@ﬁ SPANDIDOS
%,.“ PUBLICATIONS

EXPERIMENTAL AND THERAPEUTIC MEDICINE 18: 1533-1538, 2019

Clinical significance of neutrophil to lymphocyte ratio and
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gastrointestinal hemorrhage, and logistic
regression analysis of risk factors
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Abstract. The aim of the present study was to determine the
predictive value of the neutrophil to lymphocyte ratio (NLR)
and platelet to lymphocyte ratio (PLR) in patients with acute
cerebral hemorrhage with or without gastrointestinal hemor-
rhage. Risk factors of gastrointestinal hemorrhage in patients
with acute cerebral hemorrhage were also assessed. A total
of 335 patients with acute cerebral hemorrhage admitted to
our hospital between January 2012 and January 2017 were
enrolled. The 86 patients who experienced gastrointestinal
hemorrhage during hospitalization were selected as the obser-
vation group, while the 249 remaining cases were assigned
to the negative control group. The neutrophil, white blood
cell and platelet count, as well as the NLR and PLR of each
subject were recorded. Furthermore, sex, age, blood pressure,
the site of cerebral hemorrhage, the amount of bleeding, the
Glasgow Coma Scale (GCS) score and presence of hemato-
sepsis were also recorded and assessed as potential risk factors
for gastrointestinal hemorrhage in patients with acute cerebral
hemorrhage. The NLR and PLR were markedly higher in the
observation group compared with those in the negative control
group. Furthermore, the NLR and PLR in the observation group
were negatively associated with the 90-day overall survival of
patients with acute cerebral hemorrhage and gastrointestinal
hemorrhage. In the negative control group, only the PLR was
negatively associated with overall survival. Logistic regres-
sion analysis indicated that a cerebral hemorrhage volume of
>30 ml, lower GCS score and hematosepsis were indepen-
dently associated with gastrointestinal hemorrhage in patients
with acute cerebral hemorrhage (P<0.05). A high NLR and
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PLR indicated an elevated risk of gastrointestinal hemorrhage
in patients with acute cerebral hemorrhage. A higher NLR and
PLR were also negatively associated with overall survival and
prognosis of patients with cerebral hemorrhage. In addition, a
cerebral hemorrhage volume of >30 ml, lower GCS score and
hematosepsis were independent risk factors of gastrointestinal
hemorrhage in patients with acute cerebral hemorrhage.

Introduction

Acute cerebral hemorrhage is a type of primary non-traumatic
intracerebral hemorrhage, accounting for 15-20% of all
strokes, and the mortality rate is as high as approximately
30%. To date, no specific treatment method has been
developed to effectively reduce mortality of acute cerebral
hemorrhage (1). The morbidity of cerebral hemorrhage is twice
that of ischemic cerebrovascular disease (2), and the 30-day
mortality is as high as 41% (3). Studies have indicated that
peripheral blood leukocytes are associated with the prognosis
of patients with cerebral hemorrhage. Leukocytes have an
important role in the secondary damage caused by inflamma-
tory reactions after intracerebral hemorrhage (4), which are
associated with early neurologic impairment in patients with
cerebral hemorrhage (5). In a mouse model of intracerebral
hemorrhage, it has been demonstrated that peripheral blood
mononuclear cells significantly aggregate at the hemorrhage
site compared with other types of inflammatory cell (6).
Matrix metalloproteinases (MMPs) are considered as impor-
tant inflammatory mediators (7), and neutrophils are the
major source of MMPO (8). Previous studies have indicated
that peripheral blood leukocytes are associated with inflam-
matory reactions in acute cerebral hemorrhage. However, the
mechanism of the inflammatory response after intracerebral
hemorrhage has not been fully elucidated.

