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	 Background:	 This study investigated the correlations between acute cerebral hemorrhage complicated with stress ulcer 
bleeding and corresponding indexes, including the Acute Physiology and Chronic Health Evaluation (APACHE) 
II score, vascular endothelin-1 (ET-1), tumor necrosis factor-alpha (TNF-a), and blood lipid factors.

	 Material/Methods:	 A total of 53 patients with acute cerebral hemorrhage complicated with stress ulcer bleeding were selected 
as the observation group and 50 patients with simple acute cerebral hemorrhage were selected as the control 
group. The APACHE II score and the levels of ET-1, TNF-a, and blood lipid factors, including total cholesterol 
(TC), triglyceride (TG), high-density lipoprotein-cholesterol (HDL-C), low-density lipoprotein-cholesterol (LDL-C), 
and malondialdehyde (MDA), were detected and the correlations of were analyzed between the 2 groups of 
patients.

	 Results:	 The blood lipid index TG, APACHE II score, ET-1, TNF-a, renal function indexes [blood urea nitrogen (BUN) and 
creatinine (Cr)], mortality rate, hemoglobin, and MDA in the observation group were significantly higher than 
those in the control group, while HDL-C in the observation group was obviously lower than in the control 
group (p<0.05). The APACHEII score had positive correlations with TG and TNF-a (r=0.8960, r=0.8563, respec-
tively), while it was negatively correlated with TC, HDL-C, LDL-C, and ET-1 (r=–0.909, r=–0.9292, r=–0.8543, and 
r=–0.8899, respectively) (p<0.001 in all comparisons). APACHEII score, BUN, and Cr were all risk factors.

	 Conclusions:	 Stress ulcer in patients with acute cerebral hemorrhage is associated with blood lipid changes and inflamma-
tion, which provides clues for the diagnosis and treatment of acute cerebral hemorrhage.

	 MeSH Keywords:	 Hemorrhage • Lipids • Retinal Vessels • Ulcer

	 Full-text PDF:	 https://www.medscimonit.com/abstract/index/idArt/911915

Authors’ Contribution: 
Study Design  A

 Data Collection  B
 Statistical Analysis  C
Data Interpretation  D

 Manuscript Preparation  E
 Literature Search  F
Funds Collection  G

1 Department of Gastroenterology, Qilu Hospital of Shandong University, Jinan, 
Shandong, P.R. China

2 Department of Gastroenterology, Tai’an Central Hospital, Tai’an, Shandong, 
P.R. China

3 Department of Central Laboratory, Tai’an Central Hospital, Tai’an, Shandong, 
P.R. China

4 Department of Endoscopy Center, Tai’an Central Hospital, Tai’an, Shandong, 
P.R. China

5 Department of Pathology, Tai’an Central Hospital, Tai’an, Shandong, P.R. China
6 Department of Endocrinology, Tai’an Central Hospital, Tai’an, Shandong, 

P.R. China

e-ISSN 1643-3750
© Med Sci Monit, 2018; 24: 9120-9126 

DOI: 10.12659/MSM.911915

9120
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Background

Cerebral hemorrhage symptoms are generally found in pa-
tients with intracranial vascular acute or cerebrovascular dis-
eases. Patients with cerebral hemorrhage may be accompa-
nied with various complications [1–3], of which stress ulcer 
bleeding is one of the common adverse reactions. Cerebral hem-
orrhage and increased intracranial pressure in patients affect 
the autonomic nervous function of the body, resulting in gas-
tric ischemia, overproduction of gastric juice, and stress ulcer 
bleeding [4,5]. Abnormalities of blood lipids and inflammatory 
factors are universally detected in patients with stress cerebral 
hemorrhage complicated with stress ulcer bleeding in clinical 
settings [6,7], but the underlying mechanism is unclear. This 
study investigated the changes in endothelin-1 (ET-1), tumor 
necrosis factor (TNF), and inflammatory factors after the oc-
currence of stress ulcer bleeding.

Material and Methods

General data

A total of 53 patients with acute cerebral hemorrhage compli-
cated with stress ulcer bleeding in our hospital from January 
2017 to February 2018 were enrolled in the observation group. 
Another 50 patients with simple acute cerebral hemorrhage 
were selected as the control group. The average ages from the 
2 groups were (49.76±4.54) and (51.21±4.78) years old, respec-
tively, with the disease course of (4.43±0.34) and (4.49±0.44) 
years, respectively. There were 23 males and 30 females in the 
observation group, and 23 males and 27 females in the con-
trol group. No significant differences were found in the course 
of disease, age, and other general data between the 2 groups 
of patients, and the data were comparable.

Diagnostic criteria for acute cerebral hemorrhage complicated 
with stress ulcer bleeding were patients diagnosed with acute 
cerebral hemorrhage by clinical imaging, with clinical symp-
toms such as gastric tube and gastric juice in brown, bright 
red, or black stool, and hematemesis.

