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ABSTRACT: Depression is one of the most prevalent psychiatric disorders in people with Traumatic brain 

injury (TBI). Depression after TBI is closely related with social and psychological factors and hypothalamic–

pituitary -adrenal (HPA) axis dysfunction. However, there is a lack of evidence regarding effective treatment 

approaches for depression. A total of 68 patients with depression following closed TBI were recruited. Glasgow 

Coma Scale score (GCS) was employed to demonstrate the severity of neurological deficits and Glasgow 

Outcome Scale (GOS) was employed to measure functional outcome after TBI. The severity of depression was 

quantified using the Beck Depression Inventory-II (BDI-II) in line with DSM-IV. Citalopram and Prednisone 

were administered to subjects with normal cortisol levels or hypocortisolism separately, based on 

psychotherapeutic interventions. We investigated the relationship between degree of depression of TBI 

patients and the severity and progression of TBI with the therapeutic effects of Citalopram in combination 

with psychotherapeutic and Prednisone in depressed patients. There was no relationship between the severity 

of depression and the severity and progression of TBI. The basic treatment of psychotherapeutic interventions 

could partially relieve depressive symptoms. Combination of psychotherapeutic support and Citalopram 

significantly improved depressive symptoms in patients with normal cortisol levels, but not in hypocortisolic 

patients. Combination of Prednisone administration with psychotherapeutic treatment and Citalopram 

significantly improved depression outcome in hypocortisolic patients after TBI. Hypocortisolism after TBI 

may regulate depression. Combination of Prednisone with psychotherapeutic treatment and Citalopram may 

provide better therapeutic effects in depression patients with hypocortisolism after TBI.  
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Traumatic brain injury (TBI) affects approximately 10 

million people annually worldwide[1]. TBI is a major 

cause of death and disability and may result in thinking, 

memory, movement, sensation deficits, or psychiatric 

sequel[2]. Approximately 40% of TBI survivors suffer 

from psychological and psychosocial disturbances, 

including personality change, apathy, insomnia, 

aggression, anxiety, mania, psychosis and major 

depression [3, 4].  

Depression appears to be one of the most prevalent and 

disabling psychiatric disorders in people with TBI[5].  

The prevalence of depression after TBI ranges from 6% to 

77% according to different assessment methods [6-9]. 

Symptoms of depression after TBI include depressed 

mood, lack of energy, suicidal attempts, irritability, loss of 

interest, frustration, fatigue, sleep disturbance, and poor 

concentration [10, 11]. These effects last long-term and 

may impose a substantial impact on the quality of life and 

are a global burden [12]. Depression following TBI is 

associated with impaired sociability during the first year 
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post injury [13], as well as, cognitive impairment, 

increasingly severe post-concussion symptoms (such as 

uncoordinated gait, generalized weakness, headache, 

blurred vision, dizziness as well as learning and memory 

deficits) and lower health related quality of life [14]. 

However, the relationship between depressive symptoms 

and severity of TBI or recovery after TBI are 

uncertain[15]. Mixed results of a positive link, no 

relationship, or an inverse link between TBI severity and 

depressive symptoms have been published by previous 

studies [6, 9, 13, 16]. More data may provide stronger 

evidence to understand the relationship between TBI and 

depression in its various forms and severity. In addition, 

understanding the relationship between TBI severity and 

depressive symptoms may provide a full spectrum of 

possible outcomes after TBI, and help understand whether 

TBI is a risk factor for depression. 

Many biological and psychosocial factors contribute to 

depression after TBI. A fundamental question is which 

treatment approaches will be the most effective. 

Psychosocial factors are important for depression. In 

addition, hypopituitarism is a neuroendocrine sequela 

among TBI survivors and nearly half the patients with 

hypopituitarism suffered from mild to moderate 

depression [17]. Previous studies have found that cortisol 

disturbances are related with the development of 

depression. Hypercortisolemia is more prevalent in 

depression than hypocortisolemia, which is also 

commonly seen after TBI [18]. There are large numbers 

of cortisol receptors in the hippocampus, frontal cortex, 

and other areas. Any events affecting these areas could 

have significant effects on mood [19, 20]. Excessive, 

chronic, exposure to high levels of glucocorticoids (GC) 

such as Cushings Syndrome (CS), has multiple adverse 

effects on brain biology in animals and humans. In CS, 

chronic, stress-level concentrations of cortisol lead to 

depressed mood in over 60% of patients[21], as well as 

cognitive dysfunction, especially in memory [22]. 

