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Abstract 

Objective: This study was designed to investigate the relationship between plasma cortisol 

levels and stress ulcer following acute severe head injury.  

Subjects and Methods: The plasma cortisol levels were prospectively measured by 

radioimmunoassay in 68 patients following acute head injury. The diagnosis of stress ulcer 

was based on clinical evidence and was confirmed by endoscopic examination. Results: 

Patients with stress ulcer and gastrointestinal bleeding (n=30, 44.1%) were older than those 

without stress ulcer (38.2±7.9 vs 28.3±9.7, P<0.01). The combined rate of poor recovery and 

death in the stress ulcer group was significantly higher than in the non-ulcer group (70.0% vs 

42.1%, P=0.02). On each of the first three days following the head injury, the average plasma 

cortisol levels in the stress ulcer group was higher than in the non-ulcer group (P<0.01). 

Univariate analysis showed a positive relationship between plasma cortisol at admission and 

stress ulcer (r= 0.329, P=0.01). Logistic regression analysis revealed plasma cortisol levels at 

admission (OR, 2.326, 95% CI: 1.982-2.466) and age (OR, 1.064, 95% CI: 0.861-1.219) were 

independent predictors for stress ulcer. Conclusions: Acute severe head injury is associated 

with a significant increase in plasma cortisol. Plasma levels of cortisol and age are 

independent predictors for stress ulcer following acute head injury.  
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Introduction 

Acute traumatic head or brain injury is the leading
 
cause of death and severe disability in

 

people under 45 years of age[1,2].
 
One of the major complications following acute head 

injury is gastriointestinal ulcer (stress ulcer). The prevalence of stress ulcers has been 

reported between 40-80% following severe head injuries[3-7].
 

    The causes of stress ulcer following head injury are complex and several factors may be 

involved. It has been postulated that hypermetabolic responses, elevated cytokines activity, 

liver dysfunction, and gut ischemia may contribute to the pathogenesis of stress ulcer[8-12]. 

High incidence of tissue endothelin-1 expression combined with increased activity of inducible 

nitric oxide synthase may also be involved in the pathogenesis of gastric mucosal injuries[13].
 

    Acute head injuries have significant impact on the secretion of some hormones. The 

hypothalamus-pituitary-adrenocortical system is often activated following the head trauma, 

with a significant increase in plasma cortisol levels[14,15]. However, whether the elevation of 

cortisol is responsible for stress ulcer is unclear. In the present study, we prospectively 

measured the plasma levels of cortisol, and assessed the prevalence of stress ulcer and 

gastrointestinal bleeding in a group patient with acute severe head injury. The relationship 

between the plasma cortisol and stress ulcer was subsequently analyzed.  

 

Subjects and methods
 

Patient selection 

This study was approved by the institution review board of Liaocheng People’s Hospital. 

Informed consent was obtained from all participants or their relatives. During a period of 12 
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months, 68 patients admitted to Liaocheng People’s Hospital were prospectively recruited to 

this study. There were 42 males and 26 females, with an average age of 33.7±12.1 years 

(range, 12-71 years). All patients sustained severe head injury and were admitted within 6 

hours after the insult.  

    The selection criteria were: 1) acute severe head or brain injury with a Glasgow Coma 

Scale (CGS) equals to, or less than 8 within 6 h of the injury; 2) no injuries to other organs 

apart from head or brain, and no history of other acute or chronic illnesses; 3) no medication 

history such as the use of corticorsteroids or non-steroid anti-inflammatory drugs prior to the 

head injury. Excluded were patients having any coexisting trauma, or with preexisting peptic 

ulcer, or patients who died within 48 hours after the trauma. 

The causes of the head injuries were as follows: road accident in 38, fall from heights or 

injuriey from heavy impact in 30. The type of the head injury included: epidural hematoma 

18, subdural hematoma 27, cerebral bleeding 12, brain contusion 40, primary brain stem 

trauma 3, traumatic subrachnoid bleeding 43, acute brain swelling 7, and skull fracture 25.  

    All patients underwent careful neurologic evaluations and received cranial computed 

tomographic scans at admission. Patients underwent emergency neurological surgeries or 

non-surgical treatment according to the standard protocols of our hospital. Hyperventilation 

therapy and administration of manitol were commonly given to prevent the elevation of 

intracranial pressure. Steroids were not used as part of the management. 

 

Diagnosis of stress ulcer 

Diagnosis of stress ulcer was based on clinical evidence of gastrointestinal bleeding and 
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reduction of blood hemoglobin. Endoscopic examination was performed in patients with 

clinical evidence of stress ulcer to confirm the diagnosis.  

