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Background: Smoking urges and negative affect play important roles in daily cigarette smoking and smoking lapse during a cessation attempt. Traditionally, laboratory research has considered negative affect as a potential cause of smoking urges. A deeper understanding of momentary associations between negative affect and smoking urges during a smoking cessation attempt can inform treatment development efforts. This study examined whether the within-person association between negative affect and smoking urges differed before and after a quit attempt, and by intervention type.

Methods: Data are from a pilot randomized controlled trial comparing 3 smoking cessation interventions. Participants were randomly assigned to: (1) a novel, smartphone-based just-in-time adaptive intervention that tailored treatment content in real-time (Smart-T2; n = 24), (2) the National Cancer Institute QuitGuide app (n = 25), or (3) a clinic-based tobacco cessation program (TTRP; n = 23) that followed Clinical Practice Guidelines. All participants received up to 12 weeks of nicotine replacement therapy and completed up to 5 assessments per day (MPreQuit= 25.8 assessments, SD = 6.0; MPostQuit= 107.7 assessments, SD = 37.1) of their negative affect and smoking urges during the 7 days (M = 6.6 days, SD = 1.0) prior to their quit-date and the 29 days (M = 25.8 days, SD = 6.4) after their quit-date. Prior to analysis, repeated measures of smoking urges were decomposed into between-person and within-person components.

Results: After accounting for baseline nicotine dependence, Bayesian multilevel models indicated that the extent of within-person association between negative affect and smoking urges was stronger in the post-quit stage of the intervention than the pre-quit stage. Results also indicated that in the post-quit stage of the intervention, the within-person association between negative affect and smoking urges was weaker for those in the Smart-T2 and TTRP groups compared with those in the QuitGuide group. The extent of this within-person association did not differ between those in the Smart-T2 and TTRP groups.

Conclusions: These findings offer preliminary evidence that the momentary within-person association between negative affect and smoking urges increases following a quit attempt, and that the TTRP and Smart-T2 interventions may weaken this association. Research is needed to replicate and expand upon current findings in a fully powered randomized controlled trial.

Clinical Trial Registration: ClinicalTrials.gov NCT02930200; https://clinicaltrials.gov/show/NCT02930200.
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INTRODUCTION

Tobacco dependence is a recurring, relapsing condition (1). While most smokers want to quit, fewer than one-third of smokers use evidence-based treatments such as medication or behavioral counseling during quit attempts (2), and most smokers require several attempts before they successfully quit (3). Measurement strategies such as ecological momentary assessment (EMA), which utilize frequent self-report about behaviors and experiences in real-time (4), have allowed researchers to better understand the complicated dynamics of thoughts, feelings, and situational contexts that smokers experience during the course of a quit attempt (5). Many EMA studies have examined momentary correlates of smoking lapse during a quit attempt, including cravings (6), proximity to other smokers (7), and recent alcohol use (8).

Smoking urges and negative affect have emerged as important predictors of smoking behaviors, as well as risk factors for lapse during smoking cessation attempts (9–14). In controlled laboratory manipulations of negative affect among dependent smokers, there is strong evidence that negative affect evokes craving to smoke (15). Similarly, the findings of research examining cue-reactivity to experimentally manipulated negative affect have indicated that negative affect is associated with more ad libitum smoking (16). Further, research conducted in daily life settings has found that individuals tend to experience higher negative affect on stressor days compared to non-stressor days (17, 18). This body of work has conceptualized the extent of within-person association between stress and negative affect as reactivity. In addition to more traditionally measured stressors, such as arguments with a loved one or difficulties at work, momentary increases in smoking urges may be a particularly salient daily life stressor for individuals who are trying to quit smoking. Prior research has provided some evidence of momentary within-person associations between negative affect and smoking urges (19). However, little is known about how the momentary within-person association between negative affect and smoking urges may change following the initiation of a smoking cessation attempt. In addition, it is unclear whether the strength of this association may differ based on intervention type.

Given the dynamic nature of contextual factors contributing to increased risk of smoking lapse during a quit attempt, emerging strategies such as just-in-time adaptive interventions (JITAIs), have become increasingly relevant (20). JITAIs aim to address states of vulnerability for health behaviors (such as high-risk situations) by providing support in real-time through mobile technology (21). Decision rules are used to determine when and how to provide treatment in the relevant moment. To date, most JITAIs for substance use behaviors have used decision rules that assumed predictors of substance use were time-invariant (22). Although tailored intervention content delivered in real-time has the potential to attenuate the effect of smoking urges and negative affect on the risk of smoking lapse, a deeper understanding of the momentary, quit-stage dependent, within-person association between negative affect and smoking urges is needed to further refine these decision rules.

