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A B S T R A C T   

Bipolar spectrum disorders (BSDs) are associated with reward hypersensitivity, impulsivity, and structural ab
normalities within the brain’s reward system. Using a behavioral high-risk study design based on reward 
sensitivity, this paper had two primary objectives: 1) investigate whether elevated positive urgency, the tendency 
to act rashly when experiencing extreme positive affect, is a risk for or correlate of BSDs, and 2) examine the 
nature of the relationship between positive urgency and grey matter volume in fronto-striatal reward regions, 
among individuals at differential risk for BSD. Young adults (ages 18–28) screened to be moderately reward 
sensitive (MReward; N = 42), highly reward sensitive (HReward; N = 48), or highly reward sensitive with a 
lifetime BSD (HReward + BSD; N = 32) completed a structural MRI scan and the positive urgency subscale of the 
UPPS-P scale. Positive urgency scores varied with BSD risk (MReward < HReward < HReward + BSD; ps≤0.05), 
and positive urgency interacted with BSD risk group in predicting lateral OFC volume (p <.001). Specifically, the 
MReward group showed a negative relationship between positive urgency and lateral OFC volume. By contrast, 
there was no relationship between positive urgency and lateral OFC grey matter volume among the HReward and 
HReward + BSD groups. The results suggest that heightened trait positive urgency is a pre-existing vulnerability 
for BSD that worsens with illness onset, and there is a distinct relationship between positive urgency and lateral 
OFC volume among individuals at high versus low risk for BSD. These findings have implications for under
standing the expression and development of impulsivity in BSDs.   

1. Introduction 

Bipolar Spectrum Disorders (BSDs; bipolar I, bipolar II, cyclo
thymia) have a lifetime prevalence rate of 2.9 % and 4.4 % among 
adolescents and adults, respectively (Merikangas et al., 2010; “Na
tional Comorbidity Survey (NSC),” 2007), and are associated with 
short-sighted and impulsive decision-making (Moeller et al., 2001; 
Peluso et al., 2007; Strakowski et al., 2010; Swann, Pazzaglia, Nicholls, 
Dougherty, & Moeller, 2003). Elevated impulsivity predicts the onset 
of BSD and the occurrence of bipolar mood episodes (Alloy et al., 2009; 
Kwapil et al., 2000; Ng et al., 2016), and is linked with a more severe 
illness course (Swann et al., 2009). Perhaps, most importantly, 
impulsivity gives rise to some of the most damaging and costly be
haviors associated with BSDs, such as behavioral addictions (Di Nicola 

et al., 2010), substance abuse (Alloy et al., 2009; Swann et al., 2009), 
and suicidality (Swann et al., 2009, 2005). The UPPS-P model (Cyders 
et al., 2007; Lynam, Smith, Whiteside, & Cyders, 2006) of impulsivity 
identifies five separable dimensions (sensation seeking, lack of pre
meditation, lack of perseverance, and positive and negative urgency), 
and of these dimensions, positive urgency, the tendency to act rashly 
when experiencing extremely positive emotions, is particularly impli
cated in BSD (Johnson et al., 2017, 2016; Muhtadie et al., 2014; Victor 
et al., 2011). 

To date, BSD research related to positive urgency has primarily 
focused on the severest form of the disorder, bipolar I. Further, trait 
positive urgency has yet to be studied within a mechanistic framework 
of risk for BSD, such as the Reward Hypersensitivity Model of Bipolar 
Disorder (described in 1.2). Thus, the objective of this study was 
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twofold: 1) using the Reward Hypersensitivity Model of Bipolar Disor
der, we employ a behavioral high-risk design to assess whether positive 
urgency is either a pre-existent vulnerability for or consequence of BSDs, 
and 2) we examine the nature of the relationship between positive ur
gency and reward-related brain structure among individuals at varying 
levels of BSD risk. 

1.1. BSD and positive urgency 

Expansive and persistent positive feelings uniquely characterize 
hypomania and mania (American Psychiatric Association, 2013), and 
are proposed to contribute to the expression of impulsive behaviors 
associated with BSDs (Gruber, 2011). In line with this view, elevated 
risk of mania, as assessed by the Hypomanic Personality Scale, is 
associated with heightened trait positive urgency (Giovanelli et al., 
2013; Johnson et al., 2013). Individuals with bipolar I disorder who are 
in remission have elevated positive urgency scores compared to con
trols (Muhtadie et al., 2014), and, among several metrics of impul
sivity, scores of positive urgency yield the largest group difference 
between individuals with and without bipolar I disorder (Muhtadie 
et al., 2014). Notably, the combination of high trait positive urgency 
and bipolar I disorder is linked with poorer psychosocial functioning 
(Muhtadie et al., 2014), lower quality of life (Victor et al., 2011), anger 
and aggression (Johnson & Carver, 2016), and self-harm and suici
dality (Johnson et al., 2017). 

Still, there is an important gap in the existing literature; little 
research has examined the relationship between positive urgency and 
milder variants of BSD (i.e., bipolar II, cyclothymia, bipolar disorder not 
otherwise specified). Just as with bipolar I disorder, milder BSDs can 
have impactful effects on an individual’s life. Subsyndromal symptoms 
of BSDs are associated with significant impairment and suicide risk 
(Altshuler et al., 2006; Kochman et al., 2005; Nusslock et al., 2008), and 
milder forms of BSDs often progress to more severe variants of the dis
order over time (Alloy et al., 2012b; Birmaher et al., 2009; Kochman 
et al., 2005). Furthermore, the same mechanisms contributing to the 
onset of bipolar I disorder are involved in milder BSDs (Alloy et al., 
2015; Nusslock & Alloy, 2017). Thus, it is important to investigate 
vulnerability profiles across the bipolar spectrum. The present study 
addresses this gap. 