Gastrointestinal bleeding caused by Cushing ulcer is
one of the complications of acute cerebral hemorrhage, with
a morbidity of 48.3% and a mortality of as high as 87.9%.
Therefore, identifying and preventing gastrointestinal hemor-
rhage in patients with cerebral hemorrhage may effectively
reduce the mortality rate. Previous studies have indicated
that NLR and PLR are closely linked to the degree of
severity and prognosis of inflammation-associated diseases,
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including malignant tumors and acute pancreatitis (9,10).
Based on clinical data and preliminary observations, our
group determined that the neutrophil count (NEU) has a
certain value in identifying patients with acute cerebral
hemorrhage combined with gastrointestinal hemorrhage.
The present study aimed to explore the clinical significance
of NLR and PLR in the diagnosis and prognosis of acute
cerebral hemorrhage.

Patients and methods

Subjects. A total of 335 patients with acute cerebral hemor-
rhage diagnosed by clinical examinations and cranial
computed tomography (CT) at the First People's Hospital
of Wujiang District (Suzhou, China) between January 2012
and January 2017 were selected. The cohort comprised
181 male patients and 154 female patients with an age
range of 32-87 years (median age, 60 years). All enrolled
patients were admitted due to acute cerebral hemorrhage.
Among them, 86 patients who experienced gastrointestinal
hemorrhage were selected as the observation group and the
remaining 249 were selected as a negative control group. The
diagnostic criteria for gastrointestinal hemorrhage were as
follows: Bloody or brown vomitus or gastric tube drainage,
or positive occult blood test; tarry stool or melena or positive
fecal occult blood test. In all cases, gastrointestinal hemor-
rhage occurred within 2 weeks of acute cerebral hemorrhage.
Exclusion criteria included admission at 24 h after the onset,
history of blood transfusion within 3 months, comorbidity
of hematological diseases, tumors, severe dysfunctions of
liver and kidney, endocrine or digestive system diseases,
and various autoimmune diseases, as well as taking of
immunosuppressants, a history of acute infection or antibi-
otic medication in last 3 weeks, and a history of stroke. The
present study was approved by the ethics committee of the
First People's Hospital of Wujiang District (Suzhou, China).
Written informed consent was obtained from all participants
prior to the study.

Collection of basic characteristics. Peripheral blood samples
of all subjects were collected within 24 h after admission
and every 2 days since after. The NEU, white blood cell
count (WBC), platelet count (PLT), NLR and PLR of each
subject were recorded. Furthermore, sex, age, blood pressure,
the site of cerebral hemorrhage and the volume of bleeding,
the Glasgow Coma Scale (GCS) score and presence of hema-
tosepsis were also recorded.

Statistical analysis. SPSS 22.0 statistical software (IBM
Corp.) was used for data analysis. Measurement data were
expressed as the mean + standard deviation. Student's t-test or
the Chi-squared test were used to compare differences between
the two groups. Kaplan-Meier analysis was performed to
draw the survival curves and the log-rank test was utilized to
assess differences in survival between the groups. Univariate
Cox hazard analysis and stepwise multivariate Cox hazard
analysis were performed to identify independent risk factors
of acute cerebral hemorrhage combined with gastrointestinal
hemorrhage. P<0.05 was considered to indicate statistical
significance.
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Results

Basic characteristics of the subjects. A total of 355 patients
with acute cerebral hemorrhage combined with gastrointestinal
hemorrhage diagnosed by clinical examinations and cranial CT
at our hospital between January 2012 and January 2017 were
selected for inclusion. Based on the presence of the complica-
tion of gastrointestinal hemorrhage, 86 subjects were assigned
to the observation group and the 249 remaining subjects were
enrolled in the negative control group. Sex, age, blood pres-
sure, the site of cerebral hemorrhage, the amount of bleeding,
GCS score and presence of hematosepsis were recorded and
compared between the two groups. The specific information of
the subjects is listed in Table I. There was no significant differ-
ence in sex, age and blood pressure between the two groups,
while the observation group had a higher GCS score, volume
of cerebral hemorrhage and rate of hematosepsis.