To advance our understanding of which psychological factors may contribute to cessation-related experiences in daily life, the present study used EMA data to assess the momentary within-person association between negative affect and smoking urges in a sample of adults receiving a smoking cessation intervention. Data were analyzed using multilevel modeling to examine (1) the extent of momentary within-person association between negative affect and smoking urges during a quit attempt, (2) whether the extent of this within-person association changed from the pre-quit to the post-quit stage of the study, and (3) whether the assigned intervention type moderated the degree of this within-person association.



METHODS


Participants

A total of 81 individuals participated in the parent study. Of these participants, 9 were excluded for lack of compliance with the study protocol (see data analysis section for minimum compliance criteria). Participants in the analytic sample (nTotal = 72; nSmart−T2= 24, nQuitGuide= 25, nTTRP= 23) were, on average, 50.17 years of age (SD = 11.92, Range = 23–73 years), 49% female, 64% White (24% Black or African American, 1% Native Hawaiian or Other Pacific Islander, 6% American Indian/Alaska Native, and 5% Other), and 3% Hispanic/Latino. Participants were recruited from provider or self-referrals to the Tobacco Treatment Research Program (TTRP), located at the University of Oklahoma Health Sciences Center in Oklahoma City, Oklahoma. Individuals were eligible to participate if they (1) demonstrated an English literacy level greater than the sixth grade, (2) were willing to quit smoking 7 days from their first visit, (3) were ≥18 years of age, (4) had an expired carbon monoxide (CO) level >7 ppm suggestive of current smoking, (5) were currently smoking ≥5 cigarettes per day, (6) were willing and able to attend 4 in-person assessment sessions, and (7) had no contraindications for over-the-counter nicotine replacement therapy (NRT; i.e., uncontrolled blood pressure, myocardial infarction within the past 2 weeks, or current pregnancy or plans to become pregnant during the study period). All participants provided informed consent and received compensation for their participation.



Procedure

All study procedures were approved by the Institutional Review Board at the University of Oklahoma Health Sciences Center. The intervention procedure has been described in detail elsewhere (23). Relevant to the present study, all participants completed an in-person assessment at baseline, 7 days of EMAs pre-quit, an in-person assessment on their quit date, and an additional 29 days of EMA following the scheduled quit date. At the baseline in-person assessment, study personnel provided all participants with a smartphone (Samsung Galaxy On5) and trained them how to use the device to complete the EMA portion of the study. Participants also provided information on the typical time they woke up and went to sleep for each day of the week. This information was used to set the time of EMAs so that they were not scheduled when the participant was likely to be sleeping. On the first and last days of EMA, participants were prompted to respond to one daily diary. On days 2 through 35, participants were prompted 5 times per day, starting with a daily diary assessment ~30 min after waking and 4 subsequent random assessments, finishing no later than the participants' self-reported bedtime for the given day. Data collected on the smartphone app were deidentified and encrypted. In addition to the daily diary and random assessments, participants could also self-initiate EMAs at times when they felt an urge to smoke or times when they had already smoked.

At baseline, participants were randomized into either the (1) Smart-T2 smartphone-based smoking cessation app Smart-T2, (2) National Cancer Institute QuitGuide app, or (3) tobacco cessation clinic care (TTRP). Intervention types and study procedures have been described in detail previously (23, 24). Briefly, the Smart-T2 app featured just-in-time treatment messages delivered at the end of each EMA. Treatment messages were tailored to a participant's current risk of smoking lapse, determined by a weighted algorithm, as well as the highest rated of four momentary lapse triggers: urge to smoke, stress, cigarette availability, and low motivation to quit. The weighted algorithm was developed in a prior study that examined the optimal weight to assign to momentary responses for each of six lapse triggers (urge to smoke, stress, cigarette availability, interacting with someone smoking, recent alcohol use, and cessation motivation), by comparing the extent to which the estimator distinguished between moments of high vs. low risk for imminent smoking lapse in the next 4 hours (25). Results from that study showed that the final weighted lapse risk estimator successfully identified 80% of all first smoking lapses within 4 h of the smoking lapse. This lapse risk estimator was integrated into and informs the real-time tailoring of intervention messages for the Smart-T1 (24) and Smart-T2 JITAIs (23). The Smart-T app also featured on-demand quit tips. The NCI QuitGuide app (26, 27) is a free smartphone app available through Smokefree.gov and includes on-demand content such as the ability to track cravings, smoking triggers, and quit tips. Finally, the TTRP group received usual tobacco cessation treatment based on established clinical practice guidelines (28), including weekly individual counseling sessions. All three groups received a 2-week supply of over the counter nicotine replacement therapy (NRT; i.e., patches, gum, or both) and participants could request up to 8 additional weeks of NRT.