Hypercortisolemic depression may be characterized by 

more “typical” depressive symptoms, such as 

hyperarousal, anxiety, insomnia, and loss of appetite [23]. 

Previous studies have found that normalization of cortisol 

levels improves the patient’s mood and reduces anxiety 

symptoms[24], as well as increases memory and 

hippocampal volume[25, 26].  

Low plasma cortisol concentrations were extremely 

common in TBI patients. Hypocortisolemia is related with 

subsequent mortality and prediction of chronic 

hypopituitarism [27]. In addition, hypocortisolemia may 

lead to a characterized depression with “atypical” 

symptoms of hypoarousal, hypersomnia, hyperphagia, 
lethargy, pain, fatigue, and relative apathy [28]. Owing to 

the hypothesized side effects of glucocorticoid therapy, 

insufficient treatment strategy and hypocortisolemia as a 

simple marker of high mortality, replacement of cortisol 

is still an uncertain treatment in TBI patients with low 

plasma cortisol [27, 29]. Whether combination treatment 

with Prednisone (a corticosteroid replacement drug), 

psychotherapeutic interventions and anti-depression 

drugs improves depression after TBI is not clear.  

In this study, we investigated the relationship between 

degree of depression in TBI patients, and the severity and 

progression of TBI. We also investigated the therapeutic 

effects of combination of Prednisone with 

psychotherapeutic interventions and anti-depression 

drugs in TBI patients with depression. 

 

MATERIALS AND METHODS 

 

Subjects 

 

A total of 68 subjects identified with clinically diagnosed 

depression and self-reports of depression (clinically 

significant cases or depression scale scores) were 

recruited in their first follow-up visit after being 

discharged from the neurosurgery department of Tianjin 

Medical University General Hospital and Tianjin Huanhu 

Hospital from January 2010 to February 2014. The study 

was approved by the Institutional Review Board of 

Tianjin Medical University.  

 

The inclusion criteria for this study include:  

 

1)  Age at injury greater than 16 years old;  

2)  Admission to hospital after TBI;  

3)  No history of suicide attempts, psychiatric 

hospitalization and were not under the active care of 

a psychiatrist; 

4)  Consent was obtained from either the patient or 

legally authorized representative.  

 

The exclusion criteria include:  

 

1)  Pre-existing neurological or psychiatric disorders, 

including prior history of TBI, in an attempt to 

eliminate any other cause other than the current TBI 

for alterations in imaging, consciousness or cognition;  

2)  Presence of focal lesions (including contusions, extra-

axial hematoma, and/or intraparenchymal 

hemorrhages) on cranial CT which could provide an 

alternative explanation for the decline in cognition or 

consciousness;  

3)  An open-head injury.  

 

A total of 68 patients with depression following closed 
traumatic brain injury were recruited for this study. The 

68 subjects consisted of 45 males and 23 females aged 

between 18 to 70 years old.  
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Severity of TBI  

 

The Glasgow Coma Scale score (GCS) was employed to 

determine the severity of neurological deficits after TBI 

when the patients were admitted to the hospital. The GCS 

is a quick, reproducible scoring system used during the 

initial examination to estimate TBI severity, it consists of 

three components (eye opening, verbal response, and the 

best motor response) for assessing depth of impaired 

consciousness and coma [30-36]. It was administered by 

the neurologist or the emergency room personnel in their 

initial evaluation, and had a score range from 3 to 15. 

Patients with lower scores represent severe deficit, while 

higher initial scores tend to predict better recovery.  

In this study, the severity of head injury is initially 

defined by the GCS. 1) 3-8 GCS scores are considered 

severe TBI; 2) 9-12 GCS scores considered moderate TBI 

and 3) 13-15 GCS scores considered mild TBI[36]. All 

those determined to have mild TBI met the mild TBI 

(MTBI) criteria of the American Congress of 

Rehabilitation as defined by GCS. Mild TBI is defined as 

a traumatically induced physiological disruption of brain 

manifested by at least one of the following: (a) any period 

of loss of consciousness; (b) any loss of memory for 

events immediately before or after the accident; (c) any 

alteration in mental state at the time of the accident (e.g., 

feeling dazed, disoriented, or confused); and (d) focal 

neurological deficit(s) that may or may not be transient. 

Meanwhile, the severity of injury does not exceed the 

following: loss of consciousness for approximately 30 

minutes or less; after 30 minutes, an initial GCS of 13 to 

15; and posttraumatic amnesia not greater than 24 hours 

[37].  

