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ABSTRACT
Background:  Impulsivity has been defined by acting rashly during positive mood states (positive 
urgency; PU) or negative mood states (negative urgency; NU) and by excessive de-valuation of 
deferred rewards. These behaviors reflect a “live in the now” mentality that is not only characteristic 
of many individuals with severe substance use disorder (SUD) but also impedes medical treatment 
compliance and could result in repeated hospitalizations or other poor health outcomes. Purpose/
objectives: We sought preliminary evidence that impulsivity may relate to adverse health outcomes 
in the veteran population. Impulsivity measured in 90 veterans receiving inpatient or outpatient 
SUD care at a Veterans Affairs Medical Center was related to histories of inpatient/residential care 
costs, based on VA Health Economics Resource Center data. Results: We found that positive urgency, 
lack of persistence and lack of premeditation, but not sensation-seeking or preference for immediate 
or risky rewards, were significantly higher in veterans with a history of one or more admissions 
for VA-based inpatient or residential health care that either included (n = 30) or did not include 
(n = 29) an admission for SUD care. Among veterans with a history of inpatient/residential care for 
SUD, NU and PU, but not decision-making behavior, correlated with SUD care-related costs. 
Conclusions/Importance: In veterans receiving SUD care, questionnaire-assessed trait impulsivity 
(but not decision-making) related to greater care utilization within the VA system. This suggests 
that veterans with high impulsivity are at greater risk for adverse health outcomes, such that 
expansion of cognitive interventions to reduce impulsivity may improve their health.

Introduction

Impulsivity is a multi-faceted construct (Evenden, 1999) that 
is of intense research interest due to its robust relationship 
to adverse health outcomes (Story et al., 2014). Impulsivity 
has been probed with both self-report questionnaires that 
assess one’s tendency to act rashly in real-life situations 
(“acting without thinking”), and also by behavior in labo-
ratory tasks. Laboratory task performance has suggested 
multiple facets of impulsivity (Caswell et al., 2015). These 
can general ly be divided into rapid-response 
behavior-inhibition and value-based decision-making (Swann 
et al., 2002). Decision-based impulsivity is usually opera-
tionalized by an exaggerated behavioral preference for imme-
diate but small rewards over larger but delayed rewards in 
“delay-discounting” tasks (Bickel et al., 2012) and this is 
thought to model a real-world myopic preference for imme-
diate gratification or ease at the expense of long-term finan-
cial or health benefits. Steeper delay-discounting has indeed 
been linked to poor health behavior (Bickel et al., 2017) 
and especially to substance use disorder (SUD) (Bickel & 
Marsch, 2001), but also to other mental health disorders 

(Amlung et al., 2019), such as post-traumatic stress disorder 
(PTSD) (Morris et al., 2020), bipolar disorder, and schizo-
phrenia (Ahn et al., 2011). Other unhealthful behaviors 
linked to steep delay discounting include poor medication 
compliance, risky sexual behavior, nonuse of seatbelts, and 
texting while driving [reviewed in (Story et al., 2014)]. 
Medication noncompliance (Cutler et al., 2018), or treatment 
session attendance (Barry et al., 2018) resulting from a gen-
eral devaluation of future bad outcomes in turn could result 
in hospital (re-)admissions. Elevated impulsivity as derived 
from questionnaire data is also characteristic of SUD 
(Fernández-Serrano et al., 2012) and other mental illness 
(Linhartová et al., 2020; Morris et al., 2020; Young et al., 
2020), and has been shown to partially mediate the linkage 
between PTSD and SUD (Morris et al., 2020).

Because impulsivity is a significant risk factor for poor 
physical and mental health, efforts are ongoing to develop 
cognitive training interventions to reduce impulsivity as a 
health-promotion strategy (İnce et al., 2021; Rung & Madden, 
2018; Stein et al., 2016). For example, in episodic future 
thinking (EFT) interventions, the patient is first probed about 
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potential positive events. Subsequently, these future events 
are visually paired as cues with delayed reward options (Peters 
& Büchel, 2010) and this typically reduces delay discounting 
impulsivity (Scholten et al., 2019). In a recent pilot trial in 
students, EFT was adapted as an in situ intervention wherein 
positive future academic-related events were individually 
probed at baseline, then periodically texted to the participant 
(Voss et al., 2021). These prompts of future positive events 
reduced drinking and increased studying (Voss et al., 2021). 
More trait-like impulsivity (typical rash behavior in real-world 
scenarios) might be targeted by specialized cognitive behav-
ioral therapies such as Transcending Self Therapy (TST) 
(Polak et al., 2019) that frames long term consequences of 
behavior in real-life scenarios, wherein patients with SUD are 
trained to delay gratification and replace maladaptive thoughts 
and behaviors (such as those relating to immediate perceived 
payoff) with adaptive moral goal-oriented thoughts.

