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SUMMARY

Despite the high prevalence of cigarette smoking among adolescents, we have yet 

to fully understand the relationship between the development of nicotine dependence and 

emotion regulation over time.  Extant literature indicates that, like adults, adolescents 

initially smoke to relieve stress and negative affect.  It remains unclear, however, whether 

smoking is effective in reducing negative emotion among newer smokers, both in the 

short- and long-term.  The overall goal of the present study, then, was to determine 

whether the affective benefits derived from smoking change over time in adolescent 

smokers and whether the development of nicotine dependence might relate to these 

changes.  For smokers, we anticipated that emotional response would increase across 

visits, though the affective pattern would remain stable.  Further, we hypothesized that 

change in nicotine dependence would moderate emotional response over time such that 

those with increased nicotine dependence would experience less affective benefit from a 

single cigarette over time, and therefore, exhibit greater emotional response at Visit 3.  In 

contrast to this hypothesized temporal pattern for smokers, we anticipated that emotional 

response would decrease over time for neversmokers, though the affective pattern would 

remain stable.  We also hypothesized that emotional response would be reliable across 

sessions, such that emotional response at the matched session would predict similar 

responses at Visit 3.  Findings were mixed: while there were expected results in terms of 

affective patterns in startle eyeblink response (SER), skin conductance (SC), and heart 

rate (HR), emotional response over time was less reliable.  For both smokers and 

neversmokers, SER latency, or speed, was greater at the first session than the second, 

which indicates less response to affective images over time and contradicts findings from 
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SUMMARY (CONTINUED)

all other measures, though this might be due to its relative unreliability.  Further, change 

in nicotine dependence predicted average SC level and moderated emotional response 

over time as indexed by average HR only.  Still, we were able to confirm previous 

research in both adolescents and adults regarding affective patterns in 

psychophysiological measures while continuing to ask questions about the association 

between the development of nicotine dependence and emotional response over time.  This 

relationship remains unclear and in need of further research, as it seems an important 

piece of the theoretical puzzle surrounding escalation to continued and chronic cigarette 

smoking.   
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I. INTRODUCTION

Smoking is a problem behavior most often initiated in adolescence, with 20% of 

eighth graders reporting some experience with cigarettes; indeed, over the last 30 years, 

cigarettes have remained the substance most often used on a daily basis by high school 

students (Johnston, O’Malley, Bachman, & Schulenberg, 2009).  Despite our knowledge 

of the epidemiology of this behavior, we have yet to fully understand the concurrent 

development of continued smoking behavior and nicotine dependence.  In adults, 

motivation to smoke often involves an affect regulation component, as smokers seek to 

alleviate the negative affect associated with nicotine withdrawal (Baker, Piper, McCarthy, 

Majeskie, & Fiore, 2004).  Emerging research indicates that this might be true of young, 

light smokers as well (Kassel et al., 2007).  Understanding the relationship between the 

development of nicotine dependence and emotion regulation is of great importance to 

future prevention and intervention efforts within this population.  Prior research describes 

a dramatic increase in substance use disorders during this same time period (i.e., 

adolescence; Costello, Mustillo, Erkanli, Keeler, & Angold, 2003), and although some 

research has indicated that smokers can become dependent earlier than originally thought 

(DiFranza, 2008), few studies have followed adolescents to investigate the possible link 

between emerging nicotine dependence and affect regulation over time.  

A. Smoking Onset and Emotion Regulation

Extant literature indicates that, like many adult smokers, a significant proportion 

of adolescents smoke to relieve stress and negative affect (Kassel, Stroud, & Paronis, 

2003; Koval & Pederson, 1999; Siqueira, Diab, Bodian, & Rolnitzsky, 2000). 



Longitudinal studies of adolescents have shown that those who become smokers perceive 

more stress in their lives and do not utilize coping strategies effectively, perhaps making 

them more likely to view smoking as a viable coping resource (Dugan, Lloyd, & Lucas, 

1999).  Further, those who escalate from experimenting with smoking to regular use 

generally have more positive physiological and psychological experiences during their 

first few smoking episodes than those who fail to escalate (cf. Eissenberg & Balster, 

2000; Friedman, Lichtenstein, & Biglan, 1985).  

Piasecki and Baker (2000) speculate that perhaps smoking replaces severe, 

unexpected periods of negative affect with smaller, more predictable episodes.  Indeed, 

some have described smoking as part of a vicious cycle (Parrott, 1999), whereby stress 

and negative affect precipitate smoking, and eventually, consistent smoking behavior 

results in nicotine dependence.  The nature of nicotine dependence dictates that there will 

be some manifestation of physiological and/or psychological withdrawal after abstinence 

(even of brief duration), and that the smoker will smoke again to alleviate these 

symptoms, thus perpetuating the cycle.  Baker and colleagues (2004) illustrate a similar 

model of addiction in which withdrawal-based learning results in sensitivity to the 

interoceptive cues of negative affect, leading to further substance use.  

In a three-year study of adolescents, however, Wills, Sandy, and Yaegar (2002) 

found a unidirectional relationship between negative affect and smoking, such that 

negative affect precipitated smoking behavior and not that smoking “caused” stress. 

Further, whereas nicotine withdrawal does increase self-reported negative affect, it does 

not appear to affect involuntary emotional regulation, as indexed by the startle eyeblink 

response (SER) (Piper & Curtin, 2006).  Though it has become increasingly clear that 
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young smokers might share motives for smoking with their adult counterparts, perhaps 

partially informed by parental use (Nichter, Nichter, Vuckovic, Quintero, & Ritenbaugh, 

1997), it remains unclear whether smoking actually reduces subjective stress and negative 

affect among newer smokers (Kassel et al., 2003).

Piper and Curtin’s (2006) compelling work demonstrates a possible disconnect between 

subjective and objective (e.g., psychophysiological) emotional response that limits the 

interpretation of self-report when assessing the affective consequences of both acute smoking 

(nicotine) effects and nicotine withdrawal.  Indeed, self-report is the most common form of 

assessment, despite its reliance on self-awareness and a lack of bias, which is sometimes 

associated with describing one’s own affective experience.  Correspondingly, employment of a 

multidimensional approach to the evaluation of emotional response in drug research (e.g., 

Stritzke, Patrick, & Lang, 1995), i.e., one that draws upon psychophysiological indices of affect, 

offers clear advantages with respect to enhancing the internal validity and reliability of these 

findings.  A multimodal approach that addresses smoking/affect relationships with SER, skin 

conductance (SC), and heart rate (HR) as psychophysiological measures of emotional response 

would benefit the literature.      

B. Startle Eyeblink Response 

The SER is a physiological indicator of affective state that has proven sensitive to 

both visual and auditory stimuli (Bradley, Cuthbert, & Lang, 1990; Vrana, Spence, & 

Lang, 1988).  The startle response in general first received interest in the 1930s, when 

Landis and Hunt (1939) observed a full-body reaction to a pistol shot.  The fastest and 

most reliable element of this response was the sudden closure of the eyelids, and further 
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research showed that this action remained even when a stimulus failed to engage the full-

body startle response.  

The SER is a result of the contraction of the orbicularis oculi muscle below the 

eye and occurs roughly 30-50ms after the onset of an auditory stimulus.  Generally, the 

magnitude (strength) and latency (speed) of the response are of greatest interest in the 

study of emotion, as different patterns emerge depending on the affective state of the 

individual (Lang, Bradley, & Cuthbert, 1990).  Perhaps the most salient of these is the 

fear-potentiated SER, a term coined by Davis and associates (see Davis, Hitchcock, & 

Rosen, 1987 for review), which was first elicited in classical conditioning studies.  Early 

research using rats found that startle probes presented in the context of affective stimuli 

(in this case, a light and buzzer that had previously been associated with a toy pistol shot) 

evoked a larger full-body reaction, and therefore a larger SER, than control stimuli 

(Brown, Kalish, & Farber, 1951).  Lang and colleagues (1990) subsequently hypothesized 

that SER would vary similarly as a function of affective valence and arousal level.  In this 

case, valence refers to the likelihood of assuming either an appetitive (approach) or 

defensive (avoidance) behavioral stance, whereas arousal refers to general energy level.  