 

Measurment of plasma cortisol 

Venous blood (2 ml at 8 am and 5 pm, respectively) was collected from each patient on the 

day of admission, daily during the first week of hospitalization, and finally on day 10 of the 

hospitalization. Cortisol radioimmunoassay kit was used to measure the plasma cortisol level. 

The reference range of
 
plasma cortisol in our laboratory was

 
50-250ng /ml. 

 

Patient follow-up 

Patients were followed up at our hospital clinic monthly for up to 6 months. The recovery 

from the head injury was classified as satisfactory (leading a normal life without the need for 

assistance from a carer), poor (severely disabled and required constant care) or death. 

  

Statistical analysis 

Data were expressed as means ± SD. SPSS13.0 software was used for data 

analysis. Numerical data were analyzed with one-way ANOVA. Mann-Whitney test was used 

to examine the difference in GCS scores between patients with and without stress ulcer. 

P<0.05 was considered statistically significant. 

A univariate analysis was performed to assess the correlation between the level of 

cortisol at admission and GCS scores. The cortisol levels in the first three days of the trauma 

were also compared between patients with and without stress ulcer. Logistic regression 
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analysis was performed to assess the relationship between age, cortisol levels and the stress 

ulcer. 

 

Results 

General findings 

Thirty-three patients underwent emergency neurological surgeries and 35 received 

non-surgical treatment following the admission. Ulcerative upper gastrointestinal bleeding 

occurred in 30 (44.1%) patients. No clinical evidence of ulcer was found in the remaining 38 

(55.9%) patients. There was no significant difference in sex between the two groups (Table 1, 

P>0.05), but patients with stress ulcer were older (Table 1, P<0.01). Patients with ulcerative 

bleeding were managed by proton pump inhibitor omeprazole. Fresh blood transfusion was 

also required in 9 patients. 

 

Comparison of GCS and prognosis between ulcer and non-ulcer groups 

As shown in Table 1, the percentage of patients with a GCS score below 6 in the stress ulcer 

group was higher than in the non-ulcer group (86.6% vs 71.0%, P=0.03). The prognosis of 

patients with and without ulcer is shown in Table 2. Nine patient from the stress ulcer group 

and 5 from the non-ulcer group died 48 h after the hospital admission. The combined rate of 

poor recovery and death in the stress ulcer group was significantly higher than in the 

non-ulcer group (70.0% vs 42.1%, P=0.02). 

 

Comparison of plasma cortisol levels between ulcer and non-ulcer groups 
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Table 3 shows the plasma levels of cortisol during the first three days of hospitalization. On 

day 1, in 59 (86.8%) patients the average plasma cortisol was higher than the upper limit of 

the reference value (50-250 ng/ml). Pearson correlation analysis of the 68 patients showed a 

significant inverse relationship between the plasma cortisol levels on day 1 and the GCS 

scores (r= -0.635, P<0.01).    

    In comparison with the non-ulcer group, a greater proportion of patients from the stress 

ulcer group had increased level of plasma cortisol (100% vs 76.3%, P<0.05). On each of the 

first three days, the average cortisol levels in the stress ulcer group was higher than in the 

non-ulcer group (P<0.01). The 10-day variations of the average plasma cortisol levels in the 

stress ulcer and non-ulcer groups are illustrated in Fig 1. There was a steady decline in the 

cortisol levels over time. After day 7, it had returned to the reference range. 

     

Relationship between plasma cortisol levels and stress ulcer 

Univariate analysis of the 68 patients showed a positive relationship between stress ulcer and 

plasma cortisol on day 1 (r= 0.329, P=0.01). There was also a modest but significant 

correlation between age and stress ulcer (r= 0.232, P=0.04). Logistic regression analysis 

showed that the plasma cortisol levels on day 1 (OR, 2.326, 95% CI: 1.982-2.466) and age 

(OR, 1.064, 95% CI: 0.861-1.219) were two independent predictors for stress ulcer. 

 

Discussion 

The major findings of this study are: 1) more than 44% of the patients with acute head trauma 

suffered from stress ulcer and gastrointestinal bleeding. The presence of stress ulcer was 
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associated with a higher mortality rate and a poorer recovery from the head or brain injuries; 

2) in all patients, there was a significant increase in plasma cortisol levels within the first 

three days of head trauma. The plasma cortisol levels were inversely correlated with GCS 

scores; 3) the average levels of plasma cortisol in patients with gastrointestinal bleeding were 

higher than in those without stress ulcer. Plasma cortisol levels and the age of the patients 

were independent predictors for stress ulcer. 