 

Neurological Outcome Measurement 

 

The Glasgow Outcome Scale (GOS) was employed to 

measure functional recovery after TBI before discharge 

from hospital for all TBI patients [38]. A five-point scale 

was used: 1) Death; 2) Persistent vegetative state; 3) 

Severe disability; 4) Moderate disability; and 5) Good 

recovery. It was developed by Jennett and Bond, and has 

since become firmly established as the primary outcome 

measure used in the majority of Phase III trials in TBI [39]. 

Since the first and second grades of GOS are death and 

persistent vegetative state, the depression condition of 

these patients could not be measured. Therefore, to test 

co-relationship of functional recovery after TBI with the 

degree of depression, the other three GOS grades were 

employed for correlation analysis. 

 

Diagnosis and Assessment of Depression  

 

All patients were evaluated by a psychiatrist using the 

structured clinical interview for Diagnostic and Statistical 

Manual of Mental Disorders (DSM) –IV [40]. Symptoms 

such as depressed mood, lack of energy, suicidal attempts, 

loss of interest, irritability, fatigue, sleep disturbance, 

frustration and poor concentration, were observed and 

recorded in these patients with TBI. Patients were 

diagnosed to have ‘Depression’ if they met the criteria for 

Mood disorder secondary to General Medical Condition, 

Major Depressive-like episode or other Depressive-

symptoms. This method has been shown to be reliable for 

the categorical construct for DSM-IV diagnoses. These 

symptoms were recorded separately and showed as the 

percent frequency of occurrence.  

Severity of depression was quantified using the Beck 

Depression Inventory-II (BDI-II) in line with the current 

depression criteria of DSM-IV [41]. It has shown high 

internal consistency, good test-retest reliability, and good 

construct and concurrent validity with other common 

measures of depression in clinical and nonclinical 

samples[42]. BDI-II is a widely used 21-item 

questionnaire for severity of depression symptoms. Each 

item can be scored from 0–3 and the total score can vary 

from 0 to 63. BDI-II scores between 0-13 are considered 

as no depression; 14-19 BDI-II scores as mild depression; 

20-28 BDI-II scores as moderate depression; and 29-63 

BDI-II scores as severe depression [43].  

The measures are accomplished by a multidisciplinary 

team (endocrinologists, neurosurgeons, neurologists and 

psychiatrists) of Tianjin Medical University General 

Hospital. The follow-up time varies from 0.5 to 3 years. 

 

Treatment for the subjects 

 

Based on the strong and evolving evidence from previous 

studies [44, 45], the treatment included anti-depression 

pharmacological interventions, psychotherapeutic 

interventions and Prednisone. 1) Anti-depression 

pharmacological interventions: Citalopram (Cipramil, 

20mg/tablet, 12 tablet, Lundbeck Denmark), which is an 

orally administered selective serotonin reuptake inhibitor 

(SSRI). Citalopram was administrated at a dose of 20mg, 

Qd for 3 weeks or increased to 30mg, Qd to ameliorate 

depression symptoms.  2) Psychotherapeutic interventions  

According to depression symptoms, several different 

types of psychotherapeutic interventions were employed 

in this study namely: interpersonal therapy, behavioral 

activation, cognitive-behavioral therapy, problem solving 

therapy, social skills training, psychodynamic therapy, 

and supportive counseling [46]. These psychotherapeutic 

interventions were performed by psychologists, 

rehabilitation doctors and social workers via face-to-face 
conversation. Patients had 1-hour of weekly 

psychotherapy sessions for six weeks after first being 

diagnosed with depression. 3) Prednisone treatment: 
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Prednisone (5mg/tablet, 100 tablets, Tianjin Lisheng, 

China), a corticosteroid replacement drug, was 

administrated (5 mg AM and 2.5 mg PM). 

The therapeutic efficacy is described as complete 

remission, responder/improvement and invalid. Complete 

remission is defined as complete or near-complete 

absence of the symptom criteria of depression. On the 

BDI-II Scale, asymptomatic was operationalized as a 

score of 13 and below. Responder/improvement was 

defined as a 50% or greater reduction in scores on the 

clinician rating scale of BDI-II. An invalid was defined as 

less than a 50% reduction in scores on the clinician rating 

scale of BDI-II. 

 

Statistical analysis 

 

Descriptive statistics are presented as mean values ± SE. 