Novel therapeutic approaches to reduce impulsivity may 
be especially impactful in the health care of veterans. First, 
impulsivity is predictive of SUD treatment dropout (Loree 
et al., 2014) and rates of SUD are substantial among veterans 
of Operation Enduring Freedom/Operation Iraqi Freedom 
(OEF/OIF) (Tanielian & Jaycox, 2008). Veterans of this 
cohort are thought to be at increased risk for SUD compared 
to their civilian counterparts due to high prevalence of 
PTSD, chronic pain and other co-occurring factors (Teeters 
et al., 2017). The substance with the highest rate of misuse 
in veterans is alcohol (Lan et al., 2016; Teeters et al., 2017). 
For example, 59% of military personnel deployed in OEF/
OIF reported binge drinking (Crum-Cianflone et al., 2016). 
Veterans reported a 42.2% prevalence of lifetime alcohol use 
disorder (AUD), and a 14.8% past-year incidence of probable 
AUD (Fuehrlein et al., 2016). In addition, many veterans 
are treated for non-alcohol SUD (Lan et al., 2016; Teeters 
et al., 2017), and greater impulsivity has been linked to 
poorer cocaine and opioid use disorder treatment outcomes 
(reviewed in (Loree et al., 2014)). Second, among persons 
with PTSD, impulsivity has been linked to more severe 
symptomatology (Roley et al., 2017; Young et al., 2020) and 
is thought to exacerbate psychosocial sequelae of PTSD 
(Armour et al., 2016). Elevated rapid-response response 
impulsivity was also associated with increased physiological 
symptomatology and reactivity in PTSD (Young et al., 2020).

Targeting impulsivity as a component of psychotherapy 
may also be crucial for veterans who have high pre-enlistment 
impulsivity. Notably, high school seniors who reported intent 
to enlist after graduation showed increased levels of binge 
drinking (Barry et al., 2013) and incidents of aggression 
(Bachman et al., 2000) compared to classmates intending to 
enroll in college or other employment. Binge drinking in 
high school is thought to result from positive expectancies 
about alcohol effects (Morgenstern et al., 2011), and positive 
expectancies about alcohol effects themselves have been linked 
to both questionnaire (Harnett et al., 2013; Kazemi et al., 
2014) and brain markers (Anderson et al., 2005) of increased 
impulsivity in adolescents or emerging adults. Indeed, veterans 
seeking treatment for AUD frequently began drinking pri-
marily from positive expectancies about alcohol effects 
(Morean & Cooney, 2015). In sum, increased impulsivity 

could pose a barrier to positive health outcomes in some 
veterans, either through propensity for SUD, by causing more 
severe psychopathology including PTSD, by increasing vul-
nerability toward relapse following treatment, or by promoting 
poor medical treatment compliance generally.

Despite the added potential for impulsivity to cause adverse 
treatment outcomes and poor health in veterans, little is known 
about how impulsivity relates to health outcomes specifically 
in veteran populations. This could be evidenced by a relation-
ship between high impulsivity and more intensive or frequent 
health care utilization, such as multiple hospitalizations. 
Demonstrating such linkages would provide evidence in support 
of developing or adopting recent therapeutic approaches to help 
target impulsivity in these veterans. However, to our knowledge, 
this impulsivity-care utilization linkage has never been directly 
tested by joining focused metrics of impulsivity with adminis-
trative data. This relationship is challenging to identify in the 
United States compared to countries with socialized medicine, 
because those Americans who are most impulsive are also more 
likely to be unemployed and thus least likely to have health 
insurance, despite the Affordable Care Act (Dickman et al., 
2017). One exception to this, however, is Veterans Health 
Administration (VHA) medical care for veterans, which has 
improved access relative to the private sector (Penn et al., 2019). 
In contrast with private health insurance-based care, VHA med-
ical care by veterans under retirement age has a greater rate of 
engagement by veterans with SUD (Petersen et al., 2010) and 
veterans who lack private health insurance or economical alter-
natives (Shen et al., 2008). Within VHA, level of care for SUD 
treatment is more determined by clinical need (Dept of Veterans 
Affairs & Dept of Defense, 2015) and so may more directly 
relate to patient characteristics.

