessation 

attempts. Even if this increase in negative affect does not appear to be significantly 

related to elevations in craving or smoking, it is not beneficial for individuals’ mental 

health. Additionally, results suggest that individuals who struggle with the acceptance of 

emotions may be particularly vulnerable to affect-induced craving for cigarettes. It may 

be beneficial for clinicians to assess for higher levels of nonacceptance to help identify 

individuals who may struggle more with craving during periods of negative affect. Given 

that previous studies have also emphasized the role of nonacceptance in smoking 

behavior and depression (1), nonacceptance seems to be a promising target to improve 

smoking cessation attempts. Future research should focus on acceptance-based treatments 

such as ACT for smoking cessation (83) which encourage individuals to learn how to 

tolerate negative affect without using cigarettes to regulate. 

FUTURE DIRECTIONS 

There are a number of directions for future research. First, as noted earlier, further 

analyses can be conducted on the current dataset to address additional questions. For 

example, analyses using lagged predictor variables can examine prospective between- 

and within-subject associations between S-DERS and negative affect/craving. For 

example, for between-subject prospective associations, one can examine whether Mean 

S-DERS in the pre-quit phase predicts PANAS-S scores in the post-quit phase (and vice 

versa). Another approach is to use measures of variability of S-DERS scores, rather than, 

or in addition to, mean scores, as the predictor variable. For example, in the risk taking 

literature, the coefficient of variability (CV) on the BART task exhibits different patterns 
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of associations with drinking variables (compared to mean scores) (DeMartini et al., 

2014). For smoking outcomes, one can examine whether pre-quit assessments of 

DERS/S-DERS are associated with abstinence at end of treatment, although this analysis 

will have limited power given the small sample size and the small number of individuals 

who were able to maintain abstinence. However, there are many different outcome 

measures for smoking cessation studies, and some may be more related to emotion 

regulation than others. For example, one might expect the influence of emotion regulation 

to occur quite quickly, meaning that time-to-lapse, or time-to-relapse outcomes may be 

appropriate. 

Second, future studies can make methodological changes to the study protocol to 

address some of the unanswered questions from the current study. For example, future 

research could take steps to investigate and possibly address the very low variability of S-

DERS scores seen in the current study. One hypothesis for this low variability is that the 

typical moment to moment changes in emotion regulation abilities are not large enough 

to be detected by the S-DERS, or else are occurring at times when participants are not 

completing assessments. Alternatively, participants may not experience large changes in 

emotion regulation. In addition to including random assessments like the current study, a 

future study could ask participants to initiate an assessment at times when they are feeling 

upset or dysregulated. For example, Preston and colleagues (personal communication to 

A. Waters) have used participant-initiated “stress assessments” to gain a better 

understanding of the role of stressful events in drug use and relapse. The use of 

participant-initiated “stress” or “dysregulation” assessments would presumably capture 

more occasions when S-DERS scores are elevated (if indeed, participants do experience 
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such elevations in S-DERS) which would presumably increase variability in emotion 

regulation. 

As another methodological change, it may be beneficial to reduce the amount of 

time between assessments, particularly if participants initiate an assessment at a time of 

distress or dysregulation. It is likely that the effects of emotion regulation, negative 

affect, craving, and smoking on each other may occur over short amounts of time, rather 

than over the timespan of hours. A review of literature did not find any studies 

investigating the time course of emotion regulation ability changes at this point, but other 

studies that have utilized the S-DERS have investigated changes after a 10-minute mood 

induction task (27) suggesting that emotion regulation changes are likely to occur over a 

span of minutes, rather than hours. A study of controlled attention and emotional 

responding found that reactions to unpleasant pictures were reliably detected after 160 ms 

and differences in passive versus directed viewing were detected after 620 ms (106). A 

second study, designed to examine the impact of emotion regulation strategies on 

emotional responding, researchers showed that emotional responses occur within seconds 

of the presentation of emotionally salient stimuli (224). Furthermore, the authors found 

that the impact of emotion regulation strategies, specifically distraction and reappraisal, 

impacted the emotional response in this time period of seconds, suggesting that these 

processes both occur very rapidly.  

Third, to build on this need to hone in on moments of dysregulation, future studies 

could also blend naturalistic, EMA studies with laboratory interventions designed to 

manipulate negative affect and/or emotion regulation. Such laboratory investigations 

could be paired with measures of craving pre- and post-manipulation and smoking 
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behavior. While the laboratory portion would still create an artificial environment to 

study these relationships, results in the laboratory could be compared to data collected in 

the field to possibly support the applicability of laboratory findings to real world 

situations. The addition of a laboratory-based intervention mentioned above could 

provide an opportunity to investigate the time course of emotion regulation changes in a 

more molecular “minute-by-minute” manner.   

Fourth, as noted earlier, one limit with the approach used in the current study is 

that the data are correlational. However, experimental manipulation of emotion regulation 

in the field could help to determine the causal relation between variables. EMA could be 

used to induce the use of regulation strategies in real-life situations and investigate the 

effect on smoking and craving in the moment. Additionally, smartphones could provide 

an excellent opportunity for clinicians to teach individuals how to use emotion regulation 

strategies in their day-to-day life. Such research and clinical implementation may 

eventually converge to create trainings that are delivered via smartphones as stand-alone 

treatment or additional support for other smoking cessation treatments (273). 

Last, and more broadly, future research could also examine the course of emotion 

regulation as identified in the process model of emotion regulation (Figure 2). 

Multidimensional assessments could ask participants to report the type of situation they 

encountered, their affective response, the behavioral and cognitive regulation strategies 

they attempted, and outcomes such as change in affect or problematic behaviors (e.g. 

smoking or substance use). Such an investigation could provide insight into the patterns 

of strategy use that are associated with successful and failed cessation attempts or even 

momentary attempts to resist craving. In addition to strategies that have already shown 
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associations with smoking behavior such as suppression and reappraisal (104; 172; 245), 

specific behavioral strategies that are often suggested to individuals attempting to quit 

(e.g., eating, drinking, chewing gum, and exercising) could be investigated. Such an 

investigation could help to validate the real-world effectiveness of specific strategies and 

provide treatment targets. 
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Table 1. Review of Emotion Regulation Strategies and Related Research 
 

Strategy Definition Effectiveness Research 

Reappraisal Individual thinks about a situation in a 
way that reduces the emotional impact 
of the situation (98) 

Effective Reappraisal associated with reduced negative affect 
(87) and general emotional reactivity (103). 

