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Abstract

Background—Impulsivity is a complex trait often studied in substance abuse and overeating
disorders, but the exact nature of impulsivity traits and their contribution to these disorders are still
debated. Thus, understanding how to measure impulsivity is essential for comprehending addictive
behaviors.

Objectives—Identify unique impulsivity traits specific to substance use and overeating.

Methods—Impulsive Sensation Seeking (ImpSS) and Barratt’s Impulsivity scales (BIS) Scales
were analyzed with a non-parametric factor analytic technique (discriminant correspondence
analysis) to identify group-specific traits on 297 individuals from five groups: Marijuana (n = 88),
Nicotine (n = 82), Overeaters (n = 27), Marijuauna + Nicotine (n = 63), and Controls (n = 37).

Results—A significant overall factor structure revealed three components of impulsivity that
explained respectively 50.19% (pperm<0.0005), 24.18% (pperm<0.0005), and 15.98%
(Pperm<0.0005) of the variance. All groups were significantly different from one another. When
analyzed together, the BIS and ImpSS produce a multi-factorial structure that identified the
impulsivity traits specific to these groups. The group specific traits are (1) Control: low impulse,
avoids thrill-seeking behaviors; (2) Marijuana: seeks mild sensation, is focused and attentive; (3)
Marijuana + Nicotine: pursues thrill-seeking, lacks focus and attention; (4) Nicotine: lacks focus
and planning; (5) Overeating: lacks focus, but plans (short and long term).

Conclusions—Our results reveal impulsivity traits specific to each group. This may provide
better criteria to define spectrums and trajectories — instead of categories — of symptoms for
substance use and eating disorders. Defining symptomatic spectrums could be an important step
forward in diagnostic strategies.
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Introduction

Impulsivity is a complex trait often studied in personality disorders (1), and self-regulatory
failures (2) such as substance use and overeating disorders (3). In substance use and
overeating, high levels of impulsivity — a risk factor for addiction and dependence (4) — may
be associated with an increase in drug (5) and alcohol use (6) as well as pathologic
substance abuse (7), could impact treatment strategies (8,9), and could reveal subtypes of
binge eating (10). Thus understanding impulsivity and its measurement is essential for
understanding addictive behaviors (11).

“Impulsivity”, however, is a multifaceted and heterogeneous concept that includes aspects of
disinhibition, inattention, sensation seeking, and deficits in decision-making (12). Further,
these aspects exist under two broad categories of impulsivity: state impulsivity (i.e. “in the
moment”) and trait impulsivity (i.e. the inherent characteristics of a person). While both
types are associated with substance use (13), trait impulsivity is especially important
because it contributes to the underlying risk for substance use. Trait impulsivity is mostly
measured using self-assessment scales: often with the Impulsive Sensation Seeking (ImpSS)
scale (14-17) and Barratt’s Impulsivity Scale [BIS; (18,19)].

Using the ImpSS or BIS, numerous studies have shown that “high impulsivity” exists in
substance abuse groups — such as nicotine users (20), cocaine users (21), and drunk drivers
(22) — and that impulsivity is associated with increased craving (23) and consumption (24)
of food. Importantly, impulsivity traits could impact treatment strategies for substance use
disorders (8,25). In practice, both the ImpSS and BIS are generally used as unidimensional
indices with higher scores interpreted as “more impulsivity”. However, if impulsivity is
multidimensional, the same score obtained by different individuals can reflect different
realities and would, therefore, obscure unique impulsivity traits.

The traditional structure of the BIS (18,19) has been challenged (26) and recently revised to
comprise two factors (26) and then again reframed as one factor (27) for the general
population. Furthermore, recent work has shown that there are differing aspects of
impulsivity in typically impulsive populations (28), illicit substance users (29), alcohol use
disorders (30), and cigarette smoking (31). In sum, there appears to be diverse sets of
impulsivity traits in substance use populations, and so there is a growing interest in parsing
impulsivity traits because the exact contribution (32) and dimensionality (33,34) of
impulsivity traits — especially with respect to addictive behaviors — is under intense debate.

To better understand the factor structure of trait impulsivity, we analyzed common measures
of trait impulsivity in order to evaluate if specific multidimensional patterns of responses
could characterize specific substance use and overeating groups. We measured impulsivity
using ImpSS and BIS from five groups of participants: (i) a non-using Control group, (ii)
Marijuana users, (iii) Nicotine users, (iv) individuals with high body-mass index (BMI) or
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binge-eating symptoms (henceforth referred to as Overeaters), and (v) Marijuana + Nicotine
users. We used discriminant correspondence analysis [DiCA, (35)] — a factor analytic
technique — to find the distinct patterns of impulsive traits that characterize these five
groups. DICA is a discriminant analysis extension of correspondence analysis (36) and
multiple correspondence analysis (37) and both techniques have been used extensively in the
analysis of self-assessments and surveys [e.g. memory (38), stress (39), schizophrenia (40),
and opioid abuse (41)]. More importantly, recent work in autism and schizophrenia research
(using DICA\) has shown that similar summary scores on self-assessments reflected unique
patterns of traits for different populations (42). Thus, in this study, we expected to find a
new factor structure of impulsivity where each of our groups were defined by distinct
impulsivity traits.

