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ABSTRACT

Objective: Altered reactivity to emotional stimuli is common after
traumatic brain injury (TBI), which is suggested to reflect difficulties
with emotion regulation. While disinhibition is common after
moderate-to-severe TBI, limited research has investigated the link
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between disinhibition and emotional reactivity in this clinical
group. The aim of this research, therefore, was to investigate the
relationship between disinhibition and TBI to anger provocation.
Method: Thirty-five individuals with moderate-to-severe TBI and
thirty-one controls completed an anger induction task. Participants
rated their experience of emotions and subjective arousal before
and after the induction. Heart rate, respiration and skin conduc-
tance were also measured. Disinhibition was measured using the
Frontal Systems Behavior Scale.

Results: In the full sample, the mood induction led to increased
skin conductance, respiration, and self-reported anger, tension,
arousal and negative mood. There were no differences between
those with TBl and controls. Disinhibition interacted with the
impact of anger provocation on subjective, but not objective, out-
comes such that those elevated in disinhibition reported increased
feelings of anger and tension in response to the mood induction.
Disinhibition did not interact with TBI across any subjective and
objective emotional measures examined in response to mood
induction.

Conclusions: While anger causes emotional changes for all individ-
uals, these changes are particularly pronounced among those who
are disinhibited, irrespective of whether an individual has sustained
a TBI. This is an important consideration when examining emo-
tional regulation post-TBI as the degree of disinhibition appears to
alter subjective interpretations of emotional events, which could
lead to emotion dysregulation.
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Introduction

Traumatic Brain Injury (TBI) significantly contributes to global mortality rates and
long-term disability. While TBIs are heterogeneous, moderate-to-severe TBIs typically
lead to significant physical, psychosocial, and economical challenges for individuals and
their psychosocial networks (Dewan et al., 2019), with difficulties with emotion dysreg-
ulation commonly reported and observed following moderate-to-severe TBI. Emotion
regulation is defined as the ability to effectively manage, modulate, and respond to
emotional, behavioural, and physiological reactions to given situations (Linehan, 2015).
The capacity to use internal and external cues to modulate emotional states during
normative conditions is salient for managing distress (Sarah et al., 2023). Emotion dys-
regulation after TBI is associated with an array of psychosocial difficulties, including
increased risk of psychiatric disorders (Ashman et al.,, 2004), caregiver burden (Qadeer
et al, 2017), and poor interpersonal outcomes (Winter et al, 2018). Emotion dysregu-
lation following severe TBI is often expressed as irritability, anger, aggression, and
agitation (Nash et al.,, 2019), and typically framed within the context of disinhibition.

Disinhibition refers to the inability to suppress automatic behavioural responses
and involves the failure of top-down cognitive control processes required to supress
a response to achieve goal-directed behaviour (Nigg, 2000). Damage to the fronto-
temporal lobes, together with damage to the orbitofrontal cortex (OFC) and its con-
nectivity to other brain regions, including the gyrus rectus, insula, amygdala, and
anterior cingulate cortex (ACC), have been linked to acquired behavioural disinhibition
(Osborne-Crowley & McDonald, 2018; Bush et al., 2000; Davidson et al.,, 2000).
Interestingly, the OFC is particularly vulnerable to damage following brain insult, as
acceleration/deceleration forces cause the bone cavities of the skull to directly impact
brain tissue, resulting in multifocal lesions in the OFC (Levin & Kraus, 1994). Thus,
behavioural disinhibition post moderate-to-severe TBI is common, with approximately
30% of TBI survivors experiencing disinhibition (Ciurli et al., 2011). A recent review
by Filip¢ikova et al. (2021) found that participants with severe injury were three times
more likely to develop social disinhibition compared to those with mild injuries, and
such changes are associated with negative functional outcomes, particularly for care-
givers. Indeed, families may struggle to adjust to changes in personality
(Osborne-Crowley & McDonald, 2018), while relationship difficulties, poor social inte-
gration, suicidal ideation, and legal issues are further negative outcomes. Given that
disinhibition involves several brain structures, including the reciprocal connection
between the OFC and structures of the limbic system, the autonomic nervous system
(ANS) has been implicated in acquired disinhibition.

Disruption to ANS functioning is common following TBI. There is evidence of dys-
regulation of the sympathetic nervous system (SNS), which is responsible for regulating
reactivity to stress/threat and emotions (Lemke, 2004). For example, those with TBI
have increased heart rate (Zheng et al., 2020) and reduced heart rate variability (HRV)
(e.g. Baguley et al., 2006; Riganello et al., 2010; Vistisen et al., 2014) and lower resting
skin conductance level (SCL) (e.g. Rushby et al., 2013a; Fisher et al., 2015). Indeed,
higher HRV is associated with better physical health (Masi et al., 2007), cognitive
functioning (Hansen et al., 2003), and emotion regulation (Thayer & Brosschot, 2005;
Appelhans & Luecken, 2006). People with higher HRV have increased autonomic
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flexibility to respond to stress/threat and can better regulate emotional responses
(Hourani et al., 2020). It follows, therefore, that the link between altered autonomic
physiology and emotional outcomes after TBI have been investigated extensively.

