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Abstract

Objective: To evaluate the course of mood and identify its determinants up to 3 years after moderate to severe traumatic
brain injury (TBI).

Design: Prospective cohort study.
Patients: Patients hospitalised with moderate to severe TBI, who survived until hospital discharge.

Methods: At 3, 6, 12, 18, 24, and 36 months post-injury, mood was assessed with the Wimbledon Self-Report Scale (WSRS) in
the home environment. Motor and cognitive outcome were assessed with the Functional Independence Measure (FIM), and
the Functional Assessment Measure (FAM), respectively. Repeated measurements analysis was performed to determine the
course of mood over time and its determinants.

Results: A total of 98 patients (72% men), aged 33 (SD 12.9) years, 78% with severe TBI, was included. Mood did not change
until 18 months post TBI, after which it significantly improved (p=0.016). The FIM score significantly improved up to 18
months post-TBI (p=0.012) and the FAM score up to 12 months post-TBI (p =0.000), after which both remained stable. In
univariable analyses, time post TBI (f=—0.04, p=0.008), initial discharge destination (f=2.13, p=0.010), FIM (f=—0.22,
p<<0.001) and FAM (= —0.29, p<<0.001) were significant predictors of mood. In a multivariable mixed model, time post TBI,
FAM score, and discharge destination were the strongest predictors of mood. Higher FAM scores were related to better
mood scores (ff=—0.28, p<<0.001). Patients initially discharged home tended to have better mood scores over time than
patients first treated in inpatient rehabilitation centers or nursing homes (f=1.27; p=0.071).

Conclusion: Mood starts to improve 18 months after TBI when motor and cognitive outcome have stabilized. Time post TBI,
cognitive outcome and initial discharge destination are the strongest predictors of mood up to 3 years after TBI. These data
suggest that mood scores of patients with moderate and severe TBI should be frequently monitored, especially in

rehabilitation centers and nursing homes.
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Introduction

In Europe, about 1.6 million traumatic brain injury (TBI)
patients are admitted to hospital on a yearly basis. While national
incidence rates may vary, the incidence rate of TBI for the
European population is 235/100,000 with 66,000 deaths per year
[1,2]. The outcome after TBI can vary from complete recovery to
death, with many patients having long-term disabilities. Especially
after severe TBI disabling cognitive, behavioural, emotional and
sensorimotor impairments can occur [3].

Psychiatric disorders often complicate recovery and rchabilita-
tion from TBI, and the most frequently diagnosed psychiatric
disorder after TBI is depression [4]. Depression may hinder the
achievement of optimal rehabilitation goals and the successful
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reintegration of the patient into the home, family, community, and
work environment [5].

Data on the occurrence of depression after TBI are not
consistent. A prospective study, reported depression rates in adults
with mild to severe TBI of 53% in the first year after hospital
discharge [6]. Another study in an inpatient rehabilitation cohort
examined major and minor depression in relation to post-injury
societal participation: 22% reported minor depression and 26%
reported major depression at 1 year post-TBI. Both major and
minor depression were associated with sex (women), age (younger),
pre-injury mental health treatment, substance abuse and cause of
mnjury (intentional) [7]. Six months post-injury emotional state,
and cognitive and everyday functioning, are reported to be
interrelated [8]. Psychosocial stressors, maladaptive coping styles,
and lack of work/fear of job loss are the most important predictors
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Table 1. Characteristics of patients with moderate to severe
traumatic brain injury (N=98).

Patient characteristics Mean (SD) N (%)

Age, years 33 (12.9)

Gender, men 71 (72)
Married/living with partner pre-injury* 47 (48)
Employed pre-injury* 80 (83)
Educational level, low* 46 (47)

TBI Severity

Moderate (GCS 9-12) 22 (22)

Severe (GCS 3-8) 76 (78)

Hospital discharge to:

Home 45 (46)
Rehabilitation center 41 (42)

Nursing home 12 (12)

Length of stay, days

Hospital 39 (28.6)

Rehabilitation center 93 (21.7)

Nursing home 154 (30.8)

FIM at hospital discharge* 102 (24.6)

FAM at hospital discharge* 62 (15.2)

*Data missing for: pre-injury work status (n=15), living status (n=13),
educational level (n=14), FIM (n=18) and FAM (n=19).

