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When trying to quit, women are less likely than men to achieve long-term smoking abstinence.
Identifying the neuropsychological mechanisms underlying women'’s higher relapse vulnerability

will help clinicians to develop effective tailored smoking cessation interventions. Here we used
event-related potentials (ERPs), a direct measure of brain activity, to evaluate the extent to which
neurophysiological responses to cigarette-related and other emotional stimuli differ between female
and male smokers. Both women and men showed similar patterns of brain reactivity across all picture
categories; pleasant and unpleasant images prompted larger Late Positive Potentials (LPPs, a robust
measure of motivational relevance) than neutral images in both groups, and cigarette-related images
prompted lower LPPs than high arousing emotional images in both groups. Unlike previous studies,
there were no differences between male and female smokers with regard to LPP responses to cigarette-
related images. This suggests that the LPP may not be ideally suited to discriminate neurophysiological
gender differences or that there are simply no gender differences in the neurophysiological responses
to cigarette-related stimuli. We collected ERPs from 222 non-nicotine-deprived smokers (101 women)
while they watched a slideshow that included high and low emotionally arousing pleasant and
unpleasant pictures, cigarette-related, and neutral pictures. We used the mean amplitude of the LPP to
assess the affective significance that participants attributed to these pictures.

While smoking is on the decline in the United States, it remains the leading cause of preventable deaths'. In gen-
eral, smokers find quitting very difficult: fewer than 8% of smoking cessation attempts (assisted or not) result in
abstinence periods of more than six months?. Furthermore, women have a harder time achieving long-term absti-
nence than men’. Understanding the neuropsychological mechanisms underlying women’s higher vulnerability
to relapse will help clinicians to better tailor, and thus improve, relapse prevention interventions**.

Results from previous studies suggest that cigarette-related cues, unpleasant, and stressful stimuli evoke
stronger cravings in female smokers than male smokers®'°. However, these findings were mainly obtained
through self-reports while smokers were exposed to a limited array of stimuli (e.g., only cigarette-related and
neutral stimuli). While self-report offers an important window into the individual’s subjective experience, it does
not provide information about the neuropsychological underpinnings of these experiences, therefore depriving

. researchers of information that can be used to develop new relapse prevention treatments''. Furthermore, if
© just cigarette-related and neutral stimuli are included in cue-reactivity experiments, researchers cannot draw
strong conclusion about the meaning or the strength of the responses evoked by cigarette-related stimuli'"!2. By
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‘Women (n=101) | Men (n=121) All (n=222)
Measure Mean (SD) Mean | (SD) Mean | (SD)
Age 485+ | (9.9) |454* [(105) 469 |(10.3)
FTCD 4.7 (1.9) 4.9 (2.0) 4.8 (2.0)
CO (ppm) 1627 | (924) |1791 |(9.17) |1694 |(9.1)
Time since last cigarette | 2:30 (3:59) | 2:20 (3:34) | 2:25 (3:42)
QSU-B 42.7% (27.1) | 35.4%* (24.9) | 387 (26.1)
PANAS Positive Affect 36.1 (7.5) 322 (8.1) 35.1 (7.9)
PANAS Negative Affect 16.4 (5.6) 17.8 (7.0) 17.2 (6.4)
CES-D 10.7 (79 |114 | (82) |I1LI (8.1)

Table 1. Participant Demographics. Note: *p < 0.05. FTCD = Fagerstrom Test for Cigarette Dependence,
CO = expired carbon monoxide, ppm = parts per million, Time since last cigarette =hours: minutes,
QSU-B = Brief Questionnaire of Smoking Urges, PANAS = Positive And Negative Affective Schedule,
CES-D = The Center for Epidemiologic Studies Depression Scale.

including other motivationally relevant stimuli, varying both valence and arousal, researchers can determine the
strength of the responses evoked by cigarette-related cues in relation to other non-drug-related motivationally
relevant stimuli and better test the hypothesis that cigarette-related cues “hijack human brain motivational sys-
tems and promote drug seeking over alternative behaviors™!.

Here, we used event-related potentials (ERPs), a non-invasive measure of neural activity'>!4, to examine the
extent to which male and female smokers differ in their neuroaffective responses to cigarette-related, emotional,
and neutral cues. Specifically, to assess the affective significance of the stimuli, we used the amplitude of the Late
Positive Potential (LPP), one of the most robust and replicable neurophysiological indices of motivational rele-
vance. The LPP is an ERP component that peaks between 400 and 800 milliseconds (ms) after stimulus onset over
central and parietal electrode sites'>-'”. Both pleasant and unpleasant images increase the amplitude of the LPP
above the level measured for neutral images'>!”-2!. The LPP modulation has high temporal stability*, is particu-
larly pronounced for highly arousing pictures (e.g., erotica or mutilations)??, and is resistant to manipulations
affecting perceptual composition®*-%, exposure time?’, and stimulus repetition?®?°. These results indicate that the
LPP amplitude mainly reflects the extent to which a visual stimulus engages the motivational brain circuits**-2,

In line with the idea that drug-related cues can become highly significant for chronic users®, several studies
showed that, in smokers, cigarette-related images prompt larger LPPs than neutral images®*->’, even though, on
average, the LPP evoked by cigarette-related cues is smaller than the LPP evoked by highly arousing emotional
images®®* (e.g., erotica and mutilations). Hence, by including high and low arousing pleasant and unpleasant
stimuli, in addition to cigarette-related and neutral stimuli, the current study aimed at providing a more nuanced
assessment of the neuropsychological responses that might be responsible for the higher relapse vulnerability that
women experience.