1.2. BSD and reward Hypersensitivity 

The Reward Hypersensitivity Model of Bipolar Disorder (Alloy & 
Abramson, 2010; Alloy & Nusslock, 2019; Johnson, 2005; Nusslock & 
Alloy, 2017; Urosević et al., 2008) proposes that a mechanism of risk 
for bipolar symptoms is a hypersensitivity to reward-relevant stimuli. 
This reward hypersensitivity can lead to excessive approach motiva
tion in response to reward-activating events involving goal-striving or 
attainment, which, in the extreme, is reflected in hypo/manic symp
toms. Hypersensitivity to rewards also can lead to excessive state de
creases in approach-related affect and behavior in response to reward- 
deactivating events involving definite failures and losses, reflected in 
bipolar depression symptoms. In accordance with this view, longitu
dinal research finds that reward sensitivity predicts increased likeli
hood of having a lifetime BSD (Alloy et al., 2006), increased likelihood 
and shorter time to onset of first lifetime BSD (Alloy, Bender, et al., 
2012), recurrence of hypo/manic episodes (Alloy et al., 2008), and 
increased likelihood of progressing from a milder to a more severe BSD 
over time (e.g., bipolar II to bipolar I; Alloy et al., 2012b). Further, 
reward hypersensitivity is associated with hypo/manic symptoms in 
response to reward-striving (Nusslock et al., 2007) and reward- 
attainment (Johnson et al., 2000). Preliminary evidence suggests that 
as reward sensitivity increases, positive urgency does as well (Carlson 
et al., 2013). 

1.3. BSD and Fronto-striatal structure 

In line with the Reward Hypersensitivity Model, BSDs are associated 
with structural alterations in brain regions of a fronto-striatal reward 
circuit, involving the orbitofrontal cortex (OFC) and the nucleus 
accumbens (NAcc). The OFC is integral to regulatory and decision- 
making processes related to reward and emotion (Haber & Knutson, 
2010; Rolls & Grabenhorst, 2008; Wallis, 2007), and can be divided into 
medial and lateral regions. Lateral OFC appears to be more sensitive to 
loss of reward (Rolls, 2019; Xie et al., 2020) and is involved in valuation 
of decision options (Noonan et al., 2017; Rushworth et al., 2011), 
whereas medial OFC is shown to be more sensitive to the presence of 
rewards (Grabenhorst & Rolls, 2011; Rolls, 2019) and guides value- 
based comparison of decision options (Noonan et al., 2017; Rushworth 
et al., 2011). The NAcc is a region of the ventral portion of the striatum, 
and primarily is involved in reward anticipation and detection (Haber & 
Knutson, 2010; Knutson et al., 2001; Oldham et al., 2018; Schultz, 
2002). 

Compared to healthy adults, individuals with a BSD exhibit bilat
eral reductions in grey matter volume in both medial and lateral por
tions of the OFC (Abé et al., 2016; Blumberg et al., 2006; Ha et al., 
2009; Stanfield et al., 2009; Wise et al., 2017). Similarly, individuals at 
genetic risk for BSDs, but who have not yet developed the disorder, 
exhibit grey matter reduction in the NAcc (McDonald et al., 2004). 
Collectively these studies suggest that volumetric differences in 
reward-related brain regions are relevant to the pathophysiology of 
BSDs. 

1.4. Impulsivity and Fronto-striatal structure 

In a parallel body of research, aberrant structure within the fronto- 
striatal circuit is linked with impulsive decision-making (Pan et al., 
2021), suggesting a confluence of neural abnormalities in BSD and 
impulsivity. Decreased prefrontal volume, particularly in the OFC, has 
been associated with impulsivity in healthy individuals, as measured by 
self-report (Matsuo et al., 2009), informant reports (Boes et al., 2009), 
and behavioral tasks (Li et al., 2019). In studies of severe psychopa
thology other than BSDs, such as schizophrenia, high trait positive ur
gency is associated with altered cortical structure in medial and lateral 
portions of the OFC (Hoptman et al., 2014). With respect to the NAcc, 
although fMRI studies have linked impulsive behaviors with NAcc ac
tivity (Hahn et al., 2009; Hariri et al., 2006), the volumetric findings are 
less conclusive (Pan et al., 2021). Thus, further research is needed to 
examine the relationship between impulsivity and structural abnor
malities in the NAcc. 

