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Abstract

Negative urgency, defined as a tendency to act rashly under extreme negative emotion, is strongly 

associated with tobacco use. Despite the robust evidence linking negative urgency and tobacco use 

and accumulating evidence suggesting that localized, segregated brain regions such as the nucleus 

accumbens (NAcc), insula, and amygdala are related to negative urgency, resting state functional 

connectivity (rsFC) of negative urgency in tobacco use has not yet been examined. This study 

included 34 daily tobacco users and 62 non-users matched on age, gender, race/ethnicity, and 

lifetime psychiatric diagnosis from a publicly available neuroimaging dataset collected by the 

Nathan Kline Institute-Rockland Project. Using the bilateral NAcc, insula, and amygdala as seed 

regions, seed-based rsFC analyses were conducted on the whole brain. In the whole sample, 

negative urgency was positively correlated with rsFC between the left insula and right dorsal 

anterior cingulate cortex (dACC). Compared to non-users, tobacco users had a stronger rsFC 

strength between the right amygdala and right middle temporal gyrus. In tobacco users, negative 

urgency was negatively associated with rsFC between the left NAcc and right dACC and between 

the left NAcc and right dorsolateral prefrontal cortex; these relationships were positive in non-

users. Identifying functional connectivity implicated in negative urgency and tobacco use is the 

crucial first step to design and test pharmacological and physiological interventions to reduce 

negative urgency related tobacco use.
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Introduction

Negative Urgency, defined as the tendency to act rashly under extreme negative emotion 

(Cyders & Smith, 2007; Whiteside & Lynam, 2001), is one of five impulsivity traits in the 

UPPS-P model, the multidimensional model of impulsive personality traits. Negative 

urgency is related to addictive behaviors, such as tobacco use (e.g., Billieux et al., 2007; 

Doran et al., 2008, 2009; Lee et al., 2015), problematic alcohol use (e.g., Coskunpinar, Dir, 

& Cyders, 2013), and other drug use (e.g., Settles et al., 2012). Although well documented 

to be a robust risk factor for a wide range of addictive behaviors, and despite its clinical 

relevance, brain function underlying negative urgency is not yet well understood.

Neural correlates of negative urgency

Neuroimaging studies of negative urgency highlight the importance of brain regions 

involved in reward, salience, and emotion processing, including the nucleus accumbens 

(NAcc), insula, and amygdala.

Reward regions.—First, disrupted NAcc function is associated with higher negative 

urgency. The NAcc is a part of the reward pathway in the brain implicated in addictive 

behaviors, specifically in tobacco dependence (Brody, 2006). In a study using a reward-

modulated version of the Go/No-Go task (Wilbertz et al., 2014), negative urgency moderated 

the relationship between the blood-oxygen level dependent (BOLD) responses from NAcc 

and response inhibition. Individuals with low or medium negative urgency showed better 

task performance with greater NAcc response than those high in negative urgency. 

Structurally, negative urgency is related to smaller gray matter volume in the left NAcc 

(Muhlert & Lawrence, 2015). The relationship between negative urgency and the NAcc 

suggests that altered structure/function of the NAcc may underlie negative urgency-based 

reward-oriented behaviors.

Salience regions.—Second, negative urgency is related to insula function, even more so 

when individuals exert cognitive control during negative emotional states. The insula is a 

key node in the salience network and is implicated in a wide range of functions including 

affective processing and cognition (Uddin, Nomi, Hebert-Seropian, Ghaziri, & Boucher, 

2017). Higher negative urgency was associated with weaker activation in the right anterior 

insula during response inhibition without emotional manipulation (Wilbertz et al., 2014). 

However, in an emotional Go/No-Go task using negative emotional stimuli, the high 

negative urgency group showed greater activation in the bilateral anterior insula during 

response inhibition, and response inhibition accuracy was positively correlated with 

activations in prefrontal inhibitory regions including anterior insula (Chester et al., 2016). 

Further, only the right anterior insula mediated the relationship between negative urgency 

and alcohol consumption in the high negative urgency group: greater right anterior insula 
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activation in response to negative emotional stimuli predicted greater future alcohol 

consumption in this group. In a study that compared cocaine users and controls, negative 

urgency was more strongly and positively related to the functional connectivity between the 

right dorsolateral prefrontal cortex (dlPFC) and the right insula during the negative emotion 

maintenance in cocaine users than in the controls (Albein-Urios et al., 2012). These 

connections suggest that negative urgency may be influenced in part by increased salience to 

reward cues, especially under emotional provocation.