Statistical analysis was done using non-parametric 

Kruskal-Wallis test. Correlations between various 

parameters in patients were analyzed using Pearson 

correlation coefficient. Analyses were performed using 

SPSS software (SPSS for Windows, release 11.5). p 

values <0.05 were considered to be statistically significant. 

 

 

 

 

RESULTS 

 

Symptoms of depression after TBI 

 

In this study, depression was observed from 3 months to 

3 years after TBI. The symptoms of depression included 

insomnia 54 (54/68, 79.41%), depressed mood 47 (47/68, 

69.12%), poor concentration 33 (33/68, 48.53%) and 

fatigue 32 (32/68, 47.06%). In addition, thought 

retardation, headache, loss of interest, frustration, and 

memory loss were shown in some of these subjects. The 

severity of depression for the 68 subjects was divided into 

three groups: 1) mild depression: 22 (22/68, 32.35%) 

patients; 2) moderate depression: 37 (37/68, 54.41%) 

patients; and 3) severe depression: 9 (9/68, 13.24%) 

patients.  

 

There is no relationship between the severity of 

depression and severity of TBI 

 

To test the effect of TBI severity on depression, a series of 

Pearson correlation coefficients were performed. We 

found no significant relationship between the severity of 

depression and severity of TBI (GCS grade) (r=0.128, 

p>0.05, Fig. 1). Furthermore, there was no significant 

difference in the severity of depression among the three 

GCS grades of TBI patients (H=0.129, p>0.05; Fig. 1). 

 

 

 
 
Figure 1. The distribution of severity of depression and severity of TBI. There is no significant relationship between 

the severity of depression and severity of TBI (GCS grade) (r=0.128, p>0.05) and there is no significant difference for 

the severity of depression among the three GCS grades (grades 3-5) of TBI patients (H=0.129, p>0.05). 
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Figure 2. The distribution of severity of depression and TBI recovery score. There is no significant relationship 

between the severity of depression and GOS grade of TBI outcome (r=0.206, p>0.05) and there is no significant difference 

for the severity of depression among three GOS grades (grades 3-5) groups (H=4.898, p>0.05).  

 

 

 

There is no relationship between the severity of 

depression and progression of TBI 

 

To test the effect of progression and functional outcome 

after TBI on depression, a series of Pearson correlation 

coefficients between GOS score and depression degree 

were performed. There was no significant relationship 

between the severity of depression and GOS grade of TBI 

outcome (r=0.206, p>0.05, Fig. 2). In addition, there was 

no significant difference for the severity of depression 

among three GOS grades (grades 3-5) groups (H=4.898, 

p>0.05; Fig. 2).  

 

Therapeutic effects of combination treatment depression 

symptoms in patients after TBI 

 

1) Psychotherapeutic support:  

All patients (68 subjects) were provided 

psychotherapeutic support. It was observed that 8 subjects 

(8/68, 11.76%) recovered from depression after TBI with 

psychotherapeutic support without pharmacological 

interventions, as well as 16 (16/68, 23.53%) subjects 

which showed a response and 44(44/68, 64.70%) subjects 

showed no response to psychotherapeutic support. These 

60 subjects were treated with a combination of Citalopram 

and psychotherapeutic support for patients with normal 

cortisol levels (28/60) and a combination of Citalopram, 

psychotherapeutic support and Prednisone for patients 

with hypocortisolism (32/60) (Fig. 3). 

2) Citalopram combination with psychotherapeutic 

support: 

28 patients with normal cortisol levels were treated 

with citalopram based on psychotherapy assessment. 

Among these 28 subjects, 18 (18/28, 64.29%) subjects 

developed complete remission; 9 (9/28, 32.14%) subjects 

showed a decrease of more than 50% of the original BDI-

II scale; and 1 (1/28, 3.57%) subject did not show any 

improvement after combination treatment (Fig. 3). 

3) Combination of Citalopram, Psychotherapeutic 

support and Prednisone treatment: 

Previous studies have found that hormone deficiency 

regulates the development of depression after TBI [17, 18]. 