Measures

Five times per day, all participants were prompted via smartphone to report their current experiences of negative affect, smoking urges, and smoking behaviors during the week prior to their quit date and the 4 weeks subsequent to their quit date.


Momentary Negative Affect

During each daily diary and random assessment, participants answered questions about their negative emotion experiences, chosen to span both high activation (i.e., stress, anxious, frustrated/angry, irritable, worried, and restless) and low activation (i.e., depressed, sad, and miserable) quadrants of the circumplex model (29). Response options for each of these questions ranged from Strongly Disagree (=1) to Strongly Agree (=5). The average within-person correlations among the negative emotion items were moderate to strong during both the pre-quit (Range = 0.31–0.56) and post-quit (Range = 0.31–0.52) stages of the study. Thus, a negative affect composite was computed as the average response to the nine discrete negative emotion items at each EMA. Additionally, we computed a high activation negative affect composite (irritable, frustrated/angry, worried, restless, anxious, stressed) and a low activation negative affect composite (sad, miserable, depressed) for each EMA to use in a set of secondary analyses (29).



Momentary Smoking Urge

During each daily diary and random assessment, participants reported on the extent to which they currently had an urge to smoke. Response options ranged from Strongly Disagree (=1) to Strongly Agree (=5).



Quit Stage

To quantify quit stage in terms of pre-quit date vs. post-quit date, each of the seven days prior to each participant's scheduled quit date were recoded as 0 and each of the 29 days on or after each participant's quit date were recoded as 1.



Intervention Type

Three dummy coded variables were created to indicate whether participants received the Smart-T2 intervention app (0 = no, 1 = yes), whether participants received the QuitGuide intervention app (0 = no, 1 = yes), and whether participants received the TTRP intervention (0 = no, 1 = yes). Given that there were three intervention treatment groups, only two dummy coded variables were used at a time. Three dummy coded variables were created so that, across two sets of analyses, treatment group differences across all three groups could be statistically evaluated.



Covariates
 
Baseline Smoking Dependence

During the baseline assessment, participants answered two items that comprise the Heaviness of Smoking Index (HSI) (30). First, participants responded to the question: At present, how long after waking do you wait before having your first cigarette (in minutes)?, using response options of 61+ min (=0), 31–60 min (=1), 6–30 min (=2), and ≤ 5 min (=3). Second, participants responded to the question: How many cigarettes do you smoke per day at present?, using response options of 1–10 cigarettes (=0), 11–20 cigarettes (=1), 21–30 cigarettes (=2), and 31+ cigarettes (=3). A smoking dependence composite was then computed as the sum of scores from the two items from each participant.



Momentary Smoking Status

Using all available data (daily diaries, random assessments, participant-initiated urge assessments, participant-initiated smoking assessments), a momentary “smoked yet today” variable was calculated. Specifically, for a given moment within a day, participants received a score of zero if they had not reported any smoking during that assessment or in any previous assessment that day, whereas they received a score of one if they reported smoking during that assessment or in any previous assessment that day.



Demographic Variables

Several demographic variables were included as covariates in secondary models including Gender (Male = 0, Female = 1), Race (0 = Non-white, 1 = White, given that the majority of the sample reported their race as White), Age (M = 50.2 years, SD = 11.8), Education (completed ≤ high school/GED = 0, at least some college = 1), and Employment (working less than full time = 0, working full time = 1).




Data Analysis

Momentary occasions were included in the analyses if the participant provided complete data for negative affect and smoking urge. Nine participants were excluded from the analysis sample because they did not participate in both the pre-quit and post-quit stages of the study (n = 4), or because they did not have at least 5 measurement occasions with complete data for the main analysis variables in each stage of the study (n = 5). Participants excluded from the analysis sample were relatively evenly distributed across the Smart-T2 (n = 3), QuitGuide (n = 2), and TTRP (n = 4) treatment groups. Participants included in the analyses (nTotal= 72) provided on average 25.8 pre-quit momentary assessments (SD = 6.0, Min = 5, Max = 31), and 107.7 post-quit momentary assessments (SD = 37.1, Min = 6, Max = 140). Altogether, 67% of the sample completed at least 75% of the prompted momentary assessments. Momentary assessments were uniformly completed across days such that, on average, participants responded to at least one assessment during 6.6 of the 7 pre-quit days (SD = 1.0, Min = 2, Max = 8), and 25.8 of the 29 post-quit days (SD = 6.4, Min = 2, Max = 29).