Emotional processing.—Third, the amygdala has been theorized as a key region for 

negative urgency (Cyders & Smith, 2008; Smith & Cyders, 2016). The amygdala is a key 

node of the limbic system and is important for a number of emotional processes, including 

fear and motivation (LeDoux, 2007). Negative urgency is related to hyperactivation of the 

amygdala in response to negative emotional stimuli (Cyders et al., 2015) or when individuals 

who are higher in negative urgency (e.g., cocaine users with personality disorders) attempt to 

regulate their emotions in response to negative emotional stimuli (Albein-Urios et al., 2013). 

Notably, negative urgency mediated the relationship between left amygdala BOLD responses 

to negative emotional stimuli and risk taking (Cyders et al., 2015). Increased left amygdala 

response was related to higher negative urgency, which in turn was related to greater risk-

taking. Interestingly, during the re-appraisal of negative emotion, cocaine users with 

personality disorders had a positive relationship between negative urgency and amygdala 

activation, whereas controls and cocaine users without comorbidity did not (Albein-Urios et 

al., 2013). However, negative urgency has also been related to weaker or disrupted 

connectivity in amygdala-related circuits. Negative urgency was negatively related to the 

functional connectivity between the right inferior frontal gyrus and amygdala in the re-

appraisal of negative emotion in control subjects but unrelated in cocaine users (Albein-

Urios et al., 2012). Also, individuals with alcohol dependence showed a negative correlation 

between negative urgency and resting state functional connectivity (rsFC) strength in the 

amygdala-striatum network, thought to be an “impulsive system” (Zhu, Cortes, Mathur, 

Tomasi, & Momenan, 2015). Thus, negative urgency appears to be reflected, in part, by 

hyeractivity in the amygdala in response to negative emotional cues.

Functional connectivity evidence with negative urgency

The majority of neuroimaging studies examining negative urgency has primarily focused on 

the identification of segregated, localized brain regions using structural characteristics or 

task-based BOLD responses. rsFC analysis can augment recent neuroimaging findings of 

negative urgency beyond anatomically-connected patterns (Buckner, 2010). Specifically, 

Buckner (2010) asserted that rsFC combines influences of anatomically-connected patterns 

and synaptic modifications derived by an individual’s prior experiences, and that this could 

provide meaningful information about individual differences in brain circuit function. 

Negative urgency is a stable personality trait independent of frequency and intensity of 

emotional states (Cyders & Coskunpinar, 2010) and describes how an individual experiences 

and behaves under emotionally charged circumstances. Given recent findings suggesting 

individual differences in gray matter patterns and changes in regional BOLD signals during 

cognitive tasks as underlying negative urgency, it is reasonable to speculate that negative 
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urgency, which can shape an individual’s experiences, could be driven by individual 

differences in resting brain function.

rsFC measures a temporal correlations of activity in different brain regions using low 

frequency, spontaneous fluctuations of BOLD signals in the absence of a specific task, and 

previous literature has demonstrated a temporal correlation of BOLD signals among brain 

regions that are functionally-related and thought to reflect intrinsic relationships in the brain 

(Biswal, Kylen, & Hyde, 1997; Biswal et al., 1995). Identifying resting-state brain circuits 

related to negative urgency would explain how functional relationships between key regions 

drive actions in emotional states and provide novel insights to patterns of activation during 

urgency-related tasks. Further, it would provide a more system-level approach in examining 

negative urgency-related resting brain circuits related to maladaptive behaviors that increase 

health risks.

To our knowledge, only three studies have examined negative urgency as related to rsFC 

(Contreras-Rodríguez et al., 2015; Hoptman, Antonius, Mauro, Parker, & Javitt, 2014; Zhu 

et al., 2015). These studies examined negative urgency using rsFCs related to general self-

control, a related but broader construct encompassing negative urgency, or by comparing 

rsFC strengths between their study groups. However, to our knowledge, no study has 

examined how negative urgency is related to rsFCs that represent more specific 

underpinnings of negative urgency. The current study is novel because it focused on seed-

based rsFC using a priori negative urgency-related brain regions as seed regions: NAcc, 

insula, and amygdala. This investigation provides an understanding of how spatially distinct 

brain regions work with each other in the behavioral expression of negative urgency-related 

tobacco use. The identification of underlying rsFC of negative urgency can provide prime 

targets for the design and testing of pharmacological and physiological interventions to 

mitigate the negative effects of negative urgency.