Individuals with severe TBI have altered skin conductance when viewing emotion
eliciting stimuli (e.g. images and video clips). For example, de Sousa et al. (2011)
found that participants with severe TBI had lower skin conductance level than controls
when observing angry faces, but not happy faces. Using the same sample, de Sousa
et al. (2012) also found that those with severe TBI had lower SCL in response to
unpleasant films compared to controls. Furthermore, they found significantly lower
levels of self-reported arousal and reduced negative mood in response to the negative
films in the TBI group. Additionally, a systematic review of studies investigating phys-
iological outcomes at rest and in response to emotional stimuli after TBI reported
several studies had found a reduction of SCL in those with TBI compared to controls
(e.g. Fisher et al., 2015; Osborne-Crowley et al., 2020; Rushby et al., 2013a; Rushby
et al., 2016; Sanchez-Navarro et al., 2005). While there is also evidence of no differ-
ences (e.g. Kelly et al, 2017; Krpan et al., 2011; Rushby et al., 2013b) or increased
SCL (Aboulafia-Brakha et al., 2016), these studies predominately show that those with
moderate-to-severe TBI may have attenuated subjective and objective responses to
emotional inducing stimuli relative to controls.

While altered physiological responses to emotional stimuli have been associated
with impaired emotional functioning after TBI, only one study to date has investigated
the relationship between emotional reactivity and disinhibition. McDonald et al. (2010)
investigated whether differences in subjective emotional responses were associated
with control (i.e. loss of inhibition). They found no differences between groups for
subjective emotional responses (i.e. anger/tension, anxiety, and depression) after
watching a provocative film. However, for the TBI group, loss of inhibition was sig-
nificantly associated with increased emotional experience to emotional films, specif-
ically increased self-reports of anger and confusion. These findings suggest that a
loss of inhibition can affect emotional processing after TBI. Given these findings,
further investigation of the link between emotional output and disinhibition in those
with TBI is warranted, as this could provide further evidence that disinhibition affects
emotional processing and behaviour that could inform psychological interventions.
While McDonald et al. (2010) investigated subjective emotional experiences, no studies
have yet investigated the link between physiological outcomes and disinhibition after
TBI. Furthermore, while studies have consistently reported altered physiological and
subjective responses to emotion inducing stimuli, the directionality of these findings
have been mixed. As such, it is possible that other factors, such as disinhibition, may
be involved in subserving these divergent responses.

The aims of the current study were to: 1) determine whether participants with
at least moderate-to-severe TBI have altered objective and subjective outcomes to
a mood induction procedure compared to controls, and 2) whether disinhibition
differentially affects this reaction to mood provocation for those with or without
TBI. For objective responses, it was hypothesised that there will be 1) significantly
lower SCL (de Sousa et al, 2011; de Sousa 2012), and 2) significantly lower HRV
(Amorapanth et al., 2018) in response to a mood induction procedure for participants
with TBI compared to controls. For subjective emotional experience, it was also
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hypothesised that TBI participants would report reduced subjective arousal and
greater general mood in response to mood induction procedure relative to controls,
suggesting there would be a reduced emotional response to the mood induction
for those with TBI compared to controls (de Sousa et al.,, 2012). Furthermore, con-
sistent with findings from McDonald et al. (2010), it was hypothesised that there
would be no difference between groups in terms of self-reported anger and tension
in response to the mood induction. It was also hypothesised that participants with
clinically elevated disinhibition will have increased subjective emotional experiences
in response to the mood induction, particularly within the context of anger, relative
to those without elevated disinhibition. TBI participants who of at least moderate
severity were of relevance to this study, as these individuals have greater functional
and emotion dysregulation difficulties post-injury compared to those on the mild
end of the severity spectrum.

Method
Participants

Participants were recruited from both the broader community and outpatient brain
injury rehabilitation units in Sydney. To ensure that participants had sustained a TBI
of at least moderate severity, their medical records were used to confirm several
clinical indicators: (1) a period of post-traumatic amnesia (PTA) of greater than 24h
(Carroll et al., 2004), or (2) a coma longer than 24h (as measured by the Glasgow
Coma Scale), or (3) neuroimaging changes commensurate with traumatic damage
(Malec et al., 2007). As GCS data was not available for many of the TBI participants,
or in instances whereby there was a discrepancy between GCS and PTA scores, PTA
was preferentially used in classifying the severity of TBI in our sample. Consistent
with Carroll et al. (2004) guidelines, those were considered in the moderate range if
they had a PTA lasting longer than 24 h but less than seven days, whereas those with
a PTA greater than 7 days were of severe TBI classification. PTA had to be prospectively
measured via the use of a validated measure (e.g. Westmead PTA scale), consistent
with current recommended guidelines (Ponsford et al., 2023).