1.5. The current study 

This study employed a behavioral high-risk design to examine trait 
positive urgency and fronto-striatal grey matter volume (i.e., OFC and 
NAcc) among individuals at varying risk for developing BSDs. A 
behavioral high-risk design selects participants based on behavioral 
characteristics that put them at-risk for developing a specific disorder. 
The current study defined risk as self-reported reward sensitivity given 
that it predicts BSD first onset and severity (Alloy, Bender, et al., 2012; 
Alloy et al., 2012b). As such, three groups of participants were exam
ined: individuals at low-risk for BSD (moderate-reward sensitivity and 
no BSD diagnosis; MReward), high-risk without a BSD (high reward 
sensitivity and no BSD diagnosis; HReward), and high-risk with a BSD 
(high reward sensitivity and a BSD diagnosis; HReward + BSD). The 
behavioral high-risk approach allowed us to distinguish whether trait 
positive urgency and fronto-striatal volume alterations reflect a pre- 
existing risk factor for BSD, or a correlate of the illness. The partici
pants in the study sample were 18–28 years old, which represents a 
critical period of brain development in the prefrontal cortex (Ostby 
et al., 2009) and BSD onset (Weissman et al., 1996). 
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For all analyses, we expected to find that the HReward and HReward 
+ BSD groups would display similar profiles across different variables of 
interest (i.e., positive urgency, grey matter volume) as compared to 
MReward individuals. Results in line with this prediction would suggest 
that both elevated positive urgency and fronto-striatal structural profiles 
predate the onset of a BSD diagnosis and may reflect a preexisting risk 
profile. Accordingly, we made the following hypotheses: 1) we predicted 
individuals in both the HReward and HReward + BSD groups would 
display elevated positive urgency scores relative to the MReward group. 
2) We predicted that across all BSD risk groups, we would observe an 
association between elevated positive urgency scores and reduced OFC 
volumes, and that this relationship would be amplified in the HReward 
and HReward + BSD groups. 3) We predicted that reduced NAcc grey 
matter volume would be associated with elevated positive urgency 
scores across all BSD risk groups. As with the OFC, we anticipated the 
relationship between NAcc volume and positive urgency would be 
amplified in HReward and HReward + BSD individuals. 

2. Methods 

2.1. High-risk design 

Participants were recruited from the Teen Emotion and Motivation 
(TEAM) Project, a large, ongoing longitudinal project in the Philadel
phia area that prospectively identified individuals at risk for a BSD based 
on self-reported reward sensitivity (see Supplemental Fig. 1 for overview 
of Project TEAM timeline). Project TEAM used a two-stage recruitment 
procedure (Alloy et al., 2012a). During Stage 1 screening, 9,991 students 
(ages 14–19) completed two measures: The Behavioral Inhibition Sys
tem/Behavioral Activation System scales (BIS/BAS; Carver & White, 
1994) and the Sensitivity to Punishment/Sensitivity to Reward Ques
tionnaire (SPSRQ; Torrubia, Ávila, Moltó, & Caseras, 2001). Participants 
scoring in the 40th to 60th percentile on both the Total BAS subscale of 
the BIS/BAS scales and the Sensitivity to Reward subscale of the SPSRQ 
were classified as having moderate reward sensitivity and considered at 
low-risk for BSD (n = 750). Participants scoring in the 85th to 100th 
percentile on both measures were classified as having high reward 
sensitivity and considered at high-risk for BSD (n = 1,200). Participants 
low in reward sensitivity were not included in the study due to 
budgetary restrictions, and because reward hyposensitivity is a better 
predictor of depression than hypo/mania (Alloy et al., 2016). From this 
initial Stage 1 screening, 539 individuals (334 high reward and 205 
moderate reward) returned for Stage 2 screening, during which partic
ipants were administered a diagnostic interview using the expanded 
Schedule for Affective Disorders and Schizophrenia - Lifetime interview 
(exp-SADS-L; Alloy, Bender, et al., 2012; Endicott & Spitzer, 1978). 
Based on the exp-SADS-L, participants with a lifetime BSD or psychosis 
spectrum disorder at Stage 2 screening were excluded from Project 
TEAM in order to prospectively assess risk for the onset of BSDs. 

At the beginning of the longitudinal portion of Project TEAM (i.e., 
following Stages 1 and 2), there were 497 participants enrolled (307 
high-reward sensitive and 190 moderate-reward sensitive). Participants 
completed biannual, in-person follow-up sessions that included a diag
nostic interview using the expanded SADS-Change interview (exp-SADS- 
C; Endicott and Spitzer, 1978), and self-reported measures (e.g., UPPS-P, 
detailed in 2.3). The exp-SADS-C was administered to detect new di
agnoses, particularly conversion to or worsening of BSDs (i.e., bipolar I, 
bipolar II, cyclothymia, and bipolar not otherwise specified). We report 
in a prior publication that the rate of BSD onset in the HReward group 
was 12.9 % within an average of 12.8 months of follow-up (Alloy et al., 
2012a), and increased to 15 % by an average of 31.7 months. This 
allowed us to form a new BSD group, which became the foundation for 
the current project. The rate of participant conversion to BSDs in Project 

TEAM was consistent with prior epidemiological data (Alloy et al., 
2012a; Birmaher et al., 2009; Van Meter et al., 2021). The study was 
approved by the Temple University Institutional Review Board. Prior to 
participation in Project TEAM, participants aged 14–17 years provided 
informed written assent as well as informed written parental consent; 
participants aged 18 or 19 years provided informed written consent. 

2.2. Participants 

Participants in this study were recruited from Project TEAM to do a 
follow-up, single MRI session. Information from Stage 1, Stage 2, and 
follow-up sessions determined eligibility for recruitment into the single 
session MRI scan. Specifically, BIS/BAS and SPSRQ scores at Stage 1 of 
Project TEAM determined reward sensitivity groupings (i.e., MReward, 
HReward), and diagnostic information from the participant’s most 
recent exp-SADS-C prior to the MRI session determined the presence/ 
absence of a BSD (e.g., HReward + BSD). The mean time between the 
exp-SADS-L and MRI session for participants was approximately 2 years 
(mean = 2.02 years, standard deviation = 2.27), which provided a 
sufficient time window for BSD conversion. The absence/presence of 
BSD diagnoses was confirmed on the day of the scan. 