Acceptance "Adoption of an intentionally open, 
receptive, flexible, and nonjudgmental 
posture with respect to moment-to-
moment experience” (111) 

Effective Acceptance helps to reduce negative affect (277) and 
behaviors associated with poor emotion regulation 
such as self-harm (93) 

Distraction Focusing on or thinking about 
something unrelated to the emotionally 
salient aspect of the situation (Gross, 
1998) 

Effective Effective at modulating negative emotion including 
depression (186; 193) and anger (81; 216) 

Emotion 
Suppression 

Attempted inhibition or dampening of 
an emotion that has already been 
triggered (99) 

Possibly effective 
in the short term; 
ineffective in the 
long run 

Effective at reducing negative affect in the short-term, 
but counterproductive in the long run, leading to 
increased negative affect after the situation has past 
(80).  
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Avoidance Avoidance of unpleasant private 
experiences (emotions, thoughts, 
memories, etc.) and the contexts that 
may cause them to occur (Hayes, et al., 
1996). 

Possibly effective 
in the short term; 
ineffective in the 
long run 

Avoidance of negative emotions, feelings, or situations 
will reduce negative affect in the short-term, but is 
believed to maintain problematic patterns of behavior 
and thinking that contribute to overall higher negative 
affect, particularly anxiety (5; 112). 

Rumination “A mode of responding to distress that 
involves repetitively and passively 
focusing on symptoms of distress and 
on the possible causes and 
consequences of these symptoms” 
(194) 

Ineffective - may 
actually increase 
NA 

Particularly ineffective at reducing negative affect 
(145; 183). High levels of rumination are associated 
with increased depressive symptoms (192), PTSD 
symptoms (60), anxiety symptoms (74), and disordered 
eating (152) 
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Table 2: Study Design and Lab Measures for Parent and Proposed Study 

 
 Week→ Scr. -3 -2 -1 0 1 2 3 15 
Day of Study  1 8 15 22 29 36 43 127 
Setting T/P Lab Lab Lab Lab Lab Lab Lab Lab 
Inclusion/Exclusion  X X        
Smoking Cessation Counseling  X X X X X X X X 
AR or Control Intervention  X X X X X X X  
Phase (Pre-/Post- Quit, Follow 
Up) 

 Pre- Pre- Pre- Post-
Quit 

Post- Post- Post- FU 

LAB MEASURES          
Visual Probe task  X   X   X X 
Smoking Status  X X X X X X X X 
WSWS  X X X X X X X X 
SABQ  X X X X X X X X 
CES-D  X X X X X X X X 
Demographics  X X        
Health History & AUDIT  X        
Tobacco History & NDSS X X        
REALM-SF  X        
CO & Cotinine  X X X X X X X X 
PANAS   X  X  X   
DERS   X  X  X   
COMPENSATION          
Study Visits  $60 $40 $40 $40 $40 $40 $40 $60 
Per RA  $2 $2 $2 $2 $2 $2 $2  
Visit Duration (Min.) 20 100 60 60 70 60 60 60 70 
 
Table Note: Key: Scr. = Screening; T/P = telephone; Week 0 = Quit Day; FU = Follow-Up; WSWS = Wisconsin Smoking 
Withdrawal Scale (Welsch et al., 1999); SABQ = Self-report Attentional Bias Questionnaire; CES-D = The CES-D Scale: A 
Self-Report Depression Scale for Research in the General Population; REALM-SF = Rapid Assessment of Adult Literacy in 
Medicine Short Form (Arozullah, 2007); AUDIT = Alcohol Use Disorder Identification Test; NDSS = Nicotine Dependence 
Syndrome Scale (Shiffman et al., 2004); PANAS=Positive and Negative Affect Scale; DERS = Difficulties in Emotion 
Regulation Scale; items from the S-DERS (State version) were added to EMA; CO = carbon monoxide. Primary variables in 
the current study are bolded. At the orientation session, if a participant was ineligible because the breath test indicates low 
levels of carbon monoxide, the participant was given $40 for time and travel expenses. If the participant was ineligible for 
another reason, he or she received $40 after completing the questionnaires.  
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Table 3. Demographics 
 

  DERS S-DERS 

  N2=29 N2=25 

    Age (years)  47.41 (11.27) 48.20 (10.01) 

Gender (%)    

 Male 55.2 60.0 

 Female 44.8 40.0 

Race (%)    

 White 17.2 12.0 

 AA 62.1 72.0 

 No 
Response 

20.7 16.0 

Education (years)  12.89 (1.81) 12.65 (1.70) 

Income (0-10 scale)  1.96 (2.57) 1.86 (2.71) 

Smoking Rate  13.14 (4.02) 12.64 (3.48) 

Cotinine (ng/ml)  465.87 (254.25) 430.57 (203.88) 

 
Table Note: Date are Mean (SD) (continuous variables) or % (Categorical variables). Ns 
as stated except for education and income where data is missing for one participant due to 
an error in data collection. Average income translates to between $0 to $19,999 per year. 
Income levels and percentage reported as follows: 0= <$10,000/year (34.5% of 
participants); 1=$10,000 to $19,999/year (20.7%); 2=$20,000 to $29,999/year (10.3%); 
3=$30,000 to $39,999/year (6.9%); 4=$40,000 to $49,999/year (0.0%); 5=$50,000 to 
$59,999/year (6.9%); 6=$60,000 to $69,999/year (0.0%); 7=$70,000 to $79,999/year 
(6.9%); 8=$80,000 to $89,999/year (0.0%); 9=$90,000 to $99,999/year (3.4%); 
10=$100,000 or more/year; 10.3% missing data. 
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Table 4. Summary Statistics for Lab Measures 
 

