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Abstract: Traumatic Brain Injury (TBI) due to road traffic accidents is one the leading cause of death in India. 

Though several radiological diagnostic modalities are available to visualize the extent of injury, no perfect 

biomarkers are available to access the clinical condition of the patients. Since serum cortisol and urinary 

creatinine excretion are associated with the patho-physiology of TBI, we aimed to find the association between 

their levels and the clinical condition of the patients.   

Totally 54 TBI patients categorized as mild (n=23), moderate (n=15) and severe (n=16) based on their 

admission day GCS scores were analyzed for serum cortisol and urinary creatinine at the day of admission and 

discharge. Both serum cortisol (<0.0001), and urinary spot creatinine (<0.0001) showed a significant 
difference in their levels between the admission and discharge day. Serum cortisol levels showed a significant 

correlation among mild and moderate categories. Urinary spot creatinine levels correlated significantly among 

mild and severe categories. Serum cortisol and urinary spot creatinine are found to be important biomarkers of 

neurotrauma. 
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I. INTRODUCTION 
Road traffic accidents are one of the growing medical emergencies worldwide and by the end of 2020 it 

will be the third among the global diseases [1]. In India nearly 2 million people sustain brain injury. Among 

them 0.2 million people lose their life and nearly a million need rehabilitation every year [2].                                                                                                                                                                                                                                                                                                                                                                                                    

Traumatic Brain Injury(TBI) initiates a complex cascade of events, starting with an acute primary injury which 

triggers the secondary events that evolve over many days, resulting in deleterious patho-physical and 

biochemical effects [3]. Cortisol is the most abundant circulating steroid and the major glucocorticoid secreted 

by adrenal cortex [4]. Traumatic brain injury is more frequently associated with the disturbance of  

hypothalamic-pituitary-adrenal axis secretions [5]. High incidence of major hormonal dysfunction occurs 

following TBI [6]. Therefore, serum levels of hormones such as cortisol will be altered in response to a brain 
injury. Any major trauma will lead to a catabolic state [7]. Every day about 20mg of urinary creatinine per 

kilogram of body weight is formed from the skeletal muscle by the non enzymatic conversion of 

phosphocreatine [8]. Hence measurement of urinary creatinine in patients with severe head injury may be used 

to assess the energy status of the patients. 

Even though the diagnosis and the extent of traumatic brain injury can be made out easily by the latest 

available Radiographic techniques, there is no perfect biomarker available for determining the prognosis of 

traumatic brain injury in patients. Because of the association of serum cortisol and urinary creatinine in TBI 

pathophysiology, we did the estimation of their levels at the time of admission and discharge to find whether 

any correlation existed between their levels and clinical condition of the TBI patients.    

II. MATERIALS AND METHODS 
It was an observational and cross sectional study which included 54 Traumatic brain injury patients 

(age group 18-60 years) admitted in the Emergency ward of our Hospital during the time period of jan 2012 to 

june 2013 who underwent non-surgical intervention. Patients with a history of cerebral ischemia, infection and 

hemorrhage and those patients with Liver failure, Renal failure, Hypertension where excluded from the study.  

The patients were grouped into 3 categories based on their admission day Glasgow Coma Scale (GCS) score[9], 

as mild head injury (GCS Score 3 to 8), Moderate (GCS Score 9 to 12) and Severe head Injury (GCS Score 

13to15) category which included 23,15 and 16 TBI patients respectively. 
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Blood samples of TBI Patients were collected within 24 hrs of admission and also at the day of their 

discharge. Serum cortisol levels were estimated by Siemens Immulite 1000 Auto- Analyser under the principle 

of Solid Phase Competitive Chemiluminescent Enzyme Immunoassay [10]. 

Estimation of urinary spot Creatinine is done by Jaffe’s kinetic method [11], in which creatinine reacts 

with picric acid in alkaline medium to form an orange coloured complex and the rate of change of its absorbance 

is measured colorimetrically at 505 nm at predicted interval of time. 

Continuous variables were expressed as mean±standard deviation. ‘Paired t Test’ was used to compare 
the mean value of the parameters in TBI patients on the day of admission and discharge. Pearson’s correlation 

test ( r value−1 to +1) was used to correlate the levels of parameters with the clinical condition of the patient. A 

‘p’ value of ≤ 0.05 was accepted as statistically significant. 

III. RESULTS 
The study was done on 54 individuals with varying degree of head injuries. It included 49 males 

(90.75%) and 5 females (9.25%) with mean age limit of   41±11 years.We applied ‘Paired t’ test for all the 

patients as a whole and as categories on the day of admission and discharge to compare the mean values of 

serum cortisol and urinary spot creatinine. 

Table 1: Comparison of serum cortisol and urinary spot creatinine levels among all head injury patients 

(n=54) on the day of admission and discharge using ‘Paired t test’. 

Sl. No PARAMETERS DAY OF ADMISSION DAY OF DISCHARGE P Value 

1 Serum cortisol(µg/dl) 30.38±8.5 24.8± 7.1 <0.0001** 

2 Urinary spot creatinine(mg/dl) 56.74±26 164.1±41.12 <0.0001** 

                      

    *; <0.05- significant,     **; <0.01-highly significant. 

Serum cortisol (<0.0001), and urinary spot creatinine (<0.0001) showed a significant difference in their levels 

(Table 1). 