TBI participants were excluded if they had: (1) a history of a prior neurological
disorder; (2) heart problems or abnormal ECG; (3) a TBI that was sustained before the
age of 16years; (4) a TBI of mild severity (i.e. PTA < 24h as evidenced by their medical
records); and (5) any communication issues. Participants were excluded if they were
younger than 17years or older than 75years, or if they were not at least 12 months
post-injury. Control participants consisted of healthy volunteers from the community
recruited via online advertisements posted on social-media or advertisement platforms
(e.g. Gumtree). They were excluded from participating if they met any of the following
criteria: (1) language or perceptual difficulties that would hinder the completion of
the tasks or cognitive testing, (2) a history of neurodevelopmental condition, psychi-
atric disorder or history of drug and alcohol dependence, and (3) a history of brain
insult or neurodegenerative condition (i.e. dementia) or (4) uncorrected vision or
hearing difficulties. Participants received reimbursement at a rate of approximately
$20 AUD per hour.
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In total, sixty-six participants were recruited to this study. They were aged between
20 to 70years (M=47.09, SD=14.24). The TBI group consisted of 35 participants (10
females, mean age 47.80years, range 21 - 70years). They had a mean PTA duration
of 66.03days (SD=53.143), with a range of PTA lasting between 9 and 186 days,
meaning that our entire was predominately of severe TBI severity (Carroll et al., 2004).
They had a mean GCS of 5.73 (SD=3.79, range 3-14). At the time of participation,
they were an average of 13.64years (SD=11.98, range 2—49years) post-injury. The
control group consisted of 31 individuals from the community (11 females, mean age
46.29years, range 20-68years). All participants provided informed consent and ethics
was approved by Royal Prince Alfred Hospital (X16-0279) and ratified by Western
Sydney University Human Research Ethics Committee (H15588) and the University of
New South Wales (HREC/08/RPAH141).

Measures

Mood induction

To assess subjective emotional experience, each participant completed a mood induction
that involved two parts. Firstly, participants viewed two movie clips from the films My
Bodyguard and Cry Freedom, which have both been shown to elicit anger (Gross &
Levenson, 1995; Wearne et al.,, 2021). The clip from My Bodyguard portrayed the scene
of a young man getting bullied by a bodybuilder. The scene from Cry Freedom portrayed
the attack by White South African soldiers on black protestors in the Soweto Massacre.
To account for order effects, clip presentations were counterbalanced between partic-
ipants. Next, participants completed the Paced Auditory Serial Addition Task (PASAT).
This required participants to listen to a series of numbers, then continuously add the
new digit to the prior one. The PASAT becomes increasingly difficult and elicits frustra-
tion and anger, and physiological arousal (Wearne et al., 2021). Subjective emotional
experience was averaged across both aspects of the mood induction task.

Objective emotional responses

To assess objective outcomes, heart rate was recorded via three Ag/AgC1 sensors
fitted to the participants wrists, and skin conductance level (SCL) was measured from
sensors fitted to the second and third digits of participants’ non-dominant hand. Raw
data was transmitted to a laptop computer via a 10-channel FlexComp Infiniti Encoder
system. Data was obtained using BioGraph Infiniti Software 6.0 (Thought Technology
Ltd., Quebec, Canada). HRV was quantified using time-domain and frequency-domain
analysis (Malik, 1996). For the time-domain, overall cardiovascular adaptability was
measured by calculating the standard deviation of normal-to-normal intervals (SDNNs)
(Malik, 1996). For the frequency domain, the absolute power spectral density (ms2)
was quantified for the high frequency (HF) band (0.15-0.40Hz) and low frequency
(LF) band (0.04-0.15Hz) (Malik, 1996). It has been considered that the HF band is an
index of parasympathetic activity, and the LF band an index of sympathetic activity
(Berntson et al., 1997). In sum, objective emotional reactivity was measured by com-
paring changes in SCL and HRV across two conditions, 1) at rest 2) and during the
mood induction.
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Subjective emotional experience

Two self-report questionnaires were administered to assess subjective mood changes
in response to the mood induction procedure. The 24-item Profile of Mood
States-Adolescent (POMS-A; Terry et al., 1999) is considered a valid index of adult
mood states (Terry et al., 2003), and consists of six subscales: anger, vigor, depression,
fatigue, confusion, and tension (4-items per subscale, maximum score of 16). Participants
rated their present mood (e.g. angry) according to a 5-point Likert scale ranging from
0 (not at all) to 4 (extremely). In this study, only the anger and tension subscales
were used. The Self-Assessment Manikin (SAM; Lang et al, 1997) was also used to
assess valence/general mood (e.g. mood associated with a stimulus) and arousal
during the resting state and in response to the mood induction. Graphic figures that
portray values along each dimension on a 5-point scale is presented to record emo-
tional responses. Greater scores indicated greater negative mood. The SAM has high
reliability for both dimensions (Lang et al., 1997).

Disinhibition: frontal systems behavior scale (FrSBe)

The FrSBe is a 46-item behaviour rating scale that measures behavioural disturbances
associated with damage to the frontal lobes and frontal brain systems (Stout et al.,
2003). The FrSBe consists of a total score and three subscales: Apathy (14-items),
Disinhibition (15-items), and Executive dysfunction (17-items). Item response is based
on a 5-point Likert Scale (1 = “Almost Never” and 5 = “Almost Always”). The FrSBe has
high internal consistency (self-rating form a = .88, informant-rating form a = .92)
(Grace et al., 1999), good inter-rater reliability (total score: .83 to .89, subscales: .79
to .92) (Velligan et al., 2002), and is a useful measurement tool in the population of
TBI (Niemeier et al., 2013). For the purpose of this study, the FrSBe was used to
determine group membership, such that those with Disinhibition scores with a T-score
of 65 or greater were allocated into the clinically elevated disinhibition group. The
self-report version was used for control while the informant version was used for the
severe TBI group (to minimise any issues with awareness and insight on the self-report
of emotion dysregulation).