In accordance with this theory, perhaps the most salient pattern to emerge is the 

impact of negative affect on SER.  Masterson and Crawford (1982) organized negatively 

valenced animal behaviors into a “defense motivation system,” arguing that such 

behaviors comprise a set of natural defensive reactions.  Accordingly, whole-body startle 

has been shown to vary as a function of affective state in rodents (Davis & Astrachan, 

1978; Greenwald, Bradley, Cuthbert, & Lang, 1998; Grillon & Davis, 1997; Hamm, 

Greenwald, Bradley, & Lang, 1993; Schmid, Koch, & Schnitzler, 1995).  This response 
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mirrors SER in humans, and so might originate from the same type of defensive system. 

Therefore, one might predict that SER would be greater among those experiencing 

negative affect, which is associated with both fear and the desire to defend oneself. 

Researchers often induce such affect by presenting participants with a series of images 

that vary in emotional content, i.e., depict positive, negative, and neutral events, objects, 

or people.  The SER has been shown to increase significantly from neutral to negative 

images (Bradley, Cuthbert, & Lang, 1988; Cook, Hawk, Davis, & Stevenson, 1991; Lang, 

Davis, & Öhman, 2001; Vrana et al., 1988), and this effect is even more pronounced 

when combined with increased general arousal (Lang, 1995).  The SER also increases 

significantly from positive to neutral images, suggesting that decreased magnitude is 

characteristic of positive affect (Bradley et al., 1988; Vrana et al. 1988), with this effect 

also increasing with general arousal level (Lang, 1995).  Responses in children and 

adolescents generally conform to these patterns as well (McManis, Bradley, Berg, 

Cuthbert, & Lang, 2001). 

C. Skin Conductance and Heart Rate

The SER is but one part of a “behavioral cascade” that results from exposure to an 

aversive stimulus (Lang et al., 2001).  SC is a measure of electrodermal (i.e., sweat 

gland) response that, along with HR, taps into the autonomic nervous system.  This 

physiological system is responsible for modulating peripheral functions (Öhman, Hamm, 

& Hugdahl, 2000).  It consists of the sympathetic (activation) and parasympathetic 

(relaxation) branches (Mauss & Robinson, 2009).  Whereas SC is under sympathetic 

control, HR is under parasympathetic control and therefore decreases to facilitate 

vigilance against threats to the organism (Lang & Bradley, 2010).  The eye is the primary 
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pathway into the brain for mammals, and so, images and text are particularly evocative of 

this defensive response (Lang & Bradley, 2010).  As SER is potentiated, SC increases 

with arousal, and HR decelerates before accelerating to prepare for action (Lang et al., 

2001).

Whereas specific patterns of SER characterize exposure to differently-valenced 

stimuli, SC and HR are thought to provide near-direct measures of general physiological 

arousal (Lang et al., 1990).  SC appears to be least influenced by valence, as it increases 

monotonically with arousal level (Lang, Bradley, & Cuthbert, 1998), although some 

studies suggest that SC changes most when one is viewing negative images, as compared 

with neutral or positive images (McManis et al., 2001).  Heart rate, however, might be 

able to distinguish among different emotions (Ekman, Levenson, & Friesen, 1983; 

Levenson, 1992).  For example, previous studies have shown that heart rate decelerates 

when viewing unpleasant pictures and accelerates when viewing pleasant pictures (Lang 

et al., 1998), though it also accelerates when processing fearful text, as compared with 

neutral text (Vrana, Cuthbert, & Lang, 1989).

D. Emotional Response Over Time

Over time, however, these physiological responses lessen with repeated exposure 

to visual or auditory stimuli, a phenomenon known as habituation.  Previous research has 

indicated that this pattern is normative in healthy participants within a single session 

(Bradley, Lang, & Cuthbert, 1993), and also across multiple sessions within the same day 

(i.e., 3 separate sessions within 8 hours; Abel, Waikar, Pedro, Hemsley, & Geyer, 1998). 

Differences among affective categories persist, however, even as overall levels of 

response decline.  
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To date, few studies have examined emotional response over multiple days, as 

indexed by either subjective or physiological measures, in any population.  Larson and 

colleagues (2000) recruited 71 undergraduate students to participate in two experimental 

sessions, separated by four weeks.  Half of the sample was randomized to view the same 

slides at each visit, whereas the other half was presented with new slides during the 

second session.  Analyses examined the correlation between emotion modulation of SER 

at the first and second sessions.  The results indicated that emotional response at the first 

session was more highly correlated with response at the second among those who viewed 

two different sets of pictures, as compared with those who viewed the same slides at both 

timepoints.  

These findings inform the current study, as they demonstrate the stability of 

emotional response over time.  Ultimately, however, Larson and colleagues (2000) 

focused on issues of methodology rather than factors that might impact such differential 

affective states.  Anecdotal and research-based evidence suggest that smoking might be 

an important modulator of emotional response.  Most salient for smokers is the 

connection between self-administration of nicotine, the primary psychoactive ingredient 

in cigarettes, and its purported ability to help regulate emotional response.  Though the 

acute effects of nicotine have been widely studied, conflicting results have failed to paint 

a clear picture of its effects on emotion.

E. Acute Effects of Nicotine in Smokers

The competing subjective and objective effects of nicotine create a paradox that 

persists over decades of smoking research.  Nicotine increases heart rate, perhaps even 

more in adolescents than adults (Corrigall, Zack , Eissenberg, Belstio, & Scher, 2001), 
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but decreases emotional response as indicated by SER (Cinciripini et al., 2006), SC 

response magnitude (Gilbert & Hagen, 1980), and tolerance of electric shock (Nesbitt, 

1973), though the latter findings have been questioned (Shiffman & Jarvik, 1984). 

Previous studies have shown that smoking increases subjective feelings of head rush and 

decreases both positive (Perkins, Jetton, & Keenan, 2003) and negative affect (Gilbert et 

al., 2008).  Despite these mixed results, however, most smokers over the last few decades 

have claimed that smoking relaxes them (Frith, 1971; Ikard, Green, & Horn, 1969; Ikard 

& Tompkins, 1973).  Subjective measures have indicated that recency of smoking is 

inversely associated with negative affect, with smoking successfully reducing this level 

of negative emotion (Kassel et al., 2007).  This effect has been shown in measures of 

psychophysiological response as well, with SER decreasing and HR increasing in 

nicotine-deprived adult smokers after they smoke a single cigarette (Mueller, Mucha, & 

Pauli, 1998).  Further, greater negative affect in abstinent smokers has been indicated by 

increased SER, as compared with nonsmokers (Grillon, Avenevoli, Daurignac, & 

Merikangas, 2007).  

Summary 

We still have yet to fully understand the relationship between the development of 

nicotine dependence and emotion regulation over time.  Extant literature indicates that, 

like adults, adolescents initially smoke to relieve stress and negative affect.  It remains 

unclear, however, whether smoking is effective in reducing negative emotion among 

newer smokers, especially given the interpretation problems inherent with self-report 

measures and the overall dearth of research examining real-time associations between 

smoking and affect.  Previous research has identified SER has as an alternative indicator 
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of emotional response, with distinct patterns associated with differentially-valenced 

stimuli.  Further, SC and HR provide options for indexing general arousal.  Whereas all 

physiological measures are subject to habituation in the short-term, no one has examined 

differences in emotional response over time, especially as they might relate to problem 

behaviors.  Smoking is often used as a strategy for coping with negative affect, and 

smokers generally report a reduction of negative emotion after smoking.   Accordingly, 

SER decreases significantly in nicotine-deprived adult smokers after they smoke a single 

cigarette, whereas HR increases (Mueller et al., 1998).  Findings from our own lab 

indicate that smoking a single cigarette also reduces negative affect in adolescents, as 

indicated by increased latency of the SER and reduced SC (Kassel et al., In press, 2011). 

Due to a dearth of longitudinal studies, however, it is unclear whether smoking 

effectively reduces negative affect in the long-term, or whether the actual development of 

nicotine dependence relates to smoking’s acute effects on emotional response. 