Table 2: Comparison of serum cortisol and urinary spot creatinine levels on the day of admission and 

discharge among different categories of patients with traumatic brain injury. 

Parameters
 

Category of patients 

Cat-I Cat-II Cat-III 

A
 

D P
 

A D P A D P 

Cortisol(µg/dl) 29.69 
±9.46 

23.63     
±8.3 

<0.001
** 27.72

±8.31 

23.03   
±6.86 

0.02
* 32.08 

±8.44 

26.04 
±6.52 

<0.001
**

 

Urinary spot 

Creatinine 

(mg/dl ) 

71.81 

±31 

180.15 

±14.88 

<0.001
** 51.07

±25.3 

162.47

±44.12 

<0.001** 44.06 

±11.99 

109.78

±56.19 

<0.001
**

 

 Day of admission (A), Day of discharge (D), *; <0.05- significant, **; <0.01-highly significant. 

All three groups of head injury patients (category I to III), showed a significant difference in serum cortisol and 

urinary spot creatinine levels between the day of admission and discharge (Table 2). 

Table 3: Correlation between changes in Glasgow Coma Scale score with cortisol and urinary spot 

creatinine level changes in different category of patients with traumatic brain injury. 

Change in parameters Category of 
patients 

Admission 

 

Discharge 

 

r P
 

r P
 

Serum cortisol I 

II 
III 

−0.30 > 0.1 −0.51 < 0.05
* 

0.62 < 0.05
* 0.64 < 0.01

** 

−0.06 > 0.1 −0.08 > 0.1 

Urine spot creatinine 

 

I 
II 

III 

0.26 > 0.1 0.66 < 0.001
** 

−0.44 > 0.05 −0.01 > 0.1 

−0.29 > 0.1 0.56 < 0.05
* 

 

*; <0.05- significant,         **; <0.01-highly significant. 
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Pearson’s correlation test was applied for correlating the changes in their GCS score with the changes in the 

levels of biochemical parameters. We found that there was a significant correlation between the GCS scores 

changes and the changes in the level biochemical parameters done at the time of admission and discharge (Table 
3). 

IV. DISCUSSION 
Neuro-endocrine dysfunction is highly prevalent in patients admitted with moderate and severe TBI 

[12]. The acceleration and deceleration forces causing injury to the white matter particularly that of the medial 

temporal lobes, diencephalon and brain stem leading to results in hormonal abnormalities [13]. These things 
may be aggravated by vascular insults like hypoxia, ischemia and edema [14].According to Woolf PD et al [15], 

the response of pituitary gland to acute trauma and the resulting hormonal changes in the circulation become 

apparent during the first hours and days and it may continue throughout the period of acute illness. 

      As a result of the physiological response to head injury, there occurs an increase in the levels of hormones 

like cortisol, glucagon and epinephrine, leading to gluconeogenesis and stress hyperglycemia [16]. Cytokine 

activation and corticotrophin release during the initial acute stage of trauma is also associated with high serum 

cortisol levels [17]. In the present study, we found significantly higher (P=<0.001)  admission day cortisol levels 

than that of the discharge day signifying the body’s response to a sudden stress. 

A significant negative correlation existed between the change in GCS score with that of the change in 

the cortisol levels in grade I and II head injury patients; but not with those with severe head injury (Table 3). 

Our results are in strong aggrement with the study done by Barton et al [18].The non-correlation seen in the 

severe head injury patients may be explained by the excessive damage caused to the hypothalamus and/or the 

pituitary by greater shear forces, thus resulting in blunted response [19]. 

Stress due to any trauma will induce a catabolic state [20]. This catabolic state causes the release of 

amino acids which gets oxidized to yield urea as the main end product along with other non proteinaceous 
nitrogen substances like creatinine [21]. A very high significant difference was observed in the urinary spot 

creatinine levels (P<0.001) between the admission day and discharge day in all the categories of head injury 

patients. To the best of our knowledge this was the first study to measure the urinary spot creatinine in TBI 

patients. A previous study [3], measured 24-hours urinary creatinine in patients with TBI and concluded that, 

severe TBI is associated with reduced creatinine excretion.  

Urinary creatinine excretion is a reliable marker for accessing the nutritional status of the head injury 

patients [7]. In our study, the admission day values were found to be very low when compared to the discharge 

day. Following head injury, stress sensors like cortisol and norepinephrine tend to rise which stimulates 
gluconeogenesis. This might lead to reduced bioavailability of free amino acids for protein synthesis such as 

creatine in the skeletal muscle. This may explain the reduced urinary excretion of creatinine in patients of TBI 

as was seen in present study. Besides these, nutritional deprivation in emergency setting; especially following 

admission, leads to an energy deprived state which also explains the reduced urinary creatinine excretion.  As 

patients are subsequently put on parenteral nutrition (based on the severity), the urinary levels tend to rise. 

Almost all the patients in the present study showed normal urinary spot creatinine during discharge as most of 

them were on normal adequate diet by that time.  

V. CONCLUSION 
In our study we found that the serum cortisol and urinary spot creatinine levels are well correlating 

with the changes in the clinical condition of the TBI patients implicating their role in the pathophysiology 

following neurotrauma. Further large prospective studies involving different inflammatory and biochemical 

parameters should be carried out in order to establish their role as a biomarker in TBI patients for diagnostic, 

prognostic and therapeutic indications. 
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