    There is a close relationship between the severity of head injury and the incidence of 

gastric mucosal dysfunction[8]. In the present study, a lower GCS score was associated with a 

higher risk of stress ulcer and gastrointestinal bleeding. Although gastric acid hypersecretion 

appears to play a key role in the pathogenesis of stress ulcer[8,16], increased secretion of 

some reactive hormones, such as adrenaline, noradrenaline, adrenocorticotropic hormone or 

cortisol may also be involved[14,15]. In this study, 86.8% of the patients from the stress ulcer 

group had increased level of cortisol within a day of the trauma, and the average cortisol level 

was inversely correlated to the GCS scores, suggesting plasma cortisol is associated with the 

severity of the head injuries.   

    There has been some indirect evidence on the role of cortisol in the pathogenesis of stress 

ulcer. In a rat model of cold-restraint stress, those who developed stress ulcers had a higher 

plasma levels of cortisol than in the control[17]. Pretreating rats with
 
clonidine inhibited gastric 

mucosal
 
injury induced by cold-restraint stress, and attenuated the cold restraint-induced 

increases
 
in cortisol levels[18]. Enhanced biosynthesis or release of cortisol initially may serve 

as effector signals and a protective mechanism in the response to stress[19].
 
However, 

excessive release of cortisol may be detrimental to the gastric mucosa. As shown in this study, 
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the plasma levels of cortisol on day 1 of the head injury was an independent predictor for stress 

ulcer and gastrointestinal bleeding. Patients with stress ulcer had a higher mortality rate and 

poorer recovery from the trauma. 

    A potential limitation of this study is that, due to ethics considerations, not all patients 

received endoscopic examination of the upper gastrointestinal tract. Therefore, patients with 

early stage ulcerative pathology but no clinical bleeding may have been missed out. However, 

this potential limitation may have little adverse effect on the overall results of the study, 

because our focus was on the relationship between clinically significant stress ulcer and the 

plasma cortisol levels. In addition, some proton pump inhibitors are known to increase plasma 

adrenocorticotropic hormone and cortisol [20]. However, omeprazole did not appear to have 

significant impact on the hypothalamo-pituitary-adrenal axis [20]. Therefore, the increase in 

plasma cortisol levels in patients with stress ulcer was unlikely to be caused by omeprazole.   

Conclusion 

Acute severe head injury is associated with a significant increase in plasma cortisol 

within the first few days of the insult. The elevation of plasma cortisol is related to the 

severity of the head injury. The prevalence of stress ulcer was also increased in the patients 

with severe head injuries. Age and the plasma levels of cortisol seem to predict the 

prevalence of stress ulcer. These results may help with the future development of prophylaxis 

for stress ulcer following acute severe head trauma. 
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Table 1. Glasgow Coma Scale (GCS) in the ulcer and non-ulcer groups. 

 Ulcer (n=30) 

n(%) 

Non-Ulcer (n=38) 

n(%) 

Age 

Male 

Female 

GCS 

    3-4  

    5-6  

    7-8  

38.2±7.9 

24 (80.0%) 

         6 

 

10 (33.3%) 

16 (53.3%) 

4 (13.3%) 

28.3±9.7 

32 (84.2%) 

        16 

 

7 (18.4%) 

20 (52.6%) 

11 (28.9%) 
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Table 2. Prognosis of the ulcer and non-ulcer group. 

Prognosis Ulcer (n=30) 

n(%) 

Non-ulcer (n=38) 

n(%) 

Satisfactory 

Poor 

Death 

Total 

9 (30%) 

12 (40%) 

9 (30%) 

       30 

22 (57.9%) 

11 (28.9%) 

5 (13.2%) 

         38 
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Table 3. Plasma cortisol in the ulcer and non-ulcer groups.  

                 Day 1                Day 2               Day 3                

Groups     8am       5pm          8am       5pm         8am      5pm 

Ulcer  

(n= 30)    511.3±103.2* 475.6±108.7*  448.2±100.9* 421.4±110.6 *  395 .3±90.0*  380.8±87.5*                                                                    

Non-ulcer 

 (n=38)    432. 8 ± 110. 2    412.1± 116.2     380 .1± 95 .3     338.7± 123.3     280.4±93.6    282 .8±97.9                                                                                

*: P<0.01 compared with non-ulcer group. 
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Figure legends 

 

Fig 1. The average values of plasma cortisol in patients with and without stress ulcer. From 

day 7 onwards, the values in the mornings and the afternoons had returned to the normal 

range (50-250 ng/ml) in both groups. 
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Fig 1 


