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Neuropsychiatric Disorders in Persons
With Severe Traumatic Brain Injury:
Prevalence, Phenomenology, and
Relationship With Demographic
Clinical and Functional Features
Paola Ciurli, PsyD; Rita Formisano, PhD, MD; Umberto Bivona, PhD, PsyD;
Anna Cantagallo, MD; Paola Angelelli, PhD
Objective: This study aimed to characterize neuropsychiatric symptoms in a large group of individuals with severe
traumatic brain injury (TBI) and to correlate these symptoms with demographic, clinical, and functional features.
Methods: The Neuropsychiatric Inventory (NPI), a frequently used scale to assess behavioral, emotional, and motivational disorders in persons with neurological diseases, was administered to a sample of 120 persons with severe
TBI. Controls were 77 healthy subjects. Results: A wide range of neuropsychiatric symptoms was found in the
population with severe TBI: apathy (42%), irritability (37%), dysphoria/depressed mood (29%), disinhibition (28%),
eating disturbances (27%), and agitation (24%). A clear relationship was also found with other demographic and
clinical variables. Conclusion: Neuropsychiatric disorders constitute an important part of the comorbidity in populations with severe TBI. Our study emphasizes the importance of integrating an overall assessment of cognitive
disturbances with a specific neuropsychiatric evaluation to improve clinical understanding and treatment of persons
with TBI. Key words: neuropsychiatric disorders, Neuropsychiatric Inventory, severe traumatic brain injury
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EUROPSYCHIATRIC SEQUELAE are widely
reported in persons with traumatic brain injury
(TBI) and their presence and persistence often have deleterious effects on recovery and rehabilitation outcomes.
Furthermore, neuropsychiatric symptoms, including disorders of cognition, mood, motivation, and behavior,1
appear to have an important role in shaping long-term
outcomes, particularly those related to family and social
reintegration and return to work.2,3
The literature on TBI contains a wealth of case reports and retrospective studies. However, there are very
few prospective studies, most of which were carried
out without using clearly defined criteria or structured
instruments.4 In this area, there are 2 kinds of studies: one tries to assess and find a full spectrum of psychiatric syndromes by using scales that provide a psyAuthor Affiliations: IRCCS Santa Lucia Foundation, Rome (Drs Ciurli,
Formisano, and Bivona); Department of Neuroscience/Rehabilitation,
Hospital and University of Ferrara, Ferrara (Dr Cantagallo); and
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Corresponding Author: Paola Ciurli, PsyD, IRCCS Santa Lucia Hospital,
via. Ardeatina 306, Rome, Italy (p.ciurli@hsantalucia.it).

chiatric diagnosis according to International Classification of Diseases, Tenth Revision, or Diagnostic and Statistical Manual of Mental Disorders (DSM) criteria5–7 ; the
other uses a dimensional approach to characterize single disturbances such as agitation, disinhibition, apathy,
and depression.8–10 With regard to mood disorders, depressive symptoms,9,11,12 apathy,13–15 and anxiety1 are
prevalent; mania4 and obsessive-compulsive disorder6
are reported less frequently. Moreover, in the acute
recovery period, agitated behavior (ranging from restlessness to aggressiveness) is frequently reported.16 Although this behavior tends to disappear prior to the
resolution of posttraumatic amnesia,17 it may also continue into the chronic phase.18,19 Psychosis, which is
relatively rare, can also be a serious complication in individuals with TBI.20 In this population of patients, neurobehavioral disturbances are not only reported in the
first phase of the recovery period but may also persist as
long-term psychiatric sequelae.20–22 Furthermore, mood
and behavioral disorders interfere with rehabilitation efforts and can result in unemployment, repeated hospitalization, legal problems, and alienation from family and
friends.10 Therefore, these disorders must be identified
1
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by means of specific assessments.6 In this way, effective
treatments can be undertaken, leading to improved outcomes for individuals with TBI.
Assessing the neuropsychiatric disturbances of persons with brain injuries presents unique challenges.1,4
Essentially, 4 factors have to be considered.23 The
first is that cognitive deficits (such as memory or language disturbances) and difficulty with self-monitoring
and self-awareness, which are frequently associated with
TBI, may alter neuropsychiatric assessments and force
clinicians to look for other more reliable sources of
information.24 The second factor concerns diagnostic
classification, which is usually based on the DSM-IV25
criteria and generically separates psychiatric disorders
into “primary” syndromes and “secondary” disorders (ie,
associated with general medical conditions); moreover,
it does not include phenomenology and specific neuropsychiatric disorders that are very common in populations with TBI such as apathy, irritability or agitation,
and disinhibition. The third factor concerns the limited
applicability of traditional diagnostic tools in a neurological population. These tools often consist of selfreports, which are inappropriate for persons with TBI,
and standardized psychiatric interviews, which are often
inadequate for persons with brain injuries because they
were developed for psychiatric syndromes not for specific neuropsychiatric symptoms.26 Finally, the fourth
factor is that neurological and cognitive symptoms (such
as hypoarousal, loss of energy, and neurovegetative disorders) often mimic or alter the clinical presentation of
some psychiatric disturbances,4,23 which are generally
interpreted as somatizations of depression and anxiety.
In recent years, the importance of using specific neuropsychiatric tools that can measure the emotional and
behavioral disturbances commonly observed after TBI
has been underscored. New clinical tools have been
developed23 that permit detection and quantification of
a wider range of neuropsychiatric changes. They are generally based on information gathered from caregivers because of the unreliability caused by deficits in cognition
and insight, as well as unawareness. Cummings et al27
developed the Neuropsychiatric Inventory (NPI), which
provides a comprehensive assessment of psychopathology. It consists of an informant-based interview that
evaluates behavioral changes secondary to a neurological illness. It covers a wider range of neuropsychiatric
symptoms than other tools and minimizes administration time. The authors validated its use in persons with
dementia with different etiologies. More recently, the
NPI was used successfully to describe the neuropsychiatric symptoms poststroke23 and of a small cohort of
persons with TBI.28 The use of specific scales, such as
the NPI, should increase the sensitivity of clinical observations and facilitate the assessment of neuropsychiatric
symptoms.