Procedure

Some of the TBI participants in the current study formed part of a larger research
clinical trial (Wearne et al., 2021). First, prospective participants attended an assess-
ment to determine eligibility, which consisted of an interview and review of medical
records to obtain demographic and injury-related information (for the TBI-group).
Next, they completed self-report measures before baseline objective (physiological)
and subjective (self-report) data was measured to determine resting emotional state.
During the resting state, participants sat comfortably with their eyes open for five
minutes while physiological data was continuously measured to provide a baseline
of physiological arousal. They then completed the SAM and POMS to provide a base-
line of subjective resting emotional state. Participants subsequently engaged in the
mood induction procedure whereby physiological data was continuously measured.
Next, participants completed the self-report questionnaires to measure subjective
emotional experience to the mood induction procedure.
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Data analysis

For the objective and subjective emotional variables, the assumptions of normality
and homogeneity of variances were violated on several factors. Skin conductance and
HRV variables were consequently log transformed. Demographic and outcome baseline
measures were assessed between the TBI and control group using independent sam-
ples t-tests. To examine objective and subjective emotional outcomes and the effect
of disinhibition, data from each objective (SCL, HR, Respiration, HRV-HF, and HRV-SDNN)
and subjective measure (POMS-Anger, POMS-Tension, SAM-Arousal, SAM-Valence) was
subjected to a 2x2 x 2 mixed ANOVA with Condition (Baseline vs Induction) as the
within-subjects factor, and Group (TBI vs Control) and Disinhibition (Not Elevated vs
Clinically Elevated) as the between subjects factors. Statistical analyses were completed
using the Statistical Package for the Social Sciences (SPSS). Homogeneity of variance
assumption was met for HR, SCL, POMS-Anger, SAM-Valence, and SAM-Arousal vari-
ables. ANOVA is quite robust to small-to-moderate violations of normality and homo-
geneity of variance, particularly if the sample size is large (Field, 2013). Therefore,
with a sample size of 65, the departures from normality and homogeneity of variances
were not a concern and analyses were conducted with the assumptions satisfied. A
Bonferroni adjustment was made to correct for multiple comparisons such that alpha
was adjusted to p < .01. Partial n? are reported (Partial eta squared, n% 0.01=small,
0.06 =medium, 0.14=Ilarge) (Lakens, 2013).

Results
Demographic and group characteristics

The means and standard deviations for all demographic and baseline outcome variables
can be found in Table 1. The majority of the sample were of Australian background
(71.4%) while the remaining identified as European (22.9%) or Asian (5.6%). Prior to
sustaining their TBIs, the majority of the TBI group were students (22.9%) or worked
in trades (28.6%) or professional positions (34.3%). Only 2.9% were unemployed prior
to sustaining their injuries. However, 51.5% of the sample were unemployed or retired
at the time of assessment, while 14.3% worked in trades and 20% worked in profes-
sional settings. Overall, this suggests that those with TBI had quite significant functional
and occupational limitations post-injury. There were no significant differences between
those with TBI and controls with respect to age (t(64) = 427, p = .67, d = .11), years
of education (t(64) = —1.66, p = .10, d=-0.41) and gender distribution ([(x2(1, n=66)
= .362, p = .55). However, those with TBI had significantly greater total scores of dis-
inhibition on the FRsBe compared to controls (p < .05, d = .54). However, there was
no difference in the distribution of those with clinically elevated level of disinhibition
in the TBI group compared to control participants ([(x2(1, n=66) = 2.629, p = .11).

Baseline physiology & emotional factors

There were no significant group differences between those with TBI and controls with
respect to baseline SCL (t(64) = —1.38, p = .17, d=-0.34), HR (t(64) = -1.63, p = .11,
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Table 1. Demographic, resting, and disinhibition variables at baseline between those in the
traumatic brain injury (n=35) and control groups (n=31).

Demographic and injury TBI (n=35) Control (n=31)

characteristics Mean (SD) Mean (SD) Sig.
Age (yrs) 47.80 (14.26) 46.29 (14.30) .67
Biological sex (n) M=25, F=10 M=20, F=11 .55
Education (yrs) 13.46 (2.83) 14.55 (2.47) .10
PTA (days) 66.03 (53.14)

GCS 5.73 (3.79)

Time since injury (yrs) 13.64 (11.98)

Resting physiology and
emotional state

HR 65.80 (9.76) 69.65 (9.35) 1

SCL 1.28 (.91) 1.51 (.97) 31

Respiration 14.36 (3.03) 13.76 (2.75) A1

HRV - SDNN 3.88 (.76) 3.81 (.36) .64

HRV - HF 4.71 (2.05) 4.33 (1.07) 35

SAM - Valence 2.49 (.58) 2.48 (.63) 98

SAM - Arousal 1.87 (.77) 1.39 (.62) 01*
POMS - Anger .70 (1.88) .06 (.25) .054
POMS - Tension 1.57 (2.27) 77 (1.23) .079
Disinhibition