A total of 130 young adults completed the MRI scan. We excluded 
participants from the MRI session based on the following criteria: 
ferrous metal in any part of the body, lifetime history of head trauma, 
claustrophobia, left-handedness, and pregnancy. Eight additional par
ticipants were excluded from analyses in the current study because they 
did not complete the UPPS-P questionnaire. Thus, the final analytic 
sample for this study included 122 young adults (51 % female; mean age 
at scan = 20.98; age range 18–27): 42 MReward (low-risk) individuals, 
48 HReward (high-risk) individuals, and 32 HReward + BSD individuals 
(3 bipolar I, 18 bipolar II, 3 cyclothymia, and 8 bipolar not otherwise 
specified). Although the MRI sample is cross-sectional, it benefits from 
the longitudinal design of Project TEAM, as all participants in the MRI 
sample with a BSD converted from high-risk to illness after initial pro
spective screening. The sample was 57.0 % Caucasian, 23.1 % African 
American, 9.9 % Asian or Pacific Islander, 6.6 % Biracial/Multiracial, 
0.8 % Native American and 3.3 % Other race participants. Additionally, 
5.8 % of participants identified as Hispanic/Latino. Participants pro
vided informed written consent, given that all were over 18 years of age 
at the time of the scan, and the IRB at Temple University approved all 
study protocols. 

2.3. Self-Report measures 

To assess self-reported reward sensitivity at the initial Stage 1 
recruitment into Project TEAM, participants completed the BIS/BAS 
(Carver & White, 1994) and the SPSRQ (Torrubia et al., 2001). We 
focused our recruitment on the BAS-Total and Sensitivity to Reward 
subscales from these measures. The internal consistencies for the BAS- 
Total and Sensitivity to Reward scales at Stage 1 screening were α’s =
0.80 and 0.76, respectively. 

Expanded versions of the SADS-L and SADS-C (Alloy et al., 2008; 
Endicott & Spitzer, 1978) were administered at the Stage 2 recruitment 
into Project TEAM and follow-up interviews, respectively, by trained 
diagnosticians to assess for the presence versus absence of a lifetime 
BSDs. The exp-SADS-L has demonstrated inter-rater reliability within 
our lab of κ > 0.80 (Alloy et al., 2008). 

At follow-up sessions, participants completed the Positive Urgency 
(PU) scale of the UPPS-P self-report questionnaire (Lynam et al., 2006), 
which is a 14-item Likert-type scale that measures the dispositional 
tendency to act rashly when experiencing extreme positive emotion. An 
example item is, “I tend to lose control when I am in a good mood.” The 
current study analyzed UPPS-P data from the follow-up session closest to 
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the MRI session date (i.e., either preceding or following the MRI ses
sion). Not all participants completed every follow-up session or UPPS-P 
administration. Thus, some participants’ UPPS-P completion dates were 
closer in time to their MRI session than others. The average time be
tween the UPPS-P administration and the MRI scan was 198.34 days 
(standard deviation = 238.66 days). See Table 1 for the median and 
mean number of days between UPPS-P administration and MRI by BSD 
risk group. Internal consistency in this sample was α = 0.92. Items were 
recoded so that higher mean scores on the PU scale represent higher 
levels of impulsivity. 

2.4. MRI acquisition and analysis 

Imaging data were collected at Temple University using a Siemens 3 
T Verio scanner with a 12-channel head coil. Structural MPRAGE images 
were collected using the following parameters: repetition time (TR) =
1600 ms, echo time (TE) = 2.46 ms, field-of-view (FOV) = 252, flip 
angle = 9, voxel size = 0.5 × 0.5 × 1.0 mm, number of interleaved slices 
= 176. 

FreeSurfer version 6.0 automatic segmentation software extracted 
grey matter volume estimates (http://surfer.nmr.mgh.harvard.edu/; 
Fischl et al., 2012). MRI data were visually inspected for quality of 
segmentation and parcellation consistent with the visual description in 
Raamana et al., 2021; multiple individual raters examined each scan, 
any errors were reviewed for manual edit by KSFD and were completed 
only if the error was verifiable in two planes of visualization (n = 23; 
17.6%). There were no significant outliers in the volume data for any 
region-of-interest (ROI). A priori ROIs were restricted to regions integral 
to the frontal-striatal circuit in order to limit multiple comparisons: 
bilateral OFC and bilateral NAcc. We examined both the lateral OFC as 
well as medial OFC. Individual surfaces were averaged using a non-rigid, 
high-dimensional spherical method that relies on the alignment of 
cortical folding patterns. OFC and NAcc volumes were extracted using 
the Desikan-Killiany atlas (Desikan et al., 2006). 

2.5. Statistical analyses 

For all analyses, Fisher’s protected t-tests (Cohen et al., 2003) were 
employed to minimize familywise error rate, which requires a signifi
cant omnibus ANOVA F-test in order to proceed to pairwise compari
sons. To test the relationship between BSD risk group and positive 
urgency scores, we conducted a one-way Analysis of Covariance 
(ANCOVA), controlling for psychotropic medication status (on versus 
off) and date of UPPS-P administration. We also controlled for sex and 
age at scan, given previous research demonstrating their role in the 
expression of impulsivity (Cross et al., 2011; Steinberg et al., 2008). To 
test the association between BSD risk group, positive urgency, and 
fronto-striatal grey matter volume, we conducted a Group (MReward, 
HReward, and HReward + BSD) × positive urgency ANCOVAs on each 
of the grey matter volume ROIs, separately (lateral OFC, medial OFC, 
NAcc), controlling for total brain volume (total gray matter, white 
matter, and ventricles; FreeSurfer “BrainSeg”), psychotropic medica
tion, and date of UPPS-P administration. We again controlled for sex and 
age at scan, due to their established relationship with brain volume 
(Cosgrove et al., 2007; Kennedy et al., 2009). 

