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NEUROENDOCRINE DYSFUNCTION IN ACUTE PHASE OF MODERATE TO SEVERE TRAUMATIC BRAIN INJURY - A SINGLE CENTRE PROSPECTIVE OBSERVATIONAL STUDY

ABSTRACT
Traumatic brain injury (TBI) is a common neurosurgical condition frequently associated with acute neuroendocrine dysfunction. This single-centre prospective observational study was conducted in the Department of Neurosurgery, Government Medical College Kozhikode, from 2021–2022 to determine the relationship between neuroendocrine dysfunction, severity of trauma, CT pressure effects, and Glasgow Outcome Scale (GOS) in patients with moderate to severe head injury. A total of 126 patients underwent hormonal evaluation (FT3, FT4, TSH, GH, cortisol, and prolactin) within 24 hours of admission and on day 7, and results were correlated with Glasgow Coma Scale (GCS), GOS, and radiological findings. On day 1, patients with severe injury had significantly higher GH, cortisol, and prolactin levels and lower FT4 and TSH levels compared to those with moderate injury, while FT3 remained unchanged. FT4 levels were significantly higher in moderate injury, whereas severe injury was associated with low or normal FT4 levels, with statistically significant associations observed on both day 1 and day 7. Cortisol levels were elevated in severe injury on day 1, with an increased number of patients showing high cortisol levels on day 7. Most hormonal comparisons demonstrated statistically significant associations (p < 0.001), except growth hormone (p = 0.726). These findings indicate that acute neuroendocrine alterations correlate with injury severity and clinical outcomes in moderate to severe traumatic brain injury.
Materials and methods: This study was a single centre prospective observational study done at Department of Neurosurgery Government Medical College Kozhikode in all cases of Moderate to Severe Head injury from 2021-2022. The hormone levels were correlated with Glasgow coma scale (GCS), GOS, extent of injury and pressure effects on CT. The details were recorded and analysed with SPSS software.
Results: On day 1 Patients who had severe injury had significantly more GH(6.60± 2.63 vs 1.65±2.23), cortisol (34.19± 4.86 vs 15.51 ± 3.93) and prolactin (5.88 ± 3.43 vs 14.07 ± 6.27) than moderate head injury patients. Also patients with severe injury had significantly less FT4 (1.49± 0.26 vs 1.21±0.24), TSH (1.67± 1.50 vs 0.69 ±0.45) than moderate head injury patients. FT3 was same for both moderate and severe injury patients. FT4 was significantly high in patients with moderate injury while in cases with severe injury more number of patients had low or normal FT4. This association was statistically significant on day 1 and day 7. Cortisol levels on day 1 showed that patients with severe injury had high cortisol levels in day one while on day 7 the number of patients with high cortisol increases.
Conclusion: Patients with severe head injury had high GH, Cortisol, Prolactin and low FT4, TSH on Day 1 than moderate head injury. FT3 remained unchanged. Number of Patients with severe head injury with high Cortisol levels on Day 1 increased on Day 7.Multiple statistically significant associations were observed in the study, with most hormonal comparisons showing p < 0.001, except growth hormone (p = 0.726).
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INTRODUCTION
Traumatic brain injury (TBI) is becoming increasingly recognized as a massive public health issue, with low and middle income countries (LMIC) bearing a significantly greater burden of disability and mortality.[1] Menon DK defined TBI in 2010 as "an alteration in brain function or other evidence of brain pathology resulting from an external force."[2] According to the Global Burden of Disease Study published in Lancet in 2019, there are 27.08 million new cases of traumatic brain injury each year, with age-adjusted incidence rates of 369 per 100,000 population.[3]
In LMICs, road traffic accidents continue to be the leading cause of TBI. LMICs account for approximately 90 percent of global road fatalities despite having only 50 percent of the world's vehicles.[1]
TBI  is frequently associated with a wide range of clinical manifestations, including disturbances of consciousness, impaired attention, reduced impulse control, depressive symptoms, and sleep-related disorders. Many of the commonly reported symptoms among TBI survivors—such as persistent fatigue, difficulty in concentration, depressive features, and reduced exercise tolerance—are often nonspecific and may overlap with clinical features observed in patients with pituitary disorders of other aetiologies. These symptoms can substantially impair quality of life, functional capacity, and the ability to return to work, and in some cases may be attributable to underlying endocrine dysfunction following TBI.[4]