SD: standard deviation; TBI: traumatic brain injury; GCS: Glasgow Coma Scale;
FIM: Functional Independence Measure; FAM: Functional Assessment Measure.
doi:10.1371/journal.pone.0087414.t001

for the development of a depression after TBI [9]. One
retrospective study reported that at (on average) 14.1 years post
onset, 45.3% of the severe TBI patients were depressed [10]. In a
long-term prospective study examining mild to severe TBI, a
depression rate of 17% was found 3-5 years post onset.
Educational level, pre-injury unstable work history, and alcohol
abuse predicted depression [11].

Depression is an important problem and vulnerability to
develop depression after TBI may be determined by a complex
interplay between genetic, developmental, psychosocial and TBI-
related characteristics [12]. Long-term prospective follow-up
studies on depression after TBI are scarce. Most studies have
focused on short-term outcomes with a maximum follow-up of 6—
12 months post-injury, and have a retrospective design.

The current study focuses on the long-term time course of mood
after moderate and severe TBI. It is part of the Rotterdam TBI
study, a prospective study with a follow-up of 3 years post-onset.
The first aim is to prospectively follow the course of mood scores in
relation to physical and cognitive functioning up to 3 years after
moderate and severe TBI, and to investigate the predictors of these
mood scores.

In the Netherlands, TBI patients are discharged from the
hospital to their home with or without outpatient rehabilitation
[1], to an inpatient rehabilitation center [2], or to a nursing home
[3]. Triage depends on the intensity of the rehabilitation program
the patient can tolerate, the expected recovery rate, and the social
context of the individual patient. The second aim is to explore if
there is a difference in the course of mood over time between these
groups up to 3 years after TBI, taking into account physical and
cognitive functioning. No study has investigated the relationship
between initial discharge destination from the hospital and mood
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Figure 1. Estimated mean (*1 SD) Wimbledon Self-Report
Scale (WSRS) scores over time in the Rehab group (blue line;
n=>53) versus the Home group (red line; n=45).
doi:10.1371/journal.pone.0087414.g001

scores over time. Also, most studies focus on inpatient rehabili-
tation cohorts, whereas the present study includes both inpatient
and outpatient groups. Our expectation is that TBI patients
initially discharged to an inpatient rehabilitation center or nursing
home will have worse mood scores than patients directly
discharged to their homes.

Methods

Ethics Statement

All eligible TBI patients and their family members or legal
representatives received verbal and written information about the
study. If possible, patients were asked to give written informed
consent. If patients were unable to sign, a legal representative
provided written informed consent and the patients were asked to
sign the informed consent form at a later time. The Medical Ethics
committee of Erasmus MC approved this study (MEC 174.273/
1998/183).

Study Population

In this study, patients with moderate or severe TBI (Glasgow
Coma Scale; GCS 3-12) were included between January 1999 and
April 2004 at three Dutch acute care hospitals, all large trauma
centers: Erasmus MC, Rotterdam (January 1999 to April 2004;
Medical Center Haaglanden, the Hague (January 2003 to
February 2004); and University Medical Center Utrecht, Utrecht
(April 2003 to February 2004) [13,14]. Patients were discharged
from the acute care hospital to their homes (with or without
outpatient rehabilitation), to an inpatient rehabilitation center or
to a nursing home.

Inclusion criteria were: (1) admission to a hospital for moderate
(GCS 9-12) or severe (GCS 3-8) [15] TBI; () age 16-67 years;
and (@) survival untl discharge from the hospital. Exclusion
criteria were: (z) insufficient knowledge of the Dutch language to
participate in the study; or (i) serious pre-traumatic neurological,
oncological, or systemic disorders (e.g. spinal cord injury, cancer
or psychiatric disorder) that may interfere with TBl-related
disability assessments.

Procedure

Patients were followed prospectively at 3, 6, 12, 18, 24, and 36
months post-injury. Two certified research psychologists collected
data by means of structured interviews at the patients’ homes, at
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Figure 2. Estimated mean Functional Independence Measure (FIM) and Functional Assessment Measure (FAM) scores over time in
the Rehab group (blue line; n=53), Home group (red line; n=45), and total group (black line; n=98).

doi:10.1371/journal.pone.0087414.g002

the rehabilitation center or at the nursing home where the patient
stayed at that time. If it was not possible to interview the patient, a
family member or professional caregiver was interviewed. This
was not applicable for the assessment of mood for which a self-
report questionnaire was used. Self-report scales were only
completed by patients themselves.