F. Aims of the Current Study

The goal of the current study, then, was to determine whether the affective 

benefits derived from smoking change over time in adolescent smokers, and whether the 

development of nicotine dependence might relate to these changes.  More specifically, the 

emotional response of smokers at either baseline or 6-10 weeks post-baseline was 

compared with their emotional response at 15 months post-baseline, with change in 

nicotine dependence serving as a potential moderator of emergent patterns while 

controlling for smoking frequency, quantity, and recency.  Emotional response in 

nonsmokers was examined as well, to provide a comparison group for their smoker 

counterparts.  For smokers, we anticipated that emotional response would increase across 
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visits, as indicated by greater SER magnitude, SER amplitude, and SC and lower SER 

latency and HR over time.  Further, we hypothesized that the affective pattern would 

remain stable: average SC level, SER magnitude, and SER amplitude would be largest in 

response to negative slides at each visit whereas HR and SER latency would be lowest in 

response to negative slides (see Figures 1a-1c for predicted results).  Finally, we 

anticipated that changes in emotional response over time would be moderated by 

concurrent change in nicotine dependence.  For neversmokers, we anticipated that 

emotional response would decrease over time as indicated by lower SER magnitude, 

amplitude, and SC and greater SER latency and HR over time, though the affective 

pattern would remain stable.  We also hypothesized that emotional response at Visit 1 or 

Visit 2 would predict emotional response at Visit 3.     
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II. METHOD

A. Participants

1. Program project.

The current study draws from a cohort of adolescents recruited as part of a larger 

program project, which examined the social and emotional contexts of smoking using 

various methodologies (i.e., ecological momentary assessment, lab-based measures, and 

observational coding).  A group of 1263 adolescents from the Chicagoland area enrolled 

in the project during their first and second years of high school and continued to 

participate over the next four years.  

Participants from 16 area high schools were recruited via survey, which gathered 

information about smoking behavior, intentions, demographics, and parental smoking 

status.  Based on their responses to this screening questionnaire, eligible students and 

their parents were invited to participate in the longitudinal study.  Participation in the 

longitudinal study required students and their parents to agree to complete follow-up 

assessments.  They were also informed that they might be invited to participate in 

additional projects (i.e., the individual studies under the larger program project). 

2. Project 3.

A subgroup of 217 adolescents participated in Project 3, “Smoking’s Effect on 

Emotion in Adolescent Smokers.”  The goals of this lab-based study were to determine 

whether 1) adolescent smokers derive affective benefit from smoking a cigarette, 2) 

smoking deprivation results in nicotine withdrawal symptoms, and 3) individual 

differences in smoking’s effect on emotional response and withdrawal reduction are 

predictive of subsequent developmental smoking behavior and patterns.  Potential 
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participants who reported smoking at least one cigarette in the last two weeks without a 

desire to quit qualified as “smokers,” as compared with “neversmokers,” who had never 

smoked.  All participants and legal guardians provided informed assent and consent, 

respectively, prior to participation (see Appendix A).

B. Self-Report Measures

1. Modified Fagerstrom Tolerance Questionnaire.

To assess nicotine dependence, participants completed the seven-item version of 

the Fagerstrom Tolerance Questionnaire, modified for use with adolescent smokers 

(mFTQ; Prokhorov, Koehly, Pallonen, & Hudmon, 1998; Prokhorov, Pallonen, Fava, 

Ding, & Niaura, 1996), at both their baseline visit and 15 month follow-up as part of a 

battery given by the larger program project.  The mFTQ was designed to correlate with 

physiological measures of dependence, containing items that assess smoking rate, 

smoking soon after waking, smoking even when ill, difficulty refraining from smoking, 

smoking more heavily in the morning than other times of the day, reporting the first 

cigarette of the day as the most difficult to give up, and frequency of inhalation.  The 

current study included continuous response choices for all mFTQ items except for the 

morning smoking item (scored as yes/no), with scoring rescaled to compare to the 

original FTQ (Prokhorov et al., 1996).  Summing all items created a total score, and the 

measure demonstrated adequate internal consistency with the current sample (coefficient 

alpha = 0.66).  In adult populations, an overall score of 6 or more represents a high level 

of nicotine dependence (Prokhorov et al., 1996; see Appendix B for individual items).

2.Smoking behavior.
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At each Project 3 session, participants completed a questionnaire about their 

current smoking behavior (see Appendix C for individual items).  Of interest in the 

current study are the number of days they smoked out of the past 30 days (frequency), the 

average number of cigarettes smoked on those days (quantity), and the last time they 

smoked a cigarette before coming into the lab (recency).   

C. Physiological Measures

1. Emotional stimuli and the startle eyeblink response.

Emotional stimuli were presented as a series of 36 slides from the International 

Affective Picture System (IAPS; Lang, Bradley, & Cuthbert, 1997).  The IAPS slides 

were developed to provide a set of normative emotional stimuli as a tool for investigating 

emotion (Lang, Öhman, & Vaitl, 1988).  These images have been previously rated and 

normed on dimensions of valence and arousal (Lang, Bradley, & Cuthbert, 1997). 

Within the current study, positive slides included scenes of food, children, and animals; 

negative stimuli included scenes of aimed guns and threatening animals; and neutral 

slides included pictures of household objects, plants, and neutral faces.  Positive and 

negative slides were chosen to be equal in rated arousal, both of which were higher in 

arousal than neutral slides.  No slides containing nudity or scenes of death were shown to 

ensure that images were age-appropriate.

During the slide presentation, the SER was elicited by presenting white noise 

bursts (95dB for 50ms) via Telephonics headphones (Telephonics, Farmingdale, NY).  On 

eight of the trials for each slide type, the acoustic startle probe stimulus occurred at a 

variable point during the 6s slide viewing period (3, 4, or 5s after slide onset; see Stritzke 

et al., 1995).  One of the four slides within each content block was presented without a 
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startle stimulus.  In addition, each block included three startle stimuli that were presented 

during the intervals between slide presentations.  These random interslide aural stimuli 

served to reduce the temporal predictability of the startle and to de-emphasize a specific 

association between slide viewing and startle stimuli (see Vrana et al., 1988).  They also 

provided an additional measure of response during the inter-trial interval (ITI).  Unilateral 

measurement of the eyeblink component of the SER was done by recording 

electromyography (EMG) activity from the orbicularis oculi muscle beneath the left eye. 

The raw EMG signal at each site was amplified and frequencies below 90 Hz and above 

250 Hz were filtered via a BIOPAC bioamplifier (BIOPAC Systems, Inc., Goleta, CA). 

Data were then recorded and displayed using BIOPAC Systems’ AcqKnowledge data 

acquisition software (Version 4.0) installed on a Pentium IV computer, with a resolution 

of 1000 Hz.

2. Skin conductance level.

SC was assessed continuously throughout the presentation of the IAPS slides. 

Electrodes were filled with lubricating jelly and positioned on the hypothenar eminence 

of the nondominant hand. These electrodes were then connected to a BIOPAC isolated 

SC coupler that provided a constant voltage of 0.5 V.  SC level was averaged across the 

6s slide-viewing period.  A change score was also computed to measure the mean change 

in SC from the 1s baseline immediately preceding the onset of each slide.  

3. Heart rate.

HR was recorded by electrodes placed on the right and left inner forearms using a 

Schmitt trigger that interrupted the computer each time it detected the cardiac R-wave, 

providing a record of interbeat intervals to the nearest millisecond.  HR response was 
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averaged across the 6s slide-viewing period.  A change score was also computed to 

measure the mean change in HR from the 1s baseline immediately preceding the onset of 

each slide.

D. Procedure

All participants in Project 3 completed three experimental sessions: baseline (Visit 

1), 6-10 weeks after baseline (Visit 2), and 15 months after baseline (Visit 3).  Each 

session was identical, with the exception of smokers being offered the chance to smoke a 

cigarette at either Visit 1 or Visit 2 and again at Visit 3.  Neversmokers were not offered 

this opportunity at any of the three visits (see Figure 2 for the session timeline).