Furthermore, by including a wide array of pleasant and unpleasant stimuli, this study also offers the oppor-
tunity to investigate the extent to which genders differ in the way they process emotional stimuli, a controversial
issue in affective neuroscience. In Western culture, a persisting stereotype is that women are more emotional than
men, and particularly more reactive to unpleasant events, while men are thought to be more reactive to pleasant
stimuli***2. Some observations support this stereotype: Women report higher scores on scales related to negative
emotional experiences and have increased risk of suffering from depression and anxiety disorders*>. Previous
studies** also found that compared to men, women rated unpleasant stimuli as more arousing and unpleasant,
while men rated erotic materials as more arousing and pleasant. However, given that social desirability/appropri-
ateness and sociocultural factors can drive subjective ratings, researchers tried to investigate gender differences in
emotional reactivity using ERPs. That is because neurophysiological responses reflect motivational engagement
more directly and are less likely to be driven by sociocultural factors. However, these ERP studies mainly recruited
small samples of college students and yielded inconsistent findings regarding LPP affective modulation®-51,

Thus, in the present study we aimed to examine gender differences in LPP affective modulation assessing a
large sample of middle-aged adults while they were looking at emotional, cigarette-related, and neutral pictures.

Results

Participant Characteristics. There were no significant differences between male and female smokers on
nicotine dependence (measured by the FTCD), positive affect, negative affect, or depressive symptomatology
(measured by the CES-D). However, female smokers (M =48.58) were older than male smokers (M = 45.42;
P <0.05) and reported (M =42.65) greater smoking urges (measured by the Brief Questionnaire of Smoking
Urges- QSU) than male smokers (M =35.36; p < 0.05; Table 1).

Late Positive Potential Main Analysis. Figure 1(A) shows the ERP waveforms, averaged across women
and men, for each picture category, and the time window used to calculate the amplitude of the LPP. The main
effect of image category was significant [F(7, 1540) = 99.88, p < 0.0001; see Fig. 1, panel B]. Bonferroni-corrected
pairwise comparisons confirmed that the LPP evoked by neutral stimuli was significantly (p < 0.0001) smaller
than the LPP evoked by every image category except “food” and “sad people.” Erotic scenes and mutilation scenes
evoked LPPs were significantly larger than LPPs evoked by every other picture category (p < 0.0001), but were
not significantly different from each other (p =0.62). Cigarette-related stimuli evoked LPPs were not significantly
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Figure 1. Affectively significant images (including cigarette-related images) prompt larger Late Positive
Potentials (LPPs) than neutral images. Cigarette-related images prompt lower LPPs than high arousing
emotional images. Panel A depicts ERP waveforms for each picture category (averaged across both women
and men). The box highlights the time region of interest (ROI) used to compute the LPP across the
electrodes highlighted in the inset. Panel B shows mean LPP from 400 to 800 ms post stimulus onset for each
picture category. Note: Cig = Cigarettes, Ero = Erotic, Rom = Romantic, Neu = Neutral, Sad = Sad People,
Acc= Accidents, Mut = Mutilations. Error bars denote 0.95 confidence intervals.
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Figure 2. Both women (grey bars) and men (white bars) show comparable patterns of reactivity. In both
genders, the LPP amplitude increases as a function of the affective significance of the visual stimuli, regardless
of their hedonic valence. On average, cigarette-related cues evoke LPP responses more similar to those

evoked by low-arousing emotional stimuli than high-arousing ones. Note: Cig = Cigarettes, Ero = Erotic,

Rom = Romantic, Neu = Neutral, Sad = Sad People, Acc = Accidents, Mut = Mutilations. Error bars denote 0.95
confidence intervals.