This study was approved by the University of New Mexico and The University of Texas at
Dallas Institutional Review Boards.

Participants

Participants were recruited from the general community in Albuquerque (NM) and took part
in a larger set of studies to determine markers of addiction. Demographics are listed in Table
1. Some participants have been described in previous reports — Marijuana (43,44), Control
(44), Nicotine (45), and Overeaters (46) — but this study has not been presented elsewhere.
Substance use groups were recruited from three separate studies on: (i) marijuana use
(Marijuana participants), (ii) overeating (Overeating participants), and (iii) nicotine use
(Nicotine and Control participants). Marijuana group participants self-reported current
marijuana use of at least four occasions per week over the previous 6 months (positive use
verified via urinalysis). Eighty-two (out of 151) Marijuana study participants met criteria for
current marijuana dependence [via the Structured Clinical Interview for DSM-IV-TR,
Research Version (47)]. Nicotine group participants self-reported current nicotine use of at
least 10 cigarettes per day (positive use verified via breath CO monitor). The Nicotine group
had moderate-to-high nicotine dependence as evaluated by the Fagerstrom’s Test for
Nicotine Dependence [FTND (48); M = 6.76, SD = 1.59]. Overeating group participants had
a BMI 225 [(49); M = 32.28, SD = 7.93] or a minimum score of 18 on the Binge Eating
Scale [BES (50); M =21.00, SD = 10.35]. Non-using controls did not report any current
regular use of illicit substances (including marijuana) in the past 6 months. Participants were
excluded from the studies if they had (i) past or present diagnosis of a neurological disorder,
(if) psychosis or other substance use disorder besides their primary substance use disorder
(assessed via the Psychotic Symptoms and Substance Use Disorders modules of the SCID),
or (iii) currently taking prescribed psychoactive medication.

Our study included a total of 297 individuals, who had completed the ImpSS and the BIS,
from the four a priori groups (as discussed in Participants): Marijuana (n = 88), Nicotine (n
= 82), Overeaters (n = 27), and non-using Controls (n = 37). We further identified a
subgroup of Marijuana users who reported at least daily nicotine use (according to the
Smoking History Questionnaire), henceforth, referred to as Marijuana + Nicotine (n = 63).
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Usage characteristics for Marijuana, Nicotine, and Marijuana + Nicotine groups are
described in Table 2.

The Impulsive Sensation Seeking Scale (ImpSS) is a 19-item self-report questionnaire,
which is a subscale of the Zuckerman-Kuhlman Personality Questionnaire (17). The ImpSS
is intended to capture two factors: sensation-seeking and impulsivity. Participants respond to
each item with the values TRUE or FALSE, which are respectively scored as 1 or 0 point.
Summary scores range from 0-19 with higher scores indicating greater impulsive sensation
seeking behavior.

The Barratt Impulsivity Scale (BIS) is a 30-item self-report questionnaire that captures
various aspects of impulsivity (18): inattention, motor impulsiveness, self-control problems,
cognitive complexity, perseverance, and cognitive instability. These aspects represent
broader factors: Attentional Impulsiveness (attention and cognitive instability), Motor
Impulsiveness (motor impulsiveness and perseverance), and Non-planning (self-control and
cognitive complexity). On the 30-item BIS, participants respond to each item using a 4-
response scale (1: Rarely/Never; 2: Occasionally; 3: Often; 4: Almost Always/Always).
Summary scores range from 30-120 with higher scores indicating greater impulsiveness.

Statistical analyses

We performed two sets of analyses: ANOVAs and DiCA (35) — a technique that can identify
qualitative differences in patterns of responses between groups (42). All analyses were
performed with R (51). ANOVAs were performed with the “car” package (52), DiCA and
inference tests were performed with the “TExPosition” and “TInPosition” packages (53).
The Supplementary Material, available online, provides a detailed exposition of DiCA and
inference tests.

ANOVAs—We performed one-factor between-subjects ANOVAS on the summary scores
for the ImpSS and the BIS.

DiCA and data structure—For analysis with DiCA, both the ImpSS and BIS were
recoded into question-response levels (disjunctive coding) as in (41,42,54). For example, a
response of RARE for BIS question 5 (I do not “pay attention™) was recoded as a 0/1 pattern
spanning four columns: {1,0,0,0} and a response of OFTEN was recoded as the pattern
{0,0,1,0}. This process yielded 120 columns for the BIS (4 columns per 30 questions), and
38 columns for the ImpSS (2 columns per 19 questions). Because the instruments have
different sizes, we normalized each instrument so that the variances of the ImpSS and BIS
were equal [see (38,55) for more details]. With DICA, we analyzed the BIS and ImpSS
together.