Data preparation steps included separating time-varying predictor variables into the between-person and within-person components (31). The time-invariant between-person component, SmokeUrgeBPi, was calculated as the intraindividual mean across the repeated measures of smoking urges, yielding one score per person. Similarly, the momentary within-person component, SmokeUrgeWPit was calculated for each observation for each person as the deviation from their intraindividual mean (SmokeUrgeBPi). Prior to analysis, the between-person components for smoking urges (SmokeUrgeBPi) and baseline smoking dependence (BaselineHSIi) were sample-mean centered to facilitate interpretation with respect to the prototypical person in the sample.


Analysis for Research Questions 1–2

To examine (1) the extent of within-person association between negative affect and smoking urges and (2) whether quit stage moderates the extent of within-person association between negative affect and smoking urges, we fit a multilevel linear regression model,
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where repeated measures of negative affect for participant i during moment t are modeled as a function of a person-specific intercept, β0i, changes driven by concurrent smoking urges, β1i, changes driven by pre- vs. post-quit stage, β2i, the interplay between smoking urges and quit stage, β3i, and residual differences, eit. Person-specific coefficients were simultaneously modeled as a function of person-level predictors,
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where γ00, γ10, γ20, and γ30, and are sample-level parameters describing the prototypical person, and γ01, γ02, γ03, and γ04, describe how individual differences in smoking urges, baseline smoking dependence, and intervention treatment group are associated with participants' negative affect. Random effects (u0i, u1i, u2i, u3i) were allowed to co-vary with one another, but not with eit. Additionally, we examined whether the results held after accounting for demographic variables.




Analysis for Research Question 3

To examine whether intervention type moderates the within-person association between negative affect and smoking urges, we fit a multilevel linear regression model,
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where repeated measures of negative affect for participant i during moment t are modeled as a function of a person-specific intercept, β0i, changes driven by concurrent smoking urges, β1i, and residual differences, eit. Person-specific coefficients were simultaneously modeled as a function of person-level predictors,
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where γ00 and γ10 and are sample-level parameters describing the prototypical person, and γ01, γ02, γ03, γ04, γ11, γ12, describe how individual differences in smoking urges, baseline smoking dependence, and intervention treatment group are associated with participants' negative affect and/or moderate the within-person association between smoking urges and negative affect. Random effects (u0i, u1i) were allowed to covary with one another, but not with eit. Additionally, we examined whether the results held after accounting for demographic variables.

For those individuals included in the analytic sample (i.e., those who had at least 5 days of complete data for each quit stage), missing data were relatively low for the pre-quit (17% across all people and all possible assessments) and post-quit (24% across all people and all possible assessments) stages. Thus, we treated missing data as missing at random. All analyses were performed in R version 4.1.1. and R Studio version 2021.09.0 (32, 33). All figures were created in R using the ggplot2 package (34). The brms package was used to fit the multilevel models specified above in the Bayesian statistical framework to facilitate model convergence with a full random effects structure. For each model, estimation included two chains and we specified default weakly informative prior probability distributions (35, 36). The first 1,000 samples from each chain were used for the “warm-up” phase of the sampling algorithm, and discarded. Another 8,000 samples were run in each chain after warm-up, and these 16,000 samples were used to estimate the mean for a point estimate (labeled as Estimate in the model result tables), and the 95% credible interval (labeled as 95% CI in the model result tables). The 95% CI can be interpreted as a 95% probability that the true parameter is contained in the interval.