Visit →  Week -2 Week 0 Week +2 All 

Variable ↓ Scale n2=28 n2=27 n2=27 n1=82 

DERS 36-180 62.22 (17.14) 59.76 (12.37) 58.30 (11.28) 60.10 (13.79) 

PANAS  1-5 1.21 (0.35) 1.22 (0.37) 1.23 (0.55) 1.22 (0.43) 

WSWS-Craving 0-4 2.37 (0.72) 2.28 (1.01) 2.19 (0.98) 2.28 (.90) 

Cigs Following Week 0- 10.26 (5.41) 4.46 (4.77) 3.18 (4.19) 5.96 (5.65) 

 

Table Note: Data are Mean (SD). n2=number of subjects. ns for variables for Visit -2, 
Visit 0, Visit +2 respectively are as follows: DERS, ns = 27, 25, 27; PANAS, ns = 27, 25, 
27; WSWS-Craving, ns = 28, 27, 27; Cigs Following Week, ns = 21, 23, 20. 
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Table 5. Summary Statistics of EMA Measures 
 

Time →  Pre-Quit Post-Quit  All 

  n1=1875 n1=2026  n1=3901 

Variable ↓  n2=25 n2=25  n2=25 

 Scale     

S-DERS  1-5 1.27 (0.53) 1.25 (0.44)  1.26 (0.48) 

S-Nonacceptance  1-5 1.32 (0.70) 1.25 (0.48)  1.28 (0.60) 

S-Modulate 1-5 1.18 (0.44) 1.22 (0.47)  1.20 (0.45) 

PANAS-S 1-5 1.25 (0.54) 1.29 (0.54)  1.27 (0.54) 

Craving 1-7 2.57 (1.81) 2.48 (1.69)  2.52 (1.75) 

Cigarettes since last 
assessment 

0-4 2.39 (1.46) 1.12 (1.32)  1.73 (1.53) 

 

Table Note: Data are Mean (SD). n1 = no. assessments; n2 = number of subjects. Data 
exclude 2039 who only completed 2 EMA assessments. Only complete assessments are 
included.  
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Table 6. Results of LMMs for Hypothesis 1A 
 
DV →     PANAS     

IV ↓ H n1 n2  df PE  SE F  p 95% CI 
           

           
Mean DERS 1A 79 29  13.05 0.014 0.002 37.72 <.001 0.011, 0.025 

Deviation DERS 1A 79 29  20.02 0.026 0.001 7.06 .021 0.006, 0.030 
           

 
Table Note:  n1 = number of visits; n2 = number of subjects. H = Hypothesis; PE = parameter estimate; SE = standard error; F = F 
value from LMM. Covariates are Treatment (AR vs. Control) and Visit (categorical variable with 3 levels) (parameter estimates for 
covariates not shown) 
Note: For 1A data show results from SAS PROC MIXED when treating coefficients for Deviation DERS as random. The output was 
accompanied by a notification that convergence criteria were met, and the “Estimated G matrix is not positive definite”.  When 
coefficients for Deviation DERS were treated as fixed, the results for Deviation DERS were as follows: F (1, 31.7) = 8.02, p = .008. 
95% CI were derived using bootstrapping when treating coefficients for Deviation DERS as fixed. 
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Table 7. Results of LMMs for Hypothesis 1B 
 

DV →     PANAS-S      
IV ↓ H n1 n2  df PE  SE F  p 95% CI 
           

           
Mean S-DERS 1B 3901 25  22.12 0.70 0.14 25.99 <.001 0.42, 0.99 

Deviation S-DERS 1B 3901 25  12.41 0.28 0.10 7.94 .015 0.10, 0.56 
           

Mean S-Nonacceptance 1B 3901 25  22.09 0.42 0.14 9.40 .006 0.38, 0.44 
Deviation S- Nonacceptance 1B 3901 25  15.92 0.10 0.06 2.73 .118  

           
Mean S-Modulate 1B 3668 23  19.35 0.89 0.12 59.53 <.001 0.85, 0.93 

Deviation S- Modulate 1B 3668 23  8.60 0.44 0.19 5.46 .046 0.23, 1.33 
 
Table Note:  n1 = no. assessments; n2 = number of subjects. H = Hypothesis; PE = 
parameter estimate; SE = standard error; F = F value from LMM. Covariates are 
Treatment (AR vs. Control), Assessment Type (level 1 variable with 2 levels), Day of 
Study (continuous) (parameter estimates for covariates not shown) 
Note: Two subjects did not complete S-Modulate.  
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Table 8. Results of LMMs for Hypothesis 2A Craving 
 

DV →   WSWS_Craving    

IV ↓ H n1 n2  df PE  SE F  p 
          

Mean DERS 2A 79 29  24.39 0.007 0.001 0.45 .509 
Deviation DERS 2A 79 29  10.64 0.008 0.02 0.20 .660 

          
 
Table Note:  n1 = number of visits; n2 = number of subjects. H = Hypothesis; PE = 
parameter estimate; SE = standard error; F = F value from LMM. Covariates are 
Treatment (AR vs. Control) and Visit (categorical variable with 3 levels) (parameter 
estimates for covariates not shown). 
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Table 9. Results of LMMs for Hypothesis 2A Smoking 
 

DV →    Smoking    

IV ↓ H n1 n2 df PE SE F  p 
         

Mean DERS 2A 61 26 23.72 0.07 0.04 2.74 .132 
Deviation DERS 2A 61 26 73.78 0.11 0.09 1.61 .237 

         
 
Table Note: n1 = number of visits; n2 = number of subjects. H = Hypothesis; PE = 
parameter estimate; SE = standard error; F = F value from LMM. Covariates are Visit 
(categorical variable with 3 levels) and Treatment (AR vs. Control) (parameter estimates 
for covariates not shown). 
Note: For 2A, when smoking is the DV, the table shows results from SAS PROC MIXED 
when treating coefficients for Deviation DERS as random. The output was accompanied 
by a notification that convergence criteria were met, and the “Estimated G matrix is not 
positive definite”. When coefficients for Deviation DERS were treated as fixed, the 
results were as follows: Mean DERS: F (1, 18.9) = 0.79, p = .39; Deviation DERS: F (1, 
31.7) = 4.53, p = .04.  
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Table 10. Results of LMMs for Hypothesis 2B Craving 
 