In a preliminary investigation, we administered standard-
ized measures of impulsivity to veterans who were visiting 
a large VHA medical center for SUD treatment, and related 
these metrics of impulsivity to individual histories of nation-
wide VHA inpatient or residential care admissions and 
related costs, as determined by the longstanding algorithms 
of the VA Health Economics Resource Center (HERC) 
(Wagner et al., 2003). Our set of measures included the 
UPPS-P (Urgency, (lack of ) Perseverance, (lack of ) 
Persistence, Sensation-Seeking Scale) questionnaire 
(Whiteside & Lynam, 2001) which assesses trait negative 
urgency (NU; the propensity for impulsive acts while in a 
negative mood state) and positive urgency (PU; propensity 
for impulsive acts while in a positive mood state). Elevated 
NU and PU have been extensively linked to SUD and por-
tend poor SUD treatment outcomes [reviewed in (Um et 
al., 2018)]. Importantly, NU and PU specifically assess 
impulsiveness during emotionally- and physically-aroused 
states. Accordingly, NU has particularly extensive linkages 
with drug use, SUD and SUD relapse (Zorrilla & Koob, 
2019), in that many individuals hazardously binge eat or 
use substances despite long-term consequences to feel better 
“in the moment.” NU has also been linked to binge eating 
(Kenny et al., 2019) and pathological gambling. PU has been 
linked to nicotine dependence (Kale et al., 2018), binge 
drinking (Dinc & Cooper, 2015), and poly-substance use 
(Verdejo-García et al., 2010).
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The other key assessment we related to VHA inpatient uti-
lization and costs was severity of delay discounting, using the 
monetary choice questionnaire (MCQ) (Kirby et al., 1999). Most 
delay discounting metrics simply utilize the estimated discount-
ing constant “k” that quantifies the hyperbolic decay in subjec-
tive value of rewards with delay to their presentation on the 
MCQ. Rather, we incorporate recent findings that a significant 
component of the devaluation of future rewards in some indi-
viduals is driven by uncertainty of future rewards (low tolerance 
of risk), and not solely by an aversion to delay itself 
(Lopez-Guzman et al., 2018). This confounding of 
delay-discounting by “probability-discounting” (i.e. low risk tol-
erance) may be characteristic of socioeconomically-disadvantaged 
individuals for whom promises of “later” positive outcomes has 
frequently meant “never” (Michaelson et al., 2013). We therefore 
also administered a probability discounting questionnaire (PDQ) 
to incorporate each participant’s risk-tolerance into the estima-
tion of his or her discounting behavior. We then related a 
risk-adjusted delay discounting (RADD) parameter to inpatient/
residential health care costs.

In light of the aforementioned linkages between impul-
sivity and each of poorer SUD treatment prognosis (Loree 
et al., 2014) and medical treatment noncompliance generally 
(Marek et al., 2015; Story et al., 2014), we hypothesized that 
elevated trait-based (questionnaire) impulsivity facets as well 
as severity of RADD would correlate positively with histories 
of inpatient hospitalizations and related costs in veterans 
being treated for SUD. Demonstrating these linkages would 
indicate a need for greater emphasis on targeting impulsivity 
itself in veterans receiving medical care from the VHA, to 
improve their health outcomes.

Methods

All recruitment and testing procedures were approved by 
the Institutional Review Board of the Hunter Holmes 
McGuire Veterans Affairs Medical Center in Richmond, 
Virginia (RICVAMC). All participants provided written 
informed consent to participate, along with written autho-
rization of review of VA medical records for study variables.

Participants

Veterans (N = 90) receiving inpatient or outpatient care in the 
RICVAMC Substance Abuse Treatment Program (SATP) were 
approached for participation in a larger quality-of-life survey 
study between May 2017 and December 2019. In brief, the 
RICVAMC SATP features three programs: 1) a 28-day resi-
dential program, 2) a four-week intensive outpatient program 
(IOP) with thrice-weekly group-therapy attendance and one 
individual session, and 3) a 12-week, once-weekly group-therapy 
outpatient program. The residential and IOP programs utilize 
TST (Polak et al., 2019; Reisweber et al., 2020) as the foun-
dation of their programming. TST is an integrative Cognitive 
Behavior Therapy that emphasizes helping veterans change 
maladaptive thoughts and behaviors as well as identify their 
morals and live in accordance with them. The 12-week 
once-weekly group therapy is based on Motivational 
Enhancement Therapy. Many residential and IOP veterans 

participate in AfterCare group sessions thereafter that are 
designed to be supportive of veterans in early recovery.