different from those evoked by low arousing stimuli (i.e., romantic, food, and violence), even though the differ-
ence between cigarette-related and food stimuli was trending towards significance, with cigarette-related evoking
greater LPPs (p =0.07). As the non-significant interaction gender by stimuli category indicates (F(7, 1540) = 0.80,
p=0.59), women and men exhibited similar brain reactivity patterns (Fig. 2). If no correction for multiple com-
parisons was applied, the only difference between genders was the LPP response to neutral stimuli (p =0.03).
To control for this difference, we run a secondary, exploratory analysis of covariance using the LPP amplitude
evoked by neutral images as covariate, gender as a between-subjects factor, image category (cigarette-related,
erotic, romantic, food, sad people, accidents, and mutilations) as a within-subjects factor. The results of this anal-
ysis replicated those presented above: women and men exhibited similar brain reactivity patterns across all stim-
ulus categories. Moreover, we computed the Bayes factor of the model omitting the interaction effect of gender
with stimuli category (in the numerator) against the model including the interaction term (in the denominator).
Consistent with the classical ANOVA results, the analysis yielded a Bayes factor of 607.4 (error = 2.4%), indicat-
ing very strong evidence® against the model with the gender by stimulus category interaction.
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Discussion

In this study, we used the amplitude of the LPP, a valid and robust neurophysiological index of affective
reactivity, to examine the extent to which gender differences influence responses to cigarette-related and
non-cigarette-related emotional stimuli. We replicated previous studies showing that visual stimuli increase the
LPP amplitude as a function of their affective significance, regardless of their hedonic valence!*>!>19-2130-32 ‘We
also replicated our previous findings*** showing that, on average, cigarette-related cues evoke LPP responses that
are more similar to those evoked by low-arousing emotional stimuli than to those evoked by high-arousing ones.
Finally, we demonstrated that, even if women reported higher levels of tonic cravings than men did, both genders
had very similar LPP responses to cigarette-related and to non-cigarette-related emotional stimuli.

Our results are consistent with those from previous studies that failed to detect differences between gen-
ders in reactivity to cigarette-related cues when using measures of peripheral nervous system activation’ and
self-reports™. Specifically, Saladin and colleagues’® detected no heart rate or skin conductance differences between
female and male smokers in response to smoking cues. Likewise, Colamussi and colleagues (2007)'° found that
male and female smokers did not report significantly different levels of craving after reading about a smoking
situation (e.g., lighting up after a meal). Although, these studies did not specifically focus on measures of central
nervous system activity.

The evidence for gender differences in reactivity to cigarette-related stimuli using direct or indirect measures
of central nervous system activity is limited; two studies have found that men exhibit larger fMRI responses
to cigarette-related cues compared to women®***. Our data indicate that, even though women reported higher
levels of tonic cravings than men did, they did not have larger neurophysiological responses to cigarette-related
cues, suggesting that the higher relapse rates observed in women might not be due to higher neurophysiolog-
ical reactivity to cues. Furthermore, the lack of gender differences in reactivity to both high and low arousing
non-cigarette-related pleasant and unpleasant stimuli also suggests that, unlike previously hypothesized, higher
reactivity to unpleasant stimuli might not be responsible for the higher relapse rates that women have when trying
to quit smoking.

Previous studies about gender differences in the processing of pleasant and unpleasant stimuli have yielded
inconsistent findings as well*->!. These inconsistencies may have to do with differences in the emotional contents
of the stimuli used across studies, and with the inclusion of small samples of college students (on average, pre-
vious studies included approximately 30 individuals per group), and therefore low statistical power. Button and
colleagues™ recently showed that statistically significant results from low powered studies are not likely to actually
reflect a true effect. Our study addressed these weaknesses by comparing two relatively large samples of women
(n=101) and men (n=121), and by measuring responses to a wide array of standardized visual stimuli belonging
to both pleasant and unpleasant categories with different levels of emotional arousal. In the present study, pleasant
and unpleasant stimuli elicited similar LPP responses in women and men. Given the characteristics of the LPP
(i.e., its high temporal stability?, it resistance to manipulations affecting perceptual composition**?*, exposure
time?, and stimulus repetition?*?°), this result suggests no gender differences in attentional and motivational
processing of emotional visual stimuli. Our findings are in line with two fMRI meta-analyses indicating that men
and women have very similar patterns of activation in the presence of both pleasant and unpleasant stimuli: The
only trends highlighted by these meta-analyses were a somewhat larger response of women (compared to men)
to pleasant and unpleasant stimuli in inferior temporal (IT) cortex, and, only for unpleasant stimuli, in the amyg-
dala®*’. Even these differences might be the result of publication and other reporting biases in the literature, as
a recent study focusing on the fMRI literature on functional sex differences in human brain cognitive functions
highlighted®®.

On the other hand, our findings should not necessarily lead to the conclusion that men and women do not dif-
fer in other processes implicated in emotional reactivity. In fact, using self-report measures, Ferrari and colleagues
showed that women tend to rate erotic images as less emotionally arousing than men*’; a pattern that has been
observed also using measures of central nervous system activation, albeit in small samples of participants®».
Thus, while there might be small gender differences in the level of activation that motivationally charged stimuli
prompt in circumscribed brain regions, our findings indicate that men and women would appear to be more
similar than they are different.