Upon arrival in the lab, all participants provided an expired breath carbon 

monoxide (CO) reading (Vitalograph EC 50 CO monitor, Vitalograph, Lenexa, KS) and 

completed various self-report questionnaires.  Once they finished these surveys, they 

were fitted with electrodes to measure SER, SC, and HR and completed a baseline 

psychophysiological measurement period.  Smokers were then offered the chance to 

smoke as much or as little of a cigarette as they wanted, choosing from among eight 

popular brands, half of which were mentholated.  Those who chose not to smoke and 

neversmokers were offered a magazine and asked to sit and relax for seven minutes. 

Smokers who chose to smoke completed the following steps during the same time period.

1. Cigarette administration.

Before smoking, participants provided another CO reading and received a 

cigarette and specific instructions.  They were asked to light the cigarette before placing it 

in a CReSS device, which examines many different aspects of smoking topography, 

including both volume and duration of each puff (Clinical Research Support System 
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Smoking Topography Machine, Plowshare, Baltimore, MD).  They were told to smoke 

normally (i.e., ad libitum, as much or as little of the cigarette as they desired) and remove 

the cigarette butt when finished.  Participants then provided another CO reading, 

immediately after smoking the cigarette.

2. Slide presentation and ratings.

Following the smoking (for smokers who smoked) or relaxation (for smokers who 

did not smoke and neversmokers) period, all participants completed a second 

psychophysiological assessment (i.e., SER, SC, and HR) and self-report questionnaires. 

At this time, the IAPS slide presentation began, with psychophysiological assessment 

throughout, as described above.  Following this presentation, all participants completed a 

third set of self-report questionnaires.  They were then asked to view the IAPS slides a 

second time to rate each on scales of valence (happy vs. unhappy) and arousal (aroused 

vs. calm), though these slide ratings are not discussed in this paper. 

After providing these ratings, smokers completed an end of study questionnaire 

that asked why they had (or had not) chosen to smoke during the session.  Those who 

smoked were also asked to rate the harshness, strength, and pleasantness of the cigarette 

they received.  At the end of the session, all participants were debriefed.  

E. Data Management

1. Startle eyeblink response.

Responses to individual slides were averaged for each affective category (i.e., 

positive, neutral, and negative) to yield a single value for magnitude, or strength of SER, 

and another for latency, or speed of SER.  Amplitude was also derived from magnitude 
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for each affective category by excluding trials for which there was no SER (Blumenthal 

et al., 2005).  

As SER has been shown to increase significantly from neutral to negative slides, 

change scores were also calculated to examine how negative stimuli potentiated SER, i.e., 

increased it above response to neutral stimuli.  The negative-neutral score was calculated 

by subtracting magnitude, amplitude, and latency in response to neutral slides from those 

for negative slides, respectively.  The negative-ITI score was similarly calculated by 

subtracting magnitude, amplitude, and latency in response to the aural stimuli presented 

between slide presentations from those for negative slides, respectively.

2. Skin conductance and heart rate.

Similar to data treatment for SER, SC and HR responses to individual slides were 

averaged for each affective category, yielding separate average and difference (from pre-

slide baseline) scores for positive, neutral, and negative slides.

3. Summary of dependent variables.

Each affective category (i.e., positive, neutral, and negative) yielded the following 

variables, as described above: SER magnitude, SER amplitude, SER latency, average SC 

level, SC level change, average HR, and HR change.  In addition, a change score 

captured the difference between SER magnitude, amplitude, and latency to negative 

versus neutral slides.  A second change score compared SER magnitude, amplitude, and 

latency to negative slides with the response to an auditory stimulus presented between 

slides.  All variables underwent natural log transformation to reduce skewness and 

kurtosis.    

F. Data Analysis 
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1. Participants.

Of interest in the current study is how the development of nicotine dependence 

and/or smoking behavior might relate to the stability (or instability) of emotional 

response in adolescent smokers over time.  Therefore, analyses involving smokers 

focused on sessions during which they chose to smoke.  Of the 122 smokers enrolled in 

the study, 64 smoked at either Visit 1 or Visit 2 (hereafter, referred to as the initial 

smoking session) and Visit 3, and so are included in this set of analyses.  Basic smoking-

related variables at the initial smoking session and Visit 3 (i.e., frequency, quantity, and 

recency of smoking) were compared using Wilcoxon Signed Rank Tests.  Nicotine 

dependence at the initial smoking session and Visit 3, as measured by the mFTQ, was 

examined using a Student’s t-test.  As compared with smokers, neversmokers (n=36) 

served as a control group.  They were proportionally matched to smokers on gender and 

the visits included in subsequent analyses were chosen to match those of their smoker 

counterparts (i.e., Visit 1 or Visit 2, hereafter referred to as the matched session, and Visit 

3).

2. Smokers.

For smokers, the first set of analyses examined patterns in affective response 

across multiple sessions using a series of 2 (session) x 3 (affective category) within-

subjects analyses of variance (ANOVAs).  A set of analyses of covariance (ANCOVAs) 

included change in nicotine dependence as a covariate, as determined by subtracting 

mFTQ scores at Visit 1 from scores at Visit 3.     

In a third set of analyses, emotional response at Visit 3, as indexed by SER, SC, 

and HR measures, was regressed onto emotional response at the initial smoking session. 
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These analyses were done separately for each dependent variable and affective category. 

Change in nicotine dependence, as defined above, was entered as a potential moderator 

after centering all values, as recommended by Aiken and West (1991).  Significant 

interactions were followed up using simple slopes analyses.  As described earlier, we 

anticipated that change in nicotine dependence would moderate emotional response, such 

that emotional response would increase more in those who developed greater nicotine 

dependence over time.

3. Neversmokers.

For neversmokers, the first set of analyses examined patterns in affective response 

across multiple sessions with a series of 2 (session) x 3 (affective category) within-

subjects ANOVAs.  A second set of analyses regressed emotional response at Visit 3, as 

indexed by SER, SC, and HR measures, onto emotional response at the matched session. 

These analyses were done separately for each affective category.     

III.RESULTS

A. Participant Characteristics

Table 1 illustrates general characteristics for both smokers and neversmokers. 

There were no significant differences in basic demographics, though there were more 

males in the smoker group than the neversmoker group.  Participants were between 15 

and 16 years old, and most were Caucasian and non-Hispanic/Latino.  At baseline, most 

smokers reported smoking one-third to all the days in a month, an average of two to three 

cigarettes per day, and within 24 hours of completing their first session.  Both frequency 

and quantity of smoking had significantly increased by the third session, with most 

smokers smoking all the days in a month and six to 10 cigarettes per day, z(63) ≥ -2.674, 
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ps < 0.01.  Further, while it was most common for smokers to have their last cigarette 

within 24 hours of both sessions, this majority significantly increased over time, z(63) = 

-2.639, p < 0.01.  Finally, nicotine dependence, as assessed by the mFTQ at Visit 1 and 

Visit 3, significantly increased over time, t(63) = -3.233, p < 0.01.

B. Smokers

1. Emotional response over time.

a. Startle eyeblink response.

For SER magnitude, a two-way ANOVA revealed a main effect of time, F(1, 54) 

= 16.284, p < 0.001, such that SER magnitude was greater at the initial smoking session 

than at Visit 3.  This initial analysis also showed a main effect of affective category, F(2, 

53) = 11.584, p < 0.001.  As hypothesized, SER magnitude was smaller in response to 

positive than negative slides, F(1, 54) = 23.237, p < .001, and greater in response to 

negative than neutral slides, F(1, 54) = 14.259, p < 0.001 (Figure 3a).  

For SER amplitude, a two-way ANOVA revealed a main effect of time, F(1, 54) = 

5.268, p < 0.05, such that SER amplitude was greater at the initial smoking session than 

at Visit 3.  This initial analysis also showed a main effect of affective category, F(2, 53) = 

5.615, p < 0.01.  As hypothesized, SER amplitude was smaller in response to positive 

than negative slides, F(1, 54) = 6.396, p < 0.05, and greater in response to negative than 

neutral slides, F(1, 54) = 4.731, p < 0.05 (Figure 3b).