RESULTS

Descriptives for and correlations among main study variables are presented in Table 1. The average intensity of momentary negative affect was similar across the pre-quit stage (M = 2.1 SD = 0.7) and the post-quit stage (M = 2.1 SD = 0.8) of the study. The average intensity of smoking urges was descriptively slightly higher during the pre-quit stage (M = 3.1, SD = 0.7) compared with the post-quit stage (M = 2.8, SD = 0.9) of the study. Given that participants were instructed to smoke as usual during the pre-quit stage, smoking rates were relatively high such that for 86% of the pre-quit moments, participants had already smoked at some point in the day. For the post-quit stage, smoking rates were much lower such that participants had already smoked at some point in the day for only 26% of the post-quit moments. Similarly, on average, participants smoked at least once per day for 80% (SD = 22.5, Min = 0%, Max = 100%) of their pre-quit days and smoked at least once per day for 36% (SD = 37.3, Min = 0%, Max = 100%) of their post-quit days. Prior to the main analyses, we calculated intraclass correlation coefficients to examine how much variance in the variables pertinent to the present study could be attributed to the momentary and person levels of analysis. For negative affect, 33% of the variation could be considered within-person variation, with the remaining 67% considered between-person variation. For smoking urges, 56% of the variation could be considered within-person variation and 44% could be considered between-person variation. Given considerable variation at both levels of analysis for negative affect (the outcome variable), we proceeded to fit the multilevel models. Results are described in the following sections and reported in Table 2.


Table 1. Descriptives and correlations (between- and within-person) among study variables.
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Table 2. Results from multilevel models examining differences in within-person negative affect association with smoking urges based on quit stage.
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The Within-Person Association Between Negative Affect and Smoking Urges Differs by Quit Stage

First, we examined whether the extent of within-person association between negative affect and smoking urges differed by quit stage (pre- vs. post-quit). The results indicated that for the prototypical participant assigned to the Smart-T2 intervention (the reference group), with average baseline smoking dependence and average momentary smoking urges, their average level negative affect was expected to be 2.0 (γ00) on pre-quit occasions. Further, the results showed that individuals' average level of negative affect did not credibly differ from pre-quit date to post-quit date (γ20 = 0.04). However, the results indicated that individuals in the sample credibly differed from one another in their average levels of negative affect during the pre-quit (σu0 = 0.7) and post-quit (σu2 = 0.4) stages of the study. Additionally, between-person differences in smoking urges were credibly associated with between-person differences in negative affect such that those who tended to have more intense smoking urges, on average, over the course of the study period also tended to have higher negative affect (γ01 = 0.6).

Within-person variation in smoking urges were also credibly associated with negative affect (γ10 = 0.1). Further, the extent of within-person association between negative affect and smoking urges was moderated by quit stage (γ30 = 0.1). As shown in Figure 1, there was a stronger association between smoking urges and negative affect during the post-quit stage of the intervention (green solid line) compared with the pre-quit stage of the intervention (coral dashed line). The results also showed that there was considerable heterogeneity across participants in the strength of the within-person association between negative affect and smoking urges during the pre-quit (σu1 = 0.2) and post-quit (σu2 = 0.1) stages (shown by the faint coral and green lines in Figure 1), and that those who tended to have higher average negative affect during the pre-quit stage also tended to have stronger links between their negative affect and their smoking urges during the post-quit stage [ρ(u0i, u3i)], but not the pre-quit stage [ρ(u0i, u1i)]. All results held after accounting for demographic covariates (see right two columns of Table 2).


[image: Figure 1]
FIGURE 1. Prototypical within-person association between momentary smoking urges and momentary negative affect moderated by quit stage [pre-quit date (0 = study days 0 through 6), post-quit date (1 = study days 7 through 35)]. Individuals' negative affect and smoking urges were coupled to a greater extent during the post-quit stage (green solid line) compared with the pre-quit stage (coral dashed line). Faint background lines show the range of between-person differences in the within-person association between smoking urges and negative affect during both the pre-quit (coral) and post-quit (green) stages.




The Within-Person Association Between Negative Affect and Smoking Urges Differs by Intervention Type

Second, we examined whether the extent of within-person association between negative affect and smoking urges differed by intervention type during the post-quit stage of the study. As shown in Figure 2, the results indicated that those who received the Smart-T2 intervention (the reference group; γ10 = 0.16) showed a weaker association between their momentary experiences of negative affect and smoking urges compared with those who received the QuitGuide intervention (γ11 = 0.1) during the post-quit stage of the study. In contrast, the extent of the within-person association between negative affect and smoking urges did not differ between those who received the Smart-T2 intervention and those who received the TTRP intervention (γ12 = −0.1). We also re-ran the analysis, re-specifying the TTRP group as the reference to examine whether the extent of association differed between those assigned to TTRP and those assigned to QuitGuide. The results showed that those who received the TTRP intervention showed a weaker association between their momentary experiences of negative affect and smoking urges (the reference group; γ10 = 0.10) compared with those who received the QuitGuide intervention (γ11 = 0.2). Similar to the prior section, all results held after accounting for demographic covariates (see third model in Table 3).