One limitation of our study includes the fact that cigarettes were not actually available during the experiment,
a condition that might blunt reactivity to cigarette-related stimuli®"%2. Another potential limitation of our study
is that we collected all the data when participants were not nicotine deprived: on average, the session took place
less than three hours since participants smoked their last cigarette. It is possible that nicotine deprivation may
affect men and women differently with regard to neurophysiological reactivity to cues, however the results of a
previous study, where we recorded ERPs in nicotine deprived female and male smokers®, suggest that when nic-
otine deprived, male and female smokers react similarly to emotional and cigarette-related cues. Our study also
might be limited by the fact that we did not control for menstrual cycle phase for female participants, as that may
have the potential to affect brain reactivity®. Finally, it is important to note that we did not measure self-reported
cue-induced craving on a trial-by trial basis during the experiment. As the self-reports of tonic craving suggest, it
is possible that the craving experience induced by cues might differ between women and men even if neurophys-
iological responses are similar®.

Limitations notwithstanding, this study is an important step in evaluating gender differences in reactivity
to cigarette-related and other emotional cues. Our analyses align with the National Institutes of Health (NIH)
expectation that scientists should account for the possible role of sex as a biological variable in human studies
(NOT-OD-15-102)°. Hence, as the results reported by David and colleagues®® highlight, it is imperative that null
findings are reported and published to avoid biasing the literature®”. In summary, even though phasic electro-
physiological responses to emotional and cigarette-related cues do not distinguish male and female smokers, as
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self-reported tonic craving indicates, other factors may differentiate the genders. Future work should identify these
factors in an attempt to reduce the higher vulnerability to relapse that women experience when they try to quit.

Material and Methods

Participants. We recruited 222 smokers (45% women) from the general community of Houston, Texas metro-
politan area using television, newspaper, and radio advertising, in addition to distributing flyers. Inclusion criteria
were: aged between 18 and 65 years old, fluent in English, smoking more than 10 cigarettes per day for at least the
last six months, and having a baseline expired carbon monoxide (CO) level greater than 10 parts per million (ppm).
Exclusion criteria included having a neurological, psychiatric, or substance abuse disorder (not including smoking),
currently using psychotropic medication, actively trying to quit smoking, using non-cigarette tobacco products,
history of substance abuse, or medical contraindications (pregnancy, history of cancer, kidney or liver disease or
transplant, clinically significant cardiac dysrhythmias, stroke, angina, heart attack, or uncontrolled hypertension).

Laboratory Session. Participants completed a telephone pre-screening interview aimed at assessing inclu-
sion and exclusion criteria, then, if eligible, scheduled an in-person laboratory session. At the session, a trained
staff member explained the study to the participant and, after obtaining informed consent, administered a
computer-assisted self-report test battery aimed at assessing mood measured by the Positive and Negative Affect
Schedule (PANAS)% and Center for Epidemiologic Studies Depression Scale (CES-D)*. Additional information
including demographics, such as age, gender, and smoking-related variables, such as the brief version of the
Questionnaire of Smoking Urges’® and the Fagerstrom Test for Cigarette Dependence”! (FTCD; See Table 1),
were also collected. Then, researchers placed sensors for the electroencephalogram (EEG) on the head of the
participant and the participant watched a slideshow that included emotional, neutral, and cigarette-related stim-
uli. At the end of the slideshow, the participant was debriefed and received a $60 gift card for participating. MD
Anderson Cancer Center Institutional Review Board approved all procedures and all methods, and those were
performed in accordance with the relevant guidelines and regulations.

Materials. During the EEG session, participants viewed a slideshow comprising eight categories of images:
cigarette-related, erotic, romantic, food, neutral, accidents, sad people, and mutilations. These stimuli were selected
from the International Affective Picture System (IAPS)”%, from collections of smoking related images’, and from
other collections used in previous studies?*-*%’. During the slideshow, the stimuli appeared in pseudo-random
order, with no more than two consecutive pictures from the same category. Each picture appeared on the screen for
four seconds. A black screen with a white fixation cross at the center of the screen was presented after each picture for
three to five seconds. Three, ten-minute blocks made up the slideshow, with the whole session lasting approximately
30 minutes. The slideshow ran on a 42” plasma television screen placed at a distance of 1.5 meters from the partic-
ipant. The pictures subtended approximately a 24-degree visual angle. The slideshow was controlled by E-Prime
software (version 1.4; Psychology Software Tools, PST Inc., Pittsburgh, PA) installed on a Pentium 4 computer.