DiCA requires a group x variable contingency table that represents the frequencies of each
question-response level for each group. Correspondence analysis is then performed on this
table. DIiCA - like correspondence analysis or principal components analysis — integrates the
variables of a matrix into linear combinations in order to create new uncorrelated
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(orthogonal) variables, called components. Items, groups, and individuals are assigned
values called component (or factor) scores that describe how much items, groups, or
individuals contribute to a component. Component scores are typically presented graphically
two components at a time to create component maps.

Inference tests—Stability and reliability of the DICA model were assessed via bootstrap
(56,57), and permutation (58) resampling. Inference tests indicate if the omnibus model is
significant, which components are significant, and which variables or groups significantly
contribute to the component structure (see Supplementary Material, available online).

ANOVA findings

ANOVASs were performed on the summary scores from the ImpSS and BIS. There was a
significant effect of group on the BIS [F(4,292) = 8.09, p<0.0001]. Post-hoc comparisons
showed that the Control and Marijuana groups were less impulsive than the Marijuana +
Nicotine, Nicotine, and Overeating groups (Table 3). There were no significant differences
between the remaining groups or between the Control and Marijuana groups. There was a
significant effect of group on the ImpSS [F(4,292) = 6.71, p<0.0001]. Post-hoc comparisons
showed that the Control group was significantly less impulsive than all other groups except
the Overeating group (Table 3). There were no significant differences between the substance
use and Overeating groups.

DiCA findings

DiCA produced four components. Data were resampled 2000 times for permutation and
bootstrap tests. An omnibus test of the inertia (sum of the eigenvalues) — whose significance
was evaluated with a permutation test — indicated that the overall structure of the data was
significant (Inertia = 0.0515, pperm<0.0005). Further permutation tests identified the first
three components as significant (Component 1 = 50.19%, pperm<0.0005, Component 2 =
24.18%, Pperm<0.0005, Component 3 = 15.98%, pperm<0.0005, respectively). The between
group variance — which was evaluated by an R2-type statistic that measures the variance
explained by the groups — was moderate but not significant (R2=0.196, Pperm = 0.0695). Al
permutation results are presented graphically in Supplementary Figures S1-2, available
online.

Two sets of bootstrap tests were conducted to test: (i) if groups were reliably different from
one another, via confidence intervals [as in (35,59)], and (ii) which items significantly
contributed to the variance, via the bootstrap ratio statistic [sometimes called a bootstrapped-
t-value, (60)]. All confidence intervals separated the groups on at least one component;
therefore, all groups were significantly different from one another (ppgot<0.0005; see
Figures 1a and 3a). Bootstrap ratio tests identified the groups (Table 3) and items (see
Supplementary Tables S3-S6) that significantly contributed to the overall structure of the
components, and these are discussed and illustrated throughout the following sections and
the online Supplementary Material.
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Component 1

Many items from the ImpSS and BIS significantly contributed to Component 1. Figure 1(b)
shows that Component 1 contrasts high impulsive sensation seeking traits (e.g. “I change
things I like to do a lot” =Always) against low-to-no impulsive sensation seeking traits (e.g.
“l sometimes do ‘crazy’ things just for fun” = FALSE). The Control, Marijuana + Nicotine,
and Marijuana groups significantly contributed to Component 1 (Table 4).

Component 1 reflected, in part, summary scores of the groups from lowest to highest (left to
right): Control, Marijuana, Nicotine, Overeaters, and Marijuana + Nicotine (Figures 1a and
c; see also Tables 3—-4 and Supplementary Table S3, online). To note, Marijuana and Control
are grouped on Component 1 whereas Overeaters, Nicotine, and Marijuana + Nicotine are
grouped on the opposite side; this pattern means that there are traits shared between
Marijuana and Control, and traits shared between Overeaters, Nicotine, and Marijuana +
Nicotine. In DICA, the center (origin) of a component map is the average; thus the
Marijuana and Control groups have below average impulsive traits, whereas the Overeating,
Nicotine, and Marijuana + Nicotine groups have above average impulsive traits.

Component 2

All groups significantly contributed to Component 2 (Table 4). In contrast to Component 1,
Control, Nicotine, and Overeaters are grouped together, whereas Marijuana and Marijuana +
Nicotine are grouped together on Component 2 (Figure 1). Figure 2(a) shows each question-
response item colored by the instrument to which they belong (i.e. ImpSS or BIS). Together,
the ImpSS and BIS make an “X” shape on the component map, a configuration suggesting
that — for these populations — the two instruments are orthogonal (see also Partial
Projections section below). This dissociation of the instruments (Figure 2b), is best
understood per quadrant: top right reflects high ImpSS, top left reflects low BIS, bottom left
reflects low ImpSS, and bottom right reflects high BIS traits. Sensation seeking and
attention items — specifically, active vs. avoidant sensation seeking (via ImpSS) and
attention vs. inattention (via BIS) — significantly contributed to Component 2 (see Figure 2c
and Supplementary Tables S3 and S4).