In this study, we aimed to quantify and characterize
neuropsychiatric disorders following severe TBI by using the NPI: (a) to obtain a comprehensive description
of psychiatric disorders and (b) to study the clinical variables that predict the development of emotional and
behavioral disorders after severe TBI.
MATERIALS AND METHODS
Participants
This multicenter study included a population of 120
subjects with severe TBI, admitted as in- or outpatients to
the rehabilitation programs of the Santa Lucia Foundation (Rome, Italy) and the Department of Neuroscience,
Rehabilitation Hospital (Ferrara, Italy), from February
2007 to January 2008. The study was approved by the
local ethical committee.
The study sample was from an overall group of 136
persons with TBI admitted to these 2 rehabilitation hospitals. After enrollment, 9 persons with TBI were excluded because they, or their caregivers (7 cases), refused to provide informed consent; 6 persons with TBI
were excluded because their caregivers were unreliable
because of psychiatric disorders (2 cases) or to alcohol
abuse (2 cases) or because they had a very low socioculture level (2 cases); 2 persons with TBI could not
participate in the study because they were unexpectedly
discharged; and 1 participant was excluded after providing informed consent because his caregiver did not want
to continue the study because of psychological distress
experienced during the interview. Finally, a total of 96
inpatients (80%) and 24 outpatients (20%) (specifically,
89 males [74.2%] and 31 females [25.8%]) met the inclusion criteria and were enrolled consecutively.
Inclusion criteria required a diagnosis of severe TBI
(Glasgow Coma Scale score ≤8)29 medically documented by computerized tomography (CT) or magnetic resonance imaging (MRI) data; Levels of Cognitive
Functioning Scale (LCF-S)30 score of 4 or more; age of
at least 15 years at the time of injury; time interval from
head trauma longer than 30 days; and provision of informed consent by both the person with severe TBI (or a
legal representative) and by his or her caregiver. Subjects
were excluded if they had a history of alcohol or drug
abuse or if they already had psychiatric or neurological diseases prior to the severe TBI. Subjects who were
already on antipsychotic, antidepressant, or anxiolytic
drugs were also excluded.
Procedures
Demographic information (age, gender, and years of
education) and injury severity data were collected by investigating medical records and by interviewing subjects
and family members. All cases were submitted to careful

c Wolters Kluwer Health | Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
Copyright 

Neuropsychiatric Disorders After Severe TBI

3

TABLE 1 Demographic, clinical, and functional features of the persons with traumatic
brain injury (TBI) and healthy controls
TBI group (N = 120)

Healthy controls (N = 77)