Measurement Instruments

Baseline measurements. Baseline characteristics were col-
lected during the hospital stay by the hospital staff. Socio-
demographic characteristics included age, gender, marital status,
pre-injury work status (employed versus not employed) and pre-

injury educational level.
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TBI severity was based on the lowest GCS score, measured
within the first 24 h of hospital admission. Length of stay (LOS) in
hospital, rehabilitation center, and/or nursing home were
registered. We classified the discharge destinations after hospital
discharge in three categories: home (the Home group), an
mpatient rehabilitation center or a nursing home (together these
latter two form the Rehab group).

Emotional status. Mood was assessed using the Wimbledon
Self-Report Scale (WSRS), which is especially suitable for
neurological patients [16]. This self-rating scale addresses only
the patient’s feelings and avoids enquiry about somatic symptoms,
memory and concentration problems. WSRS scores appear to be
unaffected by sex or age within the 18-80 year range [16]. The

E Total group
EHome group

mRehab group

Figure 3. Proportion of patients with a mood disturbance in the Rehab group (blue; n=53), Home group (red; n=45) and total

group (black; n=98) over time.
doi:10.1371/journal.pone.0087414.g003
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rates of false positive (about 4%) and false negative (about 6%)
outcomes are acceptably low [16]. The survey consists of 30
adjectives and phrases describing feelings. Of these, 24 describe
unpleasant feelings (e.g. ‘miserable’, ‘as if I am being punished for
something’) and 6 describe pleasant feelings (e.g. ‘happy’,
‘content’). Total scores range from 0-30, with high scores
indicating pervasive unpleasant feelings. Scores of 0-7 are
considered as normal, scores of 8—10 as borderline and scores of
at least 11 represent a clinically significant mood disturbance [16].
We used a validated Dutch translation of the WSRS questionnaire
[17]. The intra-class correlation coefficient and the squared
weighted kappa of this instrument were both 0.75 in the TBI
population of this study [13]. WSRS scores were collected at each
measurement time if patients were no longer staying in hospital,
rehabilitation center or nursing home. Thus, mood was assessed
only after final discharge to the home environment, so that
institutional factors could not influence mood scores.

Physical and Cognitive Functioning

Post-acute functional measures included the Functional Inde-
pendence Measure and Functional Assessment Measure (FIM and
FAM), measured at time of discharge from the acute care hospital
and during follow-up. The FIM and FAM, which has good
reliability and validity [18-21] consists of 30 items that are
evaluated on a 7-point scale (completely independent to totally
dependent). The 18 items of the FIM evaluate especially motor
functions such as self-care, sphincter control, transfers, and
locomotion, whereas the 12 items of the FAM primarily evaluate
cognitive functions, such as communication, psychosocial adjust-
ment, orientation and attention. The FIM motor scale ranges from
18 (totally dependent) to 126 (totally independent). The FAM
cognitive scale ranges from 12 (totally dependent) to 84 (totally
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Table 2. FIM, FAM and WSRS outcomes at 3, 6, 12, 18, 24 and 36 months after TBI.
3 months 6 months 12 months 18 months 24 months 36 months

FIM (mean) Rehab 929 109 114 117 117 118
Home 120 122 122 122 122 122
Total 109 115 118 120 119 120

FAM (mean) Rehab 61 69 72 73 74 75
Home 76 78 79 80 78 78
Total 68 73 76 76 76 77

WSRS (mean) Rehab 5.9 6.0 6.0 6.4 4.8 4.7
Home 4.2 42 37 3.6 25 2.7
Total 5.0 5.1 5.0 5.0 37 3.8

Normal (%) Rehab 73 74 74 72 79 79
Home 84 83 90 90 92 95
Total 81 79 82 81 86 86

Borderline (%) Rehab 9 9 1 5 11 9
Home 8 8 3 3 3 0
Total 8 8 6 4 7 5

Mood dist.(%) Rehab 18 17 16 23 1 13
Home 8 10 8 8 5 5
Total 10 13 12 16 8 9

FIM = Functional Independence Measure; FAM = Functional Assessment Measure;

WSRS =Wimbledon Self-Report Scale; Normal = WSRS score<<8; Borderline =WSRS score 8-10; Mood disturbance = WSRS score>10;

Total group N=98; Rehab group n=53; Home group, n=45.

doi:10.1371/journal.pone.0087414.t002

independent). FIM and FAM scores were rated by certified
research psychologists at each measurement time.