Over the past two decades, research has demonstrated that the incidence of acute anterior pituitary dysfunction following TBI is approximately 30%, depending on the severity and anatomical location of the injury. Several pathophysiological mechanisms have been proposed to explain hypothalamic–pituitary damage after traumatic brain injury. These include direct mechanical or shearing injury to the pituitary stalk and the long hypophyseal vessels, as well as vascular disturbances such as vasospasm, which may lead to infarction of the anterior pituitary lobe or the development of small focal infarcts resulting from localised interruption of blood circulation.[5]

Although a variety of hormonal disturbances have been reported in patients following TBI, the most clinically significant alterations during the acute phase involve cortisol and thyroid hormone deficiencies. These abnormalities may arise secondary to dysfunction of the hypothalamic–pituitary–adrenal (HPA) axis and the hypothalamic–pituitary–thyroid (HPT) axis, respectively, either as a direct consequence of structural lesions affecting hormonal secretion or as part of the physiological stress response to brain injury. Measurements of serum cortisol and thyroid hormone levels have been shown to serve as important indicators of disease severity and prognostic outcomes in patients with traumatic brain injury.[6] 
Despite numerous case reports and several studies on patients with posttraumatic endocrine disturbances, hormonal evaluation after traumatic brain injury is still not a part of routine diagnostics. Thus the present prospective study was conducted to evaluate anterior pituitary function in the acute phase on days 1 and 7 after moderate-to-severe traumatic brain injury.
MATERIALS AND METHODS
After approval from institutional research committee and ethical committee, Single Centre Prospective observational study was conducted in department of Neurosurgery, Govt. Medical College Kozhikode for the duration of 1 year. After meeting the inclusion criteria, 126 patients with moderate to severe head injury admitted in the department between age group 17-75 years were studied. Patients were informed regarding the study. Inclusion criteria
GCS <13.
Age >17yrs to <75years.
Patients who were admitted in our medical college during the study period.
Patient’s relatives who were willing to give consent.
Patients without prior history of hormonal imbalances.
Exclusion criteria
Patient’s relative’s refusal.
Age <17yrs.
Patient’s relatives who did not give consent for the study.

Methodology
Apart from clinical evaluation, non-contrast computed tomography of the head was taken at the time of admission to look for pressure effects in the form of midline shift >5 mm and basal cistern obliteration. Severity of traumatic brain injury was assessed by initial Glasgow Coma Scale (GCS). A score of 13-15 was considered mild, 9-12 moderate and 8 or less than 8 as severe traumatic brain injury. 

All patients underwent baseline hormonal evaluation within 24 hours of admission. The basal hormonal profile included measurements of free triiodothyronine (FT3), free thyroxine (FT4), thyroid-stimulating hormone (TSH), growth hormone (GH), prolactin (PRL), and cortisol. Hormonal assays were repeated on the seventh day of admission in patients who survived. To minimise diurnal variation, all hormonal assessments were conducted between 08:00 and 09:00 a.m. Venous blood samples were collected by standard venipuncture, centrifuged at 3000 rpm for 10 minutes, and the separated serum was stored at approximately 22°C until further processing. Hormone concentrations were determined using an electrochemiluminescence immunoassay technique.