[image: Figure 2]
FIGURE 2. The within-person association between momentary negative affect and smoking urges was moderated by intervention type during the post-quit stage of the study. Specifically, those who received SmartT2 (green solid line) and TTRP (blue dotted line) did not differ from one another in the extent to which their momentary negative affect experiences were associated with their momentary smoking urges. Additionally, those who received QuitGuide (coral dashed line) showed a stronger within-person association between their experiences of negative affect and smoking urges compared with those who received SmartT2 and those who received TTRP. The faint background lines depict person-specific associations.



Table 3. Results from multilevel models examining differences in within-person negative affect association with smoking urges based on mHealth intervention type.
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As an additional check, we re-ran the analysis, applied to just the pre-quit data when exposure to the interventions was still relatively low and when individuals were not actively trying to quit smoking. As expected, the results showed that during the pre-quit stage of the study, there were no credible differences in the extent of within-person association between negative affect and smoking urges attributed to intervention type (γ10 = 0.13, γ11 = 0.02, γ12 = −0.06; second model in Table 3). For ease of presentation and interpretation, we fit the model separately to the pre-quit data and post-quit data. The results were similar though when the model was simultaneously fit to the pre- and post-quit data such that there was a credible 3-way interaction involving momentary smoking urges, intervention stage, and treatment group.


Sensitivity Analyses

As a sensitivity check, we fit an additional model examining whether intervention type differences in association still held after accounting for whether in a given moment the participant had smoked yet that day. Although the posterior mean estimate was similar to the primary model (γ11_PrimaryModel = 0.11, γ11_SensitivityModel = 0.10), the credible interval included zero for the sensitivity model. In other words, after accounting for whether a participant smoked yet in a given day, there were no longer credible differences in the extent of within-person association between negative affect and smoking urges based on whether the participant received Smart-T2 or QuitGuide. Similar to the primary model, the results showed that the within-person association between negative affect and smoking urges did not differ for those in the Smart-T2 and TTRP groups (γ11_SensitivityModel = −0.07). Also similar to the primary model, when we re-fit the sensitivity analysis model with TTRP specified as the reference group, those in the QuitGuide group showed a stronger within-person association between their negative affect and smoking urges compared with those in the TTRP group during the post-quit stage (γ11_SensitivityModel = 0.2).




Secondary Analyses

In a set of secondary analyses, we examined whether the results differed based on the activation of the negative affect composites. Results are presented in Table 4.


Table 4. Results from secondary analyses examining negative affect association with smoking urges based on low activation and high activation negative affect.
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First, we examined whether the extent of within-person association between negative affect and smoking urges differed by quit stage using the low activation negative affect composite and the high activation negative affect composite. The results showed that for both low activation negative affect and high activation negative affect, the extent of within-person association between negative affect and smoking urges was stronger during the post-quit stage of the study compared with the pre-quit stage of the study (γ30 = 0.04, γ30 = 0.07, respectively).

Second, we examined whether the extent of within-person association between negative affect and smoking urges differed by intervention type during the post-quit stage using the low activation negative affect composite and the high activation negative affect composite. The results indicated that those who received the Smart-T2 intervention (the reference group; γ10 = 0.08) showed a weaker within-person association between their momentary experiences of low activation negative affect and smoking urges compared with those who received the QuitGuide intervention (γ11 = 0.13). Although the posterior mean estimate was similar to the prior model and the original model (γ11 = 0.13), there was not a credible difference between the Smart-T2 and QuitGuide groups in the extent of within-person association between high activation negative affect and smoking urges. Similar to the primary model, for both low activation negative affect and high activation negative affect, the extent of within-person association between negative affect and smoking urges did not differ between those who received the Smart-T2 intervention and those who received the TTRP intervention (γ12 = −0.03, γ12 = −0.07, respectively). Also similar to the primary model, when we re-fit the sensitivity analysis model with TTRP specified as the reference group, those who received QuitGuide group showed a stronger within-person association between their momentary experiences of negative affect and smoking urges, for both low activation negative affect and high activation negative affect during the post-quit stage (γ11 = 0.2, γ11 = 0.2, respectively).