We found that 32 subjects (32/68, 47.06%) had 

hypocortisolism (data not shown). Therefore, Prednisone 

and citalopram treatments were employed in these 32 

patients who showed no beneficial effects from 

psychotherapy support. The data showed that 20 (20/32, 

62.5%) subjects had complete remission; 10 (10/32, 

31.25%) subjects showed a decrease of more than 50% of 

the original BDI-II scale; and 2 (2/32, 6.25%) subjects did 

not show any improvement after combination treatment 

(Fig. 3).  
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Figure 3. The distribution of therapy of depression and therapeutic effects in TBI patients. 8 subjects 

recovered from depression after TBI with psychotherapeutic support without pharmacological 

interventions. Citalopram was administrated to 28 patients with normal cortisol levels but showed no 

beneficial effects of psychotherapy support; combination treatment of prednisone and citalopram was 

employed in 32 patients with hypocortisolism.  

 

 

DISCUSSION 

 
Depression is one of the most frequently reported 

psychological problems following TBI. However, the 

clinical symptoms are easily misidentified as they include: 

depression, fatigue, poor concentration, irritability and a 

decline in overall cognitive functioning. Depression has 

the potential to impact on recovery and quality of life. 

Therefore, understanding the symptoms of depression 

after TBI may provide important information for 

depression treatment after TBI. Previous studies have 

found that there is about 52% prevalence rate for probable 

major depressive disorder (MDD) within the first year 

after injury[47]. In this study, depression symptoms were 

observed 3 months to 3 years after TBI. Among the 

depression patients, depression symptoms included 

insomnia (79.41%), depressed mood (69.12%), poor 

concentration (48.53%) and fatigue (47.06%). In addition, 

few patients experienced mental retardation, headache, 

loss of interest, frustration, and memory loss. Insomnia, 

depressed mood and difficulty in concentration are the 

main clinical features of depression after TBI. In this 

study we also found that the degree of depression after 

TBI is not related with TBI severity and prognosis. 

Survivors of TBI with depression exhibit deterioration in 

social situations and performance of normal activities of 

daily living [48]. Therefore, treatment of TBI depression 

is important to improve day to day life after TBI.  

Depression after TBI is closely related with social and 

psychological factors. In addition, the hypothalamic-

pituitary-adrenal (HPA) axis dysfunction may play a 

central role in stress and depression regulation. 

Depression being a stress-induced disorder is intimately 

related with stress. The HPA axis abnormalities are 

involved in depression [49]. Patients with 

hypocortisolism tend to present more distress symptoms, 

maladaptive coping styles, and schizotypal personality 

traits [50]. TBI patients induce HPA axis dysfunction in 

the acute phase of severe TBI patients. There are 

significantly lower glucocorticoid levels within 2.4 days 

after TBI and glucocorticoid levels decrease around 4 

days after TBI [8]. Hypothalamic-pituitary dysfunction 

may be an important reason for the rehabilitation of TBI-

induced depression. Therefore, supportive 

psychotherapeutic interventions combined with cortisol 

supplements to modulate HPA axis dysfunction may be an 

effective means to improve a patient’s depression after 

TBI. In this study, in addition to psychotherapy and 

supportive antidepressant drug treatment, cortisol 

replacement was administrated to depression patients with 

hypocortisolemia following TBI. This combination 

treatment significantly improved the symptoms of 

depression. Therefore, apart from psychotherapy and 

supporting antidepressant drug treatment, modulating 

HPA axis is important for treatment of depression in 

patients following TBI. Wider adoption of the consensus 
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guidelines on the detection and monitoring of endocrine 

abnormalities post-TBI in the clinic may provide a 

guideline for treatment of depression and diminish the 

severity of depression symptoms and ultimately improve 

quality of life [51].  

Cortisol administration showed efficacy as a treatment 

for depressed patients with hypocortisolemia following 

TBI. However, hypocortisolemia is only one of the 

endocrine abnormalities which results in depressive 

symptoms in post-TBI patients. Further studies 

investigating the role of other hormones of the HPA axis 

on the development, prediction and progression of 

depression after TBI and the mechanisms via which 

Prednisone administration improves depression 

symptoms in patients with hypocortisolism are required in 

the future.  

There are a few limitations to the present study. 

Although in this study, we have demonstrated that the 

combination of Citalopram with psychotherapeutic 

support improves depression outcome in TBI patients, 

whether citalopram treatment alone can improve 

depression outcome after TBI has not been investigated 

and future studies are warranted.  

 

Conclusion: 
 

Depression is one of the most frequently reported 

psychological problems following TBI. The degree of 

depression after TBI is not related with TBI severity and 

prognosis. Combination treatment of depression with 

psychotherapy, supportive antidepressant drugs and 

cortisol replacement may enhance treatment benefits. 
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