Component 3

Control, Nicotine, and Overeaters significantly contributed to Component 3 (Table 4;
Figures 3a and b), and only a few question-response items (Figure 3c; Supplementary Table
S5) significantly contributed to Component 3. Component 3 is driven by the dissociation
between the Nicotine and Overeating groups. Significant items on Component 3 include
planning, low attention, and poor-spending habits (see Figure 3¢, Supplementary Table S5).

Partial projections

To assess the “X” shape of the ImpSS and BIS, we analyzed partial component scores for
the individuals [(35,55), see also online Supplementary Material]. Partial component scores
describe how each instrument contributed to the overall model.

Figures 4(a and b) show the partial component scores for the ImpSS and indicate that the
groups clustered in three classes, regardless of the component, corresponding to (1) low
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(Control), (2) medium (Marijuana, Overeaters, Nicotine), and (3) high (Marijuana +
Nicotine) ImpSS scores. In contrast, the BIS partial component scores are much more
diverse (Figures 4c and d) and distributed across all components. Furthermore, the Control
and Marijuana groups have similar BIS patterns, where as the Overeating group has a fairly
unique pattern unto itself.

Correlations between partial component scores (Table 5) show a strong and significant
relationship between the BIS and the ImpSS on Component 1 (r = 0.61, pperm<0.0005), but,
importantly, the correlation between Component 2 of the BIS and Component 2 of the
ImpSS was negligible (r = =0.03, pperm = 0.5940).

Further analyses

Given that participant characteristics could also influence impulsivity, we explored several
connections between our factor structure, severity of disorder, and demographics.
Additionally, we also explored how our factor structure based on self-reported impulsivity
(trait) related to objective measures of impulsivity (state).

Severity—~Following similar work in alcohol use disorders, we investigated how the
component structure related to severity of respective disorders (61). Each group has a
different index of severity: number of SCID marijuana dependency symptoms (47) for
Marijuana and Marijuana + Nicotine (because they come from the same study), FTND (48)
for Nicotine, and BMI and BES for Overeaters. We found that the FTND and BMI were
unrelated to the factor structure (Table 6). However, severity indices for the Overeaters (via
BES), Marijuana, and Marijuana + Nicotine (via SCID) groups were positively related to
Component 1. Further, we observed negative correlations between severity score indices for
the Overeaters (via BES), Marijuana, and Marijuana + Nicotine (via SCID) groups, and
Component 2. No severity index was significantly related to Component 3 (Table 6).

Demographics—Comprehensive analyses of demographic characteristics (age, income,
gender, and education) can be found in the online Supplementary Material. To note there
was little-to-no effect of gender and no interactions between gender and groups. Two-factor
between-groups ANOVAs showed only main effects of group association. Additional
analyses within the DiCA model showed a significant effect of gender, however, this effect
is very weak (R? = 0.04). Finally, there was a mild association of age with Components 1
and 2.

State and trait impulsivity—In our studies, we had access to two measures of state
impulsivity and/or attention: Continuous Performance Task [CPT, (62)], and Trail Making
Task [“Trails”, (63)]. The results showed that our component structure based on self-
reported trait measures is unrelated to the CPT and Trails (Table 7).

Discussion

This study was conducted specifically to identify distinct impulsivity traits per group. DiCA
revealed three components that describe orthogonal aspects of impulsivity. First, we discuss
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these components in the context of impulsivity. Next, we discuss the traits specific to the
participants’ groups.

Components

Component 1 reflects “overall impulsivity”. This interpretation is supported by: (1) the large
number of items from both measures that significantly contribute to Component 1
(Supplementary Table S2), (2) the large correlation of the partial component scores of
individuals (Table 5), and (3) the fact that the component scores for the groups (horizontal
axis in all figures) tend to reflect the total summary score (Table 3). Both Component 1 and
summary scores showed an interesting relationship amongst the groups. Clearly, Overeaters,
Nicotine, and Marijuana + Nicotine have high overall impulsivity; Control, as expected, has
very low overall impulsivity. Unexpectedly, Marijuana also has a low overall impulsivity.

Component 2 reflects a general “instrument dissociation”. The instrument items (Figures 2a
and b) and the partial component scores (Figures 4a and c) are effectively orthogonal; there
is nearly zero correlation between the general structures of ImpSS and BIS on Component 2
(Table 5). Taken in context with Component 1 (left reflects lower overall impulsivity, right
reflects higher overall impulsivity; Figures 1 and 2), the top of Component 2 reflects
sensation seeking, whereas the bottom of Component 2 reflects attentional deficits.