Statistical Analyses

Descriptive analyses were performed for the total group; means
and standard deviations (SD) were calculated for continuous
variables, and the total number and percentages for categorical
variables. Means (SD) of age, GCS score, and LOS were also
calculated for subgroups of patients with complete data versus
patients with missing data on the WSRS or FIM at 3 and 36
months to study potential selection bias.

The course of mood and functional outcomes over time were
calculated using linear mixed models with repeated measurements.
These analyses take into account that multiple measurements
within subjects are correlated. This procedure is very flexible in
handling missing values, by estimating the covariance parameters
in the data.

Using univariable and multivariable linear mixed models we
evaluated the effect of potential predictors, measured at baseline
and during follow-up, on the mood scores over time. Potential
predictors of mood included time of measurement, patient
characteristics (age, gender, living with partner, educational level,
pre-injury employment status), injury severity variables (LOS, TBI
severity: moderate (GCS 9-12) versus severe (GCS 3-8)),
discharge destination (Home versus Rehab), and time varying
functional outcomes (FIM and FAM), measured at the same times
as the mood scores. All variables that were significant with a p-
value <0.05 in the univariable models were selected for the
multivariable model. Using backward variable selection, variables
were removed from the multivariable model if the p-value >0.10.
Model fit was checked using the likelihood ratio test and Aikaike’s
information criterion. Lower model fit statistics indicate a better
fit. All analyses were performed using SPSS version 18.
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Table 3. Results of the mixed model analysis to predict the
course of mood measured with the Wimbledon Self-Report
Scale (WSRS) total scores in the home environment.
Predictor B SE p-value
Time, months after TBI —0.04 0.02 0.008%
Sociodemographic characteristics

Age, years 0.05 0.03 0.108
Gender

Male 0.24 0.92 0.796
Female* 0 0

Marital status

Single —0.39 0.58 0.502
Married/living together* 0 0

Work status

Unemployed 0.09 0.43 0.826
Employed* 0 0

Educational level

Low 0.07 0.70 0.919

High 0 0

Clinical characteristics

Severity TBI

Moderate (GCS 9-13) 0.20 0.97 0.836
Severe (GCS 3-8)* 0 0

Length of stay in hospital, days 0.02 0.02 0.132
Post-acute functioning

Hospital discharge destination:

Inpatient setting (Rehab group) 213 0.81 0.0107
Home* 0 0

FIM —0.22 0.04 <0.001
FAM —-0.29 0.04 <0.001#
Results are presented as univariable regression coefficients (B) with standard
errors (SE) and p-values.

*This parameter is set as the reference category.

#Ppredictors included in the final multivariable regression model (p<<0.10).
SE: standard error; TBI: traumatic brain injury; GCS: Glasgow Coma Scale; FIM:
Functional Independence Measure; FAM: Functional Assessment Measure.
doi:10.1371/journal.pone.0087414.t003

Results

Study Population

In total, 549 patients with TBI were screened in the hospital. Of
these, 153 patients died during hospitalization and 229 patients
were excluded: 90 patients did not fit the age range, 46 patients
had mild TBI, 45 patients had severe co-morbidity, 42 patients
were transferred to another area, and 6 patients did not have a
sufficient command of the Dutch language. Therefore, 167 eligible
patients were available, of which 113 consented to participate. Of
these participants, 98 completed the WSRS questionnaire after
final discharge to their homes and were included in the analyses.

The mean age of the study population was 33 (SD 12.9) years,
the majority were men (72%) and 78% had severe TBI. Patient
characteristics are presented in Table 1.