3. Results 

We examined the BSD risk groups (MReward, HReward, HReward +
BSD) on demographic variables using analyses of variance and chi- 
square tests. There were no significant between-group differences in 
age (F(2, 119) = 0.16, p =.85, partial η2 < 0.01), sex, (χ2(2) = 0.05, p 
=.98), medication at MRI scan (χ2(2) = 0.89, p =.64), race (χ2(10) =
11.49, p =.32), or time between the MRI scan and UPPS-P administra
tion (F(2, 119) = 0.12, p =.89, partial η2 < 0.01); see Table 1. 

3.1. Positive urgency analyses 

There was a main effect of BSD risk group on positive urgency scores 
(F(2, 115) = 6.92, p =.001, partial η2 = 0.11; Fig. 1), controlling for sex, 
age at scan, medication status, and date of UPPS-P administration. 
Consistent with our first hypothesis, follow-up analyses indicated that 
individuals in the MReward group (M = 25.12, SD = 6.21) reported 
significantly lower trait positive urgency scores than both the HReward 
(M = 28.79, SD = 9.15; t(1, 115) = -2.0, p =.05) and HReward + BSD 
groups (M = 32.34, SD = 9.47; t(1, 115) = -3.71, p <.001). Participants 
in the HReward group also reported lower trait positive urgency than the 
HReward + BSD group (t(1, 115) = -1.97, p =.05). There was a signif
icant relationship between positive urgency and age at scan (F(1, 115) =
4.30, p =.04, partial η2 = 0.04), such that positive urgency decreased 
with age (b = -0.78). There was no relationship between positive ur
gency scores and either sex (F(1, 115) = 1.62, p = 0.21, partial η2 =

Table 1 
Sample Characteristics by BSD Risk Group.   

MReward (n 
= 42) 

HReward (n 
= 48) 

HReward + BSD 
n = 32) 

Age at scan 
(years; mean ± sd) 

21.12 ± 1.92 20.90 ± 1.94 20.91 ± 2.28 

Female (%) 50 50 53.13 
Psychotropic medication at 

scan (#) 
5 6 2 

SSRI 4 3 0 
SNRI 0 1 0 
NDRI 0 0 1 
Benzodiazepine 0 1 0 
Mood stabilizer and 

antipsychotic 
0 0 1 

Other 1 1 0 
Race/ethnicity (%)    
Asian 7.14 8.33 15.63 
Black 28.57 27.08 9.38 
Native American 0 0 3.13 
White 59.52 52.08 59.38 
Bi-/Multiracial 2.38 10.42 6.25 
Other/Unknown 2.38 2.08 6.25 
Time between MRI and 

UPPS-P (|days|)    
Median 104.5 83.0 75.5 
Mean ± sd 190.26 ±

205.77 
211.75 ±
258.14 

189.00 ± 258.21 

Note. BSD = bipolar spectrum disorder, MReward = moderate reward sensi
tivity, HReward = high reward sensitivity, HReward + BSD = high reward 
sensitivity with a bipolar spectrum disorder, |days|=absolute value of days be
tween the MRI scan UPPS-P administration, sd = standard deviation. 

Fig. 1. Mean positive urgency scores by bipolar spectrum disorder risk group, 
with confidence intervals of 68 %. Note: *p≤0.05, **p <.01; MReward =
moderate reward sensitivity, HReward = high reward sensitivity, HReward +
BSD = high reward sensitivity with a bipolar spectrum disorder. 
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0.01), medication (F(1, 115) = 0.38, p =.54, partial η2 < 0.01), or date of 
UPPS-P administration (F(1, 115) = 0.03, p =.86, partial η2 < 0.001). 

3.2. Positive urgency and ROI volume analyses 

3.2.1. Lateral orbitofrontal cortex 
There was a main effect of positive urgency on lateral OFC volume, (F 

(1,111) = 12.53, p <.001, partial η2 = 0.10) controlling for sex, age at 
scan, medication status, date of UPPS-P administration, and total brain 
volume, such that heightened positive urgency was associated with a 
smaller lateral OFC volume (b = -101.40). There also was a main effect 
of BSD risk group on lateral OFC volume, (F(2,111) = 6.84, p =.002, 
partial η2 = 0.11), such that lateral OFC volume was larger among 
participants at heightened risk for developing a BSD, and among par
ticipants with a BSD than those at low risk for BSD (MReward M =
15160.07, SD = 1966.29; HReward M = 15436.67, SD = 2026.30; 
HReward + BSD M = 15807.59, SD = 2318.931). Follow-up analyses 
indicated, however, that although the omnibus F was significant, none 
of the BSD risk groups significantly differed from each other on lateral 
OFC volume, (MReward versus HReward: t(1, 111) = -1.61, p =.11); 
MReward versus HReward + BSD: (t(1, 111) = -1.49, p =.14); HReward 
versus HReward + BSD: (t(1, 111) = -0.11, p =.91)). There was no 
relationship between lateral OFC volume and either sex (F(1, 111) =
0.44, p =.51, partial η2 < 0.01), age at scan (F(1, 111) = 0.39, p =.53, 
partial η2 < 0.01), medication status (F(1, 111) = 1.36, p = 0.26, partial 
η2 = 0.01), or date of UPPS-P administration (F(1, 111) = 0.07, p =.79, 
partial η2 < 0.001). 