Overall, this dissociation suggests that there are features of impulsivity traits captured by
one instrument but not by the other, and importantly, that this dissociation helps characterize
each group: (1) the separation between Control and Marijuana + Nicotine groups was due to
sensation seeking questions (e.g. “I like doing things just for the thrill of it”) on the ImpSS,
(2) the separation of Marijuana from Overeaters and Nicotine was largely due to questions
about attention, focus, and concentration (e.g. “I concentrate easily”) on the BIS, and (3) the
combination of the two components separated all groups from one another with the
exception of Nicotine from Overeaters.

Component 3 largely reflects “forethought” or questions mostly about spending money,
planning, interest changes, and the future (e.g. “I rarely like to think about my life will be in
the future”, see Supplementary Table S4). Recall that the Nicotine and Overeating groups
are the primary contributors — in opposite ways (Figure 3) — to Component 3 (Table 4). The
Overeaters responses reflect acknowledgment in the affirmative of forethought, while the
Nicotine group responses reflect acknowledgment in the negative of forethought.

Relation of structure with other measures—Because impulsivity is a contributing
factor to both substance misuse and treatments for substance misuse, it is important to
understand how impulsivity is related to other measures of impulsivity and severity of
substance misuse.

First, we show that, in general, as severity of substance misuse increases, so do the factor
scores on Component 1, as well as attentional (negative scores on Component 2) aspects of
impulsivity (Table 6). However, these correlations only generally reflect that as severity
increases, so do aspects of impulsivity.

Am J Drug Alcohol Abuse. Author manuscript; available in PMC 2015 February 05.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Page 9

Though both state and trait aspects of impulsivity contribute to substance misuse (13), we
found no discernible relationship between the factors extracted by DiCA and the CPT and
Trails, two neuropsychological measures of attention, impulsivity, and executive function
(Table 7). However, this absence of correlation is not surprising (19,64,65) because the
relationship between state and trait measures generally tend to be weak at best, but this
absence of correlation could also indicate that trait and state measures are intrinsically
different aspects of impulsivity.

Unique aspects of impulsivity in substance use

Some prior work has shown traces of unique impulsivity traits associated to different
substance users. For example, Meda et al. (34) derived a five-factor model based on state
and trait measures in healthy controls vs. “at-risk/addicted” participants. Huba, Newcomb,
and Bentler (66) used Interbattery Factor Analysis (67) — a technique also known more
recently as partial least squares correlation (68,69) — to examine the relationship between
sensation-seeking and drug use in an adolescent population. Huba et al. (66) identified
factors common to types of drugs used and sensation-seeking traits. Our results further
identify the unique aspects of both impulsivity and sensation-seeking traits in each of our
groups.

Non-using controls—In general, the control group had low responses to questions across
both instruments. Specifically, DiCA showed that the control group was more associated
with avoidance of thrill-seeking than the other groups (Figures 1 and 2).

Marijuana users—Though marijuana use has been associated with higher overall levels of
impulsivity (70,71), our results suggest otherwise: the Marijuana group scored lower than
other substance use and eating disorder groups on the BIS and ImpSS (Figure 1 and Table
3). Furthermore, DiCA revealed that the Marijuana group was more associated with high
levels of focus and attention, and infrequent interest changes than any other group (Figure 2
and Supplementary Table S3).

Marijuana + Nicotine users—In general, users of multiple substances tend to have
higher impulsivity than other substance abuse groups (72,73). We found that our Marijuana
+Nicotine group scored very high on both the ImpSS and the BIS (Table 3). Furthermore,
the Marijuana + Nicotine group is associated with pathological aspects of impulsivity: active
thrill-seeking and lack of focus/attention (Figures 1, 2, and 4). Attentional issues are a
shared characteristic amongst the Marijuana + Nicotine, Nicotine, and Overeating groups
(Figures 1, 2, and 4).

Nicotine users—Results showed that Nicotine was more associated with lack of
forethought, poor spending habits, and frequent interest changes than the other groups
(Figures 1-3, Supplementary Table S4). Perkins et al. (74) showed increased novelty
seeking and response disinhibition as a function of nicotine sensitivity. Additionally,
nicotine exposure and higher levels of impulsivity are associated with immediate reward
(75).
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Overeating individuals—Loss of control over food has been of particular focus recently
(46,76,77), especially with regard to the qualities that define addiction to — or substance
abuse of — food (23,24). The Overeating and Nicotine groups share qualities of attentional
issues (Figures 1 and 2). However, Overeating participants, as opposed to Nicotine, tend to
plan for immediate and long-term future (i.e. “forethought”) (Figure 3 and Supplementary
Table S3).

Broader implications

Measures of impulsivity—The BIS has been the subject of recent contention: (i)
Stanford et al. (19) showed that the BIS and subsequent factors are reliable and strongly
related to other measures of impulsivity, but (ii) Reise et al. (26) showed that the BIS is not
as (psychometrically) reliable as claimed and, accordingly, suggested a different factor
structure, whereas (iii) Steinberg et al. (27) reframed the BIS to create a simple
unidimensional measure. Our results within substance use and overeating populations
suggest a more nuanced story. We showed that (1) the BIS is not as related to the ImpSS as
was expected; (2) while the traditional BIS factors are not necessarily evident, we do not see
the same factors as Reise et al. (26); and (3) the BIS is not unidimensional amongst
substance use and eating disorder populations, but the ImpSS is.