DV →     Craving      
           
IV ↓ H n1 n2  df PE  SE F  p 95% CI 
           

Mean S-DERS 2B 3901 25  18.82 0.27 0.59 0.21 .656  

Deviation S-DERS 2B 3901 25  14.06 0.44 0.28 2.51 .135  
           

Mean S-Nonacceptance 2B 3901 25  20.39 -0.08 0.49 0.02 .878  
Deviation S-Nonacceptance 2B 3901 25  11.62 0.21 0.20 1.17 .302  

           
Mean S-Modulate 2B 3668 23  14.84 0.39 0.72 0.29 .595  

Deviation S-Modulate 2B 3668 23  10.55 0.59 0.31 3.53 .088 -0.77, 0.85 
 
Table Note:  n1 = no. assessments; n2 = number of subjects. H = Hypothesis; PE = 
parameter estimate; SE = standard error; F = F value from LMM. Covariates are 
Treatment (AR vs. Control), Assessment Type (level 1 variable with 2 levels), and Day in 
Study (continuous) (parameter estimates for covariates not shown) 
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Table 11. Results of LMMs for Hypothesis 2B Smoking 
 

DV →     Smoking     

IV ↓ H n1 n2  df PE  SE F  p 
          

Mean S-DERS 2B 3901 25  15.71 0.47 0.35 1.79 .200 

Deviation S-DERS 2B 3901 25  13.04 0.03 0.09 0.11 .742 
          

Mean S-Nonacceptance 2B 3901 25  12.11 0.45 0.26 2.86 .116 
Deviation S- Nonacceptance 2B 3901 25  10.64 0.02 0.08 0.07 .797 

          
Mean S-Modulate 2B 3668 23  12.91 -0.005 0.42 0.00 .991 

Deviation S- Modulate 2B 3668 23  11.44 0.01 0.09 0.02 .887 
 
Table Note:  n1 = no. assessments; n2 = number of subjects. H = Hypothesis; PE = 
parameter estimate; SE = standard error; F = F value from LMM. Covariates are 
Treatment (AR vs. Control), Assessment Type (level 1 variable with 2 levels), and Day in 
Study (continuous) (parameter estimates for covariates not shown) 
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Table 12. LMMs for Specific Aim 3 Negative Affect to Craving 
 

     NA→Craving  

IV ↓ H n1 n2  df PE  SE F  P 95% CI 
           

DERS as Moderator           

Mean DERS x Mean NA 3A 82 29  25.18 -0.05 0.04 1.71 .203  

Mean DERS x Deviation NA 3A 79 29  40.83 -0.03 0.03 0.81 .374  

Deviation DERS x Deviation NA 3A 79 29  65.91 0.12 0.08 2.23 .140  

           

Mean S-DERS x Mean NA 3B 3901 25  12.58 0.30 1.70 0.03 .864  

Mean S-DERS x Deviation NA 3B 3901 25  8.42 0.48 0.26 3.36 .102  

Deviation S-DERS x Deviation NA 3B 3901 25  1126.27 -0.14 0.13 1.26 .261  

           

Mean S-Nonacceptance x Mean NA 3B 3901 25  9.96 0.18 1.85 0.01 .925  

Mean S-Nonacceptance x Deviation NA 3B 3901 25  8.86 0.64 0.27 5.51 .044 0.52, 1.13 

Deviation S-Nonacceptance x Deviation NA 3B 3901 25  2233.56 -0.18 0.11 2.54 .111  

           

Mean S-Modulate x Mean NA 3B 3668 23  8.98 1.22 1.84 0.44 .525  

Mean S-Modulate x Deviation NA 3B 3668 23  8.04 0.40 0.30 1.76 .221  

Deviation S-Modulate x Deviation NA 3B 3668 23  1433.68 -0.17 0.14 1.47 .226  
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Table Note:  n1 = no. of visit (3A) or assessments (3B); n2 = number of subjects. H = Hypothesis; PE = parameter estimate; SE = 

standard error; F = F value from LMM. Covariates are Treatment, Assessment Type (Participant-initiated vs. RA) (3B), Visit (3A), 

and Day in Study (3B). 

For 3A, none of the models converged when treating coefficients for Deviation NA as random. Data shown are output when 

coefficients for Deviation NA is treated as fixed. Given that no p values are significant, the effects would be not significant if 

coefficients for Deviation NA could be treated as random. 

95% CIs derived when coefficients for Deviation S-Nonacceptance treated as fixed  
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Table 13. LMMs for Specific Aim 3 Craving to Smoking 
 

     Craving→Smoking 
          
IV ↓ H n1 n2  df PE  SE F  p 
          

DERS as Moderator          

Mean DERS x Mean Craving 3A 61 26  16.13 -0.13 0.08 2.45 .137 

Mean DERS x Deviation Craving 3A 61 26  27.10 -0.29 0.08 11.62 .002 

Deviation DERS x Deviation Craving 3A 61 26  47.86 0.38 0.16 5.62 .022 

          

Mean S-DERS x Mean Craving 3B 3901 25  16.07 -0.13 0.40 0.10 .760 

Mean S-DERS x Deviation Craving 3B 3819 25  18.13 0.10 0.09 1.22 .283 

Deviation S-DERS x Deviation Craving 3B 3819 25  2800.75 0.04 0.04 1.16 .281 

          

Mean S-Nonacceptance x Mean Craving 3B 3901 25  15.59 0.06 0.31 0.04 .839 

Mean S-Nonacceptance x Deviation Craving 3B 3819 25  19.09 0.06 0.08 0.71 .410 

Deviation S-Nonacceptance x Deviation Craving 3B 3819 25  1632.19 0.04 0.03 1.26 .261 

          

Mean S-Modulate x Mean Craving  3B 3668 23  17.21 0.40 0.73 0.30 .591 

Mean S-Modulate x Deviation Craving  3B 3592 23  3490.78 0.06 0.05 1.46 .227 

Deviation S-Modulate x Deviation Craving  3B 3592 23  3331.98 0.04 0.04 0.76 .382 
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Table Note:  n1 = no. of visit (3A) or assessments (3B); n2 = number of subjects. H = Hypothesis; PE = parameter estimate; SE = 

standard error; F = F value from LMM. Covariates are Treatment, Assessment Type (Participant-initiated vs. RA) (3B), Visit (3A), 

and Day in Study (3B).  