For SER latency, a two-way ANOVA revealed a main effect of time, F(1, 54) = 

10.434, p < 0.01, such that SER latency was greater at the initial smoking session than at 

Visit 3.  This initial analysis also showed a trend for affective category, F(2, 53) = 2.782, 
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p = 0.07, such that, unexpectedly, SER latency was smaller in response to positive than 

negative slides, F(1, 54) = 5.918, p < 0.05 (Figure 3c).

b. Skin conductance level.

For average SC level, a two-way ANOVA revealed no main effect of time, F(1, 

54) = 2.239, p = ns, or affective category, F(2, 53) = 0.398, p = ns.

For SC level change, a two-way ANOVA revealed no main effect of time, F(1, 54) 

= 2.393, p = ns, or affective category, F(2, 53) = 0.909, p = ns.

c.  Heart rate.

For average HR, a two-way ANOVA revealed a main effect of time, F(1, 54) = 

5.914, p < 0.05, such that average HR was smaller at the initial smoking session than at 

Visit 3.   This initial analysis also showed a main effect of affective category, F(2, 53) = 

14.910, p < 0.001.  As hypothesized, average HR was smaller in response to negative 

than neutral slides, F(1, 54) = 21.141, p < 0.001 (Figure 3d).  

For HR change, a two-way ANOVA revealed no main effect of time, F(1, 54) = 

0.324, p = ns, though it did show a main effect of affective category, F(2, 53) = 33.654, p 

< 0.001.  HR change was smaller (i.e., less negative) in response to positive than negative 

slides, F(1, 54) = 10.824, p < 0.001, and greater (i.e., more negative) in response to 

negative than neutral slides, F(1, 54) = 60.763, p < 0.001 (Figure 3e).    

2. Change in nicotine dependence as a covariate.

a. Startle eyeblink response.

For average SER magnitude, a two-way ANCOVA, controlling for change in 

nicotine dependence, revealed no main effect of time, F(1, 54) = 2.496, p = ns, or 

affective category, F(2, 53) = 2.605, p = ns.
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For SER amplitude, a two-way ANCOVA, controlling for change in nicotine 

dependence, revealed no main effect of time, F(1, 54) = 0.876, p = ns, or affective 

category, F(2, 53) = 1.895, p = ns. 

For SER latency, a two-way ANCOVA, controlling for change in nicotine 

dependence, revealed a main effect of time, F(1, 54) = 4.749, p < 0.05, such that SER 

latency was greater at the initial smoking session than at Visit 3.  This initial analysis also 

showed a main effect of affective category, F(2, 53) = 3.144, p = 0.50.  These main 

effects were qualified by an interaction, F(2, 53) = 3.386, p < 0.05, such that SER latency 

in response to neutral slides decreased more over time than response to negative slides, 

F(2, 53) = 4.006, p < 0.01 (Figure 4a).     

b. Skin conductance level.

For average SC level, a two-way ANCOVA, controlling for change in nicotine 

dependence, revealed no main effect of time, F(1, 54) = 0.106, p = ns, or affective 

category, F(2, 53) = 0.365, p = ns.

For SC level change, a two-way ANCOVA, controlling for change in nicotine 

dependence, revealed no main effect of time, F(1, 54) = 0.170, p = ns, or affective 

category, F(2, 53) = 0.249, p = ns.

c. Heart rate.

For average HR, a two-way ANCOVA, controlling for change in nicotine 

dependence, revealed no main effect of time, F(1, 54) = 1.947, p = ns, though it did show 

a main effect of affective category, F(2, 53) = 7.468, p = 0.001.  As hypothesized, average 

HR was smaller in response to negative than neutral slides, F(1, 54) = 11.658, p = 0.001 

(Figure 4b).
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For HR change, a two-way ANCOVA, controlling for change in nicotine 

dependence, revealed no main effect of time, F(1, 54) = 0.097, p = ns, though it did show 

a main effect of affective category, F(2, 53) = 16.403, p < 0.001.  HR change was smaller 

(i.e., less negative) in response to positive than negative slides, F(1, 54) = 6.149, p < 

0.05, and greater (i.e., more negative) in response to negative than neutral slides, F(1, 54) 

= 32.386, p < 0.001 (Figure 4c).    

3. Change in nicotine dependence as a moderator of emotional response.

To test our hypothesis that change in nicotine dependence would moderate 

changes in emotional response over time, each indicator of emotional response during 

Visit 3 was regressed onto the same emotional response variable during the initial 

smoking session, as well as change in nicotine dependence and their interaction, after 

controlling for smoking frequency, quantity, and recency.  

a. Startle eyeblink response.

In the analysis of SER magnitude, response at the initial smoking session did 

account for significant variance in response to all slides and for the negative-ITI 

difference score, B = 0.002, ts(54) ≥ 2.161, ps < 0.05.  Change in nicotine dependence 

was then added into the model and failed to contribute significant variance in all cases. 

In the final step of each analysis, the interaction between emotional response at the initial 

smoking session and change in nicotine dependence was entered into the model.  For all 

affective categories and both difference scores, this interaction term did not account for 

additional variance in SER magnitude at Visit 3.

In the analysis of SER amplitude, response at the initial smoking session did 

account for significant variance in response to all slides, B = 0.002, ts(54) ≥ 5.007, ps < 
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0.001.  Change in nicotine dependence was then added into the model and failed to 

contribute significant variance in all cases.  In the final step of each analysis, the 

interaction between emotional response at the initial smoking session and change in 

nicotine dependence was entered into the model.  For all affective categories and both 

difference scores, this interaction term did not account for additional variance in SER 

magnitude at Visit 3.

In the analysis of SER latency, response at the initial smoking session did account 

for significant variance in response to positive slides only, B = 0.009, t(54) = 3.844, p < 

0.001.  Change in nicotine dependence was then added into the model and failed to 

contribute significant variance in all cases.  In the final step of each analysis, the 

interaction between emotional response at the initial smoking session and change in 

nicotine dependence was entered into the model.  For all affective categories and both 

difference scores, this interaction term did not account for additional variance in SER 

latency at Visit 3.

b. Skin conductance level.

In the analysis of average SC level, response at the initial smoking session did not 

account for significant variance in response at Visit 3.  Change in nicotine dependence 

was then added into the model and contributed significant variance for negative slides 

only, B = 0.000, t(54) =  -2.273, p < 0.05, such that those with low changes in nicotine 

dependence showed low average SC level in response to negative slides overall.  That is, 

smokers who did not develop greater nicotine dependence over time maintained a low 

level of general arousal in response to negative images.  In the final step of each analysis, 

the interaction between emotional response at the initial smoking session and change in 
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nicotine dependence was entered into the model.  For all affective categories, this 

interaction term did not account for additional variance in average SC level at Visit 3.

In the analysis of SC level change, response at the initial smoking session did not 

account for significant variance in response at Visit 3.  Change in nicotine dependence 

was then added into the model and failed to contribute significant variance in all cases. 

In the final step of each analysis, the interaction between emotional response at the initial 

smoking session and change in nicotine dependence was entered into the model.  For all 

affective categories, this interaction term did not account for additional variance in SC 

level change at Visit 3.

c. Heart rate.

In the analysis of average HR, response at the initial smoking session did account 

for significant variance in response at Visit 3 for all slides, B = 0.004, ts(54) ≥ 4.939, ps < 

0.001.  Change in nicotine dependence was then added into the model and failed to 

contribute significant variance in all cases.  In the final step of each analysis, the 

interaction between emotional response at the initial smoking session and change in 

nicotine dependence was entered into the model.  For all affective categories, this 

interaction term accounted for additional variance in average HR at Visit 3, B = -0.001, 

ts(54) ≥ -2.642, ps ≤ 0.01 (Figures 5a-c).  Analysis of simple slopes revealed that smokers 

with little change in nicotine dependence over time had similarly high average HR at both 

sessions, B = 0.005, ts(54) ≥ 5.791, ps < 0.001 (Figures 6a-c).  