The current study

The current study utilized tobacco use as a candidate condition to identify negative urgency-

related rsFC. Negative urgency is significantly associated with increased tobacco craving, 

specifically anticipated relief from negative affect (Billieux et al., 2007; Doran et al., 2009), 

higher negative affective states in response to tobacco cue exposure (Doran et al., 2008), and 

tobacco use frequency (Lee et al., 2015), yet there have been no rsFC studies linking 

negative urgency and tobacco use. Using a seed-based functional connectivity analysis in 

tobacco users and non-users, we examined three aims of the present study: 1) characterize 

rsFC associated with negative urgency in the whole sample; 2) examine how rsFC might 

differ between tobacco users and non-users; and 3) determine whether the relationship 

between negative urgency and rsFC differs by tobacco use status. We chose the bilateral 

NAcc, insula, and amygdala as a priori seed regions since these regions are most 

consistently associated with negative urgency in prior work. We hypothesized that 1) these 

seed regions would show connectivity patterns related to negative urgency in the whole 

group, 2) the connectivity patterns would differ across our groups, and 3) the relationships 

between negative urgency and connectivity patterns would differ across our groups. 
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Examining whole-brain functional connectivity patterns of these seed regions was a 

necessary next step to identify rsFC correlates of negative urgency.

Materials and Methods

Data Source

This study included de-identified assessment and neuroimaging data collected by the Nathan 

Kline Institute (NKI)-Rockland Project (Nooner et al., 2012), and the data were accessed 

through the Collaborative Informatics and Neuroimaging Suite (COINS) at https://

coins.mrn.org. The project was approved by the Institutional Review Board at NKI and 

Montclair State University and written informed consent was obtained from all participants 

included in the study. For this study, samples included 36 daily tobacco users and 72 non-

users, which were matched based on age, gender, race, and lifetime psychiatric diagnosis 

(Table 1). Samples were selected based on following criteria: 1) between the ages of 18 – 65; 

2) have structural and resting-state functional scans; 3) right-handedness; 4) negative urine 

drug screening results on a scan day, including benzodiazepines, cocaine, methadone, 

phencyclidine, barbiturates, opiates, and amphetamines (positive drug test on marijuana was 

permitted); 5) no history of neurological diagnosis; and 6) no incidental findings from MRI 

scans. Positive marijuana results on a scan day were not excluded because of the high co-

occurrence of tobacco and marijuana use among the U.S. population, which has increased 

due to the recent marijuana legalization (Richter et al., 2004; Schauer, Berg, Kegler, 

Donovan, & Windle, 2015) and because the length of time marijuana use can be detected in 

urine sample can range between 3 days (if single use) to longer than 30 days (if chronic 

heavy use) after the actual use (Moeller, Lee, & Kissack, 2008). We attempted to be as 

inclusive as possible with our sample (i.e., did not exclude based on substance use, 

psychiatric diagnosis, or positive marijuana test) in order to increase the generalizability of 

our findings to the general population that commonly shows co-occurrence of tobacco use 

and other substance use or clinical problems (Chou et al., 2016). However, we matched 

tobacco users and non-users on these variables or controlled for them in all analyses.

Tobacco users had to be daily tobacco users and free of current substance dependence/abuse 

except for tobacco. Non-users had to be free of current substance dependence/abuse 

including tobacco, endorse no history of lifetime tobacco use, and were matched with 

tobacco users for age, gender, race/ethnicity, and any psychiatric diagnosis. During the 

preprocessing, two tobacco users and ten non-users were excluded because of excessive 

head motion and small ventricle size that precluded extraction of nuisance signals 

originating from ventricles (see preprocessing details). The final samples included in the 

group analyses were 34 daily tobacco users (mean age = 34.15 years, SD = 12.68; 59% 

females; 79% Whites) and 62 non-users (mean age = 35.31 years, SD = 14.14; 60% females; 

66% Whites; see Table 1). Of these individuals, five tobacco users and three non-users had a 

positive marijuana drug screen on the scan day, and eight tobacco users and eight non-users 

had missing drug screen data.
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Tobacco Use

Individuals were classified as tobacco users if they were daily tobacco users in the past year 