Demographic features

Mean ± SD

Range

Mean ± SD

Range

Age, y
Education, y
Gender distribution, n
Male
Female
Neurological features
Chronicity, mo
TFC, d

31.3 ± 12.7
11 ± 3.5

15–64
3–18

36.1 ± 12.9
12.6 ± 3.9

15–65
3–18

89
31

42
35

10.6 ± 15.1
22.4 ± 17.0

1–73
0–80

TBI group, n
Neuroimaging features
Pure DAI
Focal unilateral or bilateral lesions
DAI with unilateral or bilateral focal lesions
Functional features
Glasgow Outcome Scale score
3
4
5
Levels of Cognitive Functioning Scale score
4–5–6
7–8

46
38
36
69
32
19
52
68

Abbreviations: DAI, diffuse axonal injury; TFC, time from injury to when a person is able to consistently follow simple commands.

neuropsychiatric evaluation by a neuropsychologist. A
neurologist administered the following scales to assess
disabilities and functional recovery status: the Glasgow
Outcome Scale (GOS),31 divided into 3 levels: severe disability (a score of 3), moderate disability (a score of 4), or
good recovery (a score of 5) and the LCF-S,30 with scores
ranging from 4 (confused/agitated) to 8 (purposeful/
appropriate).
Clinical variables included the interval (in days) from
coma onset until the person was able to follow simple
commands32 (TFC) and the interval from the TBI to
the NPI evaluation (chronicity, coded as 0 ≤ 12 months
and 1 > 12 months) (Table 1). TFC was established
both from clinical reports of the acute and postacute
phases and from caregivers’ interviews. Subjects were
identified as having severe TBI if their TFC was more
than 6 hours,29,33 their GCS score was 8 or less,29 and
whether they presented objective neurological findings
(such as altered mental status, cranial nerve deficits, or
limb paresis) and/or neuroimaging lesions (focal or diffuse). Although it has been demonstrated that the duration of posttraumatic amnesia is a significant clinical
predictor of global and neuropsychological outcomes
even when measured retrospectively,34,35 this marker was
not included because it was unavailable for some persons, unreliable in those with persistent memory problems, and still present in others. Two blinded neurolo-

gists diagnosed the available cerebral CT scan or MRI as
(a) diffuse axonal injury (DAI), (b) unilateral/bilateral
focal lesions, or (c) mixed features of unilateral/bilateral
focal lesions and DAI. Cerebral lesions were diagnosed
as focal when they were larger than 1 cm. Diffuse axonal injury was diagnosed when microscopic (<1 cm)
and multiple lesions were present, based on the international literature on DAI.36–40
Seventy-seven age-matched, healthy volunteers served
as control subjects. They were recruited outside the hospital and were included only if they presented no prior
neurological or psychiatric disorders or reduced cognitive efficiency. We included healthy control participants
to avoid overestimating neuropsychiatric symptoms in
the population with TBI since at least some of the disturbances assessed by the NPI (such as dysphoria/depressed
mood, anxiety, irritability, and nighttime/eating disturbances) can also be present in neurologically undamaged people. Table 1 shows the demographic, clinical,
and functional features of the population with severe
TBI and the demographic data of the healthy controls.
Psychiatric assessment
A close relative of each enrolled person with a brain
injury and of each healthy control subject was interviewed using the 12-subscale version of the NPI. This
www.headtraumarehab.com
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tool has been validated in an Italian Alzheimer disease
population41 and demonstrated applicability to different
populations of persons with brain injury.23,28 Finally, the
NPI has been shown to have good content and concurrent validity as well as adequate test-retest, between-rater
reliability, and internal consistency.27 The Italian version of the NPI has demonstrated comparable psychometric properties.41 A neuropsychologist in each center administered the NPI to all TBI subjects’ caregivers
(when the former were admitted to our neuropsychological department) and to each control subject’s relative. All
subjects with TBI were interviewed before they started
taking medications that act on the central nervous system, except for antiepileptic drugs if needed or if already
prescribed in the intensive care unit or the neurosurgery
unit.
The NPI27 can investigate the behavioral and mood
changes of persons with Alzheimer disease42 and persons
having a stroke23 in different phases of their diseases.
Each subscale assesses a different area: delusions, hallucinations, agitation/aggression, dysphoria/depressed
mood, anxiety, euphoria, apathy, disinhibition,
irritability/lability, aberrant motor behavior, nighttime
disturbances, and appetite/eating disturbances. The
NPI consists of screening questions to help the relative
determine whether behavior changed after the TBI
and whether the altered behavior were present at the
time of the interview (“in the current week”). If they
respond positively, the symptom is explored by means
of several subquestions focused on specific features of
each disturbance. Symptom severity ranges from 1 (mild)
to 3 (severe) and frequency from 1 (rarely) to 4 (very
frequently) on the basis of the relative’s estimation.
Severity is mainly rated according to pervasiveness
of the disturbance. Frequency is rated according to
daily, weekly, or monthly recurrence. Typical screening
questions are as follows: “Does your husband/wife
seem more irritable to you now than before the head
trauma? Has he/she ever shouted or cursed in anger?”27
If the relative responds positively, the original protocol
procedure is followed to rate severity and frequency
of the disorder. The score for each behavioral domain
is the product of the frequency and severity subscore
for that particular behavior (maximum 12). Adaptation
for normal controls required substitution of the term
brain-injured person with your relative and after the head
trauma with this week.