Inclusion criteria were all patients enrolled were diagnosed 
with acute cerebral hemorrhage by clinical imaging, with sys-
tolic blood pressure (SBP) >140 mmHg, or diastolic blood pres-
sure (DBP) >90 mmHg, good compliance, and active coopera-
tion with doctors for treatment and diagnosis.

Exclusion criteria were taking anti-ulcer drugs during the onset, 
other digestive system diseases, and vital organs such as heart, 
liver, and kidney having serious injuries. This study was pre-ap-
proved by the Ethics Committee of Tai’an Central Hospital. All sub-
jects signed the consent forms before recruitment in this study.

Methods

The related biochemical indexes and Acute Physiology and 
Chronic Health Evaluation (APACHE) II score of patients were 
measured within 2 h after admission. According to APACHE II 
score, all patients were divided into group I (with score greater 
than or equal to 20 points) and group II (with score more than 
10 points but less than 20 points), and the levels of blood 
lipids, TNF-a, and ET-1 were compared between the 2 groups. 
The patients with acute cerebral hemorrhage complicated with 
stress ulcer bleeding were followed up for 2 weeks to record 
the survival rate, as well as to evaluate APACHE II scores in 
the death group and survival group.

Observation indexes

APACHE II score: The Acute Physiology and Chronic Health 
Evaluation is associated with the acute physiology score (APS), 
age, and chronic health evaluation. The total score includes mul-
tiple constituent items [8]. Blood lipid factors include total cho-
lesterol (TC), triglyceride (TG), high-density lipoprotein-cholesterol 
(HDL-C), and low-density lipoprotein-cholesterol (LDL-C). The ve-
nous blood was collected from the patients and the levels of 
the above factors in the serum were detected via enzyme-linked 
immunosorbent assay (ELISA) [9]. For liver function indexes and 
renal function indexes, serum was collected from patients to 
detect aspartate aminotransferase (AST), alanine transaminase 
(ALT), blood urea nitrogen (BUN), and creatinine (Cr) via ELISA, 
and the data were directly analyzed by an automatic biochemical 
analyzer [10]. Inflammatory factor TNF-a level was measured 
via ELISA. Malondialdehyde (MDA), a lipid peroxide metabolite, 
was determined via thiobarbituric acid colorimetry.

Data statistics and analysis

Statistical Product and Service Solutions (SPSS) 17.0 software 
was used for data analysis. The measurement data are ex-
pressed as (c

_
±s), and assessed by t test. The enumeration data 

are expressed as n and tested by chi-square test. Pearson cor-
relation analysis was conducted among variables. p<0.05 sug-
gested that the difference was statistically significant.

Results

Comparisons of biochemical indexes between the 2 groups 
of patients

There were no significant differences in the course of disease, 
age, sex, and liver function indexes (AST and ALT) between the 
2 groups of patients (p>0.05). The blood lipid index TG, APACHE 
II score, ET-1, TNF-a, renal function indexes (BUN and Cr), mor-
tality rate, hemoglobin, and MDA in observation group were 
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significantly higher than those in the control group (p<0.05), 
while TC, HDL-C, and LDL-C in the observation group were signif-
icantly lower than those in the control group (p<0.05) (Table 1).

Comparisons of blood lipids, ET-1, and TNF-a between 
group I and group II

The levels of TG, ET-1, and TNF-a in group I (APACHE II score 
³20) were remarkably elevated compared with those in group II, 
while HDL-C was significantly decreased compared with that 
in group II (p<0.05) (Table 2).

Comparison of APACHE II scores between the survival 
group and death group

The APACHE II scores were compared between the survival 
group and death group, and it was found that the APACHE II 
score in the death group (27.29±2.64) was significantly higher 
than that in the survival group (14.21±1.98) (p<0.05) (Figure 1).

Correlations of APACHE II score with blood lipid factors, 
ET-1, and TNF-a

According to analyses of correlations of APACHE II score with 
blood lipid factors (TC, TG, HDL-C, and LDL-C), ET-1, and TNF-a, 