For measures of impulsivity in substance use and eating disorders—Following
Reise et al. (26) and Steinberg et al. (27), we did not find the traditional BIS factor structure
but we did find some aspects from the original BIS definition (22). Unlike Stanford et al.
(19) — who found strong relationships between BIS and other measures — we revealed a clear
orthogonal relationship between the BIS and ImpSS. We also showed that impulsivity, just
within substance use and eating disorders groups, has a complex multidimensional structure
that does not map to the traditional or revised structures of the ImpSS and especially the
BIS. Further, some questions did not significantly contribute to our structure
(Supplementary Table S6).

These findings suggest two conclusions: (1) the BIS and ImpSS may not be tailored to
particular types of impulsivity traits within substance use and eating disorders, and (2) both
measures could be truncated for use within substance use populations, and that — like the
ImpSS - the BIS may benefit from using dichotomous responses. For example, the BIS
question “I change my mind about what | like to do” generally does not contribute to the
components. However, a similar ImpSS question, “I tend to change interests frequently”,
does contribute to the component structure (see Supplementary Tables S3-6).

For substance use research—A clearer view of impulsive traits in substance use and
eating disorders is an important step forward. Currently, the exact role impulsivity plays is
not clear (5,6,12), but it is known to play an important role in behavorial (78) and
neurobiological (79) responses in substance use, as well as being associated with disorder
severity (58).

A deeper understanding of the role of trait impulsivity in substance use may provide insight
into more effective treatments (8,9,80) or provide better predictive markers (81-83).
Because trait impulsivity is considered an inherent characteristic of an individual (13), and
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given that genetics contribute to both personality traits (84) and addiction (85), trait
impulsivity could be a useful intermediate (a.k.a. endo-) phenotype for substance use
disorders (86,87), just as in other disorders (88).

In conjunction with diverse behavioral mechanisms (12,32,34), the unique impulsive traits
in various disorders could help identify specific biological, neural, and cognitive
mechanisms (87,89-91), and may provide better multidimensional criteria to define
symptoms — instead of just broad diagnostic categories — specific to various self-regulatory
failures, substance abuse, and addiction.

Limitations and Conclusions

Some limitations of our study should be mentioned. Lack of gender effects may be due, in
part, to an unbalanced gender distribution within the groups. Additionally, because
participants in the current study were from three separate studies, not all measures were
available across groups. For example, measures of nicotine and marijuana use were
unavailable for participants recruited for the overeating study, and, therefore some
participants assigned to the Overeater group could also display traits shared with other
groups. Such a configuration would decrease the separation between groups and so the
differences between groups could, actually, be stronger than what we report.

Finally, there exist numerous measures of both trait and state impulsivity, which could
further delineate aspects of substance abuse. It will also be important to define which state
and trait measures capture similar and distinct aspects of impulsivity to help identify which
state measures are comparable to trait measures.

To fully understand the role of impulsivity traits with respect to addictive behaviors, future
studies could also benefit from a common index of disorder severity, additional substance
using groups (e.g. cocaine, heroin, methamphetamine), a balanced gender distribution, and a
unified recruitment strategy for all participants.

To conclude, our findings show that: (1) there is a novel factor structure to the BIS and
ImpSS within substance use and overeating, and (2) this factor structure characterizes
unique impulsivity traits to dissociate different substance use and eating disorder groups —
an important step forward in rethinking diagnostic strategies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
(@) (top left) shows confidence intervals around the bootstrapped means of each group on

Components 1 (horizontal) and 2 (vertical). (b) (top right) shows all the question-response
items from the Impulsive Sensation Seeking (ImpSS) scale and Barratt’s Impulsivity Scale
(BIS) colored by response level or gray. Colored items significantly contribute to
Component 1, whereas gray items do not. Question-response items that appear closer to a
group are more associated to that group than to any other group. For example, Marijuana +
Nicotine is more associated to TRUE responses on the ImpSS than is any other group. (c)
shows the distribution of individuals per group on Components 1 and 2.
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Figure 2.
(a) shows Impulsive Sensation Seeking (ImpSS) scale and Barratt’s Impulsivity Scale (BIS)

question-response items on Components 1 (horizontal) and 2 (vertical), color-coded by
which instrument they belong to (ImpSS in blue; BIS in green). Fit lines were computed
from the correlation — within instruments — between Component 1 and Component 2 scores.
The two instruments form an “X” shape on Components 1 and 2. (b) shows all the question-
response items from the ImpSS and BIS colored by response level (including reverse coded
questions). Figure legends indicate the types of responses/questions that appear in the four
quadrants. (c) shows all the question-response items from the ImpSS and BIS colored by
response level or gray. Colored items significantly contribute to Component 2, whereas gray
items do not.
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Figure 3.
(@) shows the distribution of individuals per group on Components 1 and 3. Note that