FrSbe 66.49 (19.59) 57.00 (14.84) .03*
Clinically elevated (n) N=17 N=9 11

Not clinically elevated (n) N=18 N=22

Note. TBI: Traumatic brain injury; SD: standard deviation; PTA: Post Traumatic Amnesia; GCS: Glasgow Coma Scale;
HR: Heart rate: SCL: skin conductance level; HRV: heart rate variability; SDNN: standard deviation of normal-to-nor-
mal intervals; HF: high frequency; SAM: Self-assessment manikin; POMS: Profile of Mood States; FrSbe: Frontal
Systems Behavior System; yrs: years; n: number; sig: significance level.

d=-0.40), respiration rate (t(64) = —-0.830, p = .41, d = .25) and HRV measures of
SDNN (t(49.99) = —-0.472, p = .64, d = .11) and HF-HRV (t(52.83) = .94, p = .35, d =
.22). Those with TBI also reported no baseline differences with respect to general
mood (t(64) = .03, p = .98, d = .01), anger (t(35.35) = 1.99, p = .054, d = .46) and
tension (t(64) = 1.73, p = .08, d = .43). However, those with TBI reported elevated
arousal compared to controls at baseline (p < .01, d = .69).

Effect of anger provocation: objective physiological outcomes

Heart rate

There was no main effects of anger induction (F(1,62) = .210, p = .648, partial n2
.003), clinical group (F(1,62) = 2.664, p = .108, n2 = .041), or disinhibition (F(1,62)
.036, p = .849, n2 = .001) on HR. There were also no significant interactions between
clinical group and anger induction (F(1,62) = .046 p = .832, n2 = .001), disinhibition
and anger induction (F(1,62) = .487, p = .488, n2 = .008), and clinical group and
disinhibition (F(1,62) = .470, p = .496, n2 = .008) on HR. There was also no significant
three-way interaction between clinical group, disinhibition and anger induction on
HR (F(1,62) = .021, p = .885, n2 = .000).

Skin conductance
There was a main effect of anger induction on SCL, F(1,61) = 61.544, p < .0005, partial
n2 = .502, such that the anger induction produced significant increases to SCL
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compared to baseline. There was no main effect of clinical group (F(1,61) = .770, p
= .355, n2 = .014) and there was no main effect of disinhibition (F(1,61) = .879, p =
991, n2 = .016). There was also no significant interaction between clinical group and
anger induction (F(1,61) = .936, p = .337, n2 = .015), disinhibition and anger induction
(F(1,61) = 1.954, p = .167, n2 = .031), and clinical group and disinhibition (F(1,61) =
611, p = .688, n2 = .011). There was also no significant three-way interaction between
clinical group, disinhibition and anger induction on SCL (F(1,61) = .207, p = .650, n2
= .003).

Respiration

There was a main effect of anger induction on respiration rate (F(1,61) = 5.806, p <
.05, partial n2 = .087), such that anger induction led to increased respiration rate.
There were no significant main effects of clinical group (F(1,61) = .607, p = .439, n2
=.010), or disinhibition (F(1,61) = .050, p = .824, n2 = .001) on respiration. There were
also no significant interactions between clinical group and anger induction (F(1,61)
= .191. p = .664, n2 = .003), disinhibition and anger induction (F(1,61) = .309, p =
.580, n2 = .005), and clinical group and disinhibition (F(1,61) = 1.774, p = .188, n2 =
.028) on respiration. There was also no significant three-way interaction between
clinical group, disinhibition and anger induction on respiration (F(1,61) = .079, p =
779, n2 = .001).

HRV-SDNN

There was a main effect of anger induction on SDNN (F(1,62) = 7.507, p < .01,
partial n2 = .108), such that anger induction led to reduced SDNN. There were no
significant main effects of clinical group (F(1,62) = .741, p = .393, n2 = .012), or
disinhibition (F(1,62) = 1.431, p = .236, n2 = .023) on HRV-SDNN. There were also
no significant interactions between clinical group and anger induction (F(1,62)
1.897, p = .173, n2 = .030), disinhibition and anger induction (F(1,62) = .015, p =
.904, n2 = .000), and clinical group and disinhibition (F(1,62) = .429, p = .515, n2
= .007) on HRV-SDNN. There was also no significant three-way interaction between
clinical group, disinhibition and anger induction on HRV-SDNN (F(1,62) = 1.425, p
= .237, n2 = .022).

HRV-HF

There were no main effects of anger induction (F(1,61) = 1.504, p=225, partial n2 =
.024), clinical group (F(1,61) = 2.514, p = .118, n2 = .040), or disinhibition (F(1,61) =
547, p = 462, n2 = .009) on HRV-HF. There were also no significant interactions
between disinhibition and anger induction (F(1,61) = .073, p = .787, n2 = .001), and
clinical group and disinhibition (F(1,61) = .817, p = .370, n2 = .013) on HRV-HR.
However, there was a significant interaction between clinical group and anger induc-
tion, although the interaction did not withstand a significance correction (F(1,61) =
4.102, p = .047, n2 = .063). There was also no significant three-way interaction between
clinical group, disinhibition and anger induction on HRV-HF (F(1,61) = 1.002, p = .321,
n2 = .016).
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Effect of anger provocation: subjective emotional experiences