Index Observation group Control group P

Course of disease (years) 	 4.43±0.34 	 4.49±0.44 0.439

Age (years old) 	 49.76±4.54 	 51.21±4.78 0.117

Sex (Male/Female) 23/30 23/27 0.135

TC (mg/dL) 	 119.45±10.54 	 118.65±12.43* 0.348

TG (mg/dL) 	 118.65±11.53 	 85.21±7.89* 0.000

HDL-C (mg/dL) 	 34.45±3.54 	 52.23±4.99* 0.000

LDL-C (mg/dL) 	 45.51±4.42 	 42.86±5.98* 0.060

APACHE II score (point) 	 26.54±2.65 	 14.45±1.32* 0.000

ET-1 (pg/mL) 	 119.31±10.86 	 100.32±9.56* 0.004

TNF-a (μg/mL) 	 1.03±0.12 	 0.63±0.07* 0.021

BUN (mmol/L) 	 16.95±1.54 	 6.92±0.67* 0.000

Cr (μmol/L) 	 313.82±32.43 	 100.97±10.43* 0.000

AST (U/L) 	 62.56±6.34 	 63.24±7.09 0.052

ALT (U/L) 	 79.48±7.99 	 82.53±8.43 0.065

Mortality rate (%) 13 (24.5) 6 (12.0) * 0.003

Hemoglobin (g/L) 	 152.54±12.54 	 132.87±11.76* 0.018

MDA (mol/L) 	 5.76±0.54 	 3.51±0.31 0.028

Table 1. Comparisons of biochemical indexes between the 2 groups of patients.

* p<0.05 vs. observation group.

Index Group I Group II P

TC (mmol/L) 	 106.21±10.32 	 107.41±12.34* 0.508

TG (mmol/L) 	 119.21±12.09 	 86.45±7.89* 0.027

HDL-C (mmol/L) 	 35.02±3.54 	 52.43±5.32* 0.025

LDL-C (mmol/L) 	 46.54±4.98 	 48.56±5.78* 0.266

ET-1 (pg/mL) 	 121.54±11.54 	 105.63±11.45* 0.019

TNF-a (ng/mL) 	 1.12±0.12 	 0.59±0.05* 0.032

Table 2. Comparisons of blood lipids, ET-1 and TNF-a between group I and group II.

* p<0.05 vs. group I.
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the APACHEII score had positive correlations with TG, TNF-a, and 
ET-1 (r=0.8674, r=0.884, and r=0.885, respectively, and p=0.001 
in all comparisons), while it was negatively correlated with TC, 
HDL-C, and LDL-C (r=–0.8811, r=–0.925, and r=–0.7798, respec-
tively) (p=0.001, p=0.000. and p=0.005, respectively) (Figure 2).

Risk factors for stress ulcer bleeding in patients with acute 
cerebral hemorrhage

The risk factors for stress ulcer bleeding in patients with acute 
cerebral hemorrhage were analyzed, and it was found that 
APACHEII score, BUN, and Cr were all risk factors for the dis-
ease, of which APACHE II score was the most important indi-
cator (OR=1.231, p=0.032) (Table 3).

Discussion

Patients with acute cerebral hemorrhage frequently suffer 
from stress ulcer complications, negatively affecting quality 
of life and work [11]. Intracranial hypertension is commonly 
observed in patients with acute cerebral hemorrhage, which 
damages the normal physiological functions of the brain 
stem and the hypothalamus, interferes with autonomic ner-
vous system function, and results in the excessive secretion 
of gastric acid. It evidently decreased blood flow of gastroin-
testinal mucosa, thereby leading to gastrointestinal bleeding, 
especially, stress ulcer bleeding [12]. After the onset of the 
disease, abnormal metabolism of blood lipids and inflamma-
tory reaction are common [13,14]. Therefore, this study de-
termined the relationships of acute cerebral hemorrhage com-
plicated with stress ulcer with blood lipids and inflammation.

Acute cerebral hemorrhage complicated with stress ulcer 
bleeding represents an acute reaction in clinical practice. 
Therefore, the biochemical indexes of the patient should be 
detected within 2 h after admission, so as to quickly and ac-
curately evaluate the patient’s condition [15,16]. The detection 

of inflammatory serum biomarkers reasonably quickly before 
the occurrence of gastric bleedings could reflect pathogenic 
mechanisms favoring the bleeding.

The APACHE II score consists of 3 major parts: APS, age, and 
chronic health evaluation. The scoring scale has been widely 
used in the assessment of various acute diseases, such as 
acute pancreatitis and acute coronary disease. The APACHE II 
scoring system is simple, easy to use, and widely applied [17]. 
Our study found that APACHE II score was the most important 
risk factor, indicating that APACHE II score can be regarded as 
a predictor of risk of the disease. Notably, in this study, the 
APACHE II score in the death group was obviously higher than 
that in the survival group (p<0.05), suggesting that APACHE II 
score can even indicate the severity of the disease to some ex-
tent. The score indicates the severity of stress ulcer bleeding.