of symptom incidence in the population with TBI, for
each NPI subscale, we computed the percentage of subjects with scores above the 95th percentile of the controls’ distribution scores. In this way, we considered as
clinically relevant only those scores that were above the
control subjects’ cutoffs. Then, to understand the phenomenology of the disturbances for each symptom, we
computed the percentage of the various specific features
that characterized it (ie, for apathy: decrease in activities, loss of interest in plans of family members, or other
relevant people, etc). Bootstrap analysis was performed
to compare between-group means. In fact, because
of the nonnormal distribution of the composite NPI
scores (multiplying frequency [1–4] by severity [1–3],
subscores would not produce a 5, 7, or 11 composite
score) and the nonnormal distribution obtained in our
samples (distribution of the controls’ scores was very
skewed considering that 95% of them scored below 1),
traditional parametric analyses were precluded and the
nonparametric Kruskal-Wallis or Mann-Whitney U tests
resulted in a loss of power.
Bootstrap analysis is a nonparametric resampling technique that allows a probability function based on the
data set actually obtained in the population. It combines the scores of the samples studied into a unique
pool of data from which it extracts a number of groups
equal to the original number (in the present case, 4).
Mean differences are then calculated from the randomly
constituted groups. These operations (resampling and
mean difference computation) are repeated on the data
set 3000 times to produce a distribution of the possible
mean difference for each NPI subscale. For each possible value obtained, the probability is then computed by
the frequency distribution. If the observed difference is
more than 95% of the expected difference from random
resampling, it is judged to be significant at the .05 level.
To evaluate the role of other demographic, clinical,
and functional variables in predicting the occurrence of
various neuropsychiatric symptoms, a logistic regression
analysis (forward stepwise) was performed using the various NPI symptoms (coded as 1 = present and as 0 =
absent) as dependent variables and 7 different independent variables (age, education, gender, chronicity, TFC,
GOS scores, and neuroimaging data) coded as described
previously.
RESULTS
NPI: Incidence and phenomenology of symptoms

Data analysis
Because of the ordinal nature of the scale, the neuropsychiatric data were analyzed using several nonparametric tests. The analysis consisted of a preliminary description of NPI score distribution in the sample of
participants with severe TBI. To obtain an estimation

For each NPI subscale, Table 2 reports the scores
corresponding to the 95th percentile of the control
population, the number (and corresponding proportion) of subjects with brain injuries who obtained scores
above the controls’ cutoffs (ie, the proportion of patients
showing clinically relevant disturbances). A preliminary
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Prevalence of neuropsychiatric symptoms in the population with traumatic brain

injury
Symptom

Healthy controls
>95th percentile

No. patients
>95th percentile

% Patients
>95th percentile

0
0
2
2
6
0
1
0
1
0
1
2

17
9
29
35
9
16
50
33
44
11
18
32

14
8
24
29
8
13
42
28
37
9
15
27

Delusions
Hallucinations
Agitation/aggression
Dysphoria/depressed mood
Anxiety
Euphoria
Apathy
Disinhibition
Irritability/lability
Aberrant motor behavior
Nighttime disturbances
Appetite/eating disturbances