General mood

There was a main effect of anger induction on general mood (F(1,62) = 167.887, p
< .0005, partial n2 = .730), such that anger provocation induced significant increased
negative mood (Figure 1). There was also a main effect of disinhibition (F(1,62) =
9.223, p < .005, partial n2 =.129), such that those with clinically elevated disinhibition
reported greater negative mood than those without disinhibition overall. There was
no effect of clinical group on mood (F(1,62) = .311, p = .569, partial n2 = .005). There
were also no significant interactions between clinical group and anger induction
(F(1,62) = .106, p = .746, n2 = .002), disinhibition and anger induction (F(1,62) = .881,
p = .351, n2 = .014), and clinical group and disinhibition (F(1,62) = .032, p = .859, n2
= .001) on mood. There was also no significant three-way interaction between clinical
group, disinhibition and anger induction on general mood (F(1,62) = .217, p = .643,
n2 = .003).

Subjective physiological arousal

There was a main effect of anger induction on subjective arousal (F(1,62) = 75.931,
p < .0005, partial n2 = .550), such that anger provocation induced significant increased
subjective appraisal of arousal. There was also a main effect of clinical group (F(1,62)
= 5,556, p < .05, partial n2 = .082), such that those with TBI reported greater sub-
jective arousal than controls (Figure 2). There was no main effect of disinhibition on
subjective arousal (F(1,62) = 3.561, p = .064, partial n2 = .054). There were also no
significant interactions between clinical group and anger induction (F(1,62) = .076, p

Figure 1. Changes in general mood between baseline and mood induction for those with and
without elevated disinhibition. The mood induction produced greater negative mood (larger scores
indicate worse mood). Those with clinical disinhibition reported greater negative mood overall
compared to those without elevated disinhibition. These effects were consistent across brain injury
and control groups. ** p <.005.
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= .783, n2 = .001), disinhibition and anger induction (F(1,62) = 3.378, p = .071, n2 =
.052), and clinical group and disinhibition (F(1,62) = .468, p = .496, n2 = .007) on
subjective arousal. There was also no significant three-way interaction between clinical
group, disinhibition and anger induction on arousal (F(1,62) = .134, p = .715, n2
=.002).

Self-Reported anger

There was a main effect of anger induction on the self-report of anger (F(1,61) =
163.310, p < .0005, partial n2 = .727), such that anger provocation induced signif-
icant increased subjective experience of anger. There was also a main effect of
clinical group (F(1,62) = 4.177, p < .05, partial n2 = .064), such that those with TBI
reported greater subjective anger than controls. Similarly, there was a main effect
of disinhibition on the self-report of anger (F(1,61) = 7.697, p < .01, partial n2 =
.112), such that those with clinically elevated disinhibition reported greater symp-
toms of anger. There were no significant interactions between clinical group and
induction (F(1,61) = 1.000, p = .321, n2 = .016), and clinical group and disinhibition
(F(1,61) = .204, p = .653, n2 = .003) on anger. However, there was a significant
interaction between disinhibition and induction on the self-report of anger (F(1,61)
= 8.166, p < .001, n2 = .118). As shown in Figure 3, while those with and without
clinically elevated disinhibition reported similar levels of anger at baseline, those
clinically elevated in disinhibition showed significantly greater self-report ratings of
anger in response to mood induction. There was also no significant three-way
interaction between clinical group, disinhibition and anger induction on anger
(F(1,61) = .560, p = .457, n2 = .009).

Figure 2. Changes in the self-appraisal of physiological arousal between baseline and mood induc-
tion for those with brain injury (n=35) and controls (n=31). The mood induction produced greater
subjective experiences of physiological arousal. Those with brain injury reported greater arousal
overall compared to controls. There was no effect of disinhibition. ** p <.05.
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Self-reported tension

There was a main effect of anger induction on the self-report of tension (F(1,61) =
61.103, p < .0005, partial n2 = .500), such that anger provocation induced significant
increased subjective experience of tension. There was no main effect of clinical group

Figure 3. Changes in the self-report of anger between baseline and mood induction for those with
elevated disinhibition groups compared those with no disinhibition. Figure 3A depicts the changes
for those in the control group (n=31). Figure 3B shows changes for those with severe Traumatic
Brain Injury (n=35). The mood induction produced greater feelings of anger overall. However,
those with clinically elevated disinhibition reported greater feelings of anger in response to the
mood induction procedure compared to those without disinhibition. These results were consistent
across TBI and control groups. **p <.001.
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(F(1,61) = 1.472, p = .230, partial n2 = .024) but there was a main effect of disinhi-
bition on the self-report of tension (F(1,61) = 15.669, p < .0005, partial n2 = .204),
such that those with clinically elevated disinhibition reported greater symptoms of
tension. There were no significant interactions between clinical group and induction
(F(1,61) = .043, p = .836, n2 = .001), and clinical group and disinhibition (F(1,61) =
.564, p = 456, n2 = .009) on tension. However, there was a significant interaction
between disinhibition and induction on the self-report of tension (F(1,61) = 6.604, p
< .05, n2 = .098). As shown in Figure 4, while those with and without clinically ele-
vated disinhibition reported similar levels of anger at baseline, those clinically elevated
in disinhibition showed significantly greater self-report ratings of anger in response
to mood induction. There was also no significant three-way interaction between
clinical group, disinhibition and anger induction on tension (F(1,61) = .697, p = .407,
n2 = .011).