Data Reduction. We collected ERPs using a 129-channel Geodesic Sensor System (Geodesic EEG System
250; Electrical Geodesics, Inc., Eugene, OR). The data reduction procedures were the same as in our previous
studies®>*”*. Data were filtered offline using a 30-Hz low pass filter and then inspected visually for the presence
of artifacts. Channels contaminated by artifacts for more than 50% of the recording were interpolated using
spherical splines. Eye blinks were corrected with BESA (version 5.1.8.10; MEGIS Software GmbH, Gréfelfing,
Germany) using a spatial filtering method. Data were then transformed to the average reference, segmented in
900 ms epochs starting 100 ms before picture onset and baseline corrected using the first 100 ms. Artifacts were
identified by means of an automatic algorithm that used gradient (25 uV/ms maximal allowed voltage step), dif-
ference (100 uV maximal allowed difference within a segment), and amplitude (100 uV absolute voltage allowed
within a segment) criteria, and channels contaminated by artifacts in more than 40% of the segments were inter-
polated using six neighboring channels. We discarded segments with more than 10% of channels containing
artifacts. Segments were then averaged separately for each category and the LPP was computed by averaging the
voltage between 400 and 800 ms post picture onset across the following 10 centroparietal sensors EGI electrodes:
7,31, 37, 54, 55,79, 80, 87, 106, 129 (see inset of Fig. 1 for topographic location). The time and spatial regions of
interest for the LPP were a-priori selected on the basis of previous studies®.

Statistical analyses. To analyze self-reported participant characteristics, we ran a series of independent
samples t-tests in which gender was the independent variable and QSU, FTCD, PANAS positive affect, PANAS
negative affect, CES-D, and age were dependent variables, respectively.

To examine the LPP responses, we used Analysis of Variance (ANOVA) with gender as a between-subjects fac-
tor and image category (cigarette-related, erotic, romantic, food, neutral, sad people, accidents, and mutilations)
as a within-subjects factor. To test for the presence of within and between groups differences, we used Bonferroni
corrected pairwise comparisons to control for Type I errors.

Data Availability

Materials, data, and associated protocols will be available to readers on request without undue qualifications.

References
1. Jamal, A. et al. Great American Smokeout — Current Cigarette Smoking Among Adults — United States, 2005-2015. Mortal. Wkly.
Rep. 65,1205-1211 (2016).
2. Babb, S., Malarcher, A., Schauer, G., Asman, K. & Jamal, A. Quitting Smoking Among Adults — United States, 2000-2015. MM WR.
Morb. Mortal. Wkly. Rep. 65, 1457-1464 (2017).

SCIENTIFIC REPORTS | (2019) 9:3240 | https://doi.org/10.1038/s41598-019-39954-0 5


https://doi.org/10.1038/s41598-019-39954-0

www.nature.com/scientificreports/

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.
24,

25.

26.

27.

28.

29.

39.
40.
41.
42.
43.
44,
45.

46.
47.

. Smith, P. H., Bessette, A. J., Weinberger, A. H., Sheffer, C. E. & McKee, S. A. Sex/gender differences in smoking cessation: A review.

Prev. Med. (Baltim). 92, 135-140 (2016).

. Bale, T. L. & Epperson, C. N. Sex As a Biological Variable: Who, What, When, Why and How. Neuropsychopharmacology 42, 1-37

(2016).

. Smith, P. H. et al. Gender Differences in Medication Use and Cigarette Smoking Cessation: Results From the International Tobacco

Control Four Country Survey. Nicotine Tob. Res. 17, 463-472 (2015).

. Field, M. & Duka, T. Cue reactivity in smokers: the effects of perceived cigarette availability and gender. Pharmacol. Biochem. Behav.

78, 647-652 (2004).

. Knott, V.]. et al. Craving-Induced EEG Reactivity in Smokers: Effects of Mood Induction, Nicotine Dependence and Gender.

Neuropsychobiology 58, 187-199 (2008).

. Perkins, K. A. et al. Sex differences in the subjective and reinforcing effects of visual and olfactory cigarette smoke stimuli. Nicotine

Tob. Res. 3, 141-150 (2001).

. Saladin, M. E. et al. Gender differences in craving and cue reactivity to smoking and negative affect/stress cues. Am. J. Addict. 21,

210-220 (2012).

Colamussi, L., Bovbjerg, D. H. & Erblich, J. Stress- and cue-induced cigarette craving: effects of a family history of smoking. Drug
Alcohol Depend. 88, 251-8 (2007).

Versace, E. et al. Beyond cue reactivity: Non-drug-related motivationally relevant stimuli are necessary to understanding reactivity
to drug-related cues. Nicotine Tob. Res (2017).

Oliver, J. A., Jentink, K. G., Drobes, D. J. & Evans, D. E. Smokers exhibit biased neural processing of smoking and affective images.
Health Psychol. 35, 866-869 (2016).

Keil, A. Electro- and Magneto-Encephalography in the Study of Emotion. In The Cambridge Handbook of Human Affective
Neuroscience (eds Armony, J. & Vuilleumier, P.) 107-132 (Cambridge University Press, 2013).

Luck, S. J. Event-Related Potentials. In APA Handbook of Research Methods in Psychology: Volume 1, Foundations, Planning,
Measures, and Psychometrics (eds Cooper, H. et al.) 1-18 (merican Psychological Association, 2012).