exploration of the table shows important qualitative differences between participants with TBI and healthy controls. In the TBI population, positive cases were recorded
for delusions, hallucinations, euphoria, disinhibition,
and aberrant motor behavior; in contrast, not one of
these disturbances was recorded in controls. Moreover,
several subjects with TBI presented scores exceeding controls’ cutoffs for anxiety, dysphoria/depressed mood, agitation, irritability, apathy, and appetite/nighttime disturbances. In terms of prevalence, the most common
neuropsychiatric symptom in subjects with TBI was apathy, exhibited in 42% of the cases, followed by irritability (37%), dysphoria/depressed mood (29%), disinhibition (28%), appetite/eating disturbances (27%), agitation/aggression (24%), nighttime disturbances (15%),
and delusions and euphoria (14% and 13% respectively)
and more rarely (10%) by aberrant motor behavior (9%),
hallucinations (8%), and anxiety (8%). Table 3 shows the
phenomenology characterizing the most frequent symptoms of each disturbance.
Comparison between persons with severe TBI
and healthy controls
Table 4 shows the mean composite neuropsychiatric
score for each symptom in persons with severe TBI and
healthy controls. In the TBI group several neuropsychiatric symptoms resulted significantly present: delusions,
agitation, dysphoria/depressed mood, apathy, disinhibition, irritability and appetite/eating disturbances (all P <
.001), euphoria, aberrant motor behavior and nighttime
disturbances (all P < .01). For hallucinations and anxiety the analysis of mean failed to highlight higher scores
in TBI population with respect to controls. Results of
these analysis suggested that the group with severe TBI
was significantly disturbed by several neuropsychiatric
symptoms.

Relationship with other demographic or
clinical features
Table 5 shows significant results of the multiple logistic regression analysis. Dysphoria/depressed mood and
nighttime disturbances were significantly associated with
age. Older persons with TBI had a higher risk of developing depressive symptoms and nighttime disturbances
than younger persons with these injuries. Irritability was
linked with chronicity. Persons with TBI at 1 year from
the onset of severe TBI had a greater risk of becoming irritable. Aberrant motor behaviors and anxiety were
significantly associated with focal lesions. In particular,
persons with TBI and focal unilateral or bilateral lesions
had a 9 times greater risk of developing aberrant motor
behaviors and a 4 times greater risk of developing anxious behaviors than the other persons with TBI. None of
the other more frequent disorders were associated with
any other lesion site or injury features. Finally, apathy
and disinhibition were associated with GOS score severity. Persons with TBI and a GOS score of 3 had a 4
times greater risk of developing apathetic behaviors and
a 3 times greater risk of developing disinhibition than
the other injured persons.
DISCUSSION
The aims of the present study were to obtain a comprehensive description of psychiatric disorders in a population with severe TBI by using the NPI and to identify the
demographic, clinical, and functional variables that can
predict the development of emotional and behavioral
disorders in this population. After severe TBI, at least 1
of the 12 investigated neuropsychiatric symptoms was
found to be clinically relevant in 78% of persons with
TBI. The most frequent neuropsychiatric disorders in
our sample of participants with severe TBI were apathy,
www.headtraumarehab.com
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TABLE 3

Phenomenology of most frequent symptoms

Neuropsychiatric
Inventory domains
Apathy

Irritability/lability
Dysphoria/depressed mood

Disinhibition
Appetite/eating disturbances
Agitation/aggression

Nighttime disturbances

Delusions
Euphoria
Aberrant motor behavior
Hallucinations
Anxiety

Symptoms

%

Decrease in activities
Loss of interest in family members’ or other relevant people’s plans
Inattention to usual interests
Reluctance to start a conversation
Enhanced impatience and nervousness
Outbursts of anger
Impatience for delays or planned activities
Crying episodes and sadness
Pessimism
Feeling of uselessness and being a burden on family members
Suicidal ideas
Acting impulsively
Speaking confidentially with unfamiliar people
Being tactless and offensive
Alterations of eating habits (eg, preferred food or putting too much food in
the mouth)
Enhanced appetite
Obstinacy
Noncompliance, refusal to cooperate with the caregiver
Screams and imprecations
Violence toward objects and even people
Awaking during the night
Difficulties in falling asleep
Inadequate behaviors such as getting up and wandering around the house
Sleeping during the day
Illogical belief that relatives or other people lie on their true identity
Persuasion that someone was conspiring against them and felt in anger that
family members would leave them
Childish humor
Tendency to find things ridiculous that were not
Sense of unmotivated well-being or happiness
Walking without a goal
Repeating movements such as going back and forth on the wheelchair
Referring things not present
Speaking with imaginary people
Excessive preoccupation about programmed events
Separation anxiety
Subjective tension and inability to relax
Anxiety related to specific places (socially frequented) or situations (eg, cars)