Course of Mood Score, FIM and FAM Over Time

At 3 years post-TBI, the number of responders for WSRS, FIM
and FAM scores was 88 (90%), 95 (97%), and 94 (96%),
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respectively, due to loss to follow-up or missing data. Figure 1
shows the course of mood and Figure 2 the course of FIM and
FAM scores over time in the Home, Rehab and total group. Mean
WSRS scores of patients who were initially discharged from the
hospital to a rehabilitation center (n=41) or a nursing home
(n=12) did not differ significantly (p=0.684) and were therefore
united into one group, the Rehab group.

The mean mood score did not change until 18 months after
TBI, after which it showed a significant improvement in both
groups (compared to the scores at 18 months, at 24 months there
was a 24% decline in WSRS score in the Rehab group and 30% in
the Home group). The mean FIM and FAM scores improved up
to respectively 18 and 12 months after TBI and remained stable
thereafter.

Table 2 shows the mean WSRS, FIM and FAM scores and the
proportion of normal, borderline and patients with a mood
disturbance in both groups and in the total group from 3 months
post-injury to 36 months post-injury. The mean WSRS scores 3
years after TBI were in the normal range in 86% of the patients,
5% had borderline scores and 9% had a mood disturbance.

Figure 3 shows the proportions of patients with a borderline or
mood disturbance over time in each group.

Predictors of Mood Disturbance

None of the sociodemographic characteristics nor TBI severity
(measured with the GCS) were significant predictors of the mood
scores (Table 3). Significant predictors of the mood score, assessed
in the home environment, in relation to time (months) after TBI
were initial hospital discharge destination, and concurrent FIM
and FAM scores. In the multivariable mixed model the FIM score
was no longer significant (p =0.170). The strongest predictors of
mood were time after TBI (f=-—0.03, p=0.072), FAM score
(f=-0.28, p<0.001), and discharge destination (f=1.27,
p=0.071), the latter indicating that patients who were directly
discharged home tended to have better mood scores up to 3 years
after TBI, than patients that were initially treated in an inpatient
rehabilitation center or nursing home after hospital discharge.

Comparison between Responders and Non-responders

To investigate possible differences between the responders and
patients that were not measured or lost to follow-up, we compared
the age at injury, GCS score, and LOS of these two groups at 3
and 36 months follow-up (Table 4).

WSRS scores were only measured if patients were finally
discharged to their homes, thus most of the non-responders are
found at the first follow-up measurement. Three months post-TBI,
patients with WSRS scores were significantly younger, had a
better GCS score and a shorter LOS in hospital compared to the
patients whose WSRS was not measured. After 36 months the
differences in baseline values between patients with and without
WSRS scores were no longer significant.

At 3 and 36 months post-TBI there were no significant
differences between patients with FIM scores and patients with
missing FIM scores.

Discussion

Using a prospective design, the present study evaluates the long-
term course of mood after moderate or severe TBI. Mood scores
as measured with the WSRS in the home environment were stable
in the first 18 months post-onset, improved thereafter and
stabilized after 2 years. Because only patients with moderate and
severe TBI were included, we expected a higher prevalence of
mood disorders. In the first 12 to 18 months patients showed
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considerable improvement on motor and cognitive functioning as
measured with the FIM and FAM scores respectively; after this
period of time the FIM and FAM scores stabilized. Time after
TBI, initial hospital discharge destination and FAM scores were
identified as the strongest predictors of mood. None of the
sociodemographic characteristics nor TBI severity (as measured
with the GCS) predicted mood disturbances on the long term.
This is consistent with findings from others [6,7,12,22].

A mood disturbance rate of 9% at 3 years after moderate or
severe TBI is low in relation to other reports. Even if borderline
symptoms were included as (mild) mood disturbance (total mood
disturbance rate 14%) or if we only look at the rehabilitation group
(mood disturbance rate 21%) our numbers are lower than those
reported earlier. For example, Hoofien et al. established high rates
of depression (45.3%) at (on average) 14.1 years after severe TBI
[10]. Andelic et al. found a depression rate of 31% 10 years after
moderate and severe TBI [23]. However, these studies suffered
from a retrospective design in which selection bias may have
played a role. When comparing our results with data from the
prospective study of Dikmen et al., in which 17% of the moderate
to severe TBI patients was depressed after 3-5 years [11], our rate
is similar. Furthermore, in our study patient inclusion took place in
the hospital and was not restricted to the rehabilitation center, as is
the case in most studies. Therefore, our data may better represent
mood disturbance rates in the total moderate to severe TBI
population. It should be noted, however, that in the present study
mood was only measured if the patient was staying at home at the
time of measurement; thus patients still residing in an inpatient
setting were excluded so that institutional factors would not
influence the mood scores. On the long term, mood scores of
patients initially discharged to inpatient rehabilitation remained
worse than mood scores from patients directly discharged home,
taking into account functional status. For comparison, functional
status at 3 months was assessed in all patients, institutionalized or
not. For functional status we found no significant differences
between responders and non-responders at any point in time.
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Table 4. Comparison between characteristics (mean (SD)) of patients measured and of patients not measured at 3 and 36 months
after TBI.