Comparisons of NLR and PLR. Within 5 days of admission,
the NLR and PLR were markedly higher in the observation
group than those in the negative control group. In particular,
there were significant differences in the NLR on the 1st and
3rd day after admission between the two groups (all P<0.05).
However, on the 5th day, no significant difference in NLR was
observed. Furthermore, significant differences in the PLR
on the 1st, 3rd and 5rd day after admission were identified
between the two groups (all P<0.05; Fig. 1).

Effects of NLR and PLR on overall survival. The NLR and
PLR of each subject with acute cerebral hemorrhage were
determined on the first day of admission and the influence
of these ratios at baseline on the 90-day survival rate was
assessed. The NLR and PLR in the observation group were
5.32+1.02 and 151.20+6.35, respectively, while they were
6.89+1.93 and 192.76+8.26 in the control group, respectively.
Kaplan-Meier analysis was then performed to assess the
effect of an NLR or PLR above/below the above-mentioned
mean values used as a cutoff on overall survival in each of the
two groups over 90 days (Fig. 2). The results indicated that
the NLR and PLR in the observation group were negatively
associated with the overall survival of patients with acute
cerebral hemorrhage and the survival rates of the low NLR
or PLR groups were significantly higher than that of the high
NLR or PLR group (P<0.05; Fig. 2C and D). However, no
significant association between NLR and overall survival
was observed in the control group (Fig. 2A). The PLR in the
control group was negatively associated with overall survival
(P<0.05; Fig. 2B).

Multivariate logistic regression analysis. To determine factors
that are independent predictors of gastrointestinal hemorrhage
in patients with acute cerebral hemorrhage, multivariate
logistic regression analysis was performed. A blood pres-
sure of >180/100 mmHg, cerebral hemorrhage >30 ml, lower
GCS score, hematosepsis and the site of cerebral hemorrhage
were considered as independent variables (P<0.05; Table II),
while gastrointestinal hemorrhage in patients with acute
cerebral hemorrhage was taken as the dependent variable.
The results suggested that cerebral hemorrhage >30 ml, lower
GCS score and hematosepsis were independent predictors of
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Table I. Baseline clinicopathological characteristics of the patients.
Parameter Observation group (n=86) Control group (n=249) P-value
Sex 0.713
Male 45 (52.3) 136 (54.6)
Female 41 (47.7) 113 (454)
Age (years) 59.3+6.2 61.8+5.3 0.697
Blood pressure (mmHg) 0.543
>180/100 68 (79.1) 189 (75.9)
<180/100 18 (20.9) 60 (24.1)
Cerebral hemorrhage (ml)
>30 53 (61.6) 111 (44.6) 0.006
<30 33 (38.4) 138 (554)
Location 0.183
Brainstem 7 (8.1) 16 (6.4)
Cerebellum 11 (12.8) 36 (14.4)
Lobe 10 (11.6) 37 (14.9)
Basal ganglia 38 (44.2) 108 (43.4)
Thalamus 20 (23.3) 52 (20.9)
GCS score 6.13+2.68 10.69+3.67 0.002
Hematosepsis 21 (24.4) 30 (12.0) 0.005

Age and GCS score was expressed as mean + standard deviation. Sex, blood pressure, cerebral hemorrhage, location and hematosepsis were

expressed as n (%). GCS, Glasgow Coma Scale.

Table II. Univariate analysis of risk factors of gastrointestinal
hemorrhage in patients with acute cerebral hemorrhage.

Factor HR 95% CI P-value
Sex

Male 1 Reference

Female 1.13 091-1.29 0.526
Age (years)

<60 1 Reference

>60 1.18 0.87-1.32 0.379
Blood pressure (mmHg)

<180/100 1 Reference

>180/100 133 0.92-1.47 0.023
Cerebral hemorrhage (ml)

<30 1 Reference

>30 1.38 1.26-1.49 0.004
Location

Brainstem 1 Reference

Cerebellum 0.85 0.62-1.23 0.042

Lobe 0.76 0.56-1.25 0.031

Basal ganglia 0.89 0.65-1.08 0.035

Thalamus 0.82 0.64-1.25 0.039
GCS score

>8 1 Reference

<8 143 1.28-1.67 0.017
Septicemia

No 1 Reference

Yes 2.87 2.52-3.06 <0.001

GCS, Glasgow Coma Scale; HR, hazard rate; CI, confidence interval.

gastrointestinal hemorrhage in patients with cerebral hemor-
rhage (P<0.05; Table III).