Presence of SUD (including primary substance of disor-
dered use) per DSM-5 (Diagnostic and Statistical Manual 
of Mental Disorders- 5th Edition) criteria was determined 
and coded in electronic medical records by a treatment 
program clinician during a structured intake interview used 
to determine program assignment. Clinician impressions 
were also informed by patient response on a packet of 
self-completed questionnaires distributed prior to the ori-
entation session and intake interview, as well as by urine 
toxicology testing performed on all program participants. 
Questionnaires were designed by treatment staff and included 
items regarding preferred substance(s), patterns of use, and 
psychosocial problems stemming from use. Based on result-
ing ICD-10 (International Classification of Diseases, 10th 
Revision) codes for substance use disorders in medical 
records, 41 (46%) veterans were classified as having alcohol 
as their primary substance of use (i.e. alcohol use disorder), 
with the rest endorsing either opioids (n = 20; 22%), stim-
ulants (n = 14; 16%), polysubstance (n = 13; 14%) or cannabis 
(n = 2; 2%) as the primary use disorder.

All N = 90 veteran participants regardless of SUD diag-
nosis were divided into three groups based on VHA admin-
istrative records (as incorporated by HERC formulae for 
cost estimations): 1) No-Hospitalization group, n = 31 vet-
erans with no inpatient hospital or residential care admis-
sion nationwide since 2003 (the HERC data product 
commenced in 2003 and does not distinguish between 
inpatient and residential settings), 2) Other-Hospitalization 
group, n = 29 veterans with one or more nationwide admis-
sions since 2003 where no admission was coded as per-
taining to SUD, and 3) SUD-Hospitalization group n = 30 
veterans with one or more nationwide admissions since 
2003 coded as pertaining to SUD. The demographic char-
acteristics of participants in these three groups did not 
significantly differ, and are presented at top of Table 1. 
Finally, all participants recruited from the residential pro-
gram completed their residential program.

Impulsivity assessments

Assessments were administered as staple-bound paper packets 
and were randomized in order of administration between par-
ticipants, who were instructed to complete them top-to-bottom 
in order. Participants received a small stipend for packet com-
pletion. NU and PU were assessed, along with (lack of) per-
severance, (lack of) premeditation and sensation-seeking (SS) 
using the UPPS-P Impulsive Behavior Scale (Cyders et al., 
2007; Whiteside & Lynam, 2001). On the UPPS-P, the partic-
ipant self-reported identification with each of 59 impulsive 
behaviors or self-controlled behaviors (reverse-scored) on a 
scale of 1-4, e.g. “When I am really ecstatic, I tend to get out 
of control.” (PU item) or “When I am upset I often act without 
thinking” (NU item). Subscale scores were then analyzed as 
the average item rating for that subscale, per (Cyders et al., 
2007). Because of the distinction between UPPS-P subscales 
in factor analysis, UPPS-P subscales are typically not summed 
or averaged for any kind of “total” impulsivity score.
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Delay discounting was assessed using the Monetary Choice 
Questionnaire (MCQ) (Kirby et al., 1999). For each of 27 
items, the participant chooses between a smaller, immediate 
hypothetical monetary reward and a larger, delayed hypothet-
ical monetary reward. The MCQ is typically scored by cal-
culating where the respondent’s answers place him or her 
amid reference discounting curves, where a higher estimated 
discounting constant k (scored per (Kaplan et al., 2016)) 
indicates higher levels of impulsivity. To control for the effects 
of risk tolerance on delay-discounting behavior (Lopez-Guzman 
et al., 2018), we also administered the Probability-Discounting 
Questionnaire (PDQ) (Madden et al., 2009): This question-
naire presents three sets of 10 questions that query whether 
the respondent would rather earn a $20 or $40 guaranteed 
hypothetical reward versus a chance to win a higher money 
amount (or nothing). Successive questions feature 
progressively-increasing odds of winning the higher amount, 
such that choices to take gambles transition from being math-
ematically disadvantageous (in expected value (payoff X prob-
ability) of the gamble) to becoming advantageous.

To estimate parameters of risk tolerance from the PDQ 
(itself), non-risk-adjusted delay discounting from the MCQ, and 
risk-adjusted delay-discounting (RADD) incorporating the risk 
tolerance measure from the PDQ into estimates of delay dis-
counting from the MCQ, we analyzed each participant’s data 
as described in (Lopez-Guzman et al., 2018). Specifically, to 
quantify each participant’s risk tolerance (alpha) we fit a power 
utility function to the PDQ choice data where the expected 
utility (EU) of each option (guaranteed or risky) is given by:

 
EU pvoption( ) =

α

 

where v  is the dollar amount offered, p  is the winning 
probability (which is 1 for the guaranteed option), and α  
is the curvature of the utility function which serves as a 
participant-specific measure of risk tolerance. An α =1 
identifies a participant who is risk neutral, while α <1 
identifies a participant who is risk averse and α >1 iden-
tifies a participant who is risk seeking (reflecting a distaste 
or tolerance for risk and uncertainty, respectively). To esti-
mate α  using maximum-likelihood estimation in MATLAB, 
we fit a probabilistic choice function to the trial-by-trial data:

 

Pr
EU

EU EU
( )

( )

( ) ( )

risky
risky

risky guaranteed

=
1

1

1

µ

µ µ+  

where Pr is the probability the risky option is chosen, 
EU risky( )  and EU guaranteed( )  are the expected utilities (from 

the first equation) of the risky and guaranteed options, 
respectively, and µ  is a second participant-specific param-
eter reflecting choice stochasticity (decision noise).

To quantify each participant’s non-risk-adjusted delay 
discounting rate (kappa), we fit a standard hyperbolic func-
tion to the MCQ choice data. In this model, the utility (U) 
of each option (immediate or delayed) is given by:

 
U v

doption( )
( )

=
+1 κ  

where v  is the dollar amount offered, d  is the delay to 
its delivery (which is 0 for the immediate option), and is 
the discount rate which serves as a participant-specific mea-
sure of impulsivity. Higher values of κ  identify a participant 
who is more impulsive (has steeper discounting).

Finally, to quantify each participant’s risk-adjusted delay 
discounting rate (RADD kappa), we fit the same model 
assuming nonlinear value (utility) functions by substituting 
in the participant-specific parameter alpha from the PDQ, 
as follows:

 
U

v
d

option( )
( )

=
+

α

κ1  

To estimate κ  from both the non-risk adjusted and the 
risk-adjusted models, using maximum-likelihood estimation 
in MATLAB, we (separately) fit the same probabilistic choice 
function as above to the trial-by-trial data, replacing Pr risky( )  
with Prdelayed( )  and EU risky( )  and EU guaranteed( )  with U delayed( )  
and U immediate( ) , respectively.

Calculation of inpatient admissions and related costs

Inpatient admissions (which included residential care) 
across the nationwide VHA network, length of stay for 
each admission, and total costs for each admission since 
2003 were determined from VHA administrative records 
using the approximations and algorithms of HERC, as 
described in (Wagner et al., 2003; Yu et al., 2003). These 
costs are estimated by HERC using actual cost data from 
VA facilities and estimates provided by Medicare. HERC 
inpatient costs consist of acute hospital care, inpatient 
non-acute care and long-term care. Acute hospital care 
cost estimates are based on relative value units (RVUs) 
from Medicare. VA RVUs are based on the relationship 
between cost-adjusted charges, diagnosis, and length of 
stay. The RVUs reflect the effect of diagnosis on the rel-
ative quantity of resources used in a hospital stay. HERC 
acute hospital care cost estimates reflect the effect of diag-
nosis on resource use and are based on the assumptions 
that RVUs such as Diagnosis Related Group weights and 
length of stay, based on non-VA costs, reflect the relative 
costs of VA hospital stays, and all stays with the same 
characteristics have the same cost. Inpatient non-acute care 
estimates are based on the cost of inpatient stays in reha-
bilitation, domiciliary, psychiatric, substance abuse, and 
intermediate medicine treatment units. HERC finds the 
average cost of a day of stay and applies it to estimate the 
cost of care. HERC makes the assumption that every day 
of stay has the same cost (VA Health Economics Resource 
Center. Average Cost. http://vaww.herc.research.va.gov/
include/page.asp?id=average-cost. Accessed 03/27/20)

http://vaww.herc.research.va.gov/include/page.asp?id=average-cost
http://vaww.herc.research.va.gov/include/page.asp?id=average-cost
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Hereafter, “hospitalization” denotes admission to either 
residential or inpatient VHA facilities between 2003 and 
2019. Costs of each individual admission/stay were first 
adjusted to 2019 dollars using annual inflation rates derived 
from the Consumer Price Index, then were summed for 
each participant, along with tallies of cumulative length of 
stay (in days) for all admissions. These values were further 
subdivided by HERC by VA-defined care categories, which 
included “substance abuse.” We infer these costs as treatment 
for a DSM-5 SUD diagnosis, in light of typical patient sever-
ity. Non-SUD-care metrics were calculated by subtracting 
SUD-related costs and cumulative length of stay from total 
costs and length-of-stay.