Component 3 is driven by, and dissociates, the opposite response patterns of the Overeater
and Nicotine groups. (b) shows confidence intervals around the bootstrapped means of each
group on Components 1 (horizontal) and 3 (vertical). (c) shows all the question-response
items from the Impulsive Sensation Seeking (ImpSS) scale and Barratt’s Impulsivity Scale
(BIS) colored by response level or gray. Colored items significantly contribute to
Component 3, whereas gray items do not. The significant items on Component 3 are the
items that dissociate Overeaters from Nicotine groups.
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Figure4.
To note, (a) and (c) further suggest an orthogonal relationship between the Impulsive

Sensation Seeking (ImpSS) scale and Barratt’s Impulsivity Scale (BIS). Additionally, the
lack of dispersion amongst the ImpSS in (a) and (b) suggest that the ImpSS is
unidimensional. In contrast, the BIS shows dispersion across all components (c) and (d) and
suggests that the BIS captures several unique aspects of impulsivity. (a) shows the ImpSS
partial projection of individuals and groups on Components 1 and 2. (b) shows the ImpSS
partial projection of individuals and groups on Components 1 and 3. (c) shows the BIS
partial projection of individuals and groups on Components 1 and 2. (d) shows the BIS
partial projection of individuals and groups on Components 1 and 3.
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Table 1

Demographics of the groups.

—Gender Age Education

Female Mae Mean(SD) Mean (SD)
Control 30 7 29.89 (10.45) 15.50 (2.36)
Marijuana 28 60 24.14(7.41)  13.79 (2.55)
MJ + NIC 14 49 2579(7.57)  13.10(1.91)
Nicotine 30 52 30.32(10.10) 13.66 (2.35)
Overeating 18 9 29.74 (10.64) 14.74(2.10)

MJ + NIC stands for the Marijuana + Nicotine group. Distribution of gender per group, and mean (standard deviation) of Age and Education per
group. See Supplementary Material, available online, for subsequent detailed analyses of demographics.
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Table 2

Mean (standard deviation) usage characteristics of the Marijuana, Marijuana + Nicotine (MJ + NIC), Nicotine,
and Control groups. Usage characteristics of nicotine and marijuana were not measured for the Overeaters
group. Recent marijuana usage characteristics were not measured for the Nicotine or Control groups.

Marijuana MJ +NIC Nicotine Control
Recent number of cigarettes per day”™ 0.43 (1.57) 10.17 (6.25)1 14.60 (7.60)L 0.1 (0.42)7
Recent marijuana use per using day** 3.33 (2.88)2 3.23 (1.69)2 — —
Marijuana use in last 90 days™™™ 79.98 (17.04)34 8132 (17.75)34  2539(35.80)3  0.27 (1.19)8

*

Cigarette use in last 90 days™ 599 (17.66)°  82.06 (19.45)>6  89.95(00.44)>6 0.35 (1.40)°

*
Number of self-reported cigarettes on a typical using day from the Smoking History Questionnaire;

**k
computed from questions about daily and weekly self-report estimates of number of times smoking marijuana from the Marijuana Use

Questionnaire;
*kk
from Timeline Follow Back Calendar of the past 90 days.
lMarijuana + Nicotine group reported smoking fewer cigarettes per day than the Nicotine group [t(142.3) = —-3.85, p = 0.0002)],
2but not fewer cannabis occasions per day than the Marijuana group [t(125.7) = —0.259, p = 0.80)].

3The Marijuana and Marijuana + Nicotine groups used marijuana on more days than the Nicotine group [t(116.65) = 12.45, p<0.0001, t(121.94) =
12.43, p<0.0001 (respectively)],

4but not less than one another [t(136.88) = 0.47, p = 0.64)].

5The Nicotine and Marijuana + Nicotine groups smoked cigarettes on more days than the Marijuana group [t(86.11) = 44.33, p < 0.0001, t(125.82)
=24.57, p<0.0001 (respectively)],

6With a slight difference between one another (t(62.05) = 3.22, p = 0.002).
7OnIy two Control participants estimated any recent nicotine product use.

8Both had only two occurrences. Only three Control participants estimated any nicotine product use in the past 90 days, only one of these
individuals overlapped.

and only three Control participants estimated any marijuana use in the past 90 days: only one of these individuals overlapped. In total, 32 of the 37
Control participants reported no usage of nicotine or marijuana.
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Page 23

Impulsive Sensation Seeking (ImpSS) scale and Barratt’s Impulsivity Scale (BIS) summary score information

scores for the groups.