Schupp, H. T. et al. Affective picture processing: The late positive potential is modulated by motivational relevance. Psychophysiology
37,257-261 (2000).

Keil, A. et al. Large-scale neural correlates of affective picture processing. Psychophysiology 39, 641-649 (2002).

Cuthbert, B. N., Schupp, H. T., Bradley, M. M., Birbaumer, N. & Lang, P. J. Brain potentials in affective picture processing:
Covariation with autonomic arousal and affective report. Biol. Psychol. 52, 95-111 (2000).

Keil, A. Electro- and Magneto-Encephalography in the Study of Emotion. In The Cambridge Handbook of Human Affective
Neuroscience (eds Armony, J. & Vuilleumier, P.) 107-132 (Cambridge University Press, 2013).

de Cesarei, A. & Codispoti, M. Affective Modulation of the LPP and o-ERD during picture viewing. Psychophysiology 48, 1397-1404
(2011).

Lang, P. ], Bradley, M. M. & Cuthbert, B. N. Motivated Attention: Affect, Activation, and Action. in Attention and Orienting: Sensory
and Motivational Processes (eds Lang, P. ]., Simons, R. & Balaban, M.) 97-135 (Lawrence Erlbaum Associates, 1997).

Weinberg, A. & Hajcak, G. Beyond good and evil: the time-course of neural activity elicited by specific picture content. Emotion 10,
767-782 (2010).

Codispoti, M., Ferrari, V. & Bradley, M. M. Repetition and Event-related Potentials: Distinguishing Early and Late Processes in
Affective PicturePerception. J. Cogn. Neurosci. 19, 577-586 (2007).

Schupp, H. et al. Brain processes in emotional perception: Motivated attention. Cogn. Emot. 18, 593-611 (2004).

De Cesarei, A. & Codispoti, M. When does size not matter? Effects of stimulus size on affective modulation. Psychophysiology 43,
207-215 (2006).

Bradley, M. M., Hamby, S., Léw, A. & Lang, P. J. Brain potentials in perception: Picture complexity and emotional arousal.
Psychophysiology 44, 364-373 (2007).

Codispoti, M., De Cesarei, A. & Ferrari, V. The influence of color on emotional perception of natural scenes. Psychophysiology 49,
11-16 (2012).

Codispoti, M., Mazzetti, M. & Bradley, M. M. Unmasking emotion: Exposure duration and emotional engagement. Psychophysiology
46,731-738 (2009).

Ferrari, V., Codispoti, M. & Bradley, M. M. Repetition and ERPs during emotional scene processing: A selective review. Int. J.
Psychophysiol. 111, 170-177 (2017).

Deweese, M. M., Codispoti, M., Robinson, J. D., Cinciripini, P. M. & Versace, F. Cigarette cues capture attention of smokers and
never-smokers, but for different reasons. Drug Alcohol Depend. 185, 50-57 (2018).

. Bradley, M. M. Natural selective attention: Orienting and emotion. Psychophysiology 46, 1-11 (2009).
. Olofsson, J. K., Nordin, S., Sequeira, H. & Polich, J. Affective picture processing: An integrative review of ERP findings. Biol. Psychol.

77, 247-265 (2008).

. Lang, P. ]. & Bradley, M. M. Emotion and the motivational brain. Biol. Psychol. 84, 437-450 (2010).
. Volkow, N. D., Koob, G. F. & McLellan, A. T. Neurobiologic Advances from the Brain Disease Model of Addiction. N. Engl. ]. Med.,

https://doi.org/10.1056/NEJMral511480 (2016).

. Gilbert, D. G. et al. Effects of nicotine on brain responses to emotional pictures. Nicotine Tob. Res. 6, 985-96 (2004).
. Littel, M, Euser, A. S., Munafo, M. R. & Franken, I. H. A. Electrophysiological indices of biased cognitive processing of substance-

related cues: A meta-analysis. Neurosci. Biobehav. Rev. 36, 1803-1816 (2012).

. Robinson, J. D. et al. The motivational salience of cigarette-related stimuli among former, never, and current smokers. Exp. Clin.

Psychopharmacol. 23, 37-48 (2015).

. Versace, E et al. Brain reactivity to emotional, neutral and cigarette-related stimuli in smokers. Addict. Biol. 16, 296-307 (2011).
. Deweese, M., Robinson, J. D., Cinciripini, P. & Versace, F. Conditioned cortical reactivity to cues predicting cigarette-related or

pleasant images. Int ] Psychophysiol. 101, 59-68 (2016).

Minnix, J. A. et al. The Late Positive Potential (LPP) in response to varying types of emotional and cigarette stimuli in smokers: A
content comparison. Int. J. Psychophysiol. 89, 18-25 (2013).