Prognostic analysis. Among the 86 patients with acute cere-
bral hemorrhage combined with gastrointestinal hemorrhage,
32 patients died, resulting in a mortality rate of 37.20%. In the
negative control group without gastrointestinal hemorrhage,
34 mortalities occurred among the 249 cerebral hemorrhage
patients, and the mortality rate in this group was 13.65%. A
significant difference in mortality was identified between the
two groups (P<0.05; Fig. 3).

Discussion

Immune inflammatory response after cerebral hemorrhage
is a complex pathophysiological process, and cerebral edema
and inflammatory reactions are crucial factors in promoting
the disease condition of cerebral hemorrhage. Inflammatory
reaction was previously considered to be the result of a stress
response. It has been reported that the hyperacute inflam-
matory reaction in response to cerebral hemorrhage exerts a
protective effect on promoting hemostasis and reducing hema-
toma expansion (11). A series of pathophysiological processes
have been indicated to be involved in cerebral hemorrhage.
Inflammation around the hematoma has an important influence
on the degree of neurological impairment, which manifests as
aggregation of neutrophils, macrophages or monocytes, and
activation of microglia (12).

Gastrointestinal hemorrhage is a serious complication of
acute stroke and traumatic brain injury. Peptic ulcers resulting
from intracranial lesions are called Cushing ulcers (13).
With the improvement of clinical diagnosis and treatment,
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Figure 1. Comparisons of NLR and PLR. (A) The NLR in the observation group was significantly higher than that in the negative control group on the Ist and
3rd day after admission. (B) The NLR in the observation group was significantly higher than that in the negative control group on the 1st, 3rd and 5th day after
admission. ‘P<0.05. NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio.
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Figure 2. Association between NLR, PLR and overall survival. (A) There was no significant difference between NLR and overall survival in the negative
control group. (B) The PLR was negatively associated with overall survival in the negative control group. (C) The NLR was negatively associated with overall
survival in the observation group. (D) The PLR was negatively associated with overall survival in the observation group. NLR, neutrophil to lymphocyte ratio;

PLR, platelet to lymphocyte ratio.

the incidence of gastrointestinal hemorrhage has markedly
decreased (14,15). Wijdicks et al (15) reported that the inci-
dence of stroke complicated with gastrointestinal hemorrhage
was 0.80% in stroke patients. Chen ef al (16) determined that
20.5% of elderly patients with acute stroke experienced gastro-
intestinal hemorrhage as a complication.

Previous studies on the prognosis of acute spontaneous
cerebral hemorrhage mainly focused on the association

between the leukocyte count and inflammatory reaction (17).
Elevation of WBC in the acute phase of cerebral hemorrhage
has been indicated to be positively associated with neurolog-
ical impairment and 3-month mortality. However, the number
of WBC is susceptible to interference from various factors
such as diets, drugs and the endocrine system. Imtiaz et al (18)
demonstrated that lymphocytes may protect endothelial cells
and alleviating the inflammatory response. Imbalance of
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Table III. Multivariate logistic regression analysis of risk factors of gastrointestinal hemorrhage in patients with acute cerebral

hemorrhage.