Patient outcomes were assessed using the Glasgow Outcome Scale (GOS). Individuals with GOS scores of 4 or 5 were classified as having a favourable outcome, whereas those with scores of 1, 2, or 3 were categorised as having an unfavourable outcome. Outcome assessments were conducted on the first and seventh days following admission using the Glasgow Outcome Scale.
STATISTICAL ANALYSIS
Initial data was entered in an excel spread sheet and was analysed using SPSS Version 26 software package. Data was expressed as percentages and correlation between hormonal profile and Glasgow Outcome Scale and Glasgow Coma Scale was made. Normal distribution between 2 variables was compared by unpaired t-test. The percentages were compared using X2 test, p<0.05 was considered significant. In addition Pearsons correlation analysis was also done.
RESULTS
Majority of patients with traumatic brain injury belong to age group 21-30 years with 46 (36.5%) followed by 31-40 years with 28 (22.2%), 51-60 years with 120 (5.9%), 41-50 years with 12 (9.5%). The mean age of the patients was 37.61±15.73 years. Male predominance was observed with Male: Female ratio being 1.29:1.  The cause of injury for 95 (75.4%) patient was road traffic accident followed by fall which was seen in 31 (24.6%) patients. In 67 (53.2%) patients the injury was severe while it was moderate in 59 (46.8%) patients. Pressure effect was present in 75(59.5%) patients while it was absent in 51 (40.5%) patients. (Table 1)  
Table 1: Demographic profile of study participants
	Age  group 
	Frequency 
	Percentage 

	<20 
	7 
	5.6 

	21-30 
	46 
	36.5 

	31-40 
	28 
	22.2 

	41-50 
	12 
	9.5 

	51-60 
	20 
	15.9 

	61-70 
	8 
	6.3 

	>70 
	5 
	4.0 

	Sex
	
	

	Female 
	55 
	43.7 

	Male 
	71 
	56.3 

	Causes of injury
	
	

	Fall
	31 
	24.6 

	Road traffic accident
	95 
	75.4 

	    Extent of injury
	
	

	Moderate 
	59 
	46.8 

	Severe 
	67 
	53.2 

	Pressure effect
	
	

	Absent 
	51 
	40.5 

	Present 
	75 
	59.5 




Table 2: Grouped Data comparison   on day 1 and day 7 pertaining to hormone levels
	
	Day 1 
	Day 7 
	t-test (paired) 
	p-value 

	
	
	
	
	
	
	

	 
	Mean 
	SD 
	Mean 
	SD 
	
	

	FT3(pg./ml) 
	2.62 
	0.58 
	2.53 
	0.62 
	6.94 
	<0.001 

	FT4(ng/dl) 
	1.34 
	0.29 
	1.09 
	0.34 
	11.97 
	<0.001 

	TSH (mIU/ml) 
	1.16 
	1.18 
	0.97 
	1.19 
	9.47 
	<0.001 

	GH (ng/ml) 
	4.29 
	3.48 
	4.28 
	3.45 
	0.35 
	0.726 

	CORTISOL (mcg/dl) 
	25.45 
	10.36 
	22.22 
	9.28 
	17.18 
	<0.001 

	Prolactin (ng/ml) 
	10.24 
	6.57 
	11.38 
	6.88 
	-9.97 
	<0.001 



The mean FT3 levels on day 1 (2.62± .57) was significantly more than on day 7 (2.53± .61) (P˂0.001). The mean FT4 levels on day 1(1.34± .28) was significantly less than on day 7 (1.08± .33)(P˂0.001). The mean TSH levels on day 1 (1.15± 1.18) was significantly more than on day 7 (1.18± .97) (P˂0.001). No significant difference was seen in growth hormone on day 1 and day 7 (P=0.726). Cortisol was also significantly more on day 1 (25.45± 10.36) than on day 7 (22.22±9.28) (p˂0.001). Prolactin levels were less on day 1 (10.24±6.57) than on day 7 (11.38±6.88) (p˂0.001). (Table 2)

Table 3: Correlation between Hormone levels and GCS
	
	Pearson Correlation 
	Sig. (2-tailed) 