76
76
70
67
75
63
50
77
69
54
54
58
53
34
47

followed by irritability, dysphoria/depressed mood, disinhibition, appetite/eating disturbances, and agitation/
aggression. Although it is not easy to compare our results with those of previous studies on populations with
TBI because of the different approaches used (DSMIV classification or rating scales evaluating single symptoms), they confirm the high frequency and wide range
of neuropsychiatric disturbances in populations with severe TBI.
The high frequency of apathy in our sample of participants with TBI is in line with the findings of other
studies that assessed adults with TBI using the Apathy
Evaluation Scale,13 in which the average rate of apathy
was 61.4%, with the lowest prevalence of 46.4%43 and
the highest of 71.1%.15 It is well known that loss of

42
77
77
70
54
50
33
33
33
50
30
63
50
38
50
50
60
40
40
40
30
30

motivation impairs rehabilitation outcomes and coping
skills44 and that it is one of the most common problems for persons with TBI and their families.45 Nevertheless, unlike reports in previous studies, here apathy
was not correlated with gender,46 chronicity,47 or injury
severity.15,46
Regarding symptoms of depression and anxiety, the
frequency of occurrence of both symptoms in the
present and previous research deserves some comments.
Dysphoria/depressed mood was found in 29% of persons with TBI in our sample, whereas in previous
studies,1,48 the incidence of depression ranged from 6%
to 77%. Similarly, positive scores on the anxiety subscale were found in 8% of participants in our sample,
whereas anxiety was reported to range from 11% to
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Mean Neuropsychiatric Inventory composite scores of healthy controls
and persons with traumatic brain injury
(TBI)a
TABLE 4

Symptoms
Delusions
Hallucinations
Agitation/aggression
Dysphoria/depressed mood
Anxiety
Euphoria
Apathy
Disinhibition
Irritability/lability
Aberrant motor behavior
Nighttime disturbances
Appetite/eating disturbances
Total score
a Comparison

Healthy Persons
controls with TBI
(n = 77) (n = 120)
0.000
0.000
0.260
0.273
1.156
0.000
0.208
0.000
0.117
0.000
0.299
0.403
2.714

0.692∗
0.250
1.942∗
2.067∗
1.108
0.550∗∗
3.458∗
1.042∗
2.342∗
0.567∗∗
1.075∗∗
1.692∗
16.783∗

with healthy controls: ∗ P < .001; ∗∗ P < .01.

70% in other investigations of TBI.1,48 These variations
can be explained by methodological differences. Most
studies used the DSM-IV or research diagnostic criteria. The diagnosis of depression according to DSM-IV
is based on clusters of symptoms that vary in number
according to the different subtypes of depression; moreover, many of these symptoms are somatic or motivational and in TBI may occur independently of their
effects on mood disorders. For example, fatigue, sleep
disturbances, and concentration difficulties are common
signs and symptoms in TBI with and without mood
disorders.4,49
In contrast, the dysphoria/depressed mood domain
of the NPI excludes features common to both TBI
and depression (ie, vegetative symptoms) and includes
more specific mood changes than other tools based on
the DSM-IV diagnostic criteria.50 Indeed, we found a
higher frequency of apathy than dysphoria/depressed
mood in our sample of participants with severe TBI.
Moreover, even if the different apathy and depression
evaluation scales are often correlated,51 these 2 symptoms have to be clinically differentiated. In fact, Andersson et al52 found that although apathy and depression
share common clinical features (reduced initiative, lack
of emotional responsiveness, and inattention), they can
occur independently. In fact, apathy was not correlated
with depressed mood, which is one of the main symptoms of depression. The NPI subscores for apathy and
dysphoria/depressed mood confirm what we commonly
observe with severe TBI in our practice.