Blood lipid metabolism is an important component in the body. 
According to clinical findings, the occurrence of stress leads 
to lower blood lipid levels and hypolipidemia. In this study, it 
was found that after the occurrence of stress ulcer bleeding in 
patients with acute cerebral hemorrhage, the blood lipid fac-
tor HDL-C was significantly reduced in the body, which is sim-
ilar to the previous clinical findings [18]. Clinical studies have 
revealed that the increase of TG causes atherosclerosis under 
the arterial intima, inhibits fibrinolytic function, and activates 
the exogenous coagulation system, leading to the growing 
incidence of stroke. TG has also been identified as a risk fac-
tor for cerebral hemorrhage, and the rise of TG increases the 
possibility of cerebral hemorrhage. In addition, relevant clini-
cal studies have demonstrated that the level of HDL-C in pa-
tients with cerebral hemorrhage is significantly decreased, 
and the decrease in HDL-C is related to the severity of cere-
bral hemorrhage [19].

TNF-a is a kind of immune function factor. The abnormally high 
secretion may damage the gastric mucosa. Our result demon-
strated that the content of TNF-a was significantly increased in 
patients complicated with stress ulcer. The elevation of TNF-a 
results in injuries of the gastrointestinal mucosa and endothe-
lial cells, thus aggravating ulcers [20]. It was also found in this 
study that ET-1 level in patients with stress ulcer bleeding was 
significantly higher than that in the control group, and it was 
positively correlated with APACHE II score. According to in vivo 
clinical studies, ET-1 is closely related to TNF-a. The increasing 
content of TNF-a in the body accelerates the synthesis of ET-1, 
and the upregulation of ET-1 leads to more serious symptoms 
of hypoxia and activation of neutrophils by stimulation, thereby 
resulting in the excessive release of TNF-a. Therefore, the cor-
relation between the 2 factors can be analyzed and studied 
in future research, so as to provide new treatment directions.

Death group Survival group
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Figure 1. �Comparison of APACHEII scores between survival group 
and death group.
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Figure 2. �Correlation analysis on APACHE II score and TG (I); APACHE II score and TC (II); APACHE II score and HDL-C (III); APACHE II 
score and LDL-C (IV); APACHE II score and TNF-a (V); APACHE II score and ET-1 (VI).
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Factor p OR 95% confidence interval (95% CI)

APACHE II score 0.032 1.231 0.215, 1.332

BUN 0.045 1.438 0.432, 1.765

Cr 0.027 1.208 0.397, 1.459

AST 0.076 0.996 0.764, 1.769

ALT 0.085 0.921 0.769, 1.937

Table 3. Logistic factor analysis of patients with acute cerebral hemorrhage complicated with stress ulcer bleeding.
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One of the main findings in the present study was the signifi-
cant increase in TNF-a levels observed in patients complicated 
with ICH and in patients with higher values of APACHE II score. 
Inflammatory response, triggered by cerebral hematoma, can 
influence the risk of secondary injury and systemic complica-
tions and, hence, profoundly affect the disease course and 
patient prognosis [21]. For instance, neutrophil-to-lympho-
cyte ratio (NLR) was associated with 30-day mortality and 
morbidity after intra-cerebral hemorrhage (ICH), improved the 
accuracy of outcome prediction when added to the Modified 
ICH score [22], and can be employed to predict neurological 
deterioration (ND) after ICH [23].

In addition, our study included patients with acute cerebral 
hemorrhage complicated with stress ulcer bleeding and pa-
tients with simple acute cerebral hemorrhage. Potential out-
come modifiers regarding the antihypertensive agents adopted 
in the acute stage may influence the hematoma growth and 
disease course [24–26]. The effects of different types of an-
tihypertensive agents require assessment of either the blood 
pressure variability or autonomic functions and abnormalities 
in perfusion and sympathetic/parasympathetic balance, which 
have significant impacts on the risks of hematoma expansion 
as well as gastric ulcers, via mucosa hypoperfusion [27–29]. 
These factors need to be elucidated in further research.

Our present results shed light on the overall prognosis of pa-
tients presenting with acute cerebrovascular disorders, jointly 

based upon the degree of neurological recovery/deterioration 
and the occurrence of systemic and internist complications, in-
cluding gastrointestinal bleeding. Currently available prognostic 
algorithms mostly consider the major determinants of the pri-
mary injury, like hematoma volume, size, and intra-ventricular 
extension, and cannot support highly accurate prediction of 
outcome [30]. Indeed, there is growing evidence that a mul-
titude of metabolic, hemodynamic, and pharmacological fac-
tors can influence the course of stroke [31–33]. Furthermore, 
as many of these variables can be controlled, they could even 
become potential targets of treatment in stroke patients, high-
lighting a multidimensional assessment that includes markers 
synthesizing the pathophysiological processes in secondary-in-
duced damage, to facilitate favorable outcome prognostication.

Conclusions

Our data demonstrate that the severity of acute cerebral hem-
orrhage complicated with stress bleeding in patients shows 
a negative correlation with blood lipids and positive correla-
tions with TNF-a and ET-1, providing a scientific basis for clin-
ical treatment and disease evaluation.
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