For 3A, none of the models converged when treating coefficients for Deviation Craving as random. Data shown are output when 

coefficients for Deviation Craving is treated as fixed.  

For 3B, none of the models converged when treating coefficients for Deviation Craving and Deviation S-Modulate as random. Given 

that no p values are significant, the effects would be not significant if coefficients for Deviation Craving and Deviation S-Modulate 

could be treated as random. 

 



	

118 

Table 14: Results of ARIMA Analyses 
  
Subject   PANAS-S CRAVING SMOKING 

 n PE SE t PE SE t PE SE t 
1043 152 0.67 0.04 17.88* 1.32 0.21 6.44* 0.05 0.17 0.29 
1049 125 1.19 0.10 12.00* 1.07 0.57 1.88 -0.14 0.21 -0.65 
2027 75 0.17 0.02 7.25* 1.54 0.60 2.58 -0.10 0.55 -0.19 
1054 137 0.72 0.11 6.68* 0.89 0.57 1.57 -0.05 0.29 -0.19 
1053 143 0.63 0.12 5.38* -0.53 0.25 -2.15 -0.01 0.16 -0.03 
2028 158 0.27 0.08 3.40* -0.01 0.19 -0.04 0.12 0.30 0.40 
2037 89 0.41 0.13 3.13* -0.12 0.59 -0.20 -0.05 0.43 -0.13 
1056 320 0.28 0.10 2.83* -0.07 0.16 -0.46 0.36 0.25 1.46 
1055 155 0.32 0.12 2.71* -1.95 1.24 -1.58 -0.09 0.29 -0.31 
1051 154 0.60 0.23 2.54 0.84 1.13 0.75 -0.27 0.47 -0.59 
2036 179 1.71 0.83 2.06 2.00 1.77 1.13 1.28 0.46 2.80* 
1050 165 2.14 1.12 1.92 0.94 3.12 0.30 1.46 2.47 0.59 
2032 179 1.38 0.88 1.57 -5.71 12.54 -0.46 -4.98 7.52 -0.66 
2038 195 0.07 0.05 1.44 0.00 0.17 0.01 -0.20 0.15 -1.34 
2035 187 0.05 0.12 0.42 3.08 2.92 1.05 1.80 2.29 0.78 
2031 103 0.01 0.06 0.11 -0.59 0.41 -1.44 -0.43 0.19 -2.27 
2034 179 0.01 0.82 0.01 1.18 1.11 1.06 0.97 2.01 0.48 
1048 117 -0.01 0.09 -0.08 1.69 1.80 0.94 0.88 1.24 0.71 
2040 199 0.00 0.00 -0.17 -0.35 0.10 -3.56* 0.26 0.14 1.92 
1045 182 -0.21 1.07 -0.20 -1.61 9.54 -0.17 0.03 0.18 0.19 
1052 181 -0.08 0.31 -0.27 -0.35 1.47 -0.24 0.29 0.42 0.69 
1046 105 -0.31 0.80 -0.38 1.10 1.75 0.63 1.13 0.42 2.70* 
1047 193 -0.24 0.44 -0.54 -4.86 3.49 -1.39 -0.56 0.46 -1.23 
1042 64 -0.26 0.48 -0.54 2.25 1.94 1.16 2.03 1.84 1.10 
1044 165 -0.36 0.35 -1.04 -2.49 2.89 -0.86 -1.56 1.40 -1.11 
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Table Note: Data are results of ARIMA analyses with PANAS-S (left side of table), Craving (middle of table) and Smoking before the 

next assessment (right side of table) as the dependent variables and S-DERS as the independent variable. Day was also included in all 

models (parameter estimate for Day not shown). n = number of assessments for each subject. Subjects; PE = Parameter Estimate for 

model; SE = Standard Error; t = t value for S-DERS; entries are ordered by the t value for the association between S-DERS and 

PANAS-S. *p < .01
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Figure 1. Modal model of emotion.   

 
 
Figure 1 Note: According to the modal model of emotion, emotions are generated when a 
situation occurs that the individual views as being significant for his or her personal, 
social, and/or cultural goals. The individual pays attention to the situation due to the 
perceived importance, gives it a valenced meaning (positive or negative), and reacts with 
experiential, behavioral, and physiological responses (97). 
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Figure 2. The process model of emotion regulation.   

 
 
 
Figure 2 Note: The process model of emotion regulation (98) expands on the modal 
model, viewing each step in the model as a possible point to regulate emotion. Situation 
selection is the first possible intervention and involves the individual seeking out or 
avoiding situations based on the expected effect on emotions. If an individual finds him 
or herself in an uncomfortable or dysregulating situation, he or she may try to change the 
situation, labeled situation modification. When the individual cannot alter the situation, 
he or she may use attentional deployment, focusing on different, less dysregulating 
aspects of the situation. Cognitive change involves altering one’s appraisal of the 
situation to limit or modify the emotional effects. Finally, response modulation refers to 
altering behavioral or physiological responses to the emotion. 
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Figure 3. Model of the Proposed Study. 
 