Regarding our second hypothesis, these main effects were qualified 
by a significant interaction between BSD risk group and positive urgency 
(F(2,111) = 8.30, p <.001, partial η2 = 0.13), suggesting that the rela
tionship between trait positive urgency and lateral OFC volume was 
contingent on one’s risk status for developing a BSD (Fig. 2). Investi
gating the simple regression slopes indicated that, in line with the hy
pothesis, lateral OFC volumes decreased as positive urgency scores 
increased in MReward individuals (b = -101.41, SE = 28.65, t = -3.54, p 
<.001). However, contrary to prediction, the HReward (b = 31.49, SE =
18.44, t = 1.71, p =.09) and HReward + BSD groups (b = -26.01, SE =
21.83, t = -1.14, p =.24) did not show the expected association between 
positive urgency and bilateral OFC volume. The differences in slopes 
were significantly different between the MReward and HReward groups 

(b = -132.90, t(1, 111) = -3.92, p <.001), as well as the MReward and 
HReward + BSD groups (b = -75.40, t(1, 111) = -2.09, p =.04). The 
HReward group had a slightly more positive slope than the HReward +
BSD group (b = 57.5, t(1, 111) = 2.03, p =.04), however, we did not 
interpret this finding because the simple slopes analysis indicated that 
neither group’s slope differed from zero. 

3.2.2. Medial orbitofrontal cortex 
Contrary to our second hypothesis, neither positive urgency (F 

(1,111) = 1.44, p =.23, partial η2 = 0.01), BSD risk group (F(2,111) =
1.40, p =.25, partial η2 = 0.02), nor their interaction (F(2,111) = 1.65, p 
=.20, partial η2 = 0.03) were associated with medial OFC volume. 

3.2.3. Nucleus accumbens 
Contrary to our third hypothesis, neither positive urgency (F(1,111) 

= 2.06, p =.15, partial η2 = 0.02), BSD risk group (F(2,111) = 1.30, p 
=.28, partial η2 = 0.02), nor their interaction (F(2,111) = 1.74, p =.18, 
partial η2 = 0.03) were associated with NAcc volume. 

4. Discussion 

This study employed a mechanistically-based behavioral high-risk 
design to 1) investigate the association between positive urgency and 
risk for BSD, and 2) examine the relationship between positive urgency 
and fronto-striatal grey matter volume among individuals at differential 
risk for BSD. Self-reported reward sensitivity was used to establish 
profiles of risk for the initial recruitment into Project TEAM. Our use of a 
behavioral high-risk design allowed us to test whether relationships with 
positive urgency predate the onset of BSDs and reflect a possible pre
existent risk factor for the illness or reflect a correlate of illness. 

Consistent with our first hypothesis, individuals with a BSD (HRe
ward + BSD group) had higher positive urgency scores than a low-risk 
comparison group without a BSD (MReward group). This is a replica
tion and extension of previous research showing that trait impulsivity, 
and positive urgency, in particular, is elevated in individuals with mild 
as well as severe BSDs, as compared to those without. Also extending 
prior work, we demonstrate that individuals at-risk for BSDs, based on 
the Reward Hypersensitivity Model of Bipolar Disorder, but who have 
not yet developed the illness (i.e. HReward group), reported higher 
positive urgency scores than participants in the low-risk MReward 

Fig. 2. A. The lateral OFC ROI. B. The simple slopes of each BSD risk group and the interaction between Positive Urgency × BSD risk group in predicting bilateral 
lateral OFC volume. Note: OFC = orbitofrontal cortex, ROI = region-of-interest, MReward = moderate reward sensitivity, HReward = high reward sensitivity, 
HReward + BSD = high reward sensitivity with a bipolar spectrum disorder. 
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comparison group. This suggests that heightened positive urgency pre
dates the onset of BSDs. In regards to our second prediction, lateral OFC 
volume decreased as positive urgency increased among individuals in 
the MReward group. This finding is consistent with previous research 
linking impulsive decision-making with reduced prefrontal grey matter 
volume (Bjork et al., 2009; Boes et al., 2009; Matsuo et al., 2009). 
Contrary to prediction, however, this association was not observed 
among either the HReward or HReward + BSD groups. Rather, the in
dividuals in these two groups showed little to no association between 
positive urgency and lateral OFC volume. Medial OFC and NAcc grey 
matter volumes were not found to be related to positive urgency scores 
or BSD risk group. 

Impulsivity is a core feature of BSDs (American Psychiatric Associ
ation, 2013; Moeller et al., 2001; Peluso et al., 2007; Strakowski et al., 
2010; Swann et al., 2003), and underlies damaging and costly behaviors 
exhibited in BSD illness, such as substance abuse (Alloy et al., 2009; 
Swann et al., 2009a), compulsive gambling and buying (Di Nicola et al., 
2010), and suicidality (Swann et al., 2009, 2005). Positive urgency is a 
dimension of impulsivity suggested to be particularly relevant to the 
presence and severity of bipolar I disorder (Giovanelli et al., 2013; 
Johnson et al., 2017, 2016,2013; Muhtadie et al., 2014; Victor et al., 
2011). To build upon the existing literature on bipolar I disorder, the 
present study included milder variants of the disorder (i.e., bipolar II, 
cyclothymia, bipolar not otherwise specified), as well as individuals at 
elevated risk for BSDs, as determined by the Reward Hypersensitivity 
Model of Bipolar Disorder. The inclusion of milder variants was 
important; to date, many BSD studies singularly focus on bipolar I dis
order, as it is the most severe form of BSD illness. However, there is 
strong evidence that milder BSD variants also are associated with sig
nificant impairment and suicidality (Altshuler et al., 2006; Kochman 
et al., 2005; Nusslock et al., 2008), can, crucially, progress to more se
vere illness over time (Alloy et al., 2012b; Birmaher et al., 2009; 
Kochman et al., 2005), and involve the same underlying mechanisms 
that contribute to bipolar I onset (Alloy et al., 2015; Nusslock and Alloy, 
2017). Thus, investigating the vulnerability profile of milder BSDs, such 
as with positive urgency tendencies, has important implications for 
understanding mechanisms involved in the entire bipolar spectrum, 
including bipolar I disorder. We report, for the first time, that height
ened positive urgency may be a precursor to BSD onset, and possibly 
signifies a risk factor for developing the illness among those that are 
particularly sensitive to rewards. That is, individuals with the high-risk 
profile (i.e., HReward and HReward + BSD), regardless of whether or 
not they had a BSD, share a tendency to act more impulsively when 
experiencing extremely positive emotion. This is in contrast to MReward 
individuals, who reported fewer impulsive behaviors when experiencing 
extremely positive emotion. Replicating prior work (Muhtadie et al., 
2014), we also found that, among all groups, individuals with a BSD 
displayed the highest levels of positive urgency. Collectively, this sug
gests that high positive urgency may be a preexistent risk factor for 
BSDs, not merely a consequence of the illness, and may worsen with 
illness onset. 