(i.e., Responded “Once per day” or more frequent tobacco use to the item “In the past year, 

what was your typical pattern of use?”). Individuals were classified as non-tobacco users if 

they endorsed no lifetime history of tobacco use (i.e., Responded “No” to the item “Have 

you ever used Tobacco?”). Among tobacco users, tobacco use was characterized via age of 

first tobacco use (M = 15.13, SD = 2.93), length of tobacco use (M = 16 years, SD = 12 

years 7 months), past 6-month frequency of tobacco use per day (M = 9.07, SD = 8.07), and 

nicotine dependence measured by the Fagerström Test of Nicotine Dependence (FTND; 

Cronbach’s α = .61; M = 2.30, SD = 2.04; Heatherton, Kozlowski, Frecker, & Fagerström, 

1991).

Negative Urgency

The UPPS-P Impulsive Behavior Scale (UPPS-P; Lynam, Smith, Whiteside, & Cyders, 

2006) is a 59-item self-report scale that measures five sub-facets of trait impulsivity. Only 

the negative urgency subscale was utilized in this study (Cronbach’s α = .85; mean (SD): 

tobacco users = 2.09 (0.67), non-users = 1.89 (0.55)) because negative urgency is the trait 

most highly linked to tobacco use (Lee et al., 2015) and ample evidence from past 

neuroimaging studies were able to provide clear a priori determination of seed regions. 

Higher mean score indicated higher negative urgency, which ranges from 1 to 4.

MRI Data Acquisition and Preprocessing

The fMRI data were collected from a 3.0T SIEMENS MAGNETOM Trio Tim scanner. The 

T1-weighted anatomical image was acquired for each subject using the magnetization-

prepared rapid gradient echo (MPRAGE) sequence (repetition time (TR)/echo time (TE) 

=1900/2.52ms, Flip Angle (FA) = 9°, slice thickness = 1.0mm, field of view (FOV) = 

250mm, 176 slices, voxel size =1.0 mm3, 256 × 246 matrix). The 5-minute resting-state 

image was acquired for each subject using an echo-planner imaging (EPI) sequence (TR/TE 

= 2500/30ms, FA = 80°, FOV = 216mm, slice thickness = 3.0mm, voxel size = 3.0 mm3, 38 

interleaved slices, transversal orientation, 72 × 72 matrix).

Standard preprocessing steps were employed using AFNI ver.16.3.00 (Cox, 1996) and 

FreeSurfer (https://surfer.nmr.mgh.harvard.edu). The resting-state fMRI (rsfMRI) data were 

slice-time corrected, despiked, and volume registered. The MPRAGE anatomical data was 

skull-stripped and aligned to rsfMRI. In FreeSurfer, the anatomical data were segmented 

into the whole brain, white matter, grey matter, and the four large ventricles. The AFNI 

ANATICOR (Jo, Saad, Simmons, Milbury, & Cox, 2010) program was used to remove 

potential noise artifacts using anatomically modeled signals by deriving signals emanating 

from white matter and cerebrospinal fluid. Six motion parameters, six motion derivative 

parameters, and non-grey matter signals (i.e., from white matter and four large ventricles) 

were included as nuisance regressors to minimize noise artifact. Global signal (i.e., an 

average signal of an entire brain) was not included as an additional regressor due to concern 

that this would artificially alter interregional correlations and the resulting interpretation of 

the functional connectivity (Saad et al., 2012). ANATICOR erodes four ventricle masks by 

one voxel along each of the three directions to reduce the chance of including grey matter 
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signals as signals from ventricles (Jo et al., 2010). Therefore, this procedure may erode the 

whole ventricle when subjects have a very small ventricle resulting in no signal from that 

specific ventricle mask leading to the automatic failure of processing pipeline. The 

preprocessed rsfMRI data were smoothed with a 6mm FWHM kernel to reduce noise. 

Bandpass filtering of the regressed time series retained frequencies between 0.01 Hz and 

0.08 Hz (Satterthwaite et al., 2013).

In addition, time points with excessive head motion were censored out if framewise 

displacement, the Euclidean norm of head motion from one time-series volume to the next, 

exceeded 0.3mm, with additional removal of time points before and after the excessive head 

movement. Also, time points were removed if more than 10% of voxels across the brain 

were outliers at a specific time point (AFNI command 3dToutcount). Individuals were 

excluded when more than 30% of time series data were excluded due to failing to meet these 

two criteria. All preprocessing steps were done in the original space of each subject’s brain. 