Statistical analysis

We first compared impulsivity metrics between 
hospitalization-history groups using ANOVA with post-hoc 
pair-wise tests. Next, regression analyses were used to exam-
ine the relationship between each UPPS-P subscale score or 
decision-making constant (independent variable) to VHA 
inpatient costs (dependent variable), after controlling for 
age (independent variable). To reduce comparisons, analyses 
were limited to inpatient cost data as the dependent variable 
[descriptive data on number of admissions and cumulative 
lengths of stay are provided in Table 1]. Analyses for 
Non-SUD-related costs admixed the Other-Hospitalization 
and SUD-Hospitalization groups, and analyses of SUD-related 
costs was only performed for the SUD-Hospitalization group. 
Each analysis controlled for age in light of lifespan effects 
on UPPS-P scale scores (Argyriou et al., 2020) and on 
delay-discounting (Read & Read, 2004). Due to 
positively-skewed distributions of values (see Table 1 for 
ranges), MCQ and PDQ-derived choice behavior parameters 
as well as cost metrics were log-transformed prior to anal-
ysis. The key datum in each analysis was the standardized 
beta weight of the impulsivity measure (as a parameter 
estimate).

Results

Sample characteristics

Care utilization characteristics of the three participant 
groups, including number of discrete admissions and 
cumulative days of inpatient/residential care across admis-
sions are shown at middle of Table 1. Cumulative days of 
residential/inpatient care correlated positively with total 
number of separate admissions for each of SUD-related 
care (Spearman r = .46, p = .003) and for non-SUD-related 
care (Spearman r = .40, p = .0015). In addition, partici-
pants for whom alcohol was their primary substance of 
use did not significantly differ in hospitalization-group 
status or in any UPPS-P subscale score compared to par-
ticipants whose SUD pertained to a non-alcohol drug 
(including when all non-alcohol SUD participants were 
admixed). The proportion of participants in each group 
that self-reported current smoked-tobacco use did not dif-
fer between groups.

Impulsivity differences between veterans as a 
function of VHA hospitalization history

As shown in Table 1, UPPS-P NU, PU, lack of perseverance, 
and lack of premeditation subscale scores were higher in 
SUD-Hospitalization participants [i.e. veterans with a his-
tory of 1+ inpatient/residential SUD admissions] compared 
to No-Hospitalization participants with no histories of any 
inpatient/residential care. Moreover, PU, lack of persever-
ance and lack of premeditation scores were also higher in 
Other-Hospitalization participants compared to 
No-Hospitalization participants, with a trend (p = .060) 
for greater NU in Other-Hospitalization participants as 
well. With regard to decision-making over hypothetical 
rewards, however, neither risk tolerance (alpha) nor 
non-risk-adjusted or risk-adjusted delay-discounting 
(RADD) kappa values significantly differed between groups.

We observed that 22 participants displayed invariant 
responding across items in the MCQ or PDQ. These cases 
resulted predominantly from uniform choices for immediate 
rewards in MCQ items or uniform choices for certain 
rewards in PDQ items. In simple one-way comparisons, 
these invariant responders had significantly lower UPPS-P 
Perseverance scores (t = 2.064, p = .041) and lower UPPS-P 
Sensation-Seeking scores (t = 2.923, p = .004) than the 
remaining 78 participants. These cases did not differ in 
inpatient care costs or in representation in hospitalization 
group (p > .60), however, such that excluding these cases 
did not affect the statistical significance of results.

Impulsivity and hospitalization costs among 
veterans with VHA hospitalization histories

Among the participants with a history of one or more hos-
pitalizations (Other-Hospitalization and SUD-Hospitalization 
groups combined), multiple regression analyses indicated a 
trend toward a positive relationship between NU and 

Table 2. Relationships between impulsivity and care costs among 
participants with a history of VHa hospitalization or residential 
care.

non-SuD costs* SuD costs**

 negative urgency: .282c .450a

  (Lack of ) 
Premeditation:

-.098 .174

  (Lack of ) Perseverence: -.012 .216
 Sensation-Seeking: -.064 .058
 Positive urgency: .156 .603b

 Probability Discounting 
alpha

-.112 -.015

 non-risk-adjusted 
delay-discounting 
kappa

.080 .008

 RaDD kappa .060 .011
*among participants with Hx of VHa hospitalization only.
**among participants with Hx of VHa SuD hospitalization only.
aP < .01.
bP < .05.
cP < .10.
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non-SUD-related inpatient care costs (Table 2), but no other 
relationships between impulsivity and non-SUD-related inpa-
tient care costs. Among SUD-Hospitalization participants 
only, however, both PU and NU significantly and positively 
related to SUD inpatient/residential care costs. With respect 
to decision-making, neither risk tolerance, nor risk-adjusted 
or unadjusted delay-discounting parameters showed a 
statistically-significant relationship to care costs. There were 
also no significant relationships between decision-making 
and costs after invariant responders on the MCQ or PDQ 
were excluded from the analysis.