In the analysis of HR change, response at the initial smoking session did account 

for significant variance in response at Visit 3 for neutral slides only, B = -0.004, t(54) = 

-2.009, p = 0.05.  Change in nicotine dependence was then added into the model and 
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failed to contribute significant variance in all cases.  In the final step of each analysis, the 

interaction between emotional response at the initial smoking session and change in 

nicotine dependence was entered into the model.  For all affective categories, this 

interaction term did not account for additional variance in HR change at Visit 3.

C. Neversmokers

1. Emotional response over time.

a. Startle eyeblink response.

For SER magnitude, a two-way ANOVA revealed a main effect of time, F(1, 54) 

= 4.803, p < 0.05, such that SER magnitude was greater at the matched session than at 

Visit 3.   This initial analysis also showed a main effect of affective category, F(2, 53) = 

5.671, p < 0.01.  As hypothesized, SER magnitude was greater in response to negative 

slides than neutral slides, F(1, 54) = 8.638, p < 0.01 (Figure 7a).  

For SER amplitude, a two-way ANOVA revealed no main effect of time, F(1, 54) 

= 1.869, p = ns, or affective category, F(2, 53) = 1.150, p = ns.

For SER latency, a two-way ANOVA revealed a main effect of time, F(1, 54) = 

6.021, p < 0.05, such that SER latency was greater at the matched session than at Visit 3. 

This initial analysis showed no main effect of affective category, F(2, 53) = 0.454, p = ns 

(Figure 7b).

b. Skin conductance level.

For average SC level, a two-way ANOVA revealed a main effect of time, F(1, 54) 

= 11.960, p < 0.01, such that average SC level was greater at the matched session than at 

Visit 3.  This initial analysis showed no main effect of affective category, F(2, 53) = 

1.852, p = ns (Figure 7c).
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 For SC level change, a two-way ANOVA revealed no main effect of time, F(1, 

54) = 0.669, p = ns, or affective category, F(2, 53) = 2.078, p = ns.

c. Heart rate.

For average HR, a two-way ANOVA revealed no main effect of time, F(1, 54) = 

0.005, p = ns, though it did show a main effect of affective category, F(2, 53) = 6.236, p < 

0.01.  As hypothesized, average HR was greater in response to positive slides than 

negative slides, F(1, 54) = 6.204, p < 0.05, and smaller in response to negative than 

neutral slides, F(1, 54) = 15.086, p = 0.001 (Figure 7d).

For HR change, a two-way ANOVA revealed no main effect of time, F(1, 54) = 

2.181, p = ns, or affective category, F(2, 53) = 2.064, p = ns.

2. Initial emotional response as a predictor of later emotional response.

To test our hypothesis that emotional response would be reliable over time, 

indicators of emotional response at Visit 3 were regressed onto the analogous measures 

from the matched session.

a. Startle eyeblink response.

In the analysis of SER magnitude, response during the matched session accounted 

for significant variance in response to all slides and both the negative-neutral and 

negative-ITI difference scores during Visit 3, B = 0.004, ts(30) ≥ 3.283, ps ≤ 0.001 

(Figures 8a-c).

In the analysis of SER amplitude, response during the matched session accounted 

for significant variance in response to positive and negative slides and the negative-ITI 

difference score during Visit 3, B = 0.004, ts(30) ≥ 2.496, ps < 0.05 (Figures 8d-e).
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In the analysis of SER latency, response during the matched session accounted for 

significant variance in response to all slides during Visit 3, B = 0.007, ts(30) ≥ 2.810, ps < 

0.01 (Figures 8f-g).

b. Skin conductance level.

In the analysis of average SC level, response during the matched session 

accounted for significant variance in response to negative and neutral slides during Visit 

3, B = 0.002, ts(30) ≥ 2.147, ps < 0.05 (Figures 8h-i).

In the analysis of SC level change, response during the matched session failed to 

account for significant variance in response during Visit 3 in all cases.

c. Heart rate.

In the analysis of average HR, response during the matched session failed to 

account for significant variance in response during Visit 3 in all cases.

In the analysis of HR change, response during the matched session accounted for 

significant variance in response to neutral slides only during Visit 3, B = 0.003, t(30) = 

2.130, p < 0.05 (Figure 8j).

IV. DISCUSSION

The overall goal of the present study was to determine whether the affective 

benefits derived from smoking change over time in adolescent smokers and whether the 

development of nicotine dependence might relate to these changes.  For smokers, we 

anticipated that emotional response would increase across visits, though the affective 

pattern (e.g., greatest SER magnitude in response to negative slides) would remain stable. 

Further, we hypothesized that change in nicotine dependence would moderate emotional 

response over time such that those with increased nicotine dependence would experience 
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less affective benefit from a single cigarette over time, and therefore, exhibit greater 

emotional response at Visit 3.  In contrast to this hypothesized temporal pattern for 

smokers, we anticipated that emotional response would decrease over time for 

neversmokers, though the affective pattern would remain stable.  We also hypothesized 

that emotional response would be reliable across sessions, such that emotional response 

at the matched session would predict similar responses at Visit 3.

A. Affective Patterns of Psychophysiological Measures 

Where apparent, affective patterns in emotional response were as expected.  For 

smokers, both SER magnitude and amplitude were smaller in response to positive and 

neutral slides than in response to negative slides.  Further, average HR was smaller in 

response to negative than neutral slides, even after controlling for change in nicotine 

dependence.  Finally, HR change was smaller (i.e., less negative) in response to positive 

and neutral slides than in response to negative slides, even after controlling for change in 

nicotine dependence.  Similarly, in neversmokers, SER magnitude was greater in 

response to negative than neutral slides, though there were no affective differences for 

SER amplitude or latency.  Further, average HR was greater in response to positive and 

neutral slides than in response to negative slides, as hypothesized.

Most of these observed patterns are well established, as the SER has previously 

been shown to increase significantly from neutral to negative slides (Bradley et al., 1988; 

Cook et al., 1991; Lang et al., 2001; Vrana et al., 1988) and from positive to neutral slides 

(Bradley et al., 1988; Vrana et al. 1988).  This effect also grows stronger with increased 

arousal level (Lang, 1995), as indexed by average HR in the current study.  Prior research 

with children and adolescents has shown similar response patterns (McManis et al., 
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2001), and the current findings add to this growing literature.  Conceptually, this affective 

pattern documents the “defense motivation system,” which calls for greater response 

among those experiencing negative affect, due to both fear and the desire to defend 

oneself.  As SER is potentiated, SC increases with arousal, and HR decelerates before 

accelerating to prepare for action (Lang et al., 2000).

There are several notable exceptions to these expected results, however.  In 

smokers, SER latency, which is generally smallest in response to negative slides as the 

natural defense response is activated, showed a trend for affective state such that it was 

smaller in response to positive than negative slides.  The contradictory implications of 

SER latency vs. magnitude and amplitude might indicate a measurement problem for the 

former variable.  Indeed, most studies of the SER emphasize magnitude (e.g., Lang et al., 

1990), as SER latency has proven less reliable than other SER measures (Vrana et al., 

1988).  Further, SER latency is more influenced by arousal and attention, as compared 

with valence (Cook et al., 1991), and so might not be as pure an indicator of emotional 

response.  

Also of note, several psychophysiological measures did not show any affective 

pattern.  In neversmokers, there were no affective patterns for either SER magnitude or 

amplitude, which are closely related.  It is possible that low power, due to a small sample 

size, prevented detection of these differences.  Perhaps more interestingly, average SC 

level and SC level change, which are also closely related, failed to differ by affective 

category across both groups.  SC, like HR, is an index of general arousal and has been 

shown to increase reliably for affective, as compared with neutral, images (Bradley, 

Codispoti, Cuthbert, & Lang, 2001).  Unlike HR, however, SC is relatively unaffected by 
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specific valences, whereas HR might be able to distinguish among different emotions 

(Ekman et al., 1983; Levenson, 1992).  Therefore, it is possible that SC was not as 

sensitive as HR when detecting affective differences in arousal, as the selected slides 

were specifically chosen to be appropriate for adolescents (i.e., lower in arousal).  Our 

next aim was to examine these responses over time in both smokers and neversmokers. 