The voxel was resized to 2.0 mm3.

Seed-based rsFC analyses

In FreeSurfer, anatomical parcellation developed by Destrieux, Fischl, Dale, & Halgren 

(2010) was used to parcellate cortical and subcortical brain regions. Bilateral NAcc, insula, 

and amygdala, totaling six seed regions, were identified (Fig. 1). Insula seeds were created 

by combining four insula regions, which included the anterior segment of the circular sulcus 

of the insula, superior segment of the circular sulcus of the insula, short insular gyri, and 

long insular gyrus and central sulcus of the insula. The seed-based whole brain functional 

connectivity analyses were conducted for each seed region separately. Anatomical seeds 

were resampled to the resolution of the functional time series, and a mean functional time 

series was calculated from all voxels in each seed region. This averaged time series in the 

seed region was correlated with the time series of all voxels across the entire brain after 

removing censored time points. This whole-brain functional connectivity map was then 

Fischer’s Z transformed, resulting in a whole-brain functional connectivity map for each 

seed. Finally, each subject’s functional connectivity maps were warped into the standard 

Talairach space with an affine transformation (Talairach & Tounoux, 1988).

Results

Self-report results

The tobacco users and non-users did not differ on age, gender, and race (see Table 1). 

Interestingly, negative urgency did not differ between groups. Negative urgency was higher 

among individuals with positive or missing marijuana drug test results on a scan day (t(94) = 

−2.06, p = .04), lifetime psychiatric diagnosis (t(94) = −2.51, p = .01), and lifetime 

substance abuse/dependence diagnosis (t(94) = −1.99, p < .05) in the whole sample and 

among individuals with lifetime psychiatric diagnosis (t(60) = −3.66, p = .001) in non-users 

(see Table 2). In tobacco users, negative urgency was not associated with age of first tobacco 

use, frequency of tobacco use per day in the past 6 months, length of tobacco use, and the 

FTND scores.
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Seed-based rsFC analyses

Relationship between negative urgency and rsFC strength—In the whole sample, 

negative urgency was positively related with stronger rsFC between the left insula and a 

cluster in right dorsal anterior cingulate cortex (dACC; r = .45, p < .001) (see Table 3, Fig. 

2(a)). The relationship between negative urgency and the rsFC was examined by extracting 

the significant cluster. This relationship remained significant when each group was 

examined separately (tobacco users: r = .43, p = .011; non-users: r = 0.45, p < .001).

Group differences between tobacco users and non-tobacco users—Compared 

to non-users, tobacco users showed stronger rsFC between the right amygdala and a cluster 

in right middle temporal gyrus (see Table 3, Fig. 2(b)). When examining the relationship 

between negative urgency and the extracted significant rsFC cluster, negative urgency was 

not related to rsFC strength between the right amygdala and right middle temporal gyrus 

(tobacco users: r = 0.21, p = .23; non-users: r = 0.18, p = .17).

Differential relationship between negative urgency and rsFC strength by 
tobacco use status—Negative urgency was differentially related to rsFC strength 

between the left NAcc and a cluster in right dACC (see Table 3, Fig. 3(a)) and between the 

left NAcc and a cluster in right dlPFC (see Table 3, Fig. 3(b)) by tobacco use status. Tobacco 

users showed a negative relationship between negative urgency and rsFC strength in the left 

NAcc-right dACC (r = −0.38, p = .03), whereas non-users showed a positive relationship (r = 

0.32, p = .01; see Fig. 3(a)). Similarly, tobacco users showed a negative relationship between 

negative urgency and rsFC strength in the left NAcc and the right dlPFC (r = −0.49, p 
= .003), whereas non-users showed a positive relationship (r = 0.29, p = .02; see Fig. 3(b)). 

In tobacco users, the tobacco use variables were not related to any rsFC strengths.

Discussion

The purpose of the present study was to identify rsFC associated with negative urgency in a 

sample of community-based adults, examine how rsFC might differ between tobacco users 

and non-users, and examine if the relationship between negative urgency and rsFC would 

differ by tobacco use status. Using the NAcc, insula, and amygdala as a priori seed regions, 

we detected four significant results: 1) higher negative urgency was related to the stronger 

rsFC between the left insula and right dACC in the whole sample; 2) tobacco users had a 

stronger relationship in the rsFC between right amygdala and right middle temporal gyrus; 

and the relationship between negative urgency and rsFCs differed as a function of tobacco 

use status for rsFCs between 3) the left NAcc and right dACC and 4) the left NAcc and right 

dlPFC.