7

As for phenomenology, in our study, dysphoria/
depressed mood was manifested mostly by crying
episodes and sadness, pessimism and feelings of uselessness, being a burden on family members, and, finally,
suicidal ideas. These data are in line with the interesting
results of Jorge and colleagues.11 These authors examined the evolution of psychological and somatic symptoms over the course of 1 year in 66 subjects with TBI
and found that 4 symptoms consistently differentiated
depressed from nondepressed persons: depressed mood,
reduced energy, feelings of worthlessness, and suicidal
ideation.
It stands to reason that a person who is experiencing
apathy or dysphoria will manifest lower functioning with
regard to collaboration in rehabilitation or in the activities of daily living because of pessimism or a loss of motivation. Both the high frequency of these passive behavioral features (apathy and depressed mood) and the kind
of phenomenology associated with these disturbances,
such as decreased activities, loss of interest in others,
neglecting usual interests, sadness, and pessimism, may
explain the high level of family distress and the poor
functional outcome in terms of social reintegration and
school/work reentry. All these symptoms affect participation in daily living activities, which is the strongest
predictor of life satisfaction,53 and the ability to get
along with people, to afford things, and to engage in
work and leisure.54 We also detected the typical positive
symptoms of severe TBI such as irritability, disinhibition, agitation/aggression, and, less frequently, euphoria,
aberrant motor behavior, delusions, and hallucinations.
Although other studies have reported similar disturbances, comparisons are often impossible because some
authors diagnosed these symptoms as psychotic48,55 or
manic6,56,57 whereas others focused only on single disturbances such as agitation19,58 or aggression.4,59,60 For
example, irritability is often considered a single symptom of broader syndromes such as mania,56 bipolar
disorders,61 or postconcussive syndromes.62 Moreover,
most studies do not report base rates of psychiatric symptoms in healthy controls, although symptoms such as
irritability, anxiety, and depressed mood may also be
present as situational or reactive conditions in these subjects. For this reason, we decided to enroll a control
group of normal subjects.
With regard to the influence of age, we found that
older persons with TBI were at higher risk of developing depressed mood and nighttime disturbances. Consistently with these findings, previous studies63,64 reported
statistically significant correlations between age and likelihood of depression (ie, depression has been found to be
more frequent with increasing age). Conversely, Deb and
Burns65 found that depressive disorders were more common in younger persons with TBI than in older ones,
but the age difference was not statistically significant.
www.headtraumarehab.com
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TABLE 5

Multiple logistic regression resultsa

Variables
Age

NPI symptoms
Dysphoria/depressed
Nighttime disturbances

Chronicity

Irritability/lability

Focal lesion

Aberrant motor behavior
Anxiety

Glasgow Outcome
Scale severity

Apathy
Disinhibition

OR = 1.04, 95% CI = 1.00–1.07, accuracy in prediction 63%,
significance of model χ 2 = 8.18, P = .01
OR = 1.04, 95% CI = 1.00–1.08, accuracy in prediction
84,8%, significance of model χ 2 = 4.26, P < .05
OR = 1.11, 95% CI = 1.33–6.36, accuracy in prediction
71.4%, significance of model χ 2 = 16.64, P = .001
OR = 9.42, 95% CI = 1.83–48.32, accuracy in prediction
91.4%, significance of model χ 2 = 9.04, P = .001
OR = 4.09, 95% CI = 1.59–10.48, accuracy in prediction
76.2%, significance of model χ 2 = 8.71, P = .001
OR = 3.77, 95% CI = 1.62–8.73, accuracy in prediction
64.8%, significance of model χ 2 = 10.27, P = .001
OR = 2.84, 95% CI = 1.04–7.83, accuracy in prediction
74,3%, significance of model χ 2 = 4.57, P = .05

Abbreviations: CI, confidence interval; NPI, Neuropsychiatric Inventory; OR, odds ratio.
a Significant relations between NPI symptoms and other demographic, clinical, and functional variables.

Moreover, unlike our study, which evaluated a sample
of participants with severe TBI ranging in age from 15 to
65 years, these authors split their participants into 2 age
groups, that is, 18 to 65 years and older than 65 years.
Because of these methodological differences, our results
cannot be compared with those of Deb and Burns.65
Older age was also found to correlate with nighttime
disturbances, which are generally taken into account by
different evaluation scales to diagnose depression. Since
increased levels of anxiety and depression are commonly
associated with sleep disturbances,66 the similar correlation found between nighttime disturbances and older
age should be considered an expected result, as secondary correlation with depressed mood. However, a
recent study67 did not find any statistically significant
correlation between age and sleep disturbance; however,
it showed that this symptom is a very common problem
(70%) in all persons with closed-head injury.
As far as clinical variables are concerned, chronicity
has been found to significantly correlate with irritability.
In fact, persons at 1 year from the onset of severe TBI
had a higher risk of becoming irritable. These data likely
have 2 explanations: (a) the association of greater time
postinjury with greater reporting of irritability suggests
that caregivers’ awareness of such problems increased
with increasing exposure, and (b) that the difficulties
experienced by persons with TBI in their family and
social reintegration or in school or work reentry may
have increased irritability. Also, other authors1 found
that behavioral deficits not only persisted in the population with TBI but also became even more severe with
passing time, probably because of exposure to stressful
factors associated with daily life changes and the coping
process.