Patients measured Patients not measured p-value
WSRS at 3 months, n 48 50
Age at injury, years 303 (12.2) 35.1 (13.3) 0.066
GCS 7.71 (2.70) 551 (2.11) <0.001
LOS, days 24 (12) 54 (31.8) <0.001
WSRS at 36 months, n 88 10
Age at injury, years 32.7 (13.1) 332 (11.7) 0.913
GCS 6.53 (2.66) 7.30 (2.41) 0.386
LOS (days) 39 (27) 46 (39.8) 0.421
FIM at 3 months, n 89 9
Age at injury, years 324 (13.1) 36.8 (10.0) 0.331
GCS 6.62 (2.67) 6.56 (2.40) 0.946
LOS (days) 37 (24) 64 (54) 0.183
FIM at 36 months, n 91 7
Age at injury, years 33.0 (13.1) 30.0 (10.6) 0.557
GCS 6.53 7.71 (1.50) 0.253
LOS (days) 41 (29) 26 (20) 0.188
GCS =Glasgow Coma Scale, LOS =Length of hospital stay, FIM = Functional Independence Measure, WSRS =Wimbledon Self-Report Scale.
doi:10.1371/journal.pone.0087414.t004

Therefore, our results may imply that it might be favourable to
promote a fast discharge home to prevent mood disorders.
However, early discharge home places a greater demand on
outpatient rehabilitation services and on caregivers’ support [24].
In addition, mood disorders during hospitalization might co-
determine discharge destination. Unfortunately, specific data on
psychological or pharmacological treatment of mood disturbance
were not collected during the course of this study. We can
therefore not exclude the influence caused by treatment of mood
disturbances on the outcomes. Even if patients with mood
disturbances during hospitalization are more likely to being
discharged to a rehabilitation center or nursing home, these
patients still tend to have worse mood scores up to 3 years after
TBI. Therefore, it is important to monitor mood on a regularly
basis in patients with moderate to severe TBI, especially in these
settings, and to treat symptoms of depression if necessary.

In the present study the FIM scores improved up to 18 months
post-TBI and the FAM scores up to 12 months post-TBI after
which scores stabilized; the mood scores started to improve after
18 months and stabilized after 2 years. Thus, mood seems to
improve when recovery in the motor and cognitive domain have
stabilized.

Schénberger et al. also studied the relation between depression
and functional outcome using the Structured Clinical Interview for
DSM-IV (SCID) and the Extended Glasgow Coma Scale (GOS-E)
measured at 6 and 12 months post-TBI. The occurrence of
depression between 6 and 12 months post-injury was predicted by
the functional status 6 months post-injury [25].

Significant correlations between the Hospital Anxiety and
Depression Scale (HADS) and the Community Outcome Scale
(COS) and between COS and items of the FIM/FAM have also
been demonstrated; however, no information was available on the
concurrent relationship between depression and functional status
[26]. Ponsford et al. investigated the relationship between
psychiatric state and functional outcome at 10 years after TBI
using the HADS and the GOS-E; in that retrospective study the
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relation between greater depression and poorer outcome on the
GOS-E only approached significance [27]. The present study with
a prospective design and a relatively long follow-up period
indicates that functional status (FIM and FAM scores), especially
cognitive functioning (FAM score), remains associated with mood
up to 3 years post-injury.

Conclusions

Mood starts to improve 18 months after TBI when motor and
cognitive outcome have stabilized. Time post TBI, cognitive
outcome and initial discharge destination are the strongest
predictors of mood up to 3 years after TBI. Therefore, mood
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