Interestingly, rsFC between left insula and right dACC was related to negative urgency 

regardless of tobacco use status, while rsFCs between the left NAcc and prefrontal regions 

showed differential relationships to negative urgency by tobacco use status, suggesting 

negative urgency is represented distinctly with rsFC patterns of different regions in tobacco 

use. Given the limited research on rsFC in negative urgency, the current results provide novel 

and meaningful extensions of previous research from region-specific to circuit-level 

correlates of negative urgency. Further, this study overcame limitations of existing 
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connectivity studies with negative urgency that had previously utilized seed regions related 

to general self-control or identified group differences (Contreras-Rodríguez et al., 2015; 

Hoptman et al., 2014; Zhu et al., 2015) by instead utilizing regions related specifically to 

negative urgency based on previous findings.

Left insula – right dorsal ACC functional connectivity

Negative urgency was positively related to rsFC between the left insula and right dACC in 

the whole sample regardless of tobacco use status. Both the insula and the dACC are key 

nodes of the salience network (Seeley et al., 2007). The salience network identifies and 

selects a stimulus among a myriad of emotional, homeostatic, or cognitive inputs based on 

personal relevance or saliency, which an individual subsequently acts upon. This network is 

highly relevant to negative urgency, as individuals with greater negative urgency are more 

likely to act impulsively in response to subjective relevance or saliency of negative emotions. 

For example, tobacco users with greater negative urgency show heightened tobacco craving 

related to negative affect when they were exposed to personally salient stimuli, such as a lit 

cigarette of their usual brand (Doran et al., 2008, 2009). The degree of connectivity within 

the salience network may be important in an individual’s level of negative urgency, given the 

overlap of detecting personally relevant or salient stimuli (e.g., negative emotions) in the 

expression of negative urgency. Thus, it would be important to determine if salience network 

connectivity underlies negative urgency, negative urgency underlies salience network 

connectivity, or if there is a reciprocal relationship between these two factors to understand 

how these relationship affects negative urgency-related behaviors such as tobacco use in 

response to negative emotions.

Right amygdala – right middle temporal gyrus functional connectivity

Tobacco users showed stronger right amygdala – right middle temporal gyrus rsFC strength 

than non-users. A role of the amygdala in negative urgency has been theorized (Cyders & 

Smith, 2008; Smith & Cyders, 2016) and has gained empirical support (Albein-Urios et al., 

2012, 2013, Cyders et al., 2014, 2015; Zhu et al., 2015). However, the relation of middle 

temporal gyrus to negative urgency or tobacco use is largely unknown, and this region is 

thought to be involved in semantic processing, such as processing of knowledge, properties, 

and facts about words or objects (e.g., Cabeza & Nyberg, 2000; Chao, Haxby, & Martin, 

1999). The stronger rsFC in tobacco users may mean that processing of tobacco-related 

stimuli is related to the initial emotional processing in the amygdala, which warrants future 

investigation. Importantly, negative urgency was not significantly related to this rsFC in 

either group, so intervening on this circuit to reduce negative urgency tendencies may not be 

a viable treatment target for negative urgency. However, future work should examine 

whether this lack of relationship is also present during task performance, especially one that 

mimics rash action under negative emotions. If negative urgency is related to this circuit 

under task performance, the viability of targeting it to reduce negative urgency could then be 

revisited.

Left NAcc – prefrontal functional connectivity

Two left NAcc-based rsFC findings (left NAcc – right dACC and left NAcc – right dlPFC) 

showed differential relationships with negative urgency by tobacco use status. Both showed 
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a negative relationship between negative urgency and rsFC strength in tobacco users and a 

positive relationship in non-users. Drug addiction, such as tobacco use, is characterized by 

an imbalance between reward-related regions like the NAcc and cognitive control-related 

regions such as the dACC and dlPFC, in which brain regions involved in cognitive control 

are disrupted and overridden by reward-related regions (Goldstein & Volkow, 2012; Volkow, 

Wang, Fowler, Tomasi, & Telang, 2011). The dACC and dlPFC engage in different cognitive 

control processes: while the dACC is involved in conflict monitoring, the dlPFC is involved 

in implementing control (Bush, Luu, & Posner, 2000; MacDonald, Cohen, Stenger, & 

Carter, 2000). Further, previous studies show heightened tobacco cue reactivity in both 

dACC and dlPFC among tobacco users (Janes et al., 2010; Luijten et al., 2011; Zhang et al., 

2011). The NAcc activates in response to or in anticipation of reward-related or drug cues 

after learning the cue – reward association (Kühn & Gallinat, 2011; Schultz, Dayan, & 

Montague, 1997; Volkow et al., 2011). Both the dACC and dlPFC likely communicate with 

the NAcc to monitor and exert control when a tobacco cue is detected. Given these regions’ 

involvement in drug addiction and robust relationship of negative urgency to various 

substance use, it would be interesting to examine if these results generalize to other 

substances.