In regards to our second prediction, we also report that elevated 
positive urgency was associated with reduced lateral OFC grey matter 
volume among individuals in the MReward group. This finding is 
consistent with previous research suggesting a negative association be
tween prefrontal grey matter volume and impulsivity (Bjork et al., 2009; 
Boes et al., 2009; Churchwell et al., 2010; Ersche et al., 2011; Matsuo 
et al., 2009). A range of regulatory processes rely on OFC input, 
including reward valuation (Haber & Knutson, 2010) and emotion- 
based decision-making (Rolls & Grabenhorst, 2008). Lateral portions 
of the OFC are particularly implicated in evaluating punishing infor
mation to direct future behavior (Rolls, 2019; Xie et al., 2020), and as 
such, we posit that among healthy individuals, lower lateral OFC grey 
matter volume may contribute to a diminished capacity to both evaluate 
negative decision options and inhibit rash behaviors. 

Interestingly, there was no relationship between lateral OFC volume 

and positive urgency among either the HReward or HReward + BSD 
individuals. This was unexpected given that heightened trait impulsivity 
(Bjork et al., 2009; Boes et al., 2009; Churchwell et al., 2010; Ersche 
et al., 2011; Matsuo et al., 2009) and BSDs (Abé et al., 2016; Blumberg 
et al., 2006; Ha et al., 2009; Stanfield et al., 2009; Wise et al., 2017) both 
have been linked with reduced OFC volume. Although future research is 
needed to better understand this lack of association between positive 
urgency and OFC grey matter volume in individuals at high-risk or with 
a BSD, we put forth a potential explanation to help guide subsequent 
work. We propose that by sampling for high reward sensitivity, which is 
one mechanistic pathway to BSD, we selected a subgroup of individuals 
with, and at-risk for, BSD that display heightened reward-related brain 
function and structure. In line with this view, previous research has 
reported that high self-reported reward sensitivity is associated with 
increased ventral striatal activation to monetary reward cues (Caseras 
et al., 2013), and greater OFC volume (Nusslock et al., 2014), compared 
to individuals with moderate reward sensitivity. Likewise, in the present 
study we observed a main effect of group on lateral OFC volume, such 
that the HReward and HReward + BSD groups displayed a nonsignifi
cant trend towards elevated volume compared to the MReward group. 
Collectively, this may suggest that by recruiting individuals with 
heightened reward sensitivity, we may have restricted variation in OFC 
volume among HReward and HReward + BSD participants, thus limiting 
our ability to see relationships between positive urgency and OFC vol
ume among high-risk participants. Future studies on the relationship 
between positive urgency, reward-related brain structure, and BSD 
might consider recruiting participants based on other risk criteria (e.g., 
family risk status), in addition to reward sensitivity, given that different 
risk profiles of BSD may be associated with distinct profiles of OFC 
function and structure. The present study, however, provides insight 
into the possible role of OFC volume in trait positive urgency among 
individuals at differential risk for BSD, as defined by reward sensitivity. 

Finally, we did not find the predicted relationships between risk for 
BSD, positive urgency, and grey matter volume in either the NAcc or 
medial OFC. There are a few possible explanations for these null results. 
For one, whereas reduced NAcc grey matter volumes are found in BSDs 
(Haller et al., 2011; Haznedar et al., 2005; Lisy et al., 2011; McDonald 
et al., 2004; Scherk et al., 2008), there are inconsistent NAcc volumetric 
findings in the impulsivity literature (Pan et al., 2021). The null finding 
for the NAcc in the present study combined with inconsistencies in prior 
research on the NAcc and impulsivity may suggest that OFC grey matter 
volume may be more central to positive urgency tendencies than NAcc 
volume. Rash actions and decisions typically are modulated by top- 
down prefrontal executive control (Buckholtz & Meyer-Lindenberg, 
2012; Dalley et al., 2011) and, as such, prefrontal structural integrity 
may be more influential in the expression of positive urgency than is 
striatal volume. Second, the medial OFC may be less relevant to the 
expression of positive urgency than the lateral OFC. The medial and 
lateral OFC are implicated in different forms of impulsivity (Dalley and 
Robbins, 2017), and as such, heightened positive urgency may involve 
impairment of processes supported by the lateral OFC, such as valuation 
of choice options (Noonan et al., 2017; Rushworth et al., 2011) and/or 
sensitivity to negative consequences (Rolls, 2019; Xie et al., 2020). 