B. Reliability of Emotional Response Over Time

Patterns of emotional response over time were inconsistent.  As expected in 

smokers, SER latency was greater at the initial smoking session than Visit 3, indicating 

increased response to affective images over time.  Given the fact that acute nicotine 

administration inhibits the SER in smokers (Cinciripini et al., 2006; Mueller et al., 1998), 

and that development of tolerance is a core construct of nicotine dependence, this finding 

seems to support the idea that negative affect might not be as easily managed with the 

same dose of nicotine over time if nicotine dependence has increased.  After controlling 

for changes in nicotine dependence, however, this effect of time was qualified by a 

significant interaction with affective differences such that SER latency in response to 

neutral slides decreased more over time than response to negative slides.  This indicates 

that smokers’ reactions to neutral and negative slides became more similar over time, 

perhaps speaking to an increasing tendency towards negative affect and attendant 

increases in smoking behavior (Wills et al., 2002).  

This expected finding, however, is challenged by most other psychophysiological 

measures.  Unexpectedly, for smokers, SER magnitude and amplitude, which are closely 

related, were greater at the initial smoking session than Visit 3 whereas average HR 

increased over time.  These patterns suggest that smokers responded more strongly to 
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affective slides at the initial smoking session than at Visit 3.  As before, it might be that 

SER latency represents an aberrant finding and that emotional response actually 

decreased over time in smokers.  This would mirror the pattern found in neversmokers, 

for whom, as hypothesized, both average SER magnitude and average SC level were 

greater at the matched session than at Visit 3.

Decreased psychophysiological response to affective slides over time might also 

reflect a long-term decrease of emotional response in all participants, though previous 

studies have only addressed the SER throughout a single session (Bradley et al., 1993) or 

across multiple sessions within the same day (i.e., 3 separate sessions within 8 hours; 

Abel et al., 1998).  In addition, the single study that examined emotional response over 

multiple days was primarily concerned with reactions to novel stimuli (Larson et al., 

2000).  Still, it is possible that after one or two previous visits, the startle paradigm held 

reduced novelty for participants and so was less effective in eliciting strong emotional 

responses at Visit 3.  Only the unexpected finding that SER latency decreased over time 

challenges this conclusion.  Again, as no other SER measures supported this implication, 

SER latency might represent an unreliable finding in this case.  The final aim of the 

current study was to examine predictors (i.e., initial emotional response) and moderators 

(i.e., change in nicotine dependence for smokers) of response to affective images over 

time.  

C. Predictors and Moderators of Emotional Response

In smokers, SER magnitude, amplitude, and latency, as well as average HR and 

HR change, were reliable over time, after controlling for smoking frequency, quantity, 

and recency.  Further, change in nicotine dependence predicted average SC level for 
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negative slides only, such that those with little change in nicotine dependence over time 

showed low average arousal in response to negative slides.  With regard to moderation, 

however, change in nicotine dependence affected only average HR over time: those with 

little change in nicotine dependence over time had similarly high average HR at both 

sessions.  Taken together, these findings suggest that those who do not continue to 

develop nicotine dependence have relatively reliable emotional response.  In this case, a 

lack of tolerance might make the same dose of nicotine just as effective in regulating 

emotion over time.  However, it is important to note that change in nicotine dependence 

affected only measures of general arousal.  It might be unreasonable to expect a gross 

measure like change in nicotine dependence to affect SER, as this is a relatively specific 

measure of emotion.  In contrast, a more global measure like SC or HR might have been 

nonspecific enough to capture changes in overall response due to arousal.  We must take 

care not to over-interpret these findings, however, as no other indices of emotional 

response support this conclusion.  

Finally, for neversmokers, SER magnitude, amplitude, and latency, as well as HR 

change and average SC level, were similarly reliable over time.  This indicates a relative 

stability in general emotional response and supports findings from a previous study in an 

undergraduate population (Larson et al., 2000).  As in the project run by Larson and 

colleagues (2000), a subset of participants in the current study were exposed to a different 

set of slides at each visit, and this design has been linked to stable SER as measured on 

different days.  It is also possible that the startle paradigm had lost its novelty by the third 

visit and so was less effective in eliciting any sort of emotional response.    

D. Limitations and Summary 
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Despite the strengths of the current study design, there are limitations.  As with any 

laboratory study, external validity might be questioned.  The relationship between emotion and 

smoking is influenced, not just through the pharmacological effects of nicotine, but through more 

general contextual factors as well.  A sister study within the larger program grant has examined 

mood immediately before and after a smoking episode using ecological momentary assessment 

(EMA).  Results indicate that, prior to smoking, adolescents felt significantly less positive and 

more negative than they did at other random assessment timepoints (Mermelstein, Hedeker, & 

Weinstein, 2010).  The lab-based data presented here as well as previous projects from our lab 

(Kassel et al., In press, 2011), examine the next step in this emotion regulation process by 

indicating that these adolescent smokers actually do reap the anticipated benefits from smoking, 

as evidenced by affective patterns in various psychophysiological measures.  Another limitation 

concerns sample size, which was relatively low in both the smoker and neversmoker groups. 

Further, a nicotine dependence change score might not be the most sensitive moderator of 

emotional response.  Future analyses using multi-level models that focus on individual 

variability could better adjust for missing data points and changes in nicotine dependence.  Other 

potential moderators of emotional response (e.g., affective outcome expectancies, 

personality/temperament, gender, etc.; Colder, Chassin, Lee, & Villalta, 2010) should be 

examined as well.  

Overall, these results provide an important point of departure for future studies and 

analyses.  The findings are mixed: while there were expected results in terms of affective 

patterns in SER, SC, and HR measures, emotional response over time was less reliable.  For both 

smokers and neversmokers, SER latency was greater at the first session than the second, which 

indicates less response to affective images over time and contradicts findings from all other 
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measures, though this might be due to its relative unreliability.  Further, change in nicotine 

dependence predicted average SC level and moderated emotional response over time as indexed 

by average HR only.  Still, we were able to confirm previous research in both adolescents and 

adults regarding affective patterns in psychophysiological measures while continuing to ask 

questions about the association between the development of nicotine dependence and emotional 

response over time.  This relationship remains unclear and in need of further research, as it seems 

an important piece of the theoretical puzzle surrounding escalation to continued and chronic 

cigarette smoking.  
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TABLE I.

PARTICIPANT CHARACTERISTICS  

Smokers 
(n=64)

Neversmokers 
(n=36)

General Characteristics
     Age at baseline (years) 15.7 (0.6) 15.5 (0.5)
     Gender (male) 36 (56.3%) 13 (36.1%)
     Race (Caucasian) 50 (78.1%) 23 (63.9%)
     Ethnicity (not Hispanic/Latino) 54 (84.4%) 33 (91.7%)

Baseline Visit 3
Smoking Behaviora

     Smoking frequency (out of the last 30 days) 
          2 to 3 days 3 (4.7%) 1 (1.6%)
          4 to 5 days 3 (4.7%) 0 (0%)
          6 to 7 days 2 (3.1 %) 2 (3.1%)
          8 to 10 days 8 (12.5%) 5 (7.8%)
          11 to 20 days 10 (15.6%) 9 (14.1%)
          21 to 29 days 16 (25.0%) 13 (20.3%)
         All 30 days 22 (34.4%) 34 (53.1%)
     Smoking quantity (cigarettes/day) 
          Less than one 1 (1.6%) 2 (3.1%)
          1 4 (6.3%) 2 (3.1%)
          2 14 (21.9%) 8 (12.5%)
          3 13 (20.3%) 11 (17.2%)
          4 6 (9.4%) 5 (7.8%)
          5 9 (14.1%) 6 (9.4%)
          6 to 10 13 (20.3%) 20 (21.3%)
          11 to 19 3 (4.7%) 10 (15.6%)
          20 0 (0%) 0 (0%)
          More than 20 1 (1.6%) 0 (0%)
     

     Smoking recency
          In the last 24 hours 47 (73.4%) 57 (89.1%)
          In the last 24 hours to 7 days 13 (20.3%) 7 (10.9%)
          In the past 8 to 14 days 3 (4.7%) 0 (0%)
          In the past 15 to 30 days 1 (1.6%) 0 (0%)
Nicotine Dependenceb 2.7 (1.3) 3.3 (1.5)

Note: Data are Mean (SD) or n (%).
aAll smoking behavior was gathered using a series of multiple-choice questions.  See Appendix C for 
information on individual items.

bAssessed using the Modified Fagerstrom Tolerance Questionnaire (mFTQ)
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FIGURE I.