	FT3 DAY 1 
	-0.022 
	0.809 

	FT3DAY 7 
	-0.144 
	0.108 

	FT4 DAY 1 
	0.556 
	0 

	FT4 DAY 7 
	0.672 
	0 

	TSH DAY 1 
	0.331 
	0 

	TSH DAY 7 
	0.442 
	0 

	GH DAY 1 
	-0.781 
	0 

	GH DAY 7 
	-0.795 
	0 

	CORTISOL DAY 1 
	-0.895 
	0 

	CORTISOL DAY 7 
	-0.878 
	0 

	PROLACTIN DAY 1 
	-0.55 
	0 

	 PROLACTIN DAY 7 
	-0.542 
	0 



The value of correlation coefficient of FT4 was 0.55 on day 1 and 0.67 on day 7 which signifies moderate and good correlation on day 1 and day 7 respectively according to which when GCS increases FT4 also increases. The value of correlation coefficient of TSH was 0.33 on day 1 and 0.44 on day 7 which signifies mild and moderate correlation on day 1 and day 7 respectively according to which when GCS increases TSH also increases. The value of correlation coefficient of GH was -0.78 on day 1 and -0.79 on day 7 which signifies excellent negative correlation on day 1 and 7 respectively. The value of correlation coefficient of cortisol was -0.89 on day 1 and -0.87 on day 7 which signifies excellent negative correlation on day 1 and day 7 respectively. Moderate negative correlation between GCS and prolactin was on day 1 and day 7 was seen. (Table 3)
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Figure 1: Categorical comparison between Hormone levels and GOS

FT3 was significantly high in patients with Poor GOS while in cases with good GOS, more number of patients had low or normal FT3. This association was statistically significant on day 1 and day 7. Similar trends were seen with respect to FT4 and TSH however levels.
Cortisol levels on day 1 showed that patients with poor GCS had high cortisol levels in day one and day 7. GH levels both in patients with poor GCS was high in 16 patients while in patients with poor GCS it was normal. (Figure 1)
	GOS 
	Poor 
	Good 