Discussion

We related administrative health care utilization and cost 
data from the VA Health Economics Resource Center 
(HERC) to self-report questionnaire and choice-based impul-
sivity assessments collected from veterans currently seeking 
VHA care for SUD. We found that elevated questionnaire 
scores of real-life impulsivity while in positive or negative 
mood states (PU and NU) as well as elevated scores of lack 
of perseverance and lack of premeditation correlated with 
greater histories of inpatient VHA care. High urgency scores 
were especially correlated with greater SUD care costs among 
participants with a history of one or more SUD admissions. 
Conversely, preference for certain and/or immediate rewards 
did not reveal any correlation with inpatient/residential 
admissions or costs in our veteran sample.

We expected to find a positive relationship between 
impulsivity and VHA inpatient or residential care utilization 
as a marker of poor health outcomes based on previously 
detected relationships between impulsivity and poor health 
behaviors in other populations, such as smoking 
(Audrain-McGovern et al., 2009; Mitchell, 1999), skipping 
medical care appointments (Marek et al., 2015) and poor 
medication compliance (Story et al., 2014). Such increased 
care utilization could be theoretically driven by several fac-
tors. First, in light of impulsivity being a transdiagnostic 
feature of mental illness generally (Amlung et al., 2019; 
McTeague et al., 2016), patients with more severe impulsivity 
might be more likely to have a history of comorbid mental 
health disorder that would require hospitalization. In an 
analysis of 2010 data (Zulman et al., 2015), of the 5% of 
VHA patients who incurred 47% of VHA care costs, nearly 
half had mental health comorbidities. In an SUD treatment 
population, patients with more severe SUD symptomatology 
(who present with greater impulsivity (Loree et al., 2014; 
Amlung et al., 2017)) may have been more readily assigned 
residential SUD care per VA guidelines (Dept of Veterans 
Affairs, Dept of Defense, 2015). Finally, in accord with find-
ings from non-SUD-selected populations, there was an addi-
tional possibility of preventable hospitalizations for medical 
disorders in patients with higher impulsivity due to greater 
treatment noncompliance.

We found that propensity to act impulsively while in a 
positive mood state (PU) was not only higher in veterans 

who had been hospitalized for their SUD (typically a 28-day 
residential care placement at RICVAMC), but PU, as well 
as lack of perseverance were also higher in veterans with 
at least one non-SUD-related hospitalization. These “other” 
hospitalization costs were primarily coded by HERC as med-
ical/surgical or physical rehabilitation care ($4,846,366). In 
contrast, costs incurred for (non-SUD-related) mental health 
hospitalization were markedly lower ($1,627,777). In light 
of the finding that rates of tobacco use did not differ 
between hospitalization groups (Table 1) and that UPPS-P 
scores also did not differ between tobacco-using and 
non-using participants (data not shown), this group differ-
ence is not likely to be mediated by indirect medical (e.g. 
cardiovascular) complications of cigarette smoking that is 
ubiquitous among persons in SUD recovery [e.g. ~78%; 
(Campbell et al., 2019)]. Rather, this relationship between 
impulsivity and non-SUD hospitalization may relate to poor 
medication compliance or other poor preventative treatment 
adherence stemming from real-life lack of perseverance 
tendencies.

Among UPPS-P subscales, sensation-seeking (SS) uniquely 
showed no significant relationship with hospitalizations or 
related costs. This suggests some degree of specificity of 
impulsive behavior item content (acting without forethought) 
in relating to care utilization. This specificity is in accord 
with theoretical accounts that posit that SS is an especially 
distinct facet of personality from other impulsivity dimen-
sions, even within self-report assessments. For example, 
MacKillop et al. (MacKillop et al., 2016) identified three 
main factors of impulsivity emergent with multiple 
impulsivity-related assessments, and SS did not map onto 
any of them.

In contrast with self-reported trait impulsivity metrics, 
decision-making parameters regarding uncertain or delayed 
hypothetical rewards did not show any significant relation-
ships with inpatient care costs. Decisions to spend money 
and time to obtain prescriptions or to attend preventative 
SUD (or medical) therapy sessions involve a tradeoff between 
a more desirable (and certain) enjoyable activity in the 
present versus a choice to visit the pharmacy or attend 
therapy to potentially avoid a deferred bad outcome for non-
compliance. We therefore hypothesized that propensity to 
choose smaller immediate hypothetical rewards over larger, 
delayed rewards would also relate to higher incidence of 
hospitalization and greater hospitalization-related costs, 
because that propensity has been shown to generalize to 
real-world health care compliance (Marek et al., 2015; Story 
et al., 2014).