PREDICTED EMOTIONAL RESPONSE OVER TIME BY AFFECT IN SMOKERS

A. SER Amplitude

B. SER Latency
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C. Average SC Level
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FIGURE II.

SESSION TIMELINE

Time (minutes) Description
0 Participant arrival
1-20 Completion of informed consent, CO reading, and baseline 

self-report questionnaires
21-35 Electrode placement
35-37 Baseline measurement of heart rate (HR) and skin 

conductance (SC)
37 Pre-cigarette CO reading (smokers only)
38-42 Ad lib cigarette smoking (smokers only)
43 Post-cigarette CO reading (smokers only)
43-45 Post-cigarette measurement of HR and SC
45 Self-report questionnaires
46-58 Psychophysiological assessment of emotional response to 

affective stimuli (slides)
60 Self-report questionnaires
62-79 Slide viewing and rating
80 Self-report questionnaires
81-86 Compensation and debriefing
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FIGURE III.

EMOTIONAL RESPONSE OVER TIME BY AFFECT IN SMOKERS

A. SER Magnitude 
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B. SER Amplitude 

C. SER Latency
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D. Average HR 

E. HR Change 
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FIGURE IV.

EMOTIONAL RESPONSE OVER TIME BY AFFECT IN SMOKERS, 
CONTROLLING FOR CHANGE IN NICOTINE DEPENDENCE

A. SER Latency 
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B. Average HR 

C. HR Change 
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FIGURE V.

CHANGE IN NICOTINE DEPENDENCE AS A MODERATOR OF EMOTIONAL 
RESPONSE OVER TIME IN SMOKERS

A. Average HR for Positive Slides (beats per minute)
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B. Average HR for Neutral Slides (beats per minute)

C. Average HR for Negative Slides (beats per minute)
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FIGURE VI.

SIMPLE SLOPES ANALYSIS FOR AVERAGE HR OVER TIME IN SMOKERS

A. Positive Slides
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B. Neutral Slides
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C. Negative Slides
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FIGURE VII.

EMOTIONAL RESPONSE OVER TIME BY AFFECT IN NEVERSMOKERS

A. SER Magnitude 
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B. SER Latency 

C. Average SC Level 
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D. Average HR 

51



FIGURE VIII.

INITIAL EMOTIONAL RESPONSE AS A PREDICTOR OF LATER EMOTIONAL 
RESPONSE IN NEVERSMOKERS

A. SER Magnitude for Positive Slides (microvolts)
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B. SER Magnitude for Neutral Slides (microvolts)

C. SER Magnitude for Negative Slides (microvolts)
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D. SER Amplitude for Positive Slides (microvolts)

E. SER Amplitude for Negative Slides (microvolts)

54



F. SER Latency for Positive Slides (milliseconds)

G. SER Latency for Negative Slides (milliseconds)
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H. Average SC Level for Neutral Slides (microsiemens)

I. Average SC Level for Negative Slides (microsiemens)
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J. HR Change for Neutral Slides (beats per minute)
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APPENDICES

APPENDIX A

INFORMED ASSENT AND PARENTAL CONSENT FORMS
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APPENDIX B

MODIFIED FAGERSTROM TOLERANCE QUESTIONNAIRE (MFTQ) ITEMS

1
)

How many cigarettes a day do you smoke, on average?

2
)

Do you inhale?

3
)

How soon after you wake up do you smoke your first cigarette?

4
)

Which cigarette would you hate to give up?

5
)

Do you find it difficult to refrain from smoking in places where it is forbidden 
(church, library, movies, etc.)?

6
)

Do you smoke if you are so ill that you are in bed most of the day?

7
)

Do you smoke more during the first 2 hours of the day than during the rest of the 
day?
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APPENDIX C

SMOKING QUESTIONNAIRE

1. Please think about your smoking (even a puff) during THE LAST 7 DAYS.   

Please fill in the following table. If you did not smoke on a day, enter ‘0’.  If you 
smoked (even a puff), but less than 1 cigarette, enter ‘1’. 

DURING THE LAST 7 
DAYS YOU 
SMOKED…  

     Today Yesterday
 2 days 

ago
3 days 

ago
 4 days 

ago
5 days 

ago
 6 days 

ago

FIRST: please write in  
the days of the week.

About how many 
cigarettes did you smoke 
on each of these days?
(Write in the number of 
cigarettes smoked on 
each day.)

2. Now think about the past 30 days.  On how many days did you smoke or try 
cigarettes? (Circle the one response that best describes you). 

(1) 0 days (4)    4 to 5 days (7) 11 to 
20 days
(2) 1 day (5)    6 to 7 days (8) 21 to 
29 days
(3) 2 to 3 days (6)    8 to 10 days (9) All 30 
days

3. Think about the past 30 days.  On the days you smoked cigarettes, about how 
many cigarettes did you smoke each day?  (Circle the one response that best describes 
you). 

(1) I did not smoke cigarettes during the past 30 days
(2) Less than one cigarette per day
(3) 1 cigarette per day
(4) 2 cigarettes per day
(5) 3 cigarettes per day
(6) 4 cigarettes per day
(7) 5 cigarettes per day
(8) 6 to 10 cigarettes per day
(9) 11 to 19 cigarettes per day
(10) 20 cigarettes per day (one pack)
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(11) More than 20 cigarettes per day

4. About how many cigarettes have you smoked in your entire life? 

(1) 500 or more
(2) 100 or more cigarettes (5 or more packs)
(3) 26 to 99 cigarettes (more than one pack, but less than 5 packs)
(4) 16 to 25 cigarettes (about 1 pack total)
(5) 6 to 15 cigarettes (about ½ pack total)
(6) 2 to 5 cigarettes
(7) 1 cigarette
(8) 1 or more puffs, but never a whole cigarette
(9) I have never smoked

5. Have you ever smoked cigarettes on a daily basis?  (At least 30 days when you 
smoked every day or nearly every day) 

(1) Yes (2)     No

6. When was the last time you smoked a cigarette, even a puff? 

(1) In the last 24 hours
(2) Not in the last 24 hours, but sometime during the past 7 days
(3) Not during the past 7 days, but sometime during the past 14 days
(4) Not during the past 14 days, but sometime during the past 30 days
(5) Not during the past 30 days, but sometime during the past 6 months
(6) Not during the past 6 months, but sometime during the past year
(7) 1 to 4 years ago
(8) 5 or more years ago
(9) I have never smoked

7. Have you smoked a cigarette at all (even a puff) since your last visit to our lab?**

(1) Yes
(2) No

8. Are you seriously trying to quit smoking in the next 2 weeks?  

(1) No
(2) Yes

**Note: This item was given at Visit 2 only.
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	To date, few studies have examined emotional response over multiple days, as indexed by either subjective or physiological measures, in any population.  Larson and colleagues (2000) recruited 71 undergraduate students to participate in two experimental sessions, separated by four weeks.  Half of the sample was randomized to view the same slides at each visit, whereas the other half was presented with new slides during the second session.  Analyses examined the correlation between emotion modulation of SER at the first and second sessions.  The results indicated that emotional response at the first session was more highly correlated with response at the second among those who viewed two different sets of pictures, as compared with those who viewed the same slides at both timepoints.  
	These findings inform the current study, as they demonstrate the stability of emotional response over time.  Ultimately, however, Larson and colleagues (2000) focused on issues of methodology rather than factors that might impact such differential affective states.  Anecdotal and research-based evidence suggest that smoking might be an important modulator of emotional response.  Most salient for smokers is the connection between self-administration of nicotine, the primary psychoactive ingredient in cigarettes, and its purported ability to help regulate emotional response.  Though the acute effects of nicotine have been widely studied, conflicting results have failed to paint a clear picture of its effects on emotion.
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