The imbalance between top-down control and reward processing in drug addiction may be 

attributed to negative urgency as, in our sample, tobacco users higher in negative urgency 

showed weaker connectivity strengths between the left NAcc and right dACC as well as the 

left NAcc and right dlPFC, which suggests that having weaker connectivity pattern may 

exacerbate the behavioral expression of negative urgency, such as tobacco use in response to 

negative emotion. On the other hand, non-users higher in negative urgency showed stronger 

connectivity strength between the left NAcc-related rsFCs suggesting more effective 

communication between regions involved in reward processing and cognitive control, 

thereby potentially protecting individuals from using tobacco in response to negative 

emotions. Thus, this could suggest interventions that strengthen connectivity between the 

left NAcc and right prefrontal regions might be examined for their ability to alleviate 

negative urgency-related behaviors.

Limitations

Despite novel findings in the current study, some limitations exist. First, the groups did not 

differ in negative urgency, unlike previous studies (Lee et al., 2015; Spillane, Smith, & 

Kahler, 2010). Given a high proportion of the current sample indicated substance use and 

psychiatric diagnosis and that these variables were matched between group, similar levels of 

negative urgency between groups is not completely surprising. Second, this study did not 

exclude participants with a missing drug test or who tested positive for recent marijuana use, 

although we did control for this in all analyses. Third, the current study includes participants 

with a wide age range (19–63 years). Normal aging has shown differing levels of 

recruitment in resting-state networks (Mowinckel, Espeseth, & Westlye, 2012). For this 

reason, age was matched between the groups. Fourth, the present study sample is comprised 

of tobacco users, which may include users of various tobacco products; thus, any effect of 

various tobacco products cannot be determined in this study. However, most tobacco users in 

the current study consumed their tobacco products by smoking (n = 30; n = 2 orally, n = 2 
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missing data). Lastly, groups with unequal sample sizes were compared. From the existing 

data, we identified 36 daily tobacco users meeting our criteria. We included more individuals 

in the non-user group to increase power and matched the proportion of non-users to tobacco 

users by age, gender, race, and lifetime psychiatric diagnosis, and these variables did not 

differ by group (Table 1).

Future Directions

Despite these limitations, the current study extends previous neuroimaging findings, which 

have mainly focused on how negative urgency is related to localized, segregated brain 

regions, by examining seed-based rsFC. Future studies should examine whether negative 

urgency-related rsFC found in this study also exists in samples with other drug use. Such 

research can lead to the development of a more transdiagnostic approach to understanding 

negative urgency’s contributions to drug addiction. This approach would guide the 

identification of focal biomarkers to mitigate the negative effects of negative urgency for 

addiction and help research to leverage identified biomarker to design and test 

pharmacological or physiological interventions to reduce drug addiction. For example, these 

efforts could improve maladaptive behaviors manifested by negative urgency, especially for 

psychosocial treatment-resistant patients.

Conclusion

The present study identified rsFCs related to negative urgency and tobacco use that involve 

key regions in salience, reward processing, and emotional processing. These study findings 

provide evidence for negative urgency-related rsFCs that can be leveraged and targeted in 

future research and the development and testing of novel treatment targets for negative 

urgency-related tobacco use.
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Figure 1. 
Seed regions.

Note. 1 = Left insula; 2 = Right insula; 3 = Left NAcc; 4 = Right NAcc; 5 = Left Amygdala; 

6 = Right Amygdala; Seed regions illustrated here is based on a single brain in its 

anatomical space before warping it into the standard Talairach space.
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Figure 2. 
(a) Positive correlation between negative urgency and rsFC strength between Left Insula and 

Right dACC; (b) Group differences in rsFC strength between Right Amgydala and Right 

Middle Temporal Gyrus

Note. Voxel level threshold p = .001; cluster level threshold α < .05. The color bar represents 

z-scores.
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Figure 3. 
Differential relationship between negative urgency and rsFC strength between (a) the Left 

NAcc - Right dACC and (b) the Left NAcc - Right dlPFC by tobacco use status

Note. Voxel level threshold p = .001; cluster level threshold α < .05. The color bar represents 

z-scores.
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Table 1.