Ferrari, V., Bruno, N., Chattat, R. & Codispoti, M. Evaluative ratings and attention across the life span: Emotional arousal and
gender. Cogn. Emot. 31, 552-563 (2017).

Fischer, A. H. & Manstead, A. S. R. The relation between gender and emotions in different cultures. In Gender and emotion: Social
psychology perspectives (ed. Fischer, A. H.) 71-94 (Cambridge University Press, 2000).

Kring, A. M. & Gordon, A. H. Sex differences in emotion: Expression, experience, and physiology. J. Pers. Soc. Psychol. 74, 686-703 (1998).
Goodwin, R. D. & Gotlib, I. H. Gender differences in depression: the role of personality factors. Psychiatry Res. 126, 135-142 (2004).
Bradley, M. M., Codispoti, M., Sabatinelli, D. & Lang, P. J. Emotion and motivation II: sex differences in picture processing. Emotion
1,300-319 (2001).

Codispoti, M., Surcinelli, P. & Baldaro, B. Watching emotional movies: Affective reactions and gender differences. Int. J.
Psychophysiol. 69, 90-95 (2008).

Bianchin, M. & Angrilli, A. Gender differences in emotional responses: A psychophysiological study. Physiol. Behav. 105, 925-932 (2012).
Flaisch, T., Stockburger, J. & Schupp, H. T. Affective Prime and Target Picture Processing: An ERP Analysis of Early and Late
Interference Effects. Brain Topogr. 20, 183-191 (2008).

SCIENTIFIC REPORTS |

(2019) 9:3240 | https://doi.org/10.1038/s41598-019-39954-0 6


https://doi.org/10.1038/s41598-019-39954-0
https://doi.org/10.1056/NEJMra1511480

www.nature.com/scientificreports/

48. Groen, Y., Wijers, A. A., Tucha, O. & Althaus, M. Are there sex differences in ERPs related to processing empathy-evoking pictures?
Neuropsychologia 51, 142-155 (2013).

49. Proverbio, A. M., Adorni, R., Zani, A. & Trestianu, L. Sex differences in the brain response to affective scenes with or without
humans. Neuropsychologia 47, 2374-2388 (2009).

50. Schupp, H. T., Junghdofer, M., Weike, A. I. & Hamm, A. O. The selective processing of briefly presented affective pictures: An ERP
analysis. Psychophysiology 41, 441-449 (2004).

51. Syrjanen, E. & Wiens, S. Gender moderates valence effects on the late positive potential to emotional distracters. Neurosci. Lett. 551,
89-93 (2013).

52. Kass, R. E. & Raftery, A. E. Bayes factors. J. Am. Stat. Assoc. Jun 90 (1995).

53. Dumais, K. M. et al. Multi-site exploration of sex differences in brain reactivity to smoking cues: Consensus across sites and
methodologies. Drug Alcohol Depend. 178, 469-476 (2017).

54. McClernon, E J., Kozink, R. V. & Rose, J. E. Individual differences in nicotine dependence, withdrawal symptoms, and sex predict
transient fMRI-BOLD responses to smoking cues. Neuropsychopharmacology 33, 2148-2157 (2008).

55. Button, K. S. et al. Power failure: why small sample size undermines the reliability of neuroscience. Nat. Rev. Neurosci. 14, 365-376 (2013).

56. Filkowski, M. M., Olsen, R. M., Duda, B., Wanger, T. . & Sabatinelli, D. Sex differences in emotional perception: Meta analysis of
divergent activation. Neuroimage 147, 925-933 (2016).

57. Stevens, J. S. & Hamann, S. Sex differences in brain activation to emotional stimuli: a meta-analysis of neuroimaging studies.
Neuropsychologia 50, 1578-1593 (2012).

58. David, S. P. et al. Potential Reporting Bias in Neuroimaging Studies of Sex Differences. Sci. Rep. 8, 6082 (2018).

59. Sabatinelli, D., Flaisch, T., Bradley, M. M., Fitzsimmons, J. R. & Lang, P. ]. Affective picture perception: Gender differences in visual
cortex? Neuroreport 15,1109-1112 (2004).

60. Knott, V. et al. EEG correlates of imagery-induced cigarette craving in male and female smokers. Addict. Behav. 33, 616-621 (2008).

61. Versace, E et al. The reality of ‘food porn’: Larger brain responses to food-related cues than to erotic images predict cue-induced
eating. BioRxiv PREPRINT (2017).

62. Wilson, S. J. & Sayette, M. A. Neuroimaging craving: Urge intensity matters. Addiction 110, 195-203 (2015).

63. Versace, F. et al. Brain Responses to Cigarette-Related and Emotional Images in Smokers During Smoking Cessation: No Effect of
Varenicline or Bupropion on the Late Positive Potential. Nicotine Tob. Res., https://doi.org/10.1093/ntr/ntx264 (2017).