 
  

 
Figure 3 Note: Pathway 1 examined the association between emotion regulation (trait and 
state) and negative affect. Pathway 2 examined the association between emotion 
regulation and craving/smoking. Finally, pathway 3 examined emotion regulation, as 
assessed by the DERS and S-DERS, as a moderator variable. 
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Figure 4. Timeline of the Study. 
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Figure 5. CONSORT Chart for Parent Study 
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Figure 6. CONSORT Chart for Dissertation Study 
	 	

Enrolled in SMaRT 
N=96 

Did not complete DERS 
n=64 

(Enrolled prior to DERS 
implementation) 

Opportunity to complete 
DERS 
n=32 

Completed at least one  
DERS assessment 

n=29 

Dropped out after 
orientation 

n=3 
(Did not complete DERS) 

Did not complete S-DERS 
n=4 

Completed at least one  
S-DERS assessment 

n=25* 

*Two participants did not complete 
all 12 items (only completed the S-
DERS nonacceptance subscale, not 
the modulate subscale). 
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Variableâ Visit -2a Visit 0b Visit +2c 
 n2 n2 n2 
DERS 27 25 27 
PANAS 27 25 27 
WSWS 28 27 27 
Cigarettes Following Week 21# 23# 20# 
    
 Phase 0 Phase 1 
 n2 n2 
S-DERS 25 25 
S-Nonacceptance 25 25 
S-Modulate 23* 23* 
 
Figure Note. n2 = Number of Participants. Of the 29 participants who completed at least 1 
DERS assessment, 25 participants had the opportunity to complete the S-DERS.  
a1 participant did not attend the Week -2 visit, and therefore did not complete the DERS, 
PANAS, and WSWS. Due to researcher error, 1 participant was run on the incorrect 
version of QDS, and did not have DERS and PANAS data at Week -2. 
b1 participant dropped out before Week 0, and data from 1 participant on Week 0 were 
lost. Due to researcher error, 2 participants were run on the incorrect version of QDS, and 
did not have DERS and PANAS data at Week 0. 
c2 participants dropped out before Week +2. 
#Data for Cigarettes Following Week were missing due to participant attrition or to 
participant non-compliance in completing the smoking log. 
*2 participants completed EMA before the S-Modulate was added to the program. 
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Figure 7. Results for Hypothesis 1A Mean DERS 
 

 

 

 

 

 
 
Figure 7 Note: Association between DERS and PANAS-S (1-5 scale) in the lab 
(Hypothesis 1A). Dots represent visits. Each participant had up to three visits (79 visits). 
Figure illustrates the correlation between Mean DERS and PANAS-S (between-subject 
association). For illustrative purposes, the dotted lines represent the best fit line for data 
presented on the graphs (rather than predicted scores implied by LMMs).  
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Figure 8. Results for Hypothesis 1A Deviation DERS 
 
 
 
 
 
 
 
 

 
 
 
Figure 8 Note: Association between DERS and PANAS-S (1-5 scale) in the lab 
(Hypothesis 1A). Dots represent visits. Each participant had up to three visits (79 visits). 
Figure illustrates the correlation between Deviation DERS and PANAS-S (within-subject 
association). For illustrative purposes, the dotted lines represent the best fit line for data 
presented on the graphs (rather than predicted scores implied by LMMs). 
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Figure 9. Results for Hypothesis 1B Mean S-DERS 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 9 Note: Association between S-DERS and PANAS-S (1-5 scale) in the field  
(Hypothesis 1B). Dots represent EMA assessments (3901 assessments). The figure 
illustrates the correlation between Mean S-DERS and PANAS-S (between-subject 
association). For illustrative purposes, the dotted lines represent the best fit line for data 
presented on the graphs (rather than predicted scores implied by LMMs). 
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Figure 10. Results for Hypothesis 1B Deviation S-DERS 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 10 Note: Association between S-DERS and PANAS-S (1-5 scale) in the field 
(Hypothesis 1B). Dots represent EMA assessments (3901 assessments). This figure 
illustrates the correlation between Deviation S-DERS and PANAS-S (within-subject 
association). For illustrative purposes, the dotted lines represent the best fit line for data 
presented on the graphs (rather than predicted scores implied by LMMs).  
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Figure 11. Results for Hypothesis 3A Interaction Between Mean DERS and Deviation 
Craving in Prediction of Smoking 

 
 
 
 
 
 
 
 
 

 
 
 
Figure 11 Note: Interaction between Mean DERS and Deviation Craving in prediction of  
Smoking in the lab (Hypothesis 3A). For clarity, Mean DERS is dichotomized as < 58.5 
(less than the median Mean DERS) and ≥ 58.5 (greater than or equal to median Mean 
DERS). Deviation Craving is dichotomized as < 0 (less than subject-specific average) 
and ≥ 0 (greater than, or equal to, subject-specific average). Data are Mean (± 1 Standard 
Error) aggregated over all pertinent visits.  
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Figure 12. Results for Hypothesis 3A Interaction Between Deviation DERS and 
Deviation Craving in Prediction of Smoking 

 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 12 Note: Interaction between Deviation DERS and Deviation Craving in  
prediction of Smoking in the lab (Hypothesis 3A). Deviation DERS and Deviation 
Craving are dichotomized as < 0 (less than subject-specific average) and ≥ 0 (greater 
than, or equal to, subject-specific average). Data are Mean (± 1 Standard Error) 
aggregated over all pertinent visits. 
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Figure 13. Results for Hypothesis 3B Interaction Between Mean S-Nonacceptance and 
Deviation PANAS-NA in Prediction of Craving 

 

 

 

 

 

 
 
Figure 13 Note: Interaction between Mean S-Nonacceptance and Deviation PANAS-S in 
prediction of Craving (1-7) in the field (Hypothesis 3B). For clarity, Mean S-
Nonacceptance is dichotomized as <1.048 (less than or equal to median Mean S-
Nonacceptance) and >1.048 (greater than median Mean S-Nonacceptance). Deviation 
PANAS-S is dichotomized as < 0 (less than subject-specific average) and ≥ 0 (greater 
than, or equal to, subject-specific average). Data are Mean (± 1 Standard Error) 
aggregated over all pertinent EMA assessments. 
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Appendix A: Recruitment Advertisements 
 

 

The above ad was placed on Washington, D.C. area metro trains and buses. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The above wording was used for advertisements placed on local Craigslist websites. 
  

HEADING:	Thinking	About	Quitting	Smoking	Cigarettes	in	
the	New	Year?	
	
Are	you	thinking	about	quitting	smoking	cigarettes	in	the	
New	Year?		
We	may	be	able	to	help!	Project	SMaRT	is	now	enrolling	
participants	for	a	research	study	on	smoking	cessation	
with	appointments	beginning	in	January	2015.	
You	will	receive	smoking	cessation	guidance	at	no	cost.	
Compensation	may	be	provided	for	time	and	travel	
expenses.	You	must	be	between	18	and	65		
to	take	part	in	this	study.		
This	study	takes	place	at	the	Uniformed	Services	
University	in	Bethesda,	MD.		
	