Our finding of a significant correlation between the
presence of focal lesions and the risk of developing aberrant motor behavior is consistent with the data reported
by Van Der Naalt et al.68 These authors used CT and
MRI along with a prospective investigation of the relationship between early behavioral disturbances and cerebral abnormalities on imaging studies in 67 subjects with
mild to moderate TBI. In this latter study,68 CT focal lesions were diagnosed in 81% of the persons with mild
TBI and in 100% of the persons with moderate TBI who
were restless or agitated. Similarly, late MRI imaging revealed focal lesions in most of the participants in our
sample. Most frequently, individuals with TBI and early
behavioral disturbances present lesions of the frontotemporal lobes. Thus, subjects with restlessness and agitation
have likely suffered focal brain damage.68 Moreover, in
agreement with previous imaging studies,69,70 residual
emotional disturbances reported 1 year after injury were
associated with focal cerebral lesions. In our study, DAI
was present in most persons with TBI, although cerebral MRI was not available for all enrolled subjects. As
it is well known that CT scans can detect DAI in only
about 50% of persons with TBI71 and that these scans
are not sensitive to injury-related changes, the lack of
any statistically significant correlation between DAI and
any clinical or neuropsychiatric features cannot be considered as a conclusive result.
In our study, apathy and disinhibition were significantly correlated with severity of disability (GOS score),
which, therefore, may have had a greater impact on final outcomes, social functioning, and reintegration. In
fact, the presence of such symptoms in the population
with TBI may have considerably affected the possibility of successful family and social reintegration and of
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work/study reentry. It is a common issue for the caregiver of persons with TBI to have to deal with behavioral
and/or emotional disturbances, which usually cause social isolation.
Regarding disinhibition, a few studies in the literature focused on this symptom, probably because it is
included in the psychiatric syndrome of psychosis. Starkstein and Robinson72 found a statistically significant
correlation between the disinhibition syndrome and
orbitofrontal and basotemporal lesions after acquired
brain injury. The association between disinhibition
and worse GOS score confirmed our clinical experience
and previous data73 on poor social outcome; indeed,
this kind of “active” disorder may cause social isolation,
a loss of friends, and a decrease in intimate and sexual
relationships, with consequent worsening in the quality
of life of both persons with TBI and caregivers.73
Finally, the present study shows that the use of an
informant-based interview, such as the NPI, which is
based on specific neuropsychiatric disturbances commonly found in neurologically damaged persons, may
provide a much broader overview of neuropsychiatric sequelae in a population with severe neuropsychological
deficits due to TBI (LCF-S score from 4 to 8). Indeed,
these disorders are very difficult to detect by using selfreports because of the presence of deficits in awareness
and introspection. Moreover, in the present study, we
extended the use of this tool beyond the study of dementia and stroke23,41 and confirmed the suitability of
this kind of interview for use with persons with severe
TBI.28 Finally, because the NPI compares the injured
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person’s condition (before vs after TBI), it allows investigating whether the symptoms can be considered a
direct consequence of the trauma per se or a worsening
of the person’s premorbid personality.
The present study underscores the importance of
monitoring severe emotional and behavioral disturbances, which are very frequent, often long-lasting, and
a relevant part of the comorbidity of this neurological population. In our sample of participants with TBI,
we found a high prevalence of clinically relevant neuropsychiatric disturbances. Further studies including different cohorts of patients (ie, persons without TBI or
neurological illness, such as heart disease or orthopedic injury) are needed to determine whether the neuropsychiatric symptoms found in severe TBI are directly correlated with the TBI, with impaired function,
or with the trauma per se. Moreover, the methodology for assessing outcomes of persons with TBI must
be improved with regard to family, social, and occupational reintegration and perception of the quality of
life.
In conclusion, our study emphasizes the importance
of integrating an overall assessment of cognitive disturbances with a specific neuropsychiatric evaluation so
that all possible comorbidities are considered in the rehabilitation of persons with severe TBI. In this way, disturbances could be treated early and specifically, thus
improving collaboration in rehabilitation programs and
leading to better long-term psychosocial outcomes, social reintegration, and a higher quality of life for persons
with TBI and their families.
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