DISCUSSION

The present study is the first to use EMA data to examine how within-person associations between negative affect and smoking urges change across pre-quit and post-quit stages of a smoking cessation attempt, and differ based on intervention type. Results indicated that in moments when individuals' smoking urges were higher than usual, their negative affect also tended to be higher than usual. Second, we found that the extent of within-person association between negative affect and smoking urges was stronger during the post-quit stage compared with the pre-quit stage of the study. Third, we found that the within-person association between post-quit negative affect and smoking urges did not differ for those assigned to the Smart-T2 and TTRP groups. In contrast, those who received the QuitGuide intervention showed a stronger within-person association between their momentary experiences of negative affect and smoking urges during the post-quit stage compared with the other two groups. For each of the main findings, we also observed substantial differences across participants (regardless of intervention type) in the strength of the within-person association between their momentary experiences of negative affect and smoking urges. Further, results from sensitivity and secondary analyses indicated that the moderation by intervention type may not be credible after accounting for whether a person had already smoked that day, and may be driven primarily by low activation negative emotions (i.e., sad, miserable, and depressed). Altogether, results from the present study, discussed in the following sections, contribute to a growing literature on how the relation between momentary experiences of negative affect and smoking urges in daily life may change from pre- to post-quit, and shed light on the features of interventions that may help mitigate these changes in service of smoking cessation.


The Within-Person Association Between Negative Affect and Smoking Urges Differs by Quit Stage

Although individuals' negative affect tended to be relatively stable, on average, during the pre-quit and post-quit stages, we found evidence of substantial within-person variability in momentary negative affect during both stages. Further, we found evidence of a within-person association between momentary experiences of negative affect and smoking urges. Specifically, on occasions when individuals' negative affect was higher than usual, their smoking urges also tended to be higher than usual. This finding aligns with prior studies conducted in both laboratory and in vivo settings (11, 15, 16).

Extending prior work, we observed that the extent of within-person association between negative affect and smoking urges was stronger during the post-quit stage of the intervention compared with the pre-quit stage. In other words, the coupling between individuals' momentary experiences of negative affect and smoking urges tended to be stronger during times when they were actively trying to avoid smoking compared with times when they were not actively trying to avoid smoking. Prior research has shown that nicotine withdrawal can cause both urges and negative affect and that these symptoms can also increase the likelihood of smoking lapse (11, 37). Thus, it is not surprising that our findings showed that the within-person association between negative affect and smoking urges became stronger when nicotine withdrawal increased post-quit. Smoking cessation interventions that aim to de-couple the within-person covariation between negative affect and smoking urges, may reduce the salience of smoking urges, and thus help to reduce the likelihood of smoking lapse.

Study findings related to the pre-/post-quit change in the extent of within-person association between negative affect and smoking urges may have implications for future intervention development. For example, we observed that individuals who tended to have higher average negative affect during the pre-quit stage also tended to have stronger coupling between their momentary experiences of negative affect and smoking urges during the post-quit stage of the study. This finding could be applied in future interventions by using dynamic characteristics (e.g., intraindividual mean of momentary negative affect scores) calculated from pre-quit data as a screening or tailoring tool for post-quit intervention delivery. As an example, smokers who display high characteristic negative affect during the pre-quit stage (within-person mean of momentary negative affect) could receive more intervention content focused on de-coupling the association between negative affect and smoking urges than those who have lower characteristic negative affect during the pre-quit stage. Overall, these findings align with the goals of personalized medicine by highlighting potential ways to temporally and contextually tailor interventions to boost overall effectiveness (21).



The Within-Person Association Between Negative Affect and Smoking Urge Differs by Intervention Type

Several interesting preliminary findings emerged pertaining to differences in the extent of within-person association between negative affect and smoking urges based on intervention type during the post-quit stage. First, the average within-person association between negative affect and smoking urges was stronger for those assigned to QuitGuide compared with those assigned to Smart-T2 or TTRP. One plausible explanation of this finding is that there were important differences in the extent of personalization across the interventions. For example, those assigned to TTRP received personalized feedback from a counselor on how to cope with negative affect, smoking urges, and other smoking lapse risk factors. In contrast, those assigned to Smart-T2 and QuitGuide received all intervention content via smartphone. It is possible that the Smart-T2 intervention partially de-coupled the momentary relationship between negative affect and smoking urges by providing tailored real-time messages focused on addressing and/or coping with these relapse risk symptoms up to 5 times per day. Relatedly, individuals in the Smart-T2 and TTRP groups both reported higher levels of treatment satisfaction compared with the QuitGuide group, and felt that their treatment “knew how to help [them] quit smoking” (23). We also checked whether this finding might be attributable to differences in intervention efficacy, but found that the 4-week follow-up abstinence rates were relatively similar across the 3 interventions (nSmartT2= 6 people, nQuitGuide= 7 people, nTTRP= 8 people). Together, these findings provide promising preliminary evidence that the Smart-T2 intervention may, like traditional smoking cessation counseling, reduce the extent of within-person association between momentary experiences of negative affect and smoking urges.