If	you	are	interested,	call	301-295-1535,	to	speak	with	a	
researcher,	or	email	projectsmartparticipants@usuhs.edu	.		
Keywords:	Pay,	paid,	compensation,	reimbursement,	
smoking,	cigarette,	Bethesda	
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Appendix B. Consent Form for Current Study 
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Appendix C. Smartphone Instructions 
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Appendix D: Laboratory Self-Report Measures 

DEMOGRAPHICS QUESTIONNAIRE 

Q1. What is your date of birth? __ __ / __ __ / __ __ __ __ 
 mm / dd / yyyy 

   Refuse to Answer  
Q2. What is your gender? 1 Male 
  2 Female 

Q3. What is your present marital status?  (Choose one)  
  1 Single 
 2 Married 
 3 Divorced 
 4 Widowed 
 5 Living with significant other 
 6 Separated 
 8 Refuse to Answer 

Q4. How many years of education have you completed?  (Choose one) 
 01 1 (Elementary School) 
 02 2 (Elementary School) 
 03 3 (Elementary School) 
 
 04 4 (Elementary School) 
 05 5 (Elementary School) 
 06 6 (Middle School) 
 07 7 (Middle School) 
 08 8 (Middle School) 
 09 9 (High School) 
 10 10 (High School) 
 11 11 (High School) 
 12 12 (High School) 
 13 13 (Some College) 
 14 14 (Vocational or Community College Degree) 
 16 16 (Four Year College Degree) 
 17 17 (Some Postgraduate Work) 
 18 18 (Postgraduate Degree; Master Degree) 
 20 20 (Postgraduate Degree; M.D., Ph.D., DDS, Dr.P.H., etc.) 
 98 Refuse to Answer 
 
Q5. Are you of Hispanic/Latino origin? 1 Yes 
 0 No 
 8 Refuse to Answer 
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Q6. What category best describes your race?  (Choose one) 
 1 Anglo American/Euro American/White 
 2 African American/Black 
 3 Asian American 
 4 Native of Hawaii or other Pacific Islander 
 5 Native American or Alaska Native 
 6 Mixed Race 
 7 Other 
 8 Refuse to Answer 

If Q6 is equal to 8 or Q6 is less than 7, then skip to Q8. 

Q7. Please specify your race_ __ __ __ __ __ __ 
 

Q8. Do you receive Medicare, Medicaid, or Medical Assistance currently? 
 1 Yes 
 0 No 
 7 Don't Know 
 8 Refuse to Answer 

Q9. Do you have private insurance or group insurance?  
  1 Yes 
 0 No 
 7 Don't Know 
 8 Refuse to Answer 

Q10. What is your total family income per year, before taxes?  (Choose one) 
 01 Less than $10,000 per year or less than about $833 per month 
 02 $10,000 to $19,999 per year or less than about $1250 per month 
 03 $20,000 to $29,999 per year or less than about $2083 per month 
 04 $30,000 to $39,999 per year or less than about $2916 per month 
 05 $40,000 to $49,999 per year or less than about $3750 per month 
 06 $50,000 to $59,999 per year or less than about $4583 per month 
 07 $60,000 to $69,999 per year or less than about $5416 per month 
 08 $70,000 to $79,999 per year or less than about $6250 per month 
 09 $80,000 to $89,999 per year or less than about $7083 per month 
 10 $90,000 to $99,999 per year or less than about $7916 per month 
 11 $100,000 or more per year or more than $8333 per month 
 98 Refuse to Answer 
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Q11. Generations in the U.S.  Please choose the best response:  (Choose one) 
 1 I'm an immigrant of the US 
 2 I was born in the US 
 3 One of my parents and I were born in the US (the other parent immigrated) 
 4 My parents and I were born in the US 
 5 My grandparents, my parents, and I were born in the US 
 6 My great-grandparents and ancestors were born in the US 
 8 Refuse to Answer 

If Q11 is greater than 1, then skip to Q13. 

Q12. What year did you immigrate to the US? __ __ __ __  
  Refuse to Answer  

Q13. Employment Status.  Please choose the best response:  (Choose one) 
 01 Regular full-time (30 or more hours per week) 
 02 Regular part-time (less than 30 hours per week) 
 03 Unemployed, currently looking for work 
 04 Unemployed, currently NOT looking for work 
 05 Homemaker 
 06 Student 
 07 Retired 
 08 Unable to work or disabled 
 09 Other 
 98 Refuse to Answer 

If Q13 is less than 9, then skip to Q15. 

Q14. Please specify your employment status. 
  

 

Q15. In the past 30 days, what was the primary source of your income?  (Choose one) 
 1 A job 
 2 Unemployment Benefits 
 3 VA/Disability/Social Security Income 
 4 Welfare/Food Stamps/Aid to Family with Dependent Children 
 5 Alimony or Child Support 
 6 Spouse/partner is main source of income 
 8 Refuse to Answer 
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POSITIVE AND NEGATIVE AFFECT SCHEDULE (PANAS) 

 

Note: For the laboratory visits, participants were asked to report how they had felt over 
the last week.  
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DIFFICULTIES IN EMOTION REGULATION SCALE (DERS) 

Response categories: 
. 1  Almost never (0-10%)  
. 2  Sometimes (11-35%)  
. 3  About half the time (36-65%)  
. 4  Most of the time (66 – 90%)  
. 5  Almost always (91-100%)  
 