64. Melynyte, S., Wang, G. Y. & Griskova-Bulanova, I. Gender effects on auditory P300: A systematic review. Int. J. Psychophysiol. 133,
55-65 (2018).

65. Daurignac, E., Perez-Diaz, F, Grillon, C. & Jouvent, R. Gender and activation level in smokers. Eur. Psychiatry 16, 313-316 (2001).

66. National Institutes of Health. Consideration of Sex as a Biological Variable in NIH-funded Research. Available at: https://grants.nih.
gov/grants/guide/notice-files/not-od-15-102.html. (Accessed: 7th June 2018) (2015).

67. Oldehinkel, A. J. T. Editorial: Sweet nothings - the value of negative findings for scientific progress. J. Child Psychol. Psychiatry 59,
829-830 (2018).

68. Watson, D., Clark, L. A. & Tellegen, A. Development and validation of brief measures of positive and negative affect: The PANAS
Scales. J. Pers. Soc. Psychol. 54, 1063-1070 (1988).

69. Radloff, L. S. The CES-D Scale: A Self-Report Depression Scale for Research in the General Population. Applied Psychological
Measurement 1, 385-401 (1977).

70. Tiffany, S. T. & Drobes, D. J. The development and initial validation of a questionnaire on smoking urges. Addiction 86, 1467-1476 (1991).

71. Fagerstrom, K. Determinants of Tobacco Use and Renaming the FTND to the Fagerstrom Test for Cigarette Dependence. Nicotine
Tob. Res. 14, 75-78 (2012).

72. Lang, P.]., Bradley, M. M. & Cuthbert, B. N. International affective picture system (IAPS): Affective ratings of pictures and instruction
manual (2008).

73. Carter, B. L. et al. A psychometric evaluation of cigarette stimuli used in a cue reactivity study. Nicotine Tob. Res. 8, 361-369 (2006).

74. Gilbert, D. G. & Rabinovich, N. The International Smoking Image Series (with Neutral Counterpats), V. 1.2. (Department of
Psychology, Southern Illinois University, 1999).

Acknowledgements

We want to thank Dr. Caryn Lerman for her support during the participant recruitment phase. This work was
supported by the National Institute on Drug Abuse under awards R0O1-DA032581 (PI: Francesco Versace),
RO1 CA141628 (MPL: D. J. Vidrine & A. Prokhorov), PGRN grant DA020830 (MPI: Rachel F. Tyndale and
Caryn Lerman), from the Canada Research Chairs program (Dr. Tyndale, the Canada Research Chair in
Pharmacogenomics), and by MD Anderson’s Cancer Center Support Grant (CA016672) funded by the National
Cancer Institute. The content is solely the responsibility of the authors and does not necessarily represent the
official views of the National Institutes of Health.

Author Contributions

E.M.S. and EV. designed the analytic plan. E.M.S. conducted data analyses, drafted, and finalized the manuscript.
J.N., K.C. and M.M.D. collected the data. G.K. and EV. contributed to the data analyses. D.F., M.C., PM.C,,
K.C., M.M.D. and J.M.E. provided edits and C.E.G., M.K.H., .A.M., ].D.R.,, RET, D.J.V,, G.K,, and EV. provided
editorial comments and feedback on the manuscript. All authors reviewed and approved the final version of the
manuscript.

Additional Information

Competing Interests: Drs Cinciripini and Karam-Hage have received varenicline from the manufacturer Pfizer
to conduct three NIH-funded studies, and participated in two multisite Pfizer-funded studies on varenicline.
Dr. Tyndale has consulted for Apotex and Quinn Emmanuel on topics unrelated to this project. All the other
authors declare no conflict of interest.

Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

SCIENTIFIC REPORTS |

(2019) 9:3240 | https://doi.org/10.1038/s41598-019-39954-0 7


https://doi.org/10.1038/s41598-019-39954-0
https://doi.org/10.1093/ntr/ntx264
https://grants.nih.gov/grants/guide/notice-files/not-od-15-102.html
https://grants.nih.gov/grants/guide/notice-files/not-od-15-102.html

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2019

SCIENTIFIC REPORTS |

(2019) 9:3240 | https://doi.org/10.1038/s41598-019-39954-0 8


https://doi.org/10.1038/s41598-019-39954-0
http://creativecommons.org/licenses/by/4.0/

	The Late Positive Potentials Evoked by Cigarette-Related and Emotional Images Show no Gender Differences in Smokers

	Results

	Participant Characteristics. 
	Late Positive Potential Main Analysis. 

	Discussion

	Material and Methods

	Participants. 
	Laboratory Session. 
	Materials. 
	Data Reduction. 
	Statistical analyses. 

	Acknowledgements

	Figure 1 Affectively significant images (including cigarette-related images) prompt larger Late Positive Potentials (LPPs) than neutral images.
	Figure 2 Both women (grey bars) and men (white bars) show comparable patterns of reactivity.
	Table 1 Participant Demographics.