Discussion

The first aim of the current study was to determine whether participants with
moderate-to-severe TBI had altered objective and subjective experiences to a mood
induction procedure. While the mood induction elicited significant increases in SCL,
respiration and self-reported anger, tension, arousal, and general mood, together with
decreases in HRV-SDNN—effectively showing an effective manipulation effect—we
found no differences between TBI and control groups for any of the objective and
subjective measures examined. The second aim was to determine whether disinhibition
differentially affected the outcomes to anger provocation. Interestingly, the main
findings of this study were that those with clinically elevated disinhibition reported
elevated negative affect more generally than those not elevated in disinhibition.
Additionally, while disinhibition did not affect physiological responses to the mood
induction, it affected emotional subjective experience, such that the feelings of anger
and tension in response to the mood induction were particularly pronounced among
individuals who were disinhibited. These findings suggest that disinhibition affected
subjective appraisal of the mood induction, particularly for negative affect. Importantly,
these findings appear to be independent of whether an individual had previously
sustained a TBI.

For objective outcomes, we found that the mood induction procedure resulted in
significantly increased SCL and respiration across participants, and HRV-SDNN was
reduced, while there were no significant changes to other physiological measures.
Furthermore, we hypothesised that the TBI group would have significantly reduced
SCL and HRV in response to the mood induction procedure relative to controls.
Contrary to hypotheses, we failed to find group differences for most physiological
measures. While some research has reported group differences in SCL after viewing
emotion-eliciting stimuli (e.g. de Sousa et al,, 2011, 2012), Rushby et al. (2013a) found
no differences. Interestingly, both studies utilised the same emotion inducing films
(i.e. Bodyguard and Cry Freedom) as the present study. Therefore, no group differences
for SCL are consistent with findings from Rushby et al. (2013a). Additionally, two
systematic reviews investigating physiological reactivity to emotional stimuli have
reported that findings within the literature are mixed, however, there was more



1538 M. MENDEZ ET AL.

Figure 4. Changes in the self-report of tension between baseline and mood induction for those
with elevated disinhibition groups compared those with no disinhibition. Figure 3A depicts the
changes for those in the control group (n=31). Figure 3B shows changes for those with severe
Traumatic Brain Injury (n=35). The mood induction produced greater feelings of tension overall.
However, those with clinically elevated disinhibition reported greater feelings of tension in response
to the mood induction procedure compared to those without disinhibition. These results were con-
sistent across TBI and control groups. **p <.001.

consistent evidence of reduced physiological reactivity in those with TBIs, particularly
when viewing images and videos (Bodart et al., 2023; Sarah et al., 2023). While
anger-inducing videos were used in this study, we also included the PASAT to induce
stress and anger. Thus, the divergent results may be due to the addition of the cog-
nitive task. Research investigating physiological responses to stressful tasks has been
more consistently mixed, potentially due to differences in stress-inducing tasks and
individual differences in the perceived threat of the stressor (Sarah et al., 2023).
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Additionally, the lack of differences in HRV between groups for objective output
is not consistent with findings from Amorapanth et al. (2018). In their sample,
Amorapanth et al. (2018) included participants with self-reported cognitive and emo-
tional difficulties. Therefore, it is possible that the emotional difficulties of their sample
helped to explain the reduced HRV found in their study. This would also be consistent
with findings that reduced HRV is associated with difficulties with emotion regulation
(Cattaneo et al., 2021). Whilst almost 50% of our TBI sample met the diagnostic cut-off
for elevated disinhibition, the variability in emotion dysregulation may have led to
greater heterogeneity in our sample that limited the detection of group-based dif-
ferences in HRV. Indeed, evaluation of the baseline HRV responses showed that the
variability of HRV in the TBI group was almost double that of the control group,
suggesting that the TBI group had greater within-group variability on the HRV mea-
sures. This greater variability within a TBI group has been demonstrated before (Francis
et al,, 2016). Overall, these mixed findings are unsurprising given that TBIs are het-
erogeneous, such that their idiosyncrasies are unlikely to produce a homogeneous
physiological signature when viewing emotion inducing stimuli. Therefore, it is plau-
sible to expect different findings between studies.