Factor B SE Wald OR 95% CI P-value
Cerebral hemorrhage >30 ml 0.879 0.336 7.235 1.268 1.004-1.210 0.001
GCS score <8 1.874 0.635 11.736 1.392 0.120-2.102 0.004
Hematosepsis 1.774 0.235 13.645 3.125 1.268-7.495 0.007

GCS, Glasgow Coma Scale; B, regression coefficient; SE, standard error; OR, odds ratio; CI, confidence interval.
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Figure 3. Comparison of mortality between the two groups. "P<0.05.

neutrophils and lymphocytes exaggerates the inflammatory
response. The NLR is an indicator of the inflammatory state
of the body, with a higher NLR indicating a more severe
inflammatory response. Utilization of the NLR as an indicator
of inflammation has numerous advantages, including easy
accessibility and low cost. Gokhan er al (19) reported that
the NEU and NLR in patients with acute cerebral hemor-
rhage were higher than those in controls. They also suggested
that NLR was significant for evaluating the severity of acute
cerebral hemorrhage, which was consistent with the study by
Lattanzi ef al (20). The NLR and PLR have a higher sensitivity
and reliability for prognosis in patients with cerebral hemor-
rhage compared with those of NEU and WBC.

Through these in-depth studies, the association between
PLR and the prognostic significance of cerebrovascular disease
has been recognized. Altintas er al (21) analyzed 57 patients
who were treated by endovascular therapy after acute ischemic
stroke. Their results indicated that the PLR was able to reflect
an in vivo inflammatory state prior to thrombosis. Elevation
of PLR was associated with poor vascular recanalization after
treatment with endovascular therapy and poor prognosis over
3 months. Tao et al (22) analyzed the pre-operative routine
blood test results of 247 patients with subarachnoid hemor-
rhage and revealed that an elevated PLR was associated with
neurological impairment within 90 days after the onset of
subarachnoid hemorrhage.

Based on the previous studies, it may be speculated that
the NLR and PLR are associated with cerebral hemorrhage
combined with gastrointestinal hemorrhage. In the present
study, patients were assigned to an observation group and a
negative control group depending on whether they experienced
gastrointestinal hemorrhage after cerebral hemorrhage. It was

revealed that the NLR and PLR in the observation group were
higher than those in the control group. The occurrence time of
gastrointestinal hemorrhage is generally 1-2 weeks after acute
cerebral hemorrhage (16). Similarly, the occurrence time of
gastrointestinal hemorrhage in the observation group of the
present study was 1-2 weeks after cerebral hemorrhage. Since
the blood was collected on the 1st, 3rd and 5th days of hospital-
ization, it may be speculated that the elevation of NLR and PLR
is involved in the occurrence of gastrointestinal hemorrhage.
The NLR and PLR in the observation group were negatively
associated with overall survival, whereas only the PLR in the
negative control group was identified to be negatively associ-
ated with overall survival. The present results were similar
to those of previous studies (19,20,22). Future studies by our
group, we will aim at further investigating the association
between the NLR and PLR and mortality in the two groups.
Furthermore, logistic regression analysis indicated that cere-
bral hemorrhage >30 ml, lower GCS score and hematosepsis
were independent risk factors of gastrointestinal hemorrhage
in patients with acute cerebral hemorrhage. Therefore, gastro-
intestinal hemorrhage should be closely monitored in patients
with cerebral hemorrhage, particularly in those with the above
risk factors. The present results provide further information
for the prediction of gastrointestinal hemorrhage after acute
cerebral hemorrhage, which may have important significance
for the timely diagnosis and treatment of cerebral hemor-
rhage combined with gastrointestinal hemorrhage. However,
the present study was retrospective and the sample size
was relatively small. In the future, more samples should be
included and multicenter randomized controlled trials should
be performed to validate the conclusions of the present study.
In conclusion, elevations of the NLR and PLR were associ-
ated with gastrointestinal hemorrhage in patients with acute
cerebral hemorrhage. A higher NLR and PLR were negatively
associated with overall survival and prognosis. Furthermore,
cerebral hemorrhage >30 ml, lower GCS score and hema-
tosepsis were independent risk factors of gastrointestinal
hemorrhage in patients with acute cerebral hemorrhage.
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