ImpSS BIS Fn?gtsrg,lsls F"mapfgé,aé‘f‘s M;pgé\fllgs .nﬁ'éé'éf'é?s
Control 6.00 (4.48) 57.11 (10.80)
Marijuana  8.66 (4.17) 5945 (11.05) 0.015, 1.0
MI+NIC 1044 (406) 66.41(11.99) 0.001,0.001 0.113,0.002
Nicotine ~ 9.35(4.38) 64.88 (10.69) 0.001,0005 10,0017 10,10
Overeating 874 (4.18) 67.78 (11.25) 0.113,0002 1.0,0.008  0.82,1.0 1.0, 1.0

Means (standard deviation) and all Bonferroni corrected p values for pairwise t-tests on the ImpSS and BIS summary scores.
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Table 4

The bootstrap ratios of each group. Italic values above/below +2 are considered significant.

Component 1  Component 2 Component 3

Control -5.72 -2.97 1.58
Marijuana -2.14 6.95 0.44
MJ + NIC 4.13 2.42 2.75
Nicotine 1.34 —3.60 —7.63
Overeating 1.16 -5.11 6.88
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Table 5

Correlation (r) and p values between partial component scores for the Barratt’s Impulsivity Scale (BIS) and
Impulsive Sensation Seeking (ImpSS) scale.

ImpSS Comp 1 ImpSS Comp 2 ImpSS Comp 3

BISCompl  r=0.612, Ppern<0.0005 T =0.279, pperp<0.0005 1 = ~0.373, pyerry<0.0005
BISComp2 r=-0.355, Pper<0.0005 I =~0.030, Ppory = 0594 1 = 0.261, pperry<0.0005
BISComp3 r=-0.018, Pyer = 0.747 = -0.039, Pperry = 0508 1 = 0.137, pperry = 0.017

We provide permutation (pperm) p values; they are nearly identical to parametric p values. To note, Partial Component 1 of the BIS is significantly

related to all Partial Components for the ImpSS. This suggests that the ImpSS is a largely unidimensional scale in respect to our population (see
also Figures 4a and b). Importantly, the Partial Component 2 for BIS and ImpSS have nearly null correlation. This suggests that these instruments
capture orthogonal factors of impulsivity (see also Figures 2a and b, 4a and c).
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Correlation (r) and p values between measures of disorder severity and our three impulsivity components.

Comp 1

Comp 2

Comp 3

Marijuana SCID DSx I = 0.266, pperm = 0.017
MJ + NIC SCID DSx r=0.341, pperm = 0.008

Nicotine FTND r=-0.192, pperm = 0.094
Overeating BMI r =-0.250, pperm = 0.253
Overeating BES r = 0.495, pperm = 0.015

r = —0.256, Pperm = 0.021
r = —0.296, Pperm = 0.028
r = —0.080, Pperm = 0.474
r = —0.154, Pperm = 0.459
r=-0.421, pperm = 0.037

r = -0.169, pyermy = 0.124
r = 0.059, Pyerm = 0.676
r = -0.105, Pyerny = 0.345
r = -0.147, Pyerm = 0.4895
r =0.38L, Pyorm = 0.0615

We provide permutation (pperm) p values; they are nearly identical to parametric p values. Here we provide correlations between our impulsivity
components and: (1) the SCID (Dependence Symptoms; DSx) for Marijuana and Marijuana + Nicotine groups, (2) The Fagerstrom Test for
Nicotine Dependence (FTND) for the Nicotine group, and (3) BMI and the Binge Eating Scale (BES) for the Overeating group. The Marijuana,
Marijuana + Nicotine, and Overeating group (via the BES) have higher severity associated with higher overall impulsivity. BMI for Overeaters is
not related to overall impulsivity. However, the FTND shows a mild negative, albeit non-significant, correlation with higher impulsivity in the
Nicotine group. A similar pattern is expressed on Component 2 (“instrument dissociation™). This pattern could reflect that individuals who express
higher severity are negatively correlated with sensation seeking (i.e. the ImpSS), and positively correlated with attentional and cognitive aspects of
impulsivity (i.e. the BIS). Component 3 has only weak and non-significant correlations. However, the correlation with the BES in the Overeating
group is due most likely to the fact that Component 3 is driven largely by this group.
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Table 7

Correlation (r) and p values between the Continuous Performance Task (CPT) and Trail Making Test (Trails)
with our impulsivity components.

Comp 1 Comp 2 Comp 3
CPTd’ r=0.056, pperm = 0.544 1 =0.001, pperm = 0.986 r=0.018, pperm = 0.854
CPTB r=0.160, pperm =0.086  r=0.016, pperm = 0.864 1 =—-0.036, pperm = 0.704

Trails (B-A) ' =0.017, ppery = 0.837  1=-0.082, Ppory = 0.306 T = ~0.045, Pyery = 0.578

CPT: d’ reflects detection accuracy, f reflects avoidance of commission errors. Trails is represented by Trails task B—Trails task A, which reflects
executive function (via task switching). In general there is no correlation between the CPT — a laboratory measure of attention and state impulsivity
—and our three trait-based impulsivity factors. Further, there is no correlation between the Trails — a measure of attention, and executive function —
and our three trait-based impulsivity components.
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