For subjective emotional experience, we found that the mood induction procedure
resulted in significantly increased self-reported negative affect (e.g. general mood,
anger, tension) and increased ratings of arousal. These findings suggest that the mood
induction effectively elicited negative subjective feelings of emotion. In regard to
group differences, it was hypothesised that the TBI group would have significantly
lower self-reported arousal and reduced negative mood, and there would be no
difference for anger and tension ratings in response to the mood induction relative
to controls. Contrary to hypotheses, we did not find any TBI differences for subjective
arousal and general mood in response to the mood induction. These findings were
unexpected since de Sousa et al. (2012) found reduced arousal and reduced negative
emotional response to unpleasant films in those with TBI compared to controls. The
authors proposed that those with TBI have a reduced emotion recognition and there-
fore have reduced empathy and reactivity to emotional stimuli. However, our results
are more consistent with independent findings that individuals with TBI are able to
identify and differentiate the emotional intensity of various emotional stimuli despite
having difficulty with emotion recognition (Wearne et al., 2020). Consistent with this
latter observation, with intact ability to determine the emotional intensity of the
scenes depicted in the films, participants with TBI could have used this information
to produce responses when asked to rate how arousing or unpleasant the stimuli
were for them. Although this is speculative, past research has found that participants
with TBI exhibit a liberal bias when reporting emotional intensity of stimuli (Callahan
et al, 2011). Alternatively, it is plausible that this sample with an average 13-years
post-injury have developed feedback mechanisms to bring their subjective feelings
of arousal to homeostasis. For example, being long-term post-injury they may have
learnt to accurately attribute their personal experiences to physiology. As predicted,
the mood induction did not result in any group differences for self-rated anger and
tension. These findings are consistent with findings from McDonald et al. (2010). These
results showed that both groups reported heightened feelings, arousal and negative
mood to a similar degree.
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Interestingly, we found that disinhibition significantly interacted with the exposure
to anger provocation. However, this was specific to the subjective, but not the objec-
tive, outcomes of the study. That is, while negative mood increased following the
anger induction for all participants, those with clinically elevated disinhibition showed
greater self-reported anger and tension compared to those not elevated in disinhi-
bition. Importantly, these findings were independent to changes in physiology, sug-
gesting that disinhibition significantly affected the interpretation of the mood induction
procedure, rather than affecting the response itself. Thus, our hypotheses of increased
subjective emotional reactivity for those elevated in disinhibition was supported.
These findings are aligned with previous research which has found that impaired
control affects both emotional and cognitive processes (McDonald et al.,, 2010).
Importantly, and unexpectedly, the relationship between high disinhibition and
increased subjective emotional reactivity did not change as a function of having a
TBI. This suggests that it is not necessarily having a TBI that impacts negative emo-
tional appraisal but rather if someone has elevated disinhibition (Filipcikova et al.,
2022). Given the lack of moderation between disinhibition and physiology, these
findings suggest that disinhibition interacts specifically with the negative appraisal
of emotion inducing stimuli.

These findings have several important clinical implications. First, the fact that dis-
inhibition affected the negative appraisal of emotional material irrespective of TBI
status suggests that baseline disinhibition may serve as an important prognostic factor
in determining those who may be susceptible to emotion dysregulation following
brain injury. It would therefore be important to assess disinhibition (both historical
and current) when assessing emotional and behavioural outcomes after TBI. Further,
since disinhibition was found to increase subjective reactivity, disinhibition may be an
important component of emotion regulation interventions to consider after TBI, and
more generally. For example, a study investigating disinhibition and emotion regulation
in boys with ADHD found that those who were able to inhibit emotional responses
when requested were more effective with emotion regulation than those with high
disinhibition (Walcott & Landau, 2004). Therefore, improving inhibitory control could
potentially ameliorate emotion dysregulation after TBI. Alternatively, given that these
findings suggest that disinhibition led to greater interpretation biases in response to
emotional provocation, cognitive and emotional reappraisal may be an effective strategy
for those with elevated disinhibition scores, particularly for those following TBI.

There are also several limitations of this study that should be discussed. First,
many of this sample are quite long-time post-injury, and therefore results could be
different in the acute stages of recovery whereby individuals may be struggling to
adjust to their new identity, ways of processing information, and how they respond
emotionally and behaviourally to environmental cues. Regardless of severity, individ-
uals can make functional improvements in the months and years following a TBI
(Rosenbaum et al., 2018). Therefore, investigating the link between emotional reactivity
and disinhibition in the acute stages of recovery may provide a different perspective,
and is therefore a recommendation for future research. Second, the sample size is
relatively small and may have lacked statistical power to detect other meaningful
results. While we found no significant differences between those in the TBI and
control groups, several of these outcomes were of small to medium effect size (i.e.
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np?s of 0.01 to 0.031). This suggests that our study was powerful enough to statis-
tically identify differences that were of medium to large effect size. While smaller
effect sizes raise questions about clinical usefulness, it may be that further results
would have been identified with a larger sample. As such, these findings can be best
described as exploratory and preliminary given these sample size concerns. Thirdly,
while this study focused on disinhibition as a measure moderating reactivity to
emotional stimuli, it is possible other factors could have affected these outcomes,
such as attentional control. For example, it has been suggested that low attentional
control - which is related to high disinhibition - has the potential to heightened
emotions due to the inability to shift focus away from the threat (Wood & Worthington,
2017). Therefore, attentional control could also be a moderator in the relationship
between elevated disinhibition and subjective emotional reactivity and should be
explored in future research.

In conclusion, this study explored the relationship between disinhibition and severe
TBI with respect to physiological and subjective responses to emotional provocation.
We found that disinhibition moderated the impact of the anger provocation on sub-
jective, but not objective, emotional experiences. This suggests that disinhibition,
rather than TBI, may impact the negative appraisal of emotional events. As such, it
cannot be assumed that having a severe TBI leads to emotional dysregulation, but
rather it appears the degree of disinhibition may alter subjective interpretations of
emotional events which could potentially lead to increased behavioural outbursts.
This study therefore highlights the importance of interpretation and appraisal in the
evaluation of emotional experiences, which may be important targets in the treatment
of dysregulation for those with and without TBI.
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