High and Low Activation Negative Affect

In secondary analyses, we examined whether results differed after negative affect was parsed into high activation (e.g., frustrated/angry) and low activation (e.g., sad) components. For both high and low activation, the extent of within-person association between negative affect and smoking urges was stronger during the post-quit stage. Additionally, compared to individuals in the QuitGuide group, those in the Smart-T2 group tended to have weaker within-person association between their low-activation negative affect and their smoking urges. However, the same difference was not credibly observed for high activation negative affect. One potential explanation for this finding pertains to differences in effort required to access intervention content, and how such effort may be more or less likely invested when negative affect and/or urges are high. Participants randomized to the Smart-T2 group immediately received intervention content after completing each brief assessment and could also access intervention content on demand via the app. In contrast, those randomized to QuitGuide only received on-demand intervention content when they specifically sought it out by opening the QuitGuide app. The automated, prompted, and consistent delivery of the Smart-T2 intervention content may have been particularly useful in moments when individuals were experiencing higher smoking urges than usual and low activation negative affect. Prior research has shown that low activation negative affect is associated with lower approach motivation (38). In contrast, for high activation moments, it may be that the intervention differences were “washed out” because participants were in an affective state that has been shown to be associated with higher approach motivation, and thus more likely to exert effort to access (approach) intervention content from their assigned intervention (39). Future research would benefit from further study of differences in negative affect activation and effort-based differences in exposure to intervention content.



Strengths, Limitations, and Future Directions

This study has several strengths and limitations. The dense sampling methodology that was used (i.e., up to five EMAs per day) during the 7 pre-quit days and 29 post-quit days afforded opportunities to study within-person associations between momentary smoking urges and negative affect as well as changes in the extent of within-person association by quit stage. In contrast, the present study was designed to collect pilot data on the efficacy of the Smart-T2 intervention, and thus was not specifically powered to detect between-group (e.g., intervention type) differences in the extent of within-person associations between negative affect and smoking urges. A follow-up study is currently in the data collection phase, with more individuals per intervention type, that will be better powered to detect these cross-level interactions (40).

A second limitation is that a substantial portion of the sample reported smoking on all 29 post-quit days of the study. This high rate of post-quit smoking may have implications for whether the intervention type differences in the extent within-person association between negative affect and smoking urges could be detected. Results from the sensitivity analyses suggested that on occasions when individuals had smoked at some point already that day, their negative affect tended to be higher than usual. Thus, once an individual smokes in a given day, it may be that they are less susceptible to intervention content or that intervention content may be interpreted as less relevant for the remainder of the day. Future work should focus on further disentangling the complex associations between negative affect, smoking urges, and smoking behaviors in larger, adequately powered samples.

Another limitation is that the modeling strategy used in the present study assumed consistent within-person associations during the post-quit stage; however, this may not be the case (41). As individuals progressed further into the intervention and went longer without smoking, the extent to which momentary changes in their negative affect were coupled with momentary changes in smoking urges may have diminished. Future work could benefit from implementing other modeling techniques to test whether the post-quit association parameter should be time-varying. Similarly, the present study focused on understanding concurrent within-person associations between smoking urges and negative affect, but it may also be that these associations are bidirectional. Thus, future work should examine the temporal ordering of these associations and whether the extent of within-person association in one direction is stronger than the other direction using methods such as multilevel vector autoregressive modeling (42–44). Altogether, work in this area will afford better understanding of how these within-person dynamic characteristics change over the course of smoking cessation attempt(s) and inform theory on how the smoking behavior change process operates.



Synopsis

Findings from the present study offer preliminary evidence that the within-person association between negative affect and smoking urges increases following a quit attempt, and that the TTRP and Smart-T2 interventions may attenuate this within-person association during the post-quit stage, compared with the QuitGuide intervention. Future work should determine if these findings are replicated in a fully powered randomized controlled trial and whether interventions designed to reduce negative affect in the context of smoking urges reduce the intensity of subsequent urges as well as the likelihood of smoking lapses. Altogether, the present study adds to a growing literature that focuses on how psychological variables (e.g., urge and negative affect) covary during a quit attempt. Study findings may inform future smoking cessation JITAI development.
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