1. I am clear about my feelings.  
2. I pay attention to how I feel.  
3. I experience my emotions as overwhelming and out of control.  
4. I have no idea how I am feeling.  
5. I have difficulty making sense out of my feelings.  
6. I am attentive to my feelings.  
7. I know exactly how I am feeling.  
8. I care about what I am feeling.  
9. I am confused about how I feel.  
10. When I’m upset, I acknowledge my emotions.  
11. When I’m upset, I become angry with myself for feeling that way.  
12. When I’m upset, I become embarrassed for feeling that way.  
13. When I’m upset, I have difficulty getting work done.  
14. When I’m upset, I become out of control.  
15. When I'm upset, I believe that I will remain that way for a long time.  
16. When I'm upset, I believe that I'll end up feeling very depressed.  
17. When I'm upset, I believe that my feelings are valid and important.  
18. When I'm upset, I have difficulty focusing on other things.  
19. When I'm upset, I feel out of control. 
20. When I'm upset, I can still get things done.  
21. When I'm upset, I feel ashamed with myself for feeling that way.  
22. When I'm upset, I know that I can find a way to eventually feel better.  
23. When I'm upset, I feel like I am weak.  
24. When I'm upset, I feel like I can remain in control of my behaviors.  
25. When I'm upset, I feel guilty for feeling that way.  
26. When I'm upset, I have difficulty concentrating.  
27. When I'm upset, I have difficulty controlling my behaviors.  
28. When I'm upset, I believe there is nothing I can do to make myself feel better.  
29. When I'm upset, I become irritated with myself for feeling that way.  
30. When I'm upset, I start to feel very bad about myself.  
31. When I'm upset, I believe that wallowing in it is all I can do.  
32. When I'm upset, I lose control over my behaviors.  
33. When I'm upset, I have difficulty thinking about anything else.  
34. When I'm upset, I take time to figure out what I'm really feeling.  
35. When I'm upset, it takes me a long time to feel better.  
36. When I'm upset, my emotions feel overwhelming.  
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WISCONSIN SMOKING WITHDRAWAL SCALE (WSWS) 

Please answer the following questions based on how you have felt or what you have 
noticed during the past week, including today. 
 

 
WSWS note:  Items 9, 11, 20, and 26 constitute the Craving subscale and were used for 
the current study. 
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SMOKING DIARY 

 

 



	

151 

Appendix E: EMA Measures 

STATE DIFFICULTIES IN EMOTION REGULATION (S-DERS) 
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POSITIVE AND NEGATIVE AFFECT SCHEDULE – SHORT FORM (PANAS-S) 

	
1) Scared 

2) Nervous 

3) Afraid 

4) Upset 

5) Distressed 
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VISUAL PROBE TASK 

 

 

 
 
 
Note: In the visual probe (VP) task used to deliver the attention retraining intervention, 
participants are asked to focus on the fixation cross in the center of the smartphone 
screen. The cross is then replaced by a series of picture pairs (one smoking and the other 
neutral) that are presented relatively briefly (500 ms) with one picture on the left and the 
other on the right. When the picture pair disappears, a probe (the dot) is presented in a 
position formerly occupied by one of the pictures. Participants are asked to hit the C key 
if the probe appears on the left side of the screen and the M key if the probe appears on 
the right side of the screen.  
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Appendix F. Smoking Cessation Counseling Workbook (Excerpt)  

Session 3 (Week -1): Tools for quitting                                   
Date:                  Study 
ID: 
Session goals: (1) Review motivation, (2) Develop cessation plan – triggers and craving  

1. Reminder: Motivation for Quitting 
 

 

 

 
2. Working together to create a plan to help you quit 

1. Quit date: _________________________ 

2. List your usual triggers (can be physical, emotional, or situational): 

 
 

 

 

 

 

 

 

 

 

 
a. Prepare for triggers (work through Managing Triggers Worksheet)  

b. Reward yourself 

3. What do you think quit day will be like? 

 
 

 

 

Example	Triggers		
• Being	around	smokers.		
• Starting	the	day.		
• Feeling	stressed.		
• Being	in	a	car	
• Drinking	coffee	or	tea.		
• Enjoying	a	meal.		
• Drinking	alcohol.		
• Feeling	bored.		
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4. How to handle unavoidable triggers (circle which ones will work for you and add 

others) 

c. Relaxation techniques (progressive muscle relaxation) 
d. Deep breathing 
e. Reciting mantra – to remind yourself of primary motivation for quitting 
f. Staying busy – (e.g., taking walks or meeting with friends in non-smoking 

places) 
g. Have healthy snacks on hand to replace the desire for the oral satisfaction 

of smoking.  

h.         

i.          

j. 

k. 

 
5. Urges and cravings 

a. Immediately after quitting: urges to smoke may seem random, frequent, 
and strong 

b. The longer you stay quit: urges become less frequent and less intense; 
occur mainly in the presence of your triggers 

c. How have you dealt today (or in the past) with urges to smoke in 
situations when smoking was not allowed?   
 

 

 

 
d. Could those methods work for you as you try quitting? 

 
6. Dealing with cravings  

a. What does craving feel like to you? 
 

 

 

 
7. Circle the techniques below that will help you when you have cravings: 

h. Delay until the urge passes - usually within 3 to 5 minutes. 
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i. Distract yourself. Call a friend or go for a walk. 
j. Drink water to fight off cravings. 
k. Deep Breaths - Relax! Close your eyes and take 10 slow, deep breaths. 
l. Discuss your feelings with someone close to you. 
m. Add your own ideas to help with cravings: 

 
 

 

8. Review Handling Temptations to Smoke During Stressful Times worksheet and go 
over Relaxation Techniques if applicable. 

9. Develop social support plan using Social Support for Nonsmoking worksheet. 

10. Handouts 

_____ Managing Triggers 
_____ Handling Temptations /Relaxation Technique 
_____ Social Support for Nonsmoking  
_____ Progressive Muscle Relaxation (if applicable) 
_____ Deep Breathing (if applicable) 
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Handout 6: Managing Triggers 
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Handout 7: Handling Temptation 
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Handout 8: Social Support 
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Handout 9: Progressive Muscle Relaxation 
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Handout 10: Deep Breathing Exercise 
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Appendix G. Participant Contract 

 
Appendix note: This participant contract was signed once final eligibility was determined 
during the initial laboratory visit and the individual expressed interest in participating in 
the study. This contract was designed to make explicit and emphasize the study 
commitments and expectations up front in order to maximize adherence and compliance 
from participants. Each participant was provided with a copy of his or her signed 
contract. 
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