One explanation for the lack of relationship may be ceil-
ing effects of severe discounting (high k values) in groups 
that were all composed of persons in SUD treatment. 
Notably, even for the No-Hospitalization group, the geomet-
ric mean (not the Table 2 arithmetic mean) discounting 
constant k from the MCQ (0.019) was almost 50% higher 
than that of neurotypical controls in the source paper for 
the MCQ (0.013) (Kirby et al., 1999). However, UPPS-P 
subscale (i.e. trait) values were also high in all three groups 
relative to neurotypical samples. Relationships may have 
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been obscured due to increased noise because participants 
were not uniformly assessed at the same point in recovery, 
and MCQ scores have been shown to lower across the time 
course of SUD treatment (Mulhauser et al., 2019). Another 
possibility is that decisions over hypothetical rewards do 
not generalize to real-world behaviors. However, methods 
experiments have shown that discounting of real vs hypo-
thetical monetary rewards are largely consistent within-subject 
(Johnson & Bickel, 2002; Lagorio & Madden, 2005). Finally, 
decisions between small-immediate vs larger-later rewards 
may have been prone to investigator-pleasing behavior in 
this treatment population, in that psychoeducation provided 
by most RICVAMC SATP therapists features appeals to 
understand motives for and to resist immediate gratification 
during negative emotion.

The selective relationship between care costs and trait 
questionnaire impulsivity (PU and NU) but not with 
decision-making behavior reflects a commonly-reported and 
increasingly-appreciated lack of correlation between 
laboratory-task and self-report assessment of different facets 
of impulsivity [discussed in (Cyders & Coskunpinar, 2011)], 
despite the fact that individuals who misuse substances typ-
ically score higher on all impulsivity metrics compared to 
psychologically-healthy controls. Of note, UPPS-P subscale 
scores did not correlate with (log-transformed) 
decision-making parameters in the present dataset (all p > 
.10, data not shown). For example, it may be that question-
naire probes of real-life behaviors may better capture or 
integrate typical behavior over time, whereas behavior on 
laboratory economic decision-making tasks reflects value 
computations that may be more affected by transient states 
such as current mood or fatigue. The different neurocircuit 
underpinnings of different kinds of impulsivity (such as 
reward decision-making vs rapid-response impulsivity) can 
also explain a discordance between impulsivity measures 
(Dalley & Robbins, 2017).

This investigation has some limitations in that it was 
intended to provide a preliminary indication of how certain 
assessments of impulsivity relate to utilization of VHA 
inpatient care as a marker of suboptimal health outcomes. 
Therefore, the sample size is modest. However, the sample 
was nevertheless sufficient to indicate that at least among 
the veteran SUD treatment population, certain behaviors 
and attitudes captured on the UPPS-P may be directly 
targeted during psychotherapy to hopefully improve health 
compliant behavior and health outcomes. For example, EFT 
specifically bolsters the ability of individuals to better form 
a vivid representation of rewards in the future and has 
been shown to reduce delay-discounting (Calluso et al., 
2019), smoking (Chiou & Wu, 2017; Snider et al., 2016; 
Stein et al., 2016), and drinking (Voss et al., 2021) behav-
ior. Another limitation of our sample is that it was limited 
to veterans with SUD, and our findings might not gener-
alize to all veteran populations. Future studies could probe 
impulsivity in primary care and other settings, where 
patients may show a broader range of health-relevant 
impulsivity and could be candidates for EFT interventions 
or messaging. Also, although licensed individual practi-
tioners assigned SUD diagnoses per DSM-5 criteria in 

comprehensive intake interviews, participants were not 
actually administered the licensed structured clinical inter-
view for DSM-5. Due to the high completion rate of 
TST-based residential treatment, we were unable to relate 
impulsivity to residential retention. Finally, we had minimal 
information regarding potential hospitalization or residen-
tial care costs incurred outside of VHA care.

In conclusion, among veterans being treated at the VHA 
for SUD, self-reported tendencies to act rashly while expe-
riencing strong emotions were linked to more inpatient/
residential care utilization, even hospitalizations not coded 
as relating to SUD. Of great interest going forward are 
clinical trials to determine whether EFT, TST, or other 
impulsivity-targeting interventions reduce smoking, increase 
medical care appointment attendance, improve diet and 
medication compliance and by extension prevent future hos-
pitalizations in different VHA patient populations. Such 
findings would hold potential to dramatically improve health 
care outcomes in veterans.
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