	
	Day 1 
	Day 7 
	Day 1 
	Day 7 

	
	n 
	% 
	n 
	% 
	n 
	% 
	n 
	% 

	FT4 
	Low  
	14 
	21.50% 
	20 
	32.80% 
	20 
	32.80% 
	20 
	32.80% 

	
	Normal  
	45 
	69.20% 
	41 
	67.20% 
	41 
	67.20% 
	41 
	67.20% 

	
	High  
	6 
	9.20% 
	0 
	0.00% 
	0 
	0.00% 
	0 
	0.00% 

	FT3 
	Low  
	3 
	4.60% 
	0 
	0.00% 
	0 
	0.00% 
	4 
	6.60% 

	
	Normal  
	62 
	95.40% 
	48 
	78.70% 
	48 
	78.70% 
	53 
	86.90% 

	
	High  
	0 
	0.00% 
	13 
	21.30% 
	13 
	21.30% 
	4 
	6.60% 

	TSH 
	Low  
	2 
	3.10% 
	0 
	0.00% 
	0 
	0.00% 
	2 
	3.30% 

	
	Normal  
	63 
	96.90% 
	56 
	91.80% 
	56 
	91.80% 
	59 
	96.70% 

	
	High  
	0 
	0.00% 
	5 
	8.20% 
	5 
	8.20% 
	0 
	0.00% 

	GH 
	Low  
	0 
	0.00% 
	0 
	0.00% 
	0 
	0.00% 
	0 
	0.00% 

	
	Normal  
	49 
	75.40% 
	61 
	100.00% 
	61 
	100.00% 
	61 
	100.00% 

	
	High  
	16 
	24.60% 
	0 
	0.00% 
	0 
	0.00% 
	0 
	0.00% 

	Cortisol 
	Low  
	0 
	0.00% 
	6 
	9.80% 
	6 
	9.80% 
	6 
	9.80% 

	
	Normal  
	0 
	0.00% 
	55 
	90.20% 
	55 
	90.20% 
	55 
	90.20% 

	
	High  
	65 
	100.00% 
	0 
	0.00% 
	0 
	0.00% 
	0 
	0.00% 

	Prolactin 
	Low  
	0 
	0.00% 
	14 
	23.00% 
	14 
	23.00% 
	14 
	23.00% 

	
	Normal  
	54 
	83.10% 
	45 
	73.80% 
	45 
	73.80% 
	45 
	73.80% 

	
	High  
	11 
	16.90% 
	2 
	3.30% 
	2 
	3.30% 
	2 
	3.30% 





Table 4: Comparison between GOS on day 1 and day 7

In cases of FT4 patients on day 1, 69.20 % were normal as compared to 67.20% on day 7. In FT3, 95.40% had normal levels on day 1 while 78.70% had normal levels on day 7. TSH was normal in 96.90% in patients with poor GOS on day 1 as compared to 91.80% on day 7. GH was normal in  75.40% patients  on day 1 as compared to 100% in day 7, prolactin was normal in 83.10% on day 1 and 73.80% ion day 7.  While normal cortisol levels on day 1 was seen in none of patients while on day 7 it was normal in 90.20% patients. (Table 4)
DISCUSSION
The present study was conducted in the department of neurosurgery Government Medical College, Kozhikode, Kerala to determine the relationship between hormonal levels and severity of trauma, pressure effects on CT imaging and Glasgow outcome scale. The results of the present study are discussed below.
Majority of patients with traumatic brain injury belong to age group 21-30 years with 46 (36.5%) followed by 31-40 years with 28 (22.2%).  The mean age of the patients was 37.61±15.73 years. Agha A et al[7] in a similar study, found the mean age of the patients to be 37 ±14 years. Prasanna KL et al[8] found the mean age of the patients to be 32.3 years. Male predominance was seen in our study. In a study by Agha A et al[7] the male: female ratio was 3.16:1. While in a study by Prasanna et al the Male: female was 7.3:1.
The mechanism of injury for 95 (75.4%) patient was road traffic accident followed by fall which was seen in 31 (24.6%) patients.  In a study by Prasanna KL et al[8] the most common mode of injury was motorcycle accident, comprising 68% of patients, followed by fall from height. In a study by Kumar VKS et al[9] Road traffic accidents constitute a major cause of head injury (87%) followed by falls (7%) and assaults (3.7%).[10] According to the National Institute of Mental Health & Neurosciences Bangalore, the leading causes of neurotrauma were Road Traffic Injuries (RTIs) (59%), Falls (25%), and Violence (10%).  RTIs were most prevalent in those aged 15 to 40, among men, and during evenings and nights (66%).[10]
In the present study, in 67 (53.2%) patients the injury was severe while it was moderate in 59 (46.8%) patients.  Pressure effect was present in 75 (59.5%) patients while it was absent in 51 (40.5%) patients. We observed that on day 1 and day 7 65 (51.6%) patients had poor score while 61(48.4%) had good score. In a study by Prasanna KL et al[8] of the 100 patients, 52% had moderate and 48% had severe traumatic brain injury, 66% with pressure effect and 34% without pressure effect, 68% had good Glasgow Outcome Scale and 32% had poor Glasgow Outcome Scale. Agha A et al[7] in their study showed Thirty-two patients had severe head injury.
The severity of an injury is also frequently determined using the Glasgow Coma Scale (GCS) score. The GCS has a 15-point scale, with one point for the best verbal response, five points for the best motor reaction, and one point for the best eye opening.[11]
 Some have demonstrated no change in serum thyroxine (T4) concentration following a head injury[12,13], whereas others have demonstrated decreased[12] or even increased levels[14]. Serum triiodothyronine (T3) concentrations were found to be low,[15,12] or low-normal following an acute traumatic brain injury[13], in part due to decreased T4 conversion to T3 and/or increased thyroid hormone turnover. These modifications are indicative of the presence of low T3 syndrome. 