4.1. Study limitations and Future directions 

The present study should be considered in the context of its limita
tions. First, the cross-sectional nature of the data precludes any causal 
interpretation. A multi-wave, longitudinal study is needed to determine 
whether heightened positive urgency and lateral OFC grey matter vol
ume predict BSD onset. It would be important for such a study to assess 
baseline measures of positive urgency, which the present study was not 
able to do because the UPPS-P questionnaire only was administered after 
Project TEAM’s initial screening stages. Such a study also could clarify 
the developmental trajectory of volumetric differences associated with 
elevated positive urgency in low and high-risk samples. For example, it 
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is unclear at what point in neural development that an association be
tween positive urgency and lateral OFC grey matter volume emerges, 
and for how long it persists. Second, it is necessary to examine the 
relationship between positive urgency and BSDs in relation to brain 
function (i.e., fMRI), in addition to structure. A couple of studies suggest 
that fronto-striatal function plays a role in trait positive urgency 
(Johnson et al., 2019; Zhao et al., 2017), and it is currently unclear 
whether structure or function is more central to positive urgency 
expression in BSDs. Third, the current study only examined grey matter 
volume, because it could be similarly interpreted and calculated across 
cortical and subcortical volumes. Future studies would benefit from a 
more comprehensive examination of morphometry metrics relevant for 
cortical structures (Abé et al., 2016; Hoptman et al., 2014) and 
subcortical structures (Caseras et al., 2015; Mamah et al., 2016; Quigley 
et al., 2015), in order to examine other features of the brain that may be 
relevant to positive urgency (e.g., surface area, thickness, shape). 
Finally, budgetary restrictions prevented the inclusion of individuals 
with low-reward sensitivity as a comparison group to those with mod
erate or high reward sensitivity. Prior research shows such a group 
would be vulnerable for unipolar depression or Major Depressive Dis
order without a history of hypomania or mania (Alloy, Olino, Freed & 
Nusslock, 2016). As a result, we cannot generalize our findings across 
the entire spectrum of reward sensitivity or to risk for unipolar 
depression, and further research is needed to address these topics. 

5. Conclusion 

The present study is the first to use a mechanistic, high-risk frame
work to assess the relationship between positive urgency and risk for 
BSDs. We report heightened positive urgency among both individuals 
with a BSD diagnosis (i.e. HReward + BSD) and individuals at elevated 
risk for a BSD but who have not yet developed the illness (i.e. high 
reward sensitivity; HReward). Presence of a BSD was associated with the 
greatest elevation in positive urgency scores, and the HReward profile 
was intermediate between those at average risk (i.e., moderate reward 
sensitivity; MReward) and those with a BSD. Together, the findings 
suggest that heightened positive urgency may be preexistent to, and 
exacerbated by, a BSD onset. Future longitudinal research should test 
whether heightened positive urgency is a prospective risk factor for BSD 
onset. The present study is also the first to test the relationship between 
positive urgency, BSD risk, and grey matter volume of fronto-striatal 
regions. In line with prediction, heightened positive urgency was asso
ciated with lower bilateral lateral OFC grey matter volume among in
dividuals at low-risk for BSDs (i.e., moderate reward sensitivity; 
MReward). This normative and expected negative relationship, how
ever, was not found in individuals in the HReward or HReward + BSD 
groups. Rather, these two groups exhibited trend-level elevations in 
lateral OFC grey matter volume as compared to the MReward group, 
which may be a result of recruiting for and investigating a reward hy
persensitivity mechanistic pathway to BSD illness. Last, we report no 
association between positive urgency and grey matter volume in either 
the medial OFC or NAcc. Based on the results, we suggest that lateral 
OFC volume may be a region particularly central to the expression of 
positive urgency tendencies. Although further research is needed to 
investigate the neural mechanisms underlying the reported effects, we 
find, for the first time, evidence of a differential relationship between 
lateral OFC grey matter volume and positive urgency among individuals 
with low-risk and high-risk (with or without a diagnosis) profiles for 
developing BSDs. 
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Cole, J.H., de Azevedo Marques Périco, C., Dickstein, D.P., Farrow, T.F.D., Frodl, T., 
Wagner, G., Gotlib, I.H., Gruber, O., Ham, B.J., Job, D.E., Kempton, M.J., Kim, M.J., 
Koolschijn, P.C.M.P., Malhi, G.S., Mataix-Cols, D., McIntosh, A.M., Nugent, A.C., 
O’Brien, J.T., Pezzoli, S., Phillips, M.L., Sachdev, P.S., Salvadore, G., Selvaraj, S., 
Stanfield, A.C., Thomas, A.J., van Tol, M.J., van der Wee, N.J.A., Veltman, D.J., 
Young, A.H., Fu, C.H., Cleare, A.J., Arnone, D., 2017. Common and distinct patterns 
of grey-matter volume alteration in major depression and bipolar disorder: evidence 
from voxel-based meta-analysis. Mol. Psychiatry 22, 1455–1463. https://doi.org/ 
10.1038/mp.2016.72. 

Xie, C., Jia, T., Rolls, E.T., Robbins, T.W., Sahakian, B.J., Zhang, J., Liu, Z., Cheng, W., 
Luo, Q., Zac Lo, C.Y., Wang, H., Banaschewski, T., Barker, G.J., Bokde, A.L.W., 
Büchel, C., Quinlan, E.B., Desrivières, S., Flor, H., Grigis, A., Garavan, H., Gowland, 
P., Heinz, A., Hohmann, S., Ittermann, B., Martinot, J.L., Paillère Martinot, M.L., 
Nees, F., Orfanos, D.P., Paus, T., Poustka, L., Fröhner, J.H., Smolka, M.N., Walter, H., 
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