Sample Characteristics

Tobacco Users
(n = 34)

Non-Users
(n = 62) t or x2 p

Age, mean (SD) 34.15 (12.68) 35.31 (14.14) 1.16 .68

Gender, n .01 .94

   Male : Female 14 : 20 25 : 37

Race, n (%) 5.44 .25

   White 27 (79%) 41 (66%)

   African American 6 (18%) 17 (27%)

   Other races 1 (3%) 4 (7%)

Negative Urgency, mean (SD) 2.09 (0.67) 1.89 (0.55) −1.45 .15

Lifetime Psychiatric Disorder Diagnosis, n* .65 .42

   Major Depressive Disorder 2 2

   Panic Disorder w/o Agoraphobia 1 1

   Attention-Deficit/Hyperactivity Disorder 1 1

   Phobia 1 0

Lifetime Substance Abuse/Dependence Diagnosis, n* 19.15 < .001

   Alcohol 11 7

   Cannabis 17 4

   Cocaine 4 2

   Sedative/Hypnotic/Anxiolytic 1 1

Past Year Alcohol Use Frequency, n (%) 9.36 .23

   No past year use 5 (15%) 17 (27%)

   Less than monthly 6 (18%) 21 (34%)

   Monthly 11 (32%) 13 (21%)

   Weekly 9 (26%) 11 (18%)

   Daily 1 (3%) 0 (0%)

   Missing data 2 (6%) -

Past Year Marijuana Use Frequency, n (%) 9.90 .36

   No past year use 15 (44%) 51 (82%)

   Less than monthly 6 (15%) 5 (8%)

   Monthly 3 (8%) 3 (5%)

   Weekly 4 (12%) 1 (2%)

   Daily 5 (14%) 2 (3%)

   Missing data 2 (6%) -

Age of first tobacco use, mean (SD) 15.13 (2.93) -

Frequency of tobacco use per day in the past 6-month, mean (SD) 9.07 (8.07) -

Years of use, mean (SD) 16 Yrs 0 Mos
(12 Yrs 7 Mos)

-

FTND scores, mean (SD) 2.30 (2.04) -

Notes.
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*
Diagnoses include participants diagnosed with multiple psychiatric disorders.

Brain Imaging Behav. Author manuscript; available in PMC 2021 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Um et al. Page 20

Table 2.

Relationship among negative urgency and sample characteristics

All samples
(n = 96)

Tobacco users
(n = 34)

Non-users
(n = 62)

r t P r t P r t P

Age −.10 .32 −.24 .18 −.02 .88

Gender −1.19 .24 .11 .91 −1.75 .09

Race .40 .69 .48 .63 −.12 .90

Positive or missing marijuana drag test results on a scan day −2.06 .04* −1.99 .06 −.41 .69

Lifetime Psychiatric diagnosis −2.51 .01* .06 .95 -3.66 .001*

Lifetime Substance abuse/dependence diagnosis −1.99 .05* −1.85 .07 −.11 .91

Age of first tobacco use −.11 .57

Frequency of tobacco use per day in the past 6-month −.13 .49

Length of tobacco use −.16 .38

FTND scores −.28 .11

Note. r = Pearson’s r; t = Independent samples t-test; Race was coded as white and non-white
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Table 3.

Significant rsFCs.

Seed ROI Cluster anatomical location
Cluster

voxel size

Primary peak location in
Talairach space

(x, y, z)
Peak

z-score

Correlation between negative urgency and rsFC strength in overall group

Left Insula Right dACC 77 −3, +27, +18 4.53

Group differences between tobacco users and non-tobacco users

Right Amygdala Right Middle Temporal Gyrus 84 +57, −33, +0 4.12

Differences in correlations between negative urgency and rsFC strength between groups

Left NAcc Right dACC 262 +11, +19, +30 −4.57

Left NAcc Right dlPFC 165 +31, +25 +38 −4.64

Note. Voxel level threshold p = .001; cluster level threshold α < .05. Voxel size = 2.0 mm3
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