 On comparing Patients with poor GOS on day 1 and day 7 we observed that in cases of FT4 patients on day 1, 69.20 % were normal as compared to 67.20% on day 7. In FT3, 95.40% had normal levels on day 1 while 78.70% had normal levels on day 7.TSH was normal in 96.90% in patients with poor GOS on day 1 as compared to 91.80% on day 7.  On comparing Patients with Good GOS   on day 1 and day 7 we observed that in cases of FT4 patients on day 1 67.20% had normal FT4. In a study by Prasanna KL et al[8], of the 100 patients on day one, the percentage of the patients showing a low hormone profile of FT3 was 26%, FT4 was 12%, TSH was 4%, while in present study it was 27%, 2.4% and 1.6% respectively for FT3, FT4 and TSH.
It was observed then mean FT3 levels on day 1 (2.62± .57) was significantly more than on day 7 (2.53± .61).  It was observed then mean FT4 levels on day 1 (1.34± .28) was significantly less than on day 7 (1.08± .33). It was observed then mean TSH levels on day 1 (1.15± 1.18) was significantly more than on day 7 (1.18± .97).  We also observed that patients with severe injury had significantly less FT4 (1.31± 0.29 vs 0.90± 0.25), TSH (1.60± 1.43 vs 0.42 ±0.46). FT3 was same for both moderate and severe injury patients.   Also the patients with pressure effect had lower FT4 and TSH however FT3 was similar. Patients with poor GOS had more FT4 and TSH.  No correlation was observed between FT3 and GCS while FT4 and TSH were positively correlated.  
Wartofsky and Burman[14] have reviewed the effects of severe illness on thyroid function. Several names have been used for the same syndrome, including euthyroid sick syndrome, non-thyroidal illness and low T3 and normal T4 syndrome.[16]
In this study, the percentage of low T3 syndrome in the acute phase on days 1 and 7 after traumatic brain injury were 26% and 36%, respectively. In this study, there was a decreasing trend of serum T4 and TSH levels between days 1 and 7 following injury, comparable with a study by Tandon A et al.[17]  Kumar et al[9] in their study showed There was a significant positive correlation between T3 at day 4 and GOS at 3 months.
GH was normal in 75.40% patients on day 1 as compared to 100% in day 7 in patients with poor GOS while in patients with poor GOS. In cases with good GOS, GH, no changes were seen in patients with 100% of patients being normal. Growth hormone was high in 23.90%. Patients with severe injury, the value of correlation coefficient was -0.78 on day 1 and -0.79 on day 7 which signifies excellent negative correlation on day 1 and day 7 respectively according to which when GCS increases GH decreases. On day 7 and day 1, Patients who had severe injury had significantly more GH however overall no significant difference was seen in growth hormone on day 1 and day 7. The results were in contrast to various studies [18,4,19], but not with other[20,21] reports.  In a study by Prasanna KL et al[8] 28% on day 1 and 48.93% on day 7 had GH deficiency after traumatic brain injury. Serum GH is negatively correlated with Glasgow Coma Scale on day 7 which was similar to the study by Prasanna KL et al[8].
On day 1 and day 7, 16 (12.7%) of patients had low Cortisol levels, 55 (43.7%) had normal and 65 (51.6%) had high cortisol levels on day 1 and day 7, 14 (11.1%) of patients had low prolactin levels, 99 (78.6%) had normal and 13 (0.3%) had high prolactin levels. The value of correlation coefficient was -0.89 on day 1 and -0.87 on day 7 which signifies excellent negative correlation on day 1 and day 7. In a study conducted by Prasanna KL *et al.* [8], elevated plasma cortisol levels were observed in 38% of patients on Day 1 and in 21.27% on Day 7 following traumatic brain injury (TBI). Similarly, L. R. King *et al.* [22] reported that abnormally increased cortisol concentrations may persist for extended periods, with elevated levels documented up to four months after traumatic brain injury. These findings suggest that activation of the stress response and disturbances in the hypothalamic–pituitary–adrenal axis may continue well beyond the acute phase of injury.

Prasanna KL *et al.* [8] also reported that hyperprolactinaemia occurred in approximately 6% of patients on Day 1 following traumatic brain injury. In comparison, S. A. Lieberman *et al.* [23] observed hyperprolactinaemia in about 10% of patients in their study. In the present investigation, hyperprolactinaemia was detected in only 0.3% of patients, indicating a comparatively lower incidence. Post-mortem studies of individuals who died following traumatic brain injury have demonstrated lesions involving the hypothalamus and the pituitary stalk, and damage to either of these structures may account for the occurrence of hyperprolactinaemia in a proportion of patients with traumatic brain injury.

CONCLUSION
We presented the neuroendocrine profile of 126 patients with moderate to severe head injury. Patients with severe head injury had high GH, Cortisol, Prolactin and low FT4, TSH on Day 1 than moderate head injury. FT3 remained unchanged. Number of Patients with severe head injury with high Cortisol levels on Day 1 increased on Day 7. In FT3, GH, Cortisol and prolactin no changes were seen in patients with moderate injury on Day 7 compared to Day 1.


Consent : Informed consent was taken from the patient’s relatives who were willing to